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Walk-Through Examples

The AFT Fathom Walk-Through Examples are designed to get new users trained to use AFT Fathom cor-
rectly in the shortest amount of time. If you are using AFT Fathom for the first time, start with the Beginner
- Three Reservoir Example because it offers an in-depth explanation of how to use AFT Fathom. Other-
wise, choose an example from the table below that you wish to learn more about. For examples using the
AFT Fathom Add-on Modules, see the AFT Fathom Modules Overview.

Completed versions of the example model files are included with the default installation: C\AFT Product-
s\AFT Fathom 13\Examples

Example Complexity Fluid Pipes Pumps Description

A new AFT Fathom user
should start here. Get in-
depth instructions of
model building by solving
a classic three reservoir
flow problem. Learn how
to define a fluid in Analysis
Setup, place pipes and
Beginner Water 3 - junctions on the Work-
space, define pipes and
junctions, use the Model
Data window, run a model,
use the Output window,
generate graphs in the
Graph Results window,
and view results in the
Visual Report window.

Beginner - Three
Reservoir

Learn how to size a pump
to get the desired flowrate
and head through an open
system. Explore the dif-
ferences between the Siz-
ing and Pump Curve
features in the Pump junc-
tion. See how to interpret
results, select a pump
curve, and generate a
Pump vs. System curve
graph.

Sizing a Pump Beginner Water 2 1

Learn about the Control
Valve junction and how to
Control Valve Beginner Water 2 - use the Valve Summary
tab in the Output window.
See how to use the results
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Example

Complexity

Fluid Pipes

Pumps

Description

to adjust the pipe size until
reaching a desired min-
imum pressure drop
across the control valve.

Heat Transferin a

Pipe

Beginner

Water 1

Learn how to enable heat
transfer calculations in
Analysis Setup and how to
use the Convective Heat
Transfer model on the
Heat Transfer tab of the
Pipe Properties window.
See how to use the Output
Control window to display
relevant heat transfer out-
put parameters.

Heat Exchanger

System

Beginner

Water 7

Learn how to define a
Resistance Curvein a
Heat Exchanger junction
and how to size a pump in
a closed system. See how
to use the Pump Summary
and Heat Exchanger Sum-
mary tabs in the Output
window and how to gen-
erate a Pump vs. System
Curve in the Graph Res-
ults window.

Spray Discharge

System

Beginner

Water 11

Learn how to define the
Spray Discharge junction
using the Cd Spray Loss
Model. See how to use the
Output Control window to
display the discharged
flow rate parameter. Fin-
ally, learn how to enable
the Isometric Grid on the
Workspace, route pipes
on the grid, and rotate junc-
tions.

Pump Sizing and

Selection with Flow

Control Valves

Beginner

Water 9

Learn how to resolve the
Reference Pressure
Needed window that may
appear when modeling
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Example Complexity Fluid Pipes Pumps Description

pumps and flow control
valves in series. See how
to use the results to select
a pump curve for the sys-
tem.

Learn how to enable heat
transfer, use a NIST
REFPROP fluid, and use
Freon Delivery Svs- the Convective Heat
. Yoy . R11 and Transfer model in a Heat
tem with Heat Beginner 7 1 . .
B — R123 Exchanger junction. See
Transfer . .
—_— how to view and interpret
temperature results in the
Pipes section of the Out-

put window.

Learn how to import pump
curve data to evaluate the
performance of different
pump curves. See how to
use the Pump Summary
tab in the Output window
to view the power con-
sumed by the pumps.

Cooling System Beginner Water 20 2

Learn how to use Scenario
Manager and Global Pipe
Edit to rapidly change
pipes sizes to analyze dif-
Housing Project Beginner Water 25 - ferent system con-
figurations. Also see how
Assigned Flow junctions
and Special Conditions
work.

Learn how to add, con-
nect, and use both engin-
eering and cost libraries.
See how to define the

Cost Settings panel in Ana-
lysis Setup, include
objects in the cost cal-
culations, and view the
Cost Report in the Output
window.

Beginner - Cost

Calculation Beginner Water 10 1

Non-Newtonian Beginner Phosphate 2 1 Learn how to use and com-
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Example

Complexity

Fluid Pipes

Pumps

Description

Phosphates Pump-

ing

pare the Homogeneous
Scale-up, Power Law, and
Bingham Plastic non-New-
tonian viscosity models in
a simple system.

NFPA Firewater

System

Beginner

Water 71

Learn how to enable
NFPA calculations in the
Miscellaneous group in
Analysis Setup. Explore
how to use Groups to cre-
ate an NFPA Report. See
where to find the NFPA
Report in the Output win-
dow.

Crude Qil Pipeline

Intermediate

Viscous
Fluid

Learn how to specify a
User Defined Fluid. See
how results change when
using the Viscosity Cor-
rection on the Optional tab
of the Pump Properties
window. Explore the sens-
itivity of junction elevation
of pump speed as it
relates to pressure in the
system.

Hot Water System

Intermediate

Water 24

Learn how to add, con-
nect, and use a library to
define a pump curve. See
how to use Global Junc-
tion Edit to rapidly apply
changes. Explore how to
use the Pump Con-
figurations feature and
Scenario Manager to ana-
lyze the performance
effects of impeller size and
pump speed.

Plant Cooling Cost

Calculation

Intermediate

Water 34

Explore how to create cost
libraries for pipe materials,
pipe fittings and losses,
and junctions. Learn how
to use the Library Man-
ager window to connect lib-
raries. See how to
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Example Complexity Fluid Pipes Pumps Description

interpret the Cost Report
in the Output window.

Learn how to use raw rhe-
ological data to define the
Bingham Plastic, Power
Law, and Homogeneous

Non-Newtonian Mill Dis- . ;
— . Scale-up viscosity models.
Mill Discharge Intermediate charge 1 - . )
See how the various vis-
Slurry Slurry

cosity models produce dif-
ferent results using the
Multi-Scenario Output fea-
ture.

Learn how to analyze the
cause and concerns of
Flow Induced Vibration
Intermediate Water 7 - (FIV) using the Excel
Export Manager and Vibra-
tion Analysis Spread-
sheet.

Flow Induced Vibra-
tion Calculations

Beginner - Three Reservoir

Summary

This example provides an overview of AFT Fathom's layout and structure. The basic features will be
used to build a three-pipe, four-junction model to solve the classic three-reservoir problem.

Topics Covered

* Drawing the system with pipes and junctions
* Entering pipe and junction properties
* Completing Analysis Setup

Required Knowledge

No previous experience with AFT Fathom is required to complete this example. It begins with the most
basic elements of laying out the pipes and junctions and solving the system hydraulics with the Newton-
Raphson methodology.
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Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Beginner - Three Reservoir.fth

Step 1. Start AFT Fathom

»To start AFT Fathom, click Start on the Windows taskbar, choose AFT Fathom 13, and launch the pro-
gram. (This refers to the standard menu items created by setup. You may have chosen to specify a dif-
ferent menu item during installation).

As AFT Fathom starts, the start-up screen, as shown in Figure 1, appears with several options before to
start building a model. Some of the actions available are:

* Openarecent model, browse to a model file, or browse to an Example
* Activate an Add-on Module
* Select ASME Water or a recently used fluid to be the Working Fluid
* Review or modify Modeling Preferences
* Selecta Unit System
*  Filter units to include Common Only or Common Plus Selected Industries
* Choose a Grid Style
* Select a default Pipe Material
* Access other Resources, such as Quick Start Guides, Help Files, and Video Tutorials

Note: If you are working through the Metric Units version of the Examples, be sure to specify either
Metric Only or Both with Metric Defaults as the unit set by modifying the Modeling Preferences.

-10 -
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AFT Fathom" AT

OPEN A MODEL START A NEW MODEL RESOURCES

My Files Activate Modules (license needed) What's New?

No Files Available [] XTS (Time Simulation) \ New in Fathom 13 & |
[1 GSC (Goal Seek & Contral) You are currently using
[ SSL(Settling Slurries) Release: (2023.07.17)

[ ANS (Automated Network Sizing) Build 1301053

2
Selecl Working Fluid View the Latest Release Notes 4

Subscribe to Receive Notifications

@® | Will Select Fluid Later
O Use ASME Water

O Select A Recently Used Fluid Getting Started
AFT: Water (liquid) Quick Start PDF us @ Metric @
= Quick Start Video US & Metric &

deg. F

Examples HelpFile  US & Metric &
Model Heat Transfer

Other Files Modeling Preferences Learning Center
Video Tutorials &
Units: All US and Metric units (US defaulis)
Language: English Case Studies &7
Browse to aFile... Interface: 2-D workspace, grid notshown
Default Pipe Material: None Tips and Tricks

Training Seminars &

Browse to Examples...
Webinars &
Start Building Model

[ Dont Show This Startup Window Again

Figure 1: AFT Fathom 13 Start-Up Window

After clicking the Start Building Model button on the start-up window, the Workspace window is initially
always the active (large) window, as seen in Figure 2. The tabs such as "Workspace" in the AFT Fathom
window represent the Primary Windows. Each Primary Window contains its own toolbar that is displayed
directly beneath the Primary Window tabs.

AFT Fathom supports dual monitor usage. You can click and drag any of the primary window tabs off of
the main AFT Fathom window. Once you drag one of the primary windows off of the AFT Fathom win-
dow, you can move it anywhere you like on your screen, including onto a second monitor in a dual mon-
itor configuration. To add the primary window back to the main Fathom primary tab window bar, simply
click the X button in the upper right of the primary window.

To ensure that your results are the same as those presented in this documentation, this example should
be ran using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

The Workspace window

The Workspace window is the primary vehicle for building your model. This window has three main
areas: the Toolbox, the Quick Access Panel, and the Workspace itself. The Toolbox is the bundle of tools
on the far left.

The Quick Access Panel is on the right. It is possible to minimize the Quick Access Panel by clicking on
the thumbtack pin in the upper right of the Quick Access Panel in order to allow for greater Workspace
area.

The Workspace takes up the rest of the window.

-11 -
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You will build your pipe flow model on the Workspace using the Toolbox tools. At the top of the Toolbox is
the Pipe Drawing Tool and Annotation Tool. The Pipe Drawing tool, on the upper left, is used to draw new
pipes on the Workspace. The Annotation tool allows you to create annotations and auxiliary graphics.

Below the two drawing tools are twenty-three icons that represent the different types of junctions avail-
able in AFT Fathom. Junctions are objects that connect pipes and also influence the pressure or flow
behavior of the pipe system. The twenty-three junction icons can be dragged from the Toolbox and
dropped onto the Workspace.

When you pass your mouse pointer over any of the Toolbox tools, a tooltip identifies the tool's function.

&3 AFT Fathom - Untitled (Workspace)
File Edit View Analysis Tools Libary Amange Window Help
ZR& B ODO8 & [ | Search: 2 & | B3 AnalysisSetup... [ Run Model

* Workspace ‘ % Model Data | D output | [ Graph Results |’§\V\sual Report &
R @ - A A by " B

B, Show All Objects
~

=

ORI
- ¢
=5
o
B
B o
[amwa)
= @
iy =
= B

& dk

Notes

(=] v

> 3 Scenario | [Z5[Properties | Ml Workspace Layers

Base Scenario | Q 100% | C L} ® B | +o0 | @0 ||| Oveview Map [=] Add-on Modules (@)

Figure 2: The Workspace window is where the model is built

Step 2. Complete the Analysis Setup

»Next, click Analysis Setup on the Toolbar that runs across the top of the AFT Fathom window. This
opens Analysis Setup (see Figure 3). Analysis Setup contains seven groups (additional groups will be dis-
played ifthe GSC, XTS or ANS modules are active). Each group needs to be completed (indicated with
a green checkmark next to the group name) before AFT Fathom allows you to run the Solver.

Analysis Setup can also be accessed by clicking on the Status Light on the Quick Access Panel. Once
the Analysis Setup is complete, the Model Status light turns from red to green.

-12 -
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Analysis Setup *
7@  Modules ~ | Puid
da ! Fluid Properties -~ (O) AFT Standard (@ User Specified Fluid () User Library Fluid

| *Fluid (O) Chempak Fluid () NIST REFPROP () ASME Steam/Water

Viscosity Model

Mame: | User Specified |

Heat Transfer/\ariable Fluids

Laminar and Non-Mewtonian Fluid Properties

ereeters [ Jbar
ar
D o - T
| Fipes and Junctions
Z&  Steady Solution Control
Density: | kg/m3 e
@ Ex > Dynamic Viscosity: | ka/secm e
2@ CostSelfings v Vapor Pregsure: l:l bar
{optional)
£59 Miscellaneous ~
Edit Fluid List...
Collapse Al Groups #|  Same As Parent B Help o OK m Cancel

Figure 3: The Analysis Setup tracks the model’s status and allows users to specify required parameters

A. Define the Modules Group

Although Analysis Setup initially opens to the Fluid panel of the Fluid Properties group, the first group,
Modules, always has a green check when you start AFT Fathom because there are no modules activated
by default. No further input is required here for this example.

B. Define the Fluid Properties Group

Next is the Fluid Properties group. This group allows you to specify your fluid properties (density,
dynamic viscosity, and optional vapor pressure), viscosity model, heat transfer, and fluid corrections.
Start by clicking on Fluid to open the Fluid panel (see Figure 4).

You can model the fluid properties using the following data sources:

1.

AFT Standard: This fluid model uses fluid data from the AFT Standard library. These fluid prop-
erties are either temperature dependent or dependent on the solids concentration. Type in the
desired condition (e.g., temperature), click the Calculate Properties button and the required prop-
erties are calculated. Users can add their own fluids to this option. This model supports heat trans-
fer analysis if specific heat and thermal conductivity data is included. Custom fluids are created by
opening the Library Manager window from the Library menu or by clicking the Edit Fluid List button
on the Fluid panel.

User Specified Fluid: This fluid model allows you to directly type in the density, viscosity and
vapor pressure. You cannot perform heat transfer analysis with a User Specified Fluid fluid.

User Library Fluid: This fluid model allows you to select user created fluids that are stored in the
user's Fluid Library. You can perform heat transfer analysis with a User Library Fluid fluid if

-13 -
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specific heat, thermal conductivity, enthalpy data has been included in the fluid properties.

4. ASME Steam/Water: This fluid model obtains water data from the ASME Steam tables built into
AFT Fathom. It also supports steam data, which can be used in AFT Fathom if incompressible.

5. NIST REFPROP: This fluid model allows you to select a single fluid or create a mixture of fluids
from the REFPROP list. These fluid properties are pressure and temperature dependent,
although some are temperature dependent only. This fluid model supports heat transfer analysis.

6. Chempak Fluid: This fluid model allows you to select a single fluid or create a mixture of fluids
from the Chempak list. These fluid properties are pressure and temperature dependent, although

some are temperature dependent only. This fluid model supports heat transfer analysis. Chempak
is an optional add-on.

After selecting ASME Steam/Water, NIST REFPROP, or Chempak Fluid, you must then select a Fluid
Phase: Liquid or Gas. Then, upon entering a pressure, AFT Fathom will display a temperature range
applicable to liquid or gas, depending upon which was selected.

Note: Because heat transfer has a significant impact on compressible flow fluid properties and AFT
Fathom calculates flow on an incompressible basis, heat transfer is disabled when Gas is selec-
ted as the Fluid Phase.

»>Select AFT Standard, by clicking the radio button next to the name. Then choose Water (liquid) from
the list and click Add to Model. The properties for AFT Standard water are given only as a function of tem-
perature. Enter 21 deg. C in the temperature box and click the Calculate Properties button.

»Check the groups on the left side of Analysis Setup and you should now see the second group is
checked complete with green checkmarks.

Analysis Setup X
[79  Modies - | i
4! FludProperies ~ | @ AFTStapdard () User Specied Aud () User Library Fiud
| “Fluid O Chempak Fuid O NIST REFPROP (O ASME Steam/Water
Viscosity Model Fiids Avallable in Library
Fuid Propeties
Heat Transfer/Variable Fluids Name A -
ar
Laminar and Non-Newtonian Steam @ 250 psia
Corrections Steam @ 50 psia Temperature: fmE -
. ) Steam @ 500 psia Range: 0.0to 21185 deg C
| Pipes and Juncions
S Pipes “ || steam @ 750p5a
! Pipes and Junctions i
u jaui Densty 9987209 | ka/m3 v
Steady Solution Control
B = T | e b Dynamic Vicosty: 22085004 | kgfsecm v
Water fiqui v
5 Environmental Properties Vapor Pregsure:  [0.02488 bar -
. ) v Add1o Model v {optional)
F EEEI ™| Fuidsin Cument Model
E®  Miscellancous | | Water liquid) Remove Fluid
Add to Library
Aips:  [Water Reset
Edit Fuid List
Colapse Al Groups [ Same As Parent D Hep 0K B3 Cancel

Figure 4: The Fluid panel lets you enter physical properties

On the Viscosity Model panel, users can specify how AFT Fathom will treat viscosity. By default, New-
tonian is the viscosity model selected. AFT Fathom offers a variety of non-Newtonian models. However,
for this example, the default selection of Newtonian will suffice.

On the Heat Transfer/Variable Fluids panel, users can specify variable fluid properties or enable heat
transfer. For models with variable fluid properties, the values for density and viscosity are default fluid

- 14 -
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properties. You can then enter different property values, if desired, for any pipe in the Pipe Properties win-
dow. Fluids that allow heat transfer can be modeled by choosing the Heat Transfer with Energy Balance
option. In this case, you will be required to also enter heat transfer information for the pipes and tem-
perature for some of the junctions. By default, Constant Fluid Properties is selected and will suffice for
this example.

On the Laminar and Non-Newtonian Corrections panel, users can specify the type of corrections that
the solver will apply when flow is laminar or if a non-Newtonian viscosity model is selected. The default
selections are applicable for most cases, so no input is required for this example.

C. Define the Pipes and Junctions Group

In order to fully define this group, there needs to be pipes and junctions on the Workspace. To lay out the
classic three-reservoir model, you will place the three reservoir junctions and a branch junction on the
Workspace. Then you will connect the junctions with pipes.

To go back to the Workspace and save the inputs made in Analysis Setup, click OK.

l. Place the first reservoir

»To start, click on and drag a reservoir junction from the Toolbox and drop it on the Workspace.
Figure 5 shows the Workspace with one reservoir.

Objects and ID numbers

Items placed on the Workspace are called objects. All objects are derived directly or indirectly from the
Toolbox. AFT Fathom uses three types of objects: pipes, junctions, and annotations.

All pipe and junction objects on the Workspace have an associated ID number. For junctions, this num-
ber is, by default, placed directly above the junction and prefixed with the letter J. Pipe ID numbers are
prefixed with the letter P. You can optionally choose to display either or both the ID number and the name
of a pipe or junction. You also can drag the ID number/name text to a different location to improve vis-
ibility.

The reservoir you placed on the Workspace will take on the default ID number of 1. You can change this
to any desired number greater than zero and up to 99,999.

Editing on the Workspace

Once on the Workspace, junction objects can be moved to new locations and edited with the features on
the Edit menu. Cutting, copying, and pasting are all supported.

-15 -
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" Workspace Lj Model Data [ Output | [ Graph Results | & Visual Report
P - @k a-m ) S

=E
C H
> @
=5
P
E21=
X o
O oo
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iy =
B

[ =

[}

B4 v

Base Scenario B | Q 100% | © { | H| +0| @1

Figure 5: Three Reservoir Problem with one reservoir placed

Il. Place the second and third reservoirs

The remaining two reservoirs can be created the same way as the first one or they can be derived from
the existing reservoir.

»To create a second reservoir from the existing one, select junction J1 by clicking it with the mouse.
A red outline will surround the junction. Choose Duplicate from the Edit menu and move the J2 junction to
the right of J1. Your Workspace should appear similar to that shown in Figure 6.

If you like, you can Undo the Duplicate operation and then Redo it to see how these editing features
work. To undo an operation, click on the undo button on the Toolbar or choose Undo from the Edit menu.
To redo an operation, choose Redo from the Edit menu.

»>To create the third junction, select one of the two reservoirs on the Workspace and once again
choose Duplicate from the Edit menu. Arrange the three junctions, numbered J1, J2, and J3, as shown in
Figure 7.
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7 ‘Workspace | ij Model Data T output | = Graph Results | & Visual Report |
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Figure 6: Three Reservoir Problem with two reservoirs placed

7 ‘Workspace | §j Model Data T output | [ Graph Results | &> Visual Report |
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Figure 7: Three Reservoir Problem with three reservoirs placed

lll. Place a branch junction
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»To add a Branch junction, select a Branch from the Toolbox and place it on the Workspace as shown
in Figure 8. The Branch will be assigned the default number J4.

Note: The relative location of objects in AFT Fathom is not important. Distances and heights are
defined through dialog boxes. The relative locations on the Workspace establish the con-
nectivity of the objects, but have no bearing on the actual length or elevation relationships.

»Before continuing, save the work you have done so far. Choose Save As from the File menu and

enter a file name (Three Reservoir Problem, perhaps) and AFT Fathom will append the .fth extension to
the file name.

7*Workspace | {8 ModelData | I Output | [ Graph Results | ® Visual Report
P [ - @Ik a -4 ) = ¢

- =
N
> ¢
s |
T ™ o

>

Y =
o 3

e n) =

dyp —

e B

By =

[

[ =

(=

Base Scenario He | 100% | £ 1 + =0 | O4

Figure 8: Three Reservoir Problem with all junctions placed

IV. Draw a pipe between J1 and J4

Now that you have four junctions, you need to connect them with pipes.

»To create a pipe, click the Pipe Drawing tool icon. The pointer will change to a crosshair when you
move it over the Workspace. Draw a pipe above the junctions, similar to that shown in Figure 9.

The pipe object on the Workspace has an ID number (P1) shown near the center of the pipe.

»To place the pipe between J1 and J4, use the mouse to grab the pipe in the center, drag it so that its
left endpoint falls within the J1 Reservoir icon, then drop it there (see Figure 10). Next, grab the right end-

point of the pipe and stretch the pipe, dragging it until the endpoint terminates within the J4 Branch icon
(see Figure 11).
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Figure 9: Three Reservoir Problem with first pipe drawn

7 ‘Workspace | §j Model Data T output | [ Graph Results | &> Visual Report |
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Figure 10: Three Reservoir Problem with first pipe inlet end connected
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Figure 11: Three Reservoir Problem with first pipe connected

Reference positive flow direction

Located on the pipe is an arrow that indicates the reference positive flow direction for the pipe. AFT
Fathom assigns a flow direction corresponding to the direction in which the pipe is drawn. You can
reverse the reference positive flow direction by choosing Reverse Direction from the Arrange menu or
selecting the reverse direction button on the Workspace Toolbar.

In general, the reference positive flow direction indicates which direction is considered positive.

However, when used with pumps and certain other junction types the pipes must be in the correct flow dir-
ection because that is how AFT Fathom determines which side is suction and which is discharge. If the
reference positive direction is the opposite of that obtained by the Solver, the output will show the flow
rate as a negative number.

V. Add the remaining pipes

A faster way to add a pipe is to draw it directly between the desired junctions.

> Activate the pipe drawing tool again (double-click to allow pipe drawing tool to stay active). Position
the cursor on the J4 Branch. Press and hold the left mouse button. Stretch the pipe to the J2 Reservoir
then release the mouse button. Then draw a third pipe from the J4 Branch to the J3 Reservoir. Your
model should now look similar to Figure 12. In Figure 12, the J3 label has been moved slightly to the left
(using drag-and-drop) so it is more visible.

At this point all the objects in the model are graphically connected. Save the model by selecting Save
from the File menu or Toolbar.
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Note: It is generally desirable to lock your objects to the Workspace once they have been placed. This
prevents accidental movement and disruption of the connections. You can lock all the objects
by choosing Select All from the Edit menu, then selecting Lock Object from the Arrange menu.
The lock button on the Toolbar will appear depressed indicating it is in an enabled state, and will
remain so as long as any selected object is locked. Alternatively, you can use the grid feature
enabled from the Arrange menu or the User Options under the Tools menu bar and specify that
the pipes and junctions snap to grid.
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Figure 12: Three Reservoir Problem with all objects connected

VI. Define the pipes and junctions

To fully define the Pipes and Junctions group in Analysis Setup, all pipes and junctions must be con-
nected and have the proper input data.

Object status

Every pipe and junction has an object status. The object status tells you whether the object is defined
according to AFT Fathom's requirements. To see the status of the objects in your model, click the flood-
light icon on the Workspace Toolbar (alternatively, you could choose Show Object Status from the View
menu). Each time you click the floodlight, Show Object Status is toggled on or off.

When Show Object Status is on, the ID numbers for all undefined pipes and junctions are displayed in
red on the Workspace. Objects that are completely defined have their ID numbers displayed in black.
(These colors are configurable through User Options from the Tools menu.)
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Because you have not yet defined the pipes and junctions in this sample problem, all the objects’ ID num-
bers will change to red when you turn on Show Object Status.

Undefined Objects window
The Undefined Objects window lists all undefined pipes and junctions and further displays the items that

are not yet defined.

VII. Define Reservoir J1

»To define the first reservoir, open the J1 Reservoir Properties window (see Figure 13) by double-
clicking the J1 icon. Enter a reservoir Liquid Surface Elevation of 90 meters. You can assign any unit of
length found in the adjacent dropdown list of units.

Note: You can also open an object's Properties window by selecting the object (clicking on it) and then
either pressing the Enter key or clicking the Open Pipe/Jct Window icon on the Toolbar.

»Enter a Liquid Surface Pressure of 0 barG (0 kPa (g)) and a Pipe Depth of 0 meters.

Note: You can specify preferred units for many parameters (such as meters for length) in the User
Options window.

You can give the object a name, if desired, by entering it in the Name field at the top of the window. In Fig-
ure 13, the name of this reservoir is Supply Tank A. By default the junction’s name is the junction type.
The name can be displayed on the Workspace, Model Data or in the Output.

Most junction types can be entered into a custom library allowing the junction to be used multiple times or
shared between users. To select a junction from the custom library, choose the desired junction from the
Library list. The current junction will get the properties from the library junction.

The Copy Data From Jct list will show all the junctions of the same type in the model. This will copy the
selected parameters from an existing junction in the model to the current junction.

The pipe table on the Pipe Depth & Loss Coefficients tab allows you to specify entrance and exit loss
factors for each pipe connected to the reservoir (in this case there is one). You can enter standard losses
by selecting the option buttons at the right. The default selection is the Custom option with loss factors
specified as zero. To later change the loss factors, click within the pipe table and enter the loss. You can
also specify a depth for the pipe.

The Optional tab allows you to enter different types of optional data. You can select whether the junction
number, name, or both are displayed on the Workspace. Some junction types also allow you to specify
an initial pressure as well as other junction specific-data. The junction icon graphic can be changed, as
can the size of the icon.

Design Alerts can be entered for most junctions, which are applied to the pressure loss calculations for
the junction in order to give additional safety margin to the model.

Each junction has a tab for Notes, allowing you to enter text describing the junction or documenting any
assumptions.

The Status tab will list undefined parameters of the junction.
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The highlight feature displays all the required information in the Properties window in light blue as shown
in Figure 13. The highlight is on by default. You can toggle the highlight off and on by double-clicking any-
where in the window or by pressing the F2 key. The highlight feature can also be turned on or off by
selecting it on the User Options menu. For the remainder of the examples, we will keep the highlight fea-
ture turned off.

»Click OK. If Show Object Status is turned on, you should see the J1 ID number turn black again, telling
you that J1 is now completely defined.

Reservoir Properties

Number: o OK
Mote: Al pipes are cumently specified as
Name: |SUDDh" Tank A ™| zero depth Ed Cancel
Library Jet: it Q\ Jump...
Copy Data From Jct... - -
P Help

Reservoir Model | Pipe Depth & Loss Coefficients | Optional | DesignAlerts | Notes | Status

Liquid Surface Pressure

7 7 ;O Pipe Elevation @) Pipe Depth
-

o

Liquid Surface Elevation:

R —

Reference

Figure 13: Properties window for Reservoir J1

The Inspection feature

You can check the input parameters for J1 quickly, in read-only fashion, by using the Inspection feature.
Position the mouse pointer on J1 and hold down the right mouse button. An information box appears, as
shown in Figure 14.

Inspecting is a faster way of examining the input in an object than opening the Properties window.
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Figure 14: Inspecting from the Workspace with right mouse button

VIII. Define junctions J2, J3, and J4

1. J2 Reservoir
a. Liquid Surface Elevation = 60 meters
b. Liquid Surface Pressure = 0 barG
c. Pipe Depth = 0 meters (default)

2. J3 Reservoir
a. Liquid Surface Elevation = 30 meters
b. Liquid Surface Pressure = 0 barG
c. Pipe Depth = 0 meters (default)

»Open the J4 Branch Properties window (see Figure 15). In this window, all three connecting pipes
should be displayed in the pipe table area. You could associate loss factors with each pipe by clicking
within the pipe table and entering the data.

»Enter an elevation of zero meters for the J4 Branch junction (an elevation must be defined for all
junctions). You could also click the Optional tab then specify a flow source or sink at the junction; for now
leave this as zero. Click OK. All the junctions have now been defined.

»>Save the model again before proceeding.
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Branch Properties

Number: l:l o OK
Name: |Branch v| m Cancel
Frem T Elevation
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2 |Out 0 0 0
3 |Out 0 0 0
meters w

Figure 15: Properties window for Branch J4

IX. Define Pipe P1

Data for pipes and junctions can be entered in any order. In this example, we did the junctions first. The
next step is to define all the pipes. To open the Pipe Properties window, double-click the pipe object on
the Workspace.

»First open the Pipe Properties window for Pipe P1 (see Figure 16). For Pipe P1, enter a length of
300 meters, select the Pipe Material as Steel - ANSI, Size of 8 inch , and Type as STD (schedule 40).
Click OK. Pipe P1 is now defined.

The Pipe Properties window

The Pipe Properties window offers control over all important flow system parameters that are related to
pipes.

The Inspect feature also works within the Pipe Properties window. To Inspect a connected junction, pos-
ition the mouse pointer on the connected junction's ID number and hold down the right mouse button.
This is helpful when you want to quickly check the properties of connecting objects. (You can also use
this feature in junction Properties windows for checking connected pipe properties.)

By double-clicking the connected junction number, you can jump directly to the junction's Properties win-
dow. Or you can click the Jump button to jump to any other part of your model.
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Pipe Properties
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Figure 16: Properties window for Pipe P1

X. Define Pipes P2 and P3

Both pipes have a Pipe Material of Steel - ANSI, Size of 8 inch, and Type of STD (Schedule 40).

1.  P2Length =600 meters
2. P3Length =900 meters

The Pipes and Junctions group should now be complete. Everything is ready to submit to the Solver.

»Before running the model, save it one more time. It is also a good idea to review the input using the
Model Data window.

D. Define the remaining groups in Analysis Setup

Open Analysis Setup once more to confirm that all groups are defined. No inputs or alterations are
required to complete the last three groups: Steady Solution Control, Environmental Properties, and Mis-
cellaneous. All seven groups should have a green checkmark next to its name. Click OK.

D. Review input in the Model Data window

The Model Data window is shown in Figure 17. To change to this window, you can select it from the
Primary Window tabs, Window menu, or pressing CTRL+M. The Model Data window gives you a text-
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based perspective of your model. Selections can be copied to the clipboard and transferred into other
Windows programs, saved to a formatted file, printed to an Adobe PDF, or printed out for review.

Data is displayed in three general areas. The top is called the general area, the middle the pipe area and
the bottom the junction area.

The Model Data window allows access to all Properties windows by double-clicking the appropriate ID
number in the far left column of the table. You may want to try this right now.

7 Workspace | {8 Model Data | []Output | [ Groph Resuts | ®> Visual Report |
Be- 8 E

# | General | Notes

Mumber Of Pipes=3 A
Number OF Junctions= 4

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation=_ (Automatic)

# | Fipes | Pipe Fittings & Losses  Pipe Detail Summary

Pipe | Name | Pipe | Junction | Length | Length | Hydraulic | Hydraulic | Friction | Roughness | Roughness | Losses (K) | Initial Flow | Initial Flow | Ju
e Set Units i

Defined | Connector nits | Diameter Diam. Units | Data Units Ly
1 [Pips Yes Mo 300 meters 2027174 cm Standard 0.004572 cm 0
2 |Pipe Yes Mo 600 meters 2027174 cm Standard 0.004572 cm 0
Fipe Yes Mo 500 meters  20.27174 cm Standard 0.004572 cm 0

< >

# | Branch | Reservoir

Branch | MName | Object Inlet Elevation | Initial Pressure | Initial Pressure | Library | Special Boundary Flow | Boundary Flow | (Pipe
Defined | Elevation Units Units Source | Condition (+=in~ = out) Units Kin. k

4 Branch Yes 0 meters None (P1) 0,

< >
Base Scenario Q 1w0% | & ) +)

Figure 17: The Model Data window shows all input in text form

Step 3. Run the Solver

»Click Run Model from the Toolbar or from the Analysis Menu. During execution, the Solution Pro-
gress window is displayed (see Figure 18). You can use this window to pause or cancel the Solver's activ-
ity. When the solution is complete, the Output, Visual Report, and Graphs Results windows can be
accessed directly from the Solution Progress window. Click the Output button and the text-based Output
window will appear (see Figure 19). The information in the Output window can be reviewed visually,
saved to file, exported to a spreadsheet-ready format, copied to the clipboard, printed to an Adobe PDF
file, and printed out on the printer.
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Solution Progress - Complete
Maximum herations: 50000

Rlelaxation: Automatic

T

Absolute Tolerance  Relative Tolerance

Total lerations
Max Out of Tol. Max OLt of Tol.
Head: 1.0E-04 Relative Change [1634E04 | [6.705E08 | [54 |
Mot used (Absolute Change meters)
Vol Flow Rate: 1.0E-04 Relative Change [2033E02 | [3.989E05 | [+ |
Mot used (Absolute Change m3/hr)
‘Tenperm:e:

Actions Pause

[
Graph Resutts. .

®
Visual Repot...

Figure 18: The Solution Progress window displays the convergence progress
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Figure 19: The Output window displays output in text form
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Step 4. Review the output

The Output window is similar in structure to the Model Data window. Three areas are shown, and you can
minimize or enlarge each area by clicking the arrow next to the General, Pipes, and Junctions tabs or
from the View menu.

A. Specify output control

By default, AFT Fathom has a predefined set of Output Control parameters that are specified and the
default units used depend on which unit set was selected when first running AFT Fathom (see Figure 1).
A default title is also assigned in the Output Control.

»Open Output Control from the Tools menu (Figure 20). Click the General tab, enter a new title (if you
like you can title this Classic Three-Reservoir Problem), then click OK to accept the title and other default
data.

In addition, this window allows you to select the specific output parameters you want in your output. You
also can choose the units for the output.

Display Parameters | General | Format & Action | Show Pipesidets | JotDeltas Multi-Scenario

2 Pipes T Junctions | <7 Pumps | 4 Valves | A Heat Exchangers | [EL Reservoirs | £ Cost Report

| Fitter: | Show Output in This Order Reorder
Available Output Parameters Parameter Units A
Area Aow ~ L’:E Mame of FPipe v
Conductivity of Auid Average ;3| Violumetric Flow Rate m3/hr v
Convection Coef. Extemal — B )
Convection Coef. Intemal 1) Velocity meters/sec ~
BD”"_EC*;?”F‘C%E; Overall L’: 1| Pressure Static Maximum bar w
D:;tsl?inlet v ferage L’: || Pressure Static Minimum bar ~
Bep{h Cil:utlet * f: E Elevation Inlet meters £
esign Factor e .
Design Factor Fittings & Losses Add (| Elevation Outlet meters ~
Design Factor Heat Transfer L’: 1| Pressure Loss Stag. Total bar e
Diameter Hydraulic 4 . »
Effective Hazen-Williams Factor s - Fressure Loss Static Total bar
Elevation Inlet L’: i| Pressure Loss Gravity bar ~
Elevation Outlet o
Equivalert Length L‘: i Head Loss de) meters v
Fow Energy Inlet v (1| Pressure Static Inlet bar 0
< > f: 1| Pressure Static Outlet bar ~
90 of 90 parameters shown (urfitered) (4| Pressure Stagnation Inlet bar =l
Adl ~ - o
. — R Show
Alphabetical | Lategorized Description Remaove Clear Al Same Unts.. Use Prefemed Units...
Load Control Format... User Default Fathom Defaultt o oK
=] Same As Parent Save Control Format ... Set as Default D Help B Cancel

Figure 20: The Output Control window lets you customize the output

B. Modify the output format
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If you selected the default AFT Fathom Output Control, the Pipe Results table will show volumetric flow
rate in the second column (Figure 19) with units of m3/hr (cubic meters per hour).

»Select Output Control from the Tools menu or Toolbar. On the right side of the Pipe tab is
the list of selected output parameters. Click Volumetric Flow Rate and change the units by select-
ing m3/min (cubic meters per minute) from the list at the bottom.

»Click OK to display changes to the current results. You should see the volumetric flow rate
results, still in the second column, in units of m3/min. Notice the Velocity results in the third
column.

»Select Output Control from the Tools menu one more time. The reorder icons on the left
side of the Output List allows you to reorder parameters in the list.

»>Select the Velocity parameter and use the Reorder scroll bar to move it up to the top of the
parameter list.

»Click OK to display the changes to the current results. You will see in the Pipe Results
table that the first column now contains Velocity and the third column contains the volumetric flow
rate. The Output Control window allows you to obtain the parameters, units and order you prefer in
your output. This flexibility will help you work with AFT Fathom in the way that is most meaningful
to you, reducing the possibility of errors.

»Lastly, double-click the column header Velocity in the Output window Pipe Results
Table. This will open a window in which you can change the units again if you prefer. These
changes are extended to the Output Control parameter data you have previously set.

C. View the Output on the Workspace with Workspace Layers

»Return to the Workspace window by choosing it from the Window menu, clicking on the Work-
space tab on the tool bar, or by pressing CTRL+W. Workspace Layers allows you to integrate
your text results with the graphic layout of your pipe network.

»Select the Workspace Layers tab at the bottom right of the screen within the Quick Access
Panel. Select the layer named All Objects Layer and then select the single gear icon above to edit
the Layer Settings. Alternatively, while hovering over the layer name, the Layer Settings icon will
be revealed to the right. Select the Pipe Parameters tab and search for Volumetric Flow Rate with
the Filter or within the Pipe Parameters list. Double click Volumetric Flow Rate to add it to the
Workspace Layer. Select the Junction Parameters tab and search for both Junction Name and the
Pressure Static Inlet. After adding these parameters to the display list, press Close. Rearrange the
labels as desired for readability.
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Figure 21: The Layer Settings window selects visible parameters for the Workspace Layers
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Figure 22: The Workspace window displays input and output data utilizing Workspace Layers

D. Graph the results
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»Change to the Graph Results window by clicking the Graph Results tab. The Graph Results window
offers full-featured Windows plot preparation.

The Graph Parameters menu will automatically be displayed in the Quick Access Panel on the far right of
the Graph Results Window and is where you are to specify which graphs to generate.

The Profile graph tab in the Graph Parameters menu will also be selected by default on Quick Access
Panel. Make sure the Plot Single Path option is selected from the Pipes drop-down menu. Select pipes 1
and 2 from the pipes list. Choose Pressure Static from the Parameter drop-down menu. Make sure
meters is selected as the Length Units and bar as the Pressure Static units (see Figure 23). Then click
Generate. The Show Junction Locations feature is located on the Graph Results toolbar and can be
turned on by clicking the icon.

A graph appears showing the static pressure along the flow-path defined by pipes 1 and 2 in Figure 24.

You can use the other buttons in the Graph Results window to change the graph appearance and to save
and import data for cross-plotting. The Graph Results window can be printed, saved to file, copied to the
clipboard, or printed to an Adobe PDF file. The graph’s x-y data can be exported to file or copied to the
clipboard.

Note that the graph guide, located at the top right of the Graph Results window and represented with the
What Would You Like to Do? icon, can guide you through the development of your graph. This feature
can be hidden by clicking on the icon.

1 Parameters =7 Formatting >
H Profile
Fipes: Plat Single Path -

Al 1 Pil:IE

2 Pipe

None []3 Pipe

Invert

Waorkspace

Special ..

Multi-scenano... ~ | | Cumrent Only
Length Units: | meters -

Select Parameter oe Add - Remove

Farameter LInits
0| Pressure Static = || bar -

O

o Generate -~

= Scenaric | |£F Graph Control

Figure 23: The Graph Control window controls the Graph Results content
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Figure 24: The Graph Results window offers full-featured plot generation

Conclusion

You have now used AFT Fathom's Primary Windows and functions to build a simple model. Review the
rest of the Fathom Help File contents for more detailed information on each of the windows and func-
tions.
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Summary

This example will walk you through a simple calculation to size a pump.

A pump is to be used to transfer water from a supply reservoir to a holding reservoir at the top of a hill.
The system consists of a supply reservoir, a pump, a discharge reservoir, and two pipes.

The first pipe from the supply reservoir to the pump is 3 meters long, and the second pipe leading from
the pump to the discharge reservoir is 300 meters long. Both pipes are 4 inch, Steel - ANSI, STD (Sched-
ule 40) pipes. Constant fluid properties are assumed.

The supply reservoir has a liquid surface pressure of 0 barG (0 kPa (g)), and the liquid surface is at an
elevation of 3 meters. The discharge reservoir has a liquid surface pressure of 0 barG (0 kPa (g)), and
the liquid surface is at an elevation of60 meters. The pipes for both reservoirs connect to the reservoirs at
a depth of 3 meters.

What is the head requirement for a pump to supply flow in this system at 115 m3/hr?

Topics Covered

* Specifying a pump in the Pump Properties Window
* Defining pipe fittings and losses lumped into a pipe
* Sizing a pump

* Entering pump curve data

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Sizing a Pump.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.
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Sizing a Pump

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

/"~ Workspace ‘ % Model Data | = Output | [ Graph Results | ®> Visual Report
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Base Scenario bed | 100% | & LI F) || =2 O3

Figure 1: Workspace for Sizing a Pump Example

The system is in place but now we need to enter the properties of the objects. Double-click each pipe and
junction and enter the following properties. The required information is highlighted in blue.
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Pipe Properties

1. Pipe Model tab

a. Pipe Material = Steel - ANSI
Pipe Geometry = Cylindrical Pipe
Size =4 inch
Type = STD (schedule 40)
Friction Model Data Set = Standard
Lengths =

-~ ® 9 o T

Pipe Length (meters)

1 3

2 300

The pipe model also allows for fittings and losses like valves or elbows. Select the Fittings & Losses tab
for P2, and type in 25 for the Total K Factor. Now click OK to close the Pipe Properties window and
accept your changes.

Note: A red ampersand (&) will now appear next to the pipe number for pipe P2. This indicates that Fit-
tings & Losses are entered in the Pipe Properties window. This symbol can be edited or hidden
in User Options.

Junction Properties

1. J1 Reservoir

a. Name = Lower Reservoir

b. Liquid Surface Elevation = 3 meters

c. Liquid Surface Pressure = 0 barG (0 kPa (g))
d. Pipe Depth = 3 meters

2. J2Pump

Inlet Elevation = 0 meters

Pump Model = Centrifugal (Rotodynamic)
Analysis Type = Sizing

Parameter = Volumetric Flow Rate

Fixed Flow Rate = 115 m3/hr

3. J3Reservoir

Name = Upper Reservoir

Liquid Surface Elevation = 60 meters

Liquid Surface Pressure = 0 barG (0 kPa (g))
Pipe Depth = 3 meters

® 2 o0 oo

a o oo

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
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have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

The Output window (Figure 2) contains all the data that was specified in the output control window.
Because we were interested in the pump requirements for this system, select the Pump Summary tab in
the General (top) window. The pump data can also be found in the Junction (bottom) window. We are

primarily interested in the pump head (or pressure) requirement. This information can be found in the
Pump Summary window.

Select Output Control from the Common Toolbar or Tools menu to open the Output Control window.
Click the General tab, enter the title Water Transfer System, then click OK to save the title.

For this system, the head requirement of the pump is 116.3 meters. Because the difference in elevation
of the reservoirs was 57 meters this is the minimum head rise regardless of flow rate or pipe size. Coin-

cidentally, the friction loss was also approximately 59 meters. This can be seen in the dH column of the
Pipe output window.

7" Workspace |§JMDdEI Data | [ Output
B EH 2% b~

& Graph Results & Visual Report

A | General Warnings | DesignAlerts | Pump Summary | Reservoir Summary
Name Vol Mass dP dH Overall Speed Overall BEP % of NPSHA | NPSHR
Jop | Fesuls Flow Flow Efficiency Power BEP
Diagram (m3hr) | (kasec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3thr) | (Fercent) | {meters) | (meters)
2 | Show D Pump 1150 3150 1138 116.3 100.0 A 36.38 /A NIA 1269 N.l‘;"«l
% | Pipes
Name | Vol. Flow Velocity P Static | PStatic | Elevation | Elevation | dP Stag dP Static dP dH P Static | P Static | PStag. | P Stag
Fipe ate ax Min Inlet Outlet Total Total Gravity In Out In ut
(mhr) | (meters/sec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) | (meters) (bar) (bar) (bar) (bar)
1 |Fipe 1150 3.889 1232 1193 0 000 003e85 003885 0000  0.3966 1232 1193 1307 1268
2 |Pipe 1150 388% 12587 1232 0 5700 1135588 11.35588 5583 539460 12587 1232 12663 1.307

£ | AllJunctions | Pump = Reservoir

Name P Static | P Static | P Stag. | P Stag. | Wol. Flow Rate | Mass Flow Rate | Loss Factor
Jct In uf In ut Thiru Jet Thru Jet (K}
(bar) (bar) (bar) (bar) (m3ihr) (kg/sec)
1 |Lower Reservair 1013 1307 1013 1307 115.0 3190 0
2 |Pump 1183 12587 1268 12663 1150 3150 0
3 | Upper Reserveir 1.013 1.307 1013 1.307 115.0 31.90 0

Base Scenario w4, 100% | (= 1 +

Figure 2: Output window for Pump Sizing Example
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Step 6. Add a Pump Curve

Now that the pump head requirement has been identified as 116.3 meters at the design flow rate of 115
m3/hr, a pump of the correct size can be purchased to meet this requirement. Once the actual pump has
been identified, the pump characteristics can be added to the pump by adding the pump curve data to the
pump junction.

Open the Pump Properties window and enter the following data:

1. Pump Model = Centrifugal (Rotodynamic)
2. Analysis Type = Pump Curve
3. Enter Curve Data
a. Flow Q Parameter = Volumetric
b. Head/Pressure dH Parameter = Head

Volumetric Head
m3/hr meters
0 122
115 116
230 76

c. CurveFitOrder=2
d. Click Generate Curve Fit Now
e. Click OK

Note: This is a situation where a user could create a new scenario using the Scenario Manager to
examine a what-if situation, without disturbing the basic model. For an example that illustrates
how to use the Scenario Manager, see the Water to Housing Project example.
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Corfiguration Method
® Simple (O Muttiple

Pump Diata Configuration Data | Performance Graph |

Curve Fitting
Raw Data: Curve Fit Type:
| Polynomial
| Flow Head/Pressure NPSHR Efficiency/Power » | Interpolated X-Y Data
Q aH _
| Paranj‘eter ~ | Head w Efficiency o
| Units  |m3thr ~ | meters ~ | meters Percent o Efficiency
| 1 0 122
| 2 115 116 Al None || Invert
3 230 76 Curve Fit Order
4 2 v
5 r
5 fi Generate Curve Fit Now
2
9
| 10 a 122 .
11 b 0.09565217 |
12 c | -0.001285444
13 NPSHR
L h MNone
EFFICIENCY

D ETabe - |aH = 2+ bQ +0Q? +dQ° +eQ?

MNone

lkg/m3

o OK m Cancel 2 Help

Figure 3: The Pump Configuration Window is used to enter pump curve data

Step 7. Re-evaluate the model

Re-run this model. Examine the Pump Summary in the General Output Section. The output (Figure 4)
shows the pump operating at a flow rate of 114.7 m3/hr, and a head rise of 116.1 meters, which is accept-
ably close to the previous sizing calculation.
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-
" Workspace | | Mocel Data

| EOutput | [ Graph Results | ® visual Report _

B EH 28 B

=

£ | General | Warnings | DesignAlerts | Pump Summary | Reservoir Summary

MName Vol Mass dP dH Qverall Speed | Overall BEP % of NPSHA | NPSHR
Jop | Desuls Flow Flow Efficiency Power
Diagram (m3hr) | (kalsec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3thr) | (Percent) | (meters) | (meters)
Show D Pump 1147 3182 1137 116.1 NIA 1000 3619 /A NIA 12.70 HIA

% | Pipes
Name | Vol. Flow Velocity PStatic | PStatic | Elevation | Elevation | dP Stag. | dP Static dP dH P Static | P Static | PStag. | P Stag.
Pipe Rate Max Min Inlet Dutlet Total Total Gravity In Out In Out
(md/hr) | (meters/sec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) | (meters) (bar) (bar) (bar) (bar)
1 [Pipe 147 3879 1232 1192 0 000 00384 00384  0.000 03545 1232 1193 1307 1268
2 |Pipe 1147 3879 12581 1232 0 B57.00 11.32874 1132874 5583 52EEBY 12561 1232 1263 1.307
# | AllJunctions | Pump = Reservoir
Name P Static | P Static | P Stag. | P Stag. | Wol. Flow Rate | Mass Flow Rate | Loss Facter
ot In Qut In Qut Thru Jct Thru Jet K
(bar) (bar) (bar) (bar) (m3ihr) (ka'sec)
1 _|Lower Reservair 1013 1307 1013 1307 147 3182 o
Pump 1183 125861 1268 12636 1147 naz
Upper Reservair 1.013 1307 1013 1.307 1147 31.82

Base Scenario/Pump Curve

[Qo0% | @ {}——F— @

Figure 4: Output when running with a pump curve

Change to the Graph Results window (e.g., using the Windows menu), and click on the Pump vs. System
tab (Figure 5) in the Graph Parameters menu on the Quick Access Panel. Click Generate to graph a

pump vs. system curve, as shown in Figure 6.

| Parameters

=" Formatting >

H Pump vs. System

ﬂ Profile

Curve Type: | Single -
Flow Type: | Volumetric - m¥hr -
Pressure or Head: | Head - meters -

Pump CRV | FUL | MIN | AOR | POR
2 Pump (114.682 m3/hr) ]
Flow Rate Range: | (@) Auto () User Speciied
User Range: | 0 |'|33 m3hr
Data Points Per Curve: |30 -
o Generate -
san Scenario | [ Graph Contral

Figure 5: Select Graph Data for creating a pump vs. system curve
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Pump Curve vs. System Curve for Pump 2

150

E 100

Z

]

E

o0

h

= 50
System Curve
Pump Curve (J2)

’ 0 50 100 150
Volumetric Flow Rate (m3/hr)
Figure 6: Pump vs. system curve using selected pump
Conclusion

AFT Fathom can be used to size pumps. Once the actual pump has been selected, the model can be
modified to include the actual pump curve data. Then the actual system properties and behavior can be

calculated.
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Control Valve

Summary

This will walk you through a simple calculation to calculate a pipe size for a control valve system. Water
will be flowing from a reservoir on a hill down to another reservoir. The pipe must be sized correctly to
allow 57 m3/hr to flow from one reservoir to the other. A control valve is used to control this flow, but the
valve must have a minimum pressure drop of 0.65 bar (65 kPa) to operate correctly. Only STD (schedule
40) pipes will be considered.

Topics Covered
* Using flow control valves
* Entering and changing pipe size data

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Control Valve.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
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Control Valve

a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)

i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as

shown in the figure below.

7" Workspace | 5 Model Data | E5Qutput | 22 Graph Results | ® Visual Report

P |~ - @ (ke - M )

- 2=

C |

@0 ]

=5

P P1

il

& o - M|
(-

(D=Ll N:E]

iy —

o B

By =

B

Base Scenario Qe o

Figure 1: Workspace for Control Valve Problem

The system is in place but now we need to enter the properties of the objects. For this example, we need
to find the correct pipe size but we are limited to STD (schedule 40) pipe sizes. We need to use our engin-
eering judgment to take an initial guess at the pipe size for 57 m3/hr. Let’s try 3 inch pipe. Specify the

pipes as the following:

Pipe Properties

1. AllPipes
a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=3inch
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d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f.  Length =30 meters

Junction Properties

1. J1 Reservoir
a. Name = Upper Reservoir
b. Liquid Surface Elevation = 12 meters
c. Liquid Surface Pressure = 0 barG
d. Pipe Depth =0 meters
2. J2 Control Valve

a. Inlet Elevation = 3 meters
b. Valve Type = Flow Control (FCV)
c. Control Setpoint = Volumetric Flow Rate
d. Flow Setpoint =57 m3/hr
3. J3Reservoir

Name = Lower Reservoir

Liquid Surface Elevation = 3 meters
Liquid Surface Pressure = 0 barG
Pipe Depth = 0 meters

a o oo

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

Open the Output Control window by selecting Output Control from the Output toolbar or Tools menu. This
window allows the user to specify the output from the Fathom simulation. The window starts with a
default set of output parameters which you are free to change.

In this example, we want to review the effects of changing the nominal pipe size. To simplify this, lets add
this parameter to the output.

1. From the Pipes output list, select the parameter Nominal Size in the list on the left.
2. Click Add (or double-click the parameter), which adds the parameter to the list on the right.
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3. Use the Reorder buttons (in the upper right) to move the Nominal Size up so that it becomes the
second parameter in the list (see Figure 2).

4. Click OK.
Output Control
Display Parameters | General | Format & Action | Show Pipesilets | JetDeltas | Multi-Scenario
3 Ppes T Junctions | ¥ Pumps ‘ el Valves ‘ Al Heat Exchangers | [IL Reservoirs | @ Cost Report
| Fitter: | Show Output in This Order Reorder
Available Output Parameters Parameter Units a A
Length o 4| Name of Pipe v
or ot Conerars Blionasee
Loss Factor Friction fL/D) b . .
Loss Factor Total fL/D + K) (, 4| Volumetric Flow Rate m3/hr ~
Mass Flow Rate G| elocity meters/sec w
Material = .
Name of Fipe (; 4| Pressure Static Maximum bar ~
* (: ‘: Pressure Static Minimum bar ~
Prandtl Number A3
Pressure Ambient Inlet Add ;1| Elevation Inlet meters ~
Prassure Ambient Outlet 3| Elevation Outlet meters ~
Pressure Dynamic =
Pressure Gradient Friction Wall k3 J: Fressure Loss Stag. Total bar =
Pressure Gradient Gravity (: 4| Pressure Loss Static Total bar ~
Pressure Gradient Stag. Total ] . i
Prassure Loss Gravity L,:: Pressure Loss Gravity bar
Pressure Loss Stag. Total v ;4| Head Loss (dH) meters ~
< > 3| Pressure Static Inlet bar w
90 of 50 parameters shown (unfiltered) ;4| Pressure Static Outlet bar M
Al m ~ o .
A ) : Show
Alphabetical | Categorized Description Remove Clear Al Same Units Use Prefered Linits
Output Window Table Header:  Pipe Nominal Size
Visual Report Abbreviation:
Description: Mominal size of pipe
Load Control Format ... User Default Fathom Default o 0K
[ Same As Parent Save Control Format... Set as Default v Help Cancel

Figure 2: Output Control Window

The Output window contains all the data that was specified in the output control window. The output is
shown in Figure 3. In the summary window, there is a Valve Summary tab. Select this tab. You can see
that the flow control valve achieved the flow rate of 57 m3/hr but the pressure drop (dP) is only 0.08327
bar (8.327 kPa) (see Figure 3). The pressure drop requirement is 0.65 bar (65 kPa) minimum. This pres-
sure drop is too low. The pipe size needs to be increased.
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—
J*Workspace | {8 Model Data | EZOutput | P2 Graph Results | ® Visual Report _

BE 2 T B %8
A | General | Warnings | DesignAlerts | Valve Summary | Reservair Summary

Neme | Valve | Vol | Mass oF dH [FSmic| Cv | K | Valve
Jot Type | Flow | Flow | Stag In State
(m3hr) | (kalsec) | (bar) | (meters)| (ban)
Control Valve FCV 5700 1581 008227 08502 1441 2283 1513 Open

2 | Pipes
Name Fipe | Vol.Flow | Velocity | PStatic | P Sistic | Elevation | Elevation | dP Stag. | dF Static | _dF dH | PSttic | FStatic | PSiag. | P Stag
Fipe Nominal Size | Rate Max | Min inlet | Outlet | Total | Total | Gravity In Out In Out
(mdhe) | (metersisec) | (bar) | (bar) | (meters) | (mefers) | (bar) (bar) | (ban) |(meters)| (bar) | (bar) | (ban) | (ba)
1 [Pice  3inch 57.00 3320 1441 09582 12000 3000 -04824 -04824 -D8A1S 4075 09582 14408 1013 149
2 |Fipe  Zinch 57.00 3320 1357 09582 2000 3000 03831 03991 00000 4075 13573 08582 1412 1013

# | AllJunctions | Control Valve | Reservair

Name P Static | P Safic | P Steg. | F Steg. | Vel. Flow Rate | Mass Flow Rate | Loss Factor
Jot In Out In Out Thru Jet Thru Jet (5]
(bar) | (ban | (bar) | (bar) (m3hr) (kalsec)
1 |UpperReservair 1013 1012 1013 1012 57.00 15.81 0.000
2 |Control Valve 1441 1357 1496 1412 57.00 15.81 1513
3 |lowerReservair 1013 1013 1013 1013 57.00 15.81

Base Scenaric [ Qo @ A @

Figure 3: Output Window for Control Valve Example

Step 6. Change Pipe Sizes

Go back to the Workspace and change the pipe properties to a new pipe size. By trial and error, you can
determine that by using 4 inch for both pipes, a pressure drop of 0.6797 bar (67.97 kPa) can be obtained

(see Figure 4).

" Workspace |@Mo¢el Dats ‘ [ output ‘ [ Graph Results | ®> Visual Report _

B E A T R 5B
& | General | Warnings | Design Alerts | Valve Summary | Reservoir Summary

Mame Valve Vol Mass dP dH P Static Cv K Valve
Jet Type | Flow | Flow | Stag In State
(mahr) | (koisec) | [bar) | (meters) | (bar)
2 |Control Valve FCV/ 5700 1581 06737 6939 1775 7992 3662 Open

% | Pipes
Name Fipe Vel Flow | Velocity | P Static | P Static | Elevation | Elevation | oF Stg. | dF Swiic | dF dH | FSwmtic | PSiatic | P Sig. | P Seg.
Fipe Nominal Size | Rate Max Min Inlet Outlet | Total Totsl | Gravity In Out In Out
(m3hr) | (metersisec) | (bar) | (bar) | (meters) | (meters) | (ban) (bar) | (bar) | (meters)| (gan | (ba) | (bar) | (bar)
1 |Pipe  inch 57.00 1928 1775 08947 12000 3000 -D7806 07806 -0.8815 1030 09847 17753 1013 1734
2 |Fipe  4inch 57.00 1528 108 08347 3000 3000 01009 01009 00000 1030 10856  09%7 1114 1012
£ | AllJunctions | Control Valve | Reservoir
Name P Static | P Static | P Stag. | P Steg. | Vel. Flow Rate | Mass Flow Rate | Loss Facter
Jet In Out In Out Thru Jet Thru Jet [
(bar) | (bar) | (ba) | (ban) (mhe) (ka/sec)
1 |UpperResevoir 1012 1013 1013 1013 57.00 1581
2 |Control Valve 1775 1086 173 1114 57.00 15.81
3 |LowerReservair 1013 1013 1013 1013 57.00

Base Scenario/4 inch [ Qo | @ {}F—+— @

Figure 4: Output Window for modified Control Valve Example

Conclusion

To meet the system requirements, use 4-inch pipe.
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Heat Transfer in a Pipe

Summary

The objective of this example is to demonstrate how to calculate heat transfer in a pipe. For this example
we will specify a mass flow rate and an inlet temperature and calculate the outlet temperature and total
heat loss for a 30 meter section of pipe.

Topics Covered

* Modeling heat transfer in a single pipe

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Heat Transfer in a Pipe.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2.  Open the Fluid panel then define the fluid:

a. Fluid Library = AFT Standard

b.  Fluid = Water (liquid)
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Heat Transfer in a Pipe

i. After selecting, click Add to Model
c. Temperature =21deg.C

d. This calculates the default fluid properties to use in the model to initialize the heat transfer
calculations.

3. Open the Heat Transfer/Variable Fluids panel:
a. Heat Transfer = Heat Transfer With Energy Balance (Single Fluid)

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

Although one pipe is all that we are modeling, we still need junctions at each end to define the pressure
and flow conditions for this pipe.

7" Workspace | i Model Data | [EA Output | 2 Graph Results | &> Visual Report
- - @- Ik e - M ) H ¥

I} 6 J1 . J2

Base Scenario B | Q 100% | O | H | 1 0oz

Figure 1: Workspace for Heat Transfer Problem

The system is in place but now we need to enter the properties of the objects. Double-click each pipe and
junction and enter the following properties. The required information is highlighted in blue.

Pipe Properties

Because heat transfer was selected on the Heat Transfer/Variable Fluids panel in Analysis Setup, the
Pipe Properties window has an additional tab to define: Heat Transfer. We will use Convective Heat
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Transfer for this example. Fathom allows you to perform a layered heat transfer analysis with internal and
external convection coefficients and conduction through multiple insulation layers. For this example, we
will consider the internal convection, conduction through the pipe wall, and external convection as affect-
ing heat transfer in our system.

Pipe P1

1. Pipe Model tab
a. Pipe Material = Steel - ANSI
Pipe Geometry = Cylindrical Pipe
Size =6inch
Type = STD (schedule 40)
Friction Model Data Set = Standard
d. Length =100 meters
2. Heat Transfer tab
a. Heat Transfer Model = Convective Heat Transfer
b. Ambient Conditions
i. Temperature =0deg.C
ii.  Fluid Velocity = 30 km/hr
iii.  Fluid = Air
c. Fluid Internal
i. Apply=Checked
ii.  Conductivity/Convection Data Source = Correlation
iii. HT AreaRatio=1
iv.  Convection Coefficient = Gnielinski
d. Pipe Wall
i. Apply=Checked
ii.  Conductivity/Convection Data Source = Material Library
iii.  Conductivity = From Library
iv. Thickness =0.7111999 cm
v. HT Area Ratio=1
e. External
i. Apply=Checked
ii.  Conductivity/Convection Data Source = Correlation
iii. HT AreaRatio=1
iv.  Convection Coefficient = Forced (Churchill-Bernstein)

6o T o U

The heat transfer window looks like Figure 2 below.
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Pipe Properties
Number: Upstream Junction: 1 o OK
Name: |Piue Downstream Junction: 2 Cancel
Copy Data From Pipe ~ Jump...
2 Help
Pipe Model | Fittings &Losses | W HestTransfer | DesignAlerts | Optionsl | Netes | Status
Ambient Conditions
Heat Transfer Model: Convective Heat Transfer ~ 2
Temperature: D deg.C ~
Resistance Geometry: Radial ~
Fluid Velocty m/hr v
Mumber of Insulation Layers: | Mone ~
Fluid
@ Ar (O Water
Load Default
Resistance Conductivity/Convection . . HT Area Caonvection
Type Apply Data Source Conductivity Thickness Ratio Coefficient
Units lim-K v | cm e lim2-K v
Fluid Internal Correlation ~ _— 1 Gnielinski
Pipe Wall Material Library s From Library 0.7111959 1
External Carrelation ~ _— 1 Forced (Churchill-Bernstein) ~

Figure 2: Pipe properties window for Heat Transfer Problem

Junction Properties

Now that the pipe is defined, specify the junction properties:

1. J1 Assigned Pressure
Elevation = 0 meters
Pressure = 3.45 bar (345 kPa)
Temperature =65 deg. C
Pressure Specification = Stagnation
2. J2 Assigned Flow
a. Elevation =0 meters
b. Type = Outflow
c. Flow Specification = Mass Flow Rate
d. Flow Rate =4.5kg/sec

a o oo

Note: The temperature at J2 will not be used by Fathom because the outlet temperature of the pipe is
defined by the inlet temperature pipe due to the Assigned Pressure junction and the heat loss
through the pipe.

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.
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Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

Open the Output Control window by selecting Output Control from the Output toolbar or Tools menu.
From the Display Parameters tab, Pipes selection, double-click the parameters Heat Flux, Heat Rate,
Temperature Inlet, and Temperature Outlet in the left list to add these output parameters to this model.
Click OK to return to the Output window.

The Output window contains all the data that was specified in the output control window. Because we
added Inlet and Outlet temperatures to the output, we can see that the outlet temperature is 59.70 deg.
C. The output is shown in Figure 3 below.

Note: If the default Output Control parameters are being displayed, a warning will be shown stating
the HGL, EGL, and head loss results may not be meaningful for variable density systems as
can be seen in Figure 3. If all head output parameters are hidden using Output Control, this
warning will no longer appear.

/" Workspace | [ Model Data | = Output ‘ [ Graph Results | % Visual Report
[l BN |
A | General | Wamings | Designflerts
Messages
For an explanation of Wamings. click an item in this list and press F1 or search for Wamings' in the Help system.
- WARNING

HGL. EGL and headloss results may notbe meaningful for variable density systems

A | Pipes | Heat Transfer

Name | Vol. Flow | Velocity | PStatic | P Static | Elevation | Elevation | dPStag. | dPSwtic | _dP dH [ PSwtic | PStalic | PSg | PStag. | Heat | Heat T T
Fipe Rate ax Min Inlet Outlet Total Total | Gravity In Out in Out Flox | Rale | lnlet | Outlet
(m3fhr) | (metersisec) | (bar) (bar) | (meters) | (meters) (bar) bar) (bar) | (meters) | (bar) (bar) (bar) (bar) | (kWim2) | (kW) | (deg.C) | (deg.C)
1 |Fipe 16.48 02456 3450 3446 0 0 3360E-03  3860E-03 0 004004 3450 3446 3450 3446 2059 8854 6500 5870
# | AllJunctions | Assigned Flow | Assigned Pressure
Name P Static | P Static | PSteg. | P Steg. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
ot ) Qu n ui Thru Jet Thru Jt (4
(ba) | (ba) | (ba) | (ban) (m3ihr) (kgisec)
1 [Assioned Pressure 3450 3450 3450 3450 1648 4500 0
2 _|Assigned Flow 3446 3446 3446 3446 1648 4500 0
Base Scenaric ‘Warnings Exist JRSER LIS = 1t +)

Figure 3: Output window for Heat Transfer Problem
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Summary

This example will walk you through a simple calculation to size a pump for a closed loop heat exchanger
system. First you will build the system with a fixed flow pump and then enter a pump curve that meets
these requirements.

Topics Covered

* Sizing a pump for a specific system
* Entering aloss curve for a Heat exchanger
* Graphing system curves versus pump curves

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Heat Exchanger System.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:

-52 -


https://www.aft.com/products/fathom/video-tutorial-series
https://www.aft.com/products/fathom/video-tutorial-series

Heat Exchanger System

a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)

i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

7 Workspace | {#|Model Cate | [Tl Qutout | |2 Graph Results | ® Visual Report
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Figure 1: Layout of Heat Exchanger Problem

The system is in place but now we need to enter the properties of the objects. Double-click each pipe and
junction and enter the following properties. The required information is highlighted in blue.

Pipe Properties

1.  Pipe Model tab

a. Pipe Material = Steel - ANSI

b. Pipe Geometry = Cylindrical Pipe
c. Size=4inch

d. Type=STD (schedule 40)
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e. Friction Model Data Set = Standard

f. Lengths=
Pipe Length (meters)
1 60
2 5
3 30
4 30
5 60
6 5
7 60

Junction Properties

Specify each junction by entering the following properties in each corresponding Junction Properties win-
dow:

1. J1 Heat Exchanger
a. Inlet Elevation = 5 meters
b. Loss Model = Resistance Curve
c. Enter Curve Data =

Volumetric Pressure
m3/hr bar
0 0
25 0.35
50 1.4

d. CurveFitOrder=2
e. Click Generate Curve Fit Now
1. J2&J7Bend
a. Inlet Elevation = 5 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
2. J3&J6Bend
a. Inlet Elevation = 0 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
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3. J4 Assigned Pressure

a. Elevation =0 meters
b. Pressure =7 bar (700 kPa)

c. Pressure Speci

fication = Stagnation

Pump Model = Centrifugal (Rotodynamic)

Parameter = Volumetric Flow Rate

4. J5Pump
a. Inlet Elevation = 0 meters
b.
c. Analysis Type = Sizing
d.
e.

Fixed Flow Rate = 25 m3/hr

Heat Exchanger Loss Curve Fit

Reference Density | 2

() User Spectfied

(® No Comection () Water @STP

kg/m32

o OK

Junction Data | Junction Graph
Curve Fitting
Raw Data: Fill As Quadratic Curve Fit Type:
Flow Head/Pressure A |Intepolated X-Y Data
Q dP
Parameter | Violumetric + | Pressure ~
Units  |m3/hr « | bar ~
1 0 ]
2 25 0.35
3 50 14 Curve Fit Order
4 2 -
5 )
% fi Generate Curve Fit Now
]
)
n a | -1.387779E-16
b | 1.040834E-17
[ Edt Table - .f_\P=a+bQ+c02+dQ3+eQ4

0.00056

E3 Cancel 2 Help

Figure 2: Heat Exchanger Loss Curve Fit Specification

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter

the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the
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results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

The Output window contains all the data that was specified in the output control window. Because we are
interested in the pump requirements for this system, select the Pump Summary tab in the General (top)
window. The pump data can also be found in the Junction window (bottom). If we are primarily interested
in the head (or pressure) requirement, this is found in the summary window.

For this system, the head requirement of the pump is 0.5359 bar (53.59 kPa) (5.472 meters). At the
assigned flow rate of 25.00 m3/hr, the pressure drop across the heat exchanger was 0.3500 bar (35.00
kPa) (3.574 meters) so the total pipe and elbow loss was approximately 0.1859 bar (18.59 kPa) (1.898
meters). This output is shown in Figure 3a and Figure 3b.

A | General  ‘Wamings  DesignAlerts | Pump Summary | Heat Exchanger Summary
Name Wal. Mass dP dH Owverall Speed Owerall EEP % of NPSHA | NPSHR
Jot | Results Flow Flow Efficiency Power BEP
Diagram (m3thr) | (ka'sec) (bar) | (meters) (Percent) | (Percent) (k) (m3hr) | (Percent) | (meters) | (meters)
] | Show D Pump 25.00 6.936 0.5359 5472 100.0 MNA 03719 TIA A 71.00 N.I'A|

Figure 3a: Pump Summary for Heat Exchanger Example

® | General Warnings Designflerts Pump Summary | Heat Exchanger Summary
Name Wol. Mass dP dH dr Heat T T T 2nd T 2nd
Jct Flow Flow Stag. Loss Rate In Inlet Outlet Inlet Outlet
(m3/hr) | (ko/sec) | (bar) | (meters) | (deg.C) | (kW) | (deg.C) | (deg.C) | (deg. C) | (deg.C)
1 | Heat Exchanger 25.00 £.936  0.3500 3574 N/A R 21.00 21.00 MR /A |

Figure 3b: Heat Exchanger Summary for Heat Exchanger Example

Step 6. Add Pump Curve

Now that we know the general requirements of the pump, we can select an appropriate pump and enter
this data. Open the Pump Properties window and enter the following data:

1. Pump Model = Centrifugal (Rotodynamic)
2. Analysis Type = Pump Curve
3. Enter Curve Data
a. Flow Q Parameter = Volumetric
b. Head/Pressure dH Parameter = Head
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Volumetric Head

m3/hr meters

0 6

25 5.5

50 3.5

c. CurveFitOrder=2
d. Click Generate Curve Fit Now

Step 7. Re-evaluate the Model

Select Run Model from the toolbar or Analysis menu. Because the pump head at 25 m3/hr was slightly
higher than required, the system will adjust with a slightly higher flow rate. The output of this run is shown
in Figure 4.

7 Workspace | %j Model Data ‘ EOutput | [ Graph Results | ® Visual Report
B & L IF RSB
A  General Warnings = DesignAlerts | Pump Summary | Heat Exchanger Summary
Name Vol Mass dP dH Overall Speed | Overall | BEP % of NPSHA | NPSHR
Jor | Desuls Flow | Flow Efficiency Power BEP
Diagram (m2hr) | (kgisec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m2hr) | (Percent) | (meters) | (meters)
5 | Show D Pump 25.07 6954 05383 5457 /A 1000 03746 NIA MIA 71.00 NJ‘A|
& | Pipes
Name | Vol Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH P Static | P Static | P Stag P Stag
Fipe ate 3% Min n Outlet al Total Gravity In Out In Out
(m3hr) | (meters/sec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) (meters) (bar) (bar) (bar) (bar)
1 [Pipe 2507 08478 6578 6.535 5.000 5000 004308 004309 00000 0.44000 6578 6535 6.582 6.53%
2 |Pipe 2507 08478 7019 6533 5.000 0.000 -0.48611 -0.48611 -0.4897 (0.03667 €533 7019 6B 7023
3 |Pipe 2507 og47e 7018 6.996 0.000 0000 002113 002113 00000 021573 7018 69%  7.021 7.000
4 |[Pipe 2507 08478 6.996 6975 0.000 0000 002155 002155 00000 022000 6996 6575 7.000 6578
5 |Pipe 2507 08478 7513 7470 0.000 0.000 004309 0.04309 00000 0.44000 7513 7470 7EB17 7474
& |Pipe 2507 08478 7468 6975 0.000 5000 043330 049330 04837 0.03667 7468 6975 7472 6579
7 |Pipe 2507 0.8478 6973 6.930 5.000 5000 004309 004309 00000 044000 6873 6930 6977 6834
# | AllJunctions | Assigned Pressure | Bend | Heat Exchanger | Pump
Name P Static | PStatic | PStag. | P Stag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
Jet n ut In ut Thru Jet Thru Jet (K}
(bar) (bar) | (bar) | (bar) (mhr) (kg/sec)
1 |Heat Exchanger £.930 6578 £.934 £.582 2507 6954 98.0366
2 |Bend 6.535 6533 6539 657 2507 6,954 0.5092]
3 |Bend 7.019 7.012 7.022 7021 2507 6954 0.5082
4 | Assigned Pressure HIA A 7.000 7.000 A A 0.0000
5 |Pump 6.975 7513 6978 7517 2507 6,954 0.0000]
6 |Bend 7470 7468 7474 7472 2507 6954 0.5082
7 |Bend 6.975 6973 6.979 6.977 2507 £.954 0.5082
Base Scenario/Pump Curve Quoox (O ) )l

Figure 4: Output window for Heat Exchanger Example with real pump data

This system is a good example to demonstrate how to use the Graph Results Tab. Change to the Graph
Results window by choosing it from the Window drop-down on the menu bar, clicking the Graph Results
tab on the toolbar, or by pressing CTRL+G. Now the Graph Control window will be displayed on the
Quick Access Panel as shown in Figure 5. Select Pump Curve vs. System Curve and Fathom auto-
matically selects the data you want to graph.
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1 P -
1 Parameters =" Formatting >

Pump vs. System H Profile

Curve Type: | Single -
Fow Type: | Volumetric * m¥hr -

Pressure or Head: | Head * meters T

Pump CR FUL | MIN | ADR | POR

W
5 Pump (25.0675 m3/hr)

Flow Rate Range: | (® Aute () User Specified

User Range: | [ 30.1 m3hr
Data Points Per Curve: |30 -
o Generate -~

o Scenario o Graph Control

Figure 5: Select Graph Data window for Heat Exchanger System

Click Generate to view this graph. This graph is shown in Figure 6. The red line shows the pump curve
that we entered. This starts out with 6 meters of head available at 0 m3/hr and decreases slowly with
increasing flow rate. The blue line is the overall system curve. The head requirement increases sig-
nificantly with flow rate. Most of the pressure loss (head loss) is through the heat exchanger but this
graph also includes the pipe and elbow loss. The lines cross right at 25.06 m3/hr which is the operating
point shown in the output in Figure 4.
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Head (meters)

Pump Curve vs. System Curve for Pump 5

System Curve
Pump Curve (J5)

10 20
Volumetric Flow Rate (m3/hr)

30

40

Figure 6: Pump Curve vs. System Curve for Heat Exchanger System
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Spray Discharge System

Summary

The objective of this example is to find the minimum supply pressure needed to supply a system of eight
spray discharge heads with at least 25 m3/hr to each spray head. The system has one main supply line
that branches into two supply lines that supply four sprayers each.

Topics Covered

* Using spray discharge junctions
* Iterating on a supply condition to reach a desired output condition
* Using Isometric Pipe Drawing Mode

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Spray Discharge System.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
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Spray Discharge System

a.
b.

C.

Fluid Library = AFT Standard
Fluid = Water (liquid)

i. After selecting, click Add to Model
Temperature =21 deg. C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions

fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

7" Workspace | {8 Model Data | FElOutput | [ Graph Results | > Visual Report

P e - @ (ke -A ) H ¢

— a1 J2 J3 Ja 410 J5 46 J7 J8
O [
o> @
=10
? [
L=
b ow

[y ] I 1z

P1 P2
= @D @ =
J1

P3

Base Scenario 2 Q100% O L -1 @2

Figure 1: Workspace for Spray Discharge System

The system is in place but now we need to enter the properties of the objects. Double-click each pipe and
junction and enter the following properties. The required information is highlighted in blue.

Pipe Properties

1.  Pipe Model tab

-~ P 20 T QO

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size = Use table below

Type = STD (schedule 40)

Friction Model Data Set = Standard
Lengths =
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Pipe Size Length (meters)
1&2 8inch 150

3 4 inch 3
4-11 1-1/2 inch 3

Note: The Global Edit tool found in the Edit menu can be used to enter the data for pipes P4-P11 all at
once. The Guide at the top right of the window can be used to walk you through how to global
edit if needed.

Junction Properties

1. J1-J8 Spray Discharges
Elevation = 3 meters
Loss Model = Cd Spray (Discharge Coefficient)
Geometry = Spray Nozzle
Exit Properties = Pressure
Exit Pressure = 0 barG (0 kPa (g))
Cd (Discharge Coefficient) = 0.6
Discharge Flow Area = 3.5 cm2
2. J9 Assigned Pressure
1. Elevation = 0.3 meters
2. Pressure = 14 barG (1400 kPa (g))
3. Pressure Specification = Stagnation
3. J10Branch
1. Elevation = 3 meters
4. J11Branch & J12 Dead End
1. Elevation = 0.3 meters

No gk~

Note that the supply pressure is what we are trying to solve for, but we must supply a guess to start. We
will need to iterate on the pressure at junction J9 to determine what the minimum pressure should be.

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 5. Examine the Output

Open Output Control by selecting Output Control from the toolbar or Tools menu. Click the Junctions but-
ton, then add Vol. Flow Rate Net At Junction to the shown junction output. This output will show the volu-
metric flow rate discharged from the spray nozzle. Click OK to save the changes and close Output
Control.

The Output window contains all the data that was specified in the Output Control window. In the Junction
output window at the bottom of the page there is a special tab for Spray Discharge, as shown in Figure 2.
Select this tab and examine the flow rate out of each of these junctions. All flow rates are above 25 m3/hr
so we must decrease the supply pressure and re-run the model. You should find that the supply pressure
must be above 13.2 barG (1320 kPa-g) for the flow rate to meet the minimum flow rate at each spray
nozzle.

This example may be solved directly using the GSC Module.

Note: The parameter Volumetric Flow Rate Through Junction is for junctions with a single inlet and
outlet, and will thus display N/A for the Spray Discharge nozzles that aren't at the end of the
branch. The parameter Volumetric Flow Rate Junction Net is used instead to display the total
volumetric flow rate that is exiting each spray nozzle.

# | All Junctions | Assigned Pressure | Branch | Dead End | Spray Discharge

Name P Static | P Static | PStag. | P Stag. | Vol Flow Rate | Mass Flow Rate | Loss Factor | Vol Flow
it

Spray n ut n u Thru Jet Thru Jet ] Rate Jct Net
Discharge (bar) (bar) (bar) (bar) (m3/hr) (kg/sec) (m3/hr)
1 Spray Discharge E.BBE 1.012 6814 1.012 877 7.148 3512 2877
2 Spray Discharge /A 1.012 7.046 1.012 /A /A 3512 2628
3 Spray Discharge /A 1.012 7.968 1.012 /A /A 3512 281
4 Spray Discharge A 1013 10038 1.012 A A 3812 3232
4] Spray Discharge [ 1013 10738 1.013 [ A 3512 3232
6 Spray Discharge [N 1.012 7.568 1.012 [ [ 3512 282
7 Spray Discharge /A 1.012 7.046 1.012 /A /A 3512 2628
g Spray Discharge 6666 1.012 £.814 1.012 2877 7148 3512 2877

Figure 2: Junction Output for Spray Discharge System with the supply pressure set to 14 barG (1400 kPa(g))

Figure 3 below displays the results for the final supply pressure of 13.2 barG (1,320 kPa(qg)).
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& | AllJunctions = Assigned Pressure | Branch = Dead End | Spray Discharge

Mame P Static | P Static | P Stag. | P Stag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor Wol. Flow
Spray In Out In Out Thru Jet Thru Jet (K) Rate Jct Net
Discharge (bar) (bar) (bar) (bar) (m3/hr) (ka'sec) (m3/hr)
1 Spray Discharge 6.334 1.013 6.474 1.013 25.00 6.936 3812 25.00
2 Spray Discharge /A 1.013 6.693 1.013 N/A MNiA 3812 2550
3 Spray Discharge /& 1.013 7.561 1.013 /A NIA 3812 27.38
4 Spray Discharge /& 1.013 9.605 1.013 /A NIA 3812 3136
B Spray Discharge /& 1.013 9.605 1.013 /A NiA 3812 3136
& Spray Discharge /& 1.013 7.561 1.013 /A NiA 3812 2738
7 Spray Discharge /& 1.013 6.693 1.013 /A NiA 3812 25.50
8 Spray Discharge 6.334 1.013 6.474 1.013 2500 6.936 3812 25.00

Figure 3: Junction Output for Spray Discharge System with the supply pressure set to 13.2 barG (1320 kPa
9)

Step 6. Use the Isometric Grid

AFT Fathom allows the user to place pipe or junction objects anywhere in the Workspace. Objects are
placed on a 2D grid by default, as was the case with this example. At times it may be convenient to
demonstrate the three-dimensional nature of a system. For example, if you are building a model based
on isometric reference drawings. AFT Fathom includes an isometric grid for these cases. The isometric
grid has three gridlines that are offset by 60 degrees, representing the x, y, and z axes. Figure 4 shows
the spray discharge system built on an isometric grid. The completed model file drawn in isometric can
be seen in the Examples folder and is named Spray Discharge Isometric.

7" Workspace ‘ijMDdel Data |]j0utput |E6raph Results |’§“Vi5ua| Report |
P = - @ ke -Bl= B R IE H ¢

J1

o [F
> @

=8
P
Ml 5
Y
0O oo
=
iy —
& B

A

Base Scenario B Q100% @ { | H =+=11| 012

Figure 4: Spray discharge system with the isometric grid shown

- 64 -



Spray Discharge System

You can enable the isometric grid in AFT Fathom by going to the Arrange menu. Under Pipe Drawing
Mode, there are three options: 2D Freeform (default), 2D Orthogonal, and Isometric.

Creating the spray discharge system on an isometric grid will demonstrate how to use this feature:

1.
2.
3.

4.

Go to the File menu and select New.
Go to the Arrange menu again and under Pipe Drawing Mode, select Isometric

Place a Spray Discharge junction, J1, on the Workspace. You will notice that placing junctions
onto the Workspace follows the usual rules, however, the visual appearance of the icon is more
complex than in a 2D grid. Due to the increased number of axes, the preferred icon and rotation
must be selected to obtain visual consistency.

Right click on J1 and select Customize Icon. Select the icon shown in Figure 5.

Note: If a junction in isometric mode has at least two pipes connected to it, the Auto-rotate Icon option

can be selected instead of Customize Icon. Auto-rotate icon will automatically choose the icon
orientation based on the connected pipes.

Customize lcon >

i Rotate - Moare...

AFT Fathom Default | User Default | Current Toolbox

o OK B Cancel

Figure 5: Right click on the junction to open the Customize Icon window and select the preferred icon and

© ® N>

rotation

Copy J1 for the other spray discharges, J2-J8, to maintain the preferred icon and rotation.
Place the assigned pressure junction, J9, on the Workspace.

Place two branch junctions, J10 and J11, on the Workspace.

Place the dead end junction, J12, on the Workspace.

Right click on J12 and select Customize Icon. Notice that you may need to use the Rotate button
to get the preferred icon and rotation, as shown in Figure 6.
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Customize lcon >

O = B OB

i Rotate - More...

AFT Fathom Default | User Default | Current Toolbox

o OK E3 Cancel

Figure 6: Use the Rotate button to obtain the preferred icon and rotation

10. Draw Pipes 1 and 2, as shown in Figure 4.

11. Draw Pipe 3 from J11 to J10. A red-dashed preview line will show how the pipe will be drawn on
the isometric grid. As you are drawing a pipe, you can change the preview line by clicking any
arrow key on your keyboard or scrolling the scroll wheel on your mouse.

Figure 7 shows Pipe 3 being drawn with the preview line.

M‘Workspace | %_j Medel Data | [ Qutput | 2 Graph Results | &> Visual Report ‘

P e - iE @ IxMmMa-Al=wd 1= =i

J1

o H & .

> ¢ S

=20 e 7

@ [=] pa 0]

il & 15

5o L
J9 % J7

Sl B S

Ay =
QL [E?j it J12
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1

Base Scenaric | Q100% | © { + | =0 012

Figure 7: A preview line shows when drawing or adjusting pipes
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Note: You can hold the ALT key while adjusting a pipe by the endpoint to add an additional vertex.
This can be used with the arrow key or mouse scroll wheel to change between different preview
line options.

12. Draw Pipes 4-11, as shown in Figure 4.

13.  The grid can be shown or turned off in the Arrange menu. Figure 8 shows the completed model
with the grid not shown.

" Workspace ‘ijMDdel Data |]j0utput |E6raph Results |’§“Vi5ua| Report
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Figure 8: Isometric spray discharge system with the grid not shown

-67 -



Pump Sizing and Selection with Flow Control Valves

Summary

This example will demonstrate how to size and select pumps in a heat exchanger system with flow con-
trol valves. The system will pump water through a heat exchanger system from a supply tank at one elev-
ation and pressure to a receiving tank at a higher elevation and pressure. There will be two flow control
valves operating in parallel. The control valves require a minimum pressure drop of 0.35 bar (35 kPa) in
order to control the flow rate.

Topics Covered
* Using flow control valves
* Entering and changing pump data

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Pump Sizing and Selection with Flow Control Valves.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:

- 68 -


https://www.aft.com/products/fathom/video-tutorial-series
https://www.aft.com/products/fathom/video-tutorial-series

Pump Sizing and Selection with Flow Control Valves

a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)

i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

."Wurlspace | {2 Model Data | [E5 Output | [ Graph Results | &> Visual Report
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Figure 1: Workspace for Pump Selection with Flow Control Valves Example

The system is in place but now the properties of the objects must be entered.

Pipe Properties

1. Pipe Model tab
a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=2inch
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d.
e.
f.

Type = STD (schedule 40)
Friction Model Data Set = Standard

Length =
Pipe Length (meters)
1 6
2 15
3 20
4 6
5 30
6 6
7 20
8 6
9 30

Junction Properties

1.

J1 Reservoir
a. Name = Supply Tank
b. Liquid Surface Elevation = 1.5 meters
c. Liquid Surface Pressure = 0.7 barG (70 kPa(g))
d. Pipe Depth =1.5 meters
J2 Pump
a. Inlet Elevation = 0 meters
b. Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Sizing
d. Parameter = Volumetric Flow Rate
e. Fixed Flow Rate =50 m3/hr
J3 Tee
a. Elevation =0 meters
b. Loss Model = Simple
J4 & J7 Control Valve
a. Inlet Elevation = 0 meters
b. Valve Type = Flow Control (FCV)
c. Control Setpoint = Volumetric Flow Rate
d. Flow Setpoint = 25 m3/hr

J5 & J8 Heat Exchanger
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a. Inlet Elevation = 0 meters
Loss Model = Resistance Curve
c. Enter Curve Data =

Volumetric Pressure
m3/hr bar
25 0.7

Click Fill as Quadratic
Curve Fit Order=2
f.  Click Generate Curve Fit Now
1. J6Bend
a. Inlet Elevation = 0 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
2. J9 Reservoir
Name = Receiving Tank
Liquid Surface Elevation = 3 meters
Liquid Surface Pressure = 2 barG (200 kPa(g))
Pipe Depth = 3 meters

o o oo

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Resolve Reference Pressure Needed

Click Run Model on the toolbar or from the Analysis menu.

The Reference Pressure Needed window will appear (see Figure 2). This window is displayed when a
model is constructed that does not have a unique solution. A common occurrence of this is when a model
contains one or more sections that are completely bounded by known flow rates.

In this case, because the pump has been designated as an assigned flow and the downstream control
valves are flow control valves, there is no way to uniquely determine the pressure between the pump and
the control valves without an additional reference pressure. The reference pressure is the pressure from
which the other pressures in the system are derived. There can be more than one reference pressure,
but there always has to be at least one.

For a more in-depth discussion of reference pressures, see the Fathom help file topic: Role of Pressure
Junctions - Detailed Discussion
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Reference Pressure Meeded >

AFT Fathom requires a pressure to be defined somewhere in the
network to be used as a reference point. Additional reference
pressures must also be supplied in certain cases, such as
upstream of a PRY. Below is a list of the junctions that do not
have a reference pressure defined on the upstream side,
downstream side or both. Please click on OK and comect the
problems. Click the Help button for additional infarmation.

Pressure Not
Jct Name Defined
2 P O t
ump ownstream < OK
4| Control Valve |Ipstream
7| Control Valve 1% Copy
iz Print
2 Help

Figure 2: Reference Pressure Needed window

Open the J7 Control Valve Property window, and make the following changes.

1. Valve Type = Constant Pressure Drop (PDCV)
2. Control Setpoint = Pressure Loss
3. Pressure Drop = 0.35 bar (35 kPa)

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

We can look at the pump summary and see that the head at 50 m3/hr needs to be at least 55.35 meters
(see Figure 3). The control valves both have enough pressure drop to control flow (see Figure 4).

# | General Warnings  DesignAlerts | Pump Summary |Valve Summary = Heat Exchanger Summary | Reservoir Summary
MName Vol Mass dP dH Overall Speed Overall BEFP % of MPSHA | MNPSHR
Jot | Results Flow Flow Efficiency Power BEP
Diagram (m3thr) | (ko/sec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3'hr) | (Percent) | (meters) | (meters)
2 | Show D Pump 50.00 13.87 5421 55.35 100.0 Mi& 7524 TIA IIA 1396 NF‘A|

Figure 3: Pump Summary window
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2 General Warnings Designflerts Pump Summary | Valve Summary | Heat Exchanger Summary L
MName Walve Vol. Mass dP dH P Static Cv K Walve
Jet Type Flow Flow Stag. In State
(m3hr) | (kgisec) (bar) | (meters) (bar)
Control Valve FCV 25.00 6536 0.5008 5113 5187 4083 5746 Open

Control Valve PDCV 25.00 6536 0.3500 3574 036 4884 6812 Open

Figure 4: Valve Summary window

Step 7. Enter a Pump Curve

Now we need to specify a real pump. We will enter in some pump data and create a pump curve with the
curve fitting routines in Fathom. Use the Scenario Manager on the Quick Access Panel to create a child
of the base scenario with a name of Pump Curve. Then in the Pump Curve scenario, open the Pump
Properties window and enter the following data:

1. J2Pump
a. Pump Model = Centrifugal (Rotodynamic)
b. Analysis Type = Pump Curve
c. Enter Curve Data =

Volumetric Head
m3/hr meters
0 60
50 55
100 35

c. Curve Fit Order =2
2. J7 Control Valve
1. Valve Type = Flow Control (FCV)
2. Control Setpoint = Volumetric Flow Rate
3. Flow Setpoint =25 m3/hr

Re-run the model and verify that the flow rate and pressure drop across the control valves is still within
the limits.

-73 -



Freon Delivery System with Heat Transfer

Summary

This example will model a Freon delivery system to supply Freon at 24 deg. C. As the engineer you will
evaluate two candidate refrigerants (Refrigerant 11 and 123) to determine the best choice. We will also
calculate the temperature of the hot water supply (i.e., heat exchanger Secondary Fluid) needed for the
heat exchangers.

Topics Covered
* Modeling heat transfer
* Entering aresistance curve for a Heat Exchanger

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Freon Delivery System with Heat Transfer.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:

-74 -


https://www.aft.com/products/fathom/video-tutorial-series
https://www.aft.com/products/fathom/video-tutorial-series

Freon Delivery System with Heat Transfer

Fluid Library = NIST REFPROP
Fluid = R11 (after selecting, click Add to Model)
Fluid Phase = Liquid
Pressure = 10.5 barG
e. Temperature =-45deg. C
3. Open the Heat Transfer/Variable Fluids panel
a. Select Heat Transfer With Energy Balance (Single Fluid)

e o oo

This calculates the default fluid properties to use in the model to initialize the heat transfer calculations.

Note: When Heat Transfer is enabled the fluid properties in the Analysis Setup window are only used
as an initial guess. The final fluid properties will be calculated by the Solver.

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

'.‘Workspa(e ‘ i3 Model Data | = Output | 2 Graph Results | ® Visual Report
P | - AL ARV RO - % S

=
Of |
I} 6 J1 a7
=9

g - P5 % PE
E o

B4
E Bl - 13 5
= o= iz 44
(LR B P3 = oy = P4
iy —

o

& dk

&4 v

Base Scenario B Q100% | © 1 I + [ =7 o7

Figure 1: Model for Freon Delivery System

Now enter the properties for the pipes and the junctions.

Pipe Properties
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1. Pipe Model tab

-~ ® 2 o T o

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size =3 inch

Type = STD (schedule 40)

Friction Model Data Set = Standard

Lengths =
Pipe Length (meters)
1-2 3
3-6 1.5
7 9

2.  Fittings & Losses tab

a.

P3 - P6 only

i. Click Specify Fittings & Losses

ii. Bendstab

ii. Standard Threaded, General, 90 deg. (C) Quantity = 1
iv. Click OK

3. Heat Transfer tab (Figure 2)

a.

b.
c.
d

Heat Transfer Model = Convective Heat Transfer
Resistance Geometry = Radial
Number of Insulation Layers = 1 External
Ambient Conditions
i. Temperature=16deg.C
ii.  Fluid Velocity = 8 km/hr
iii.  Fluid = Air
Fluid Internal
i. Apply=Checked
ii.  Conductivity/Convection Data Source = Correlation
iii. HT AreaRatio=1
iv.  Convection Coefficient = Gnielinski
Pipe Wall
i. Apply=Checked
ii. Conductivity/Convection Data Source = Material Library
iii.  Conductivity = From Library
iv.  Thickness =0.54864 cm
v. HT Area Ratio=1
Insulation #1 (external)
i. Apply=Checked
ii.  Conductivity/Convection Data Source = User Specified
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h.

iii.  Conductivity = 0.7 W/m-K
iv. Thickness=3cm
v. HT Area Ratio=1
External
i. Apply=Checked
ii.  Conductivity/Convection Data Source = Correlation
iii. HT AreaRatio=1

iv.  Convection Coefficient = Forced (Churchill-Bernstein)

Pipe Properties

Number. Upstream Junction: 1 o OK
Name: |Piue Downstream Junction: 2 B Concel
Copy Data From Pipe... ~ I
2 Help
Fipe Model | Fittings &Losses | [ HestTransfer | DesignAlerts | Optional | Netes | Status
Ambient Conditions
Heat Transfer Model: Convective Heat Transfer ~ 7
Temperature: deg.C ~
Resistance Geometry: Radial ~
Fluid Velocity km/hr ~
Mumber of Insulation Layers: | { Extemal ~
Fluid
® Ar () Water
Load Default
ivity/Comvecti A wecth
Fles_r\f,tpa;oe Apply Ccnduc‘tlm-p%orgé’ec‘tlon Conductivity Thickness H;art«‘roea chf?gleﬂ
Units lim-K ~ | cm ~ lim2-K ~
Fluid Internal Correlation ~ _ 1 Gniglinski
Fipe Wall Material Library | From Library 054864 1
Insulation #1 {external) User Specified v 07 3 1
External Carrelation - I 1 Forced (Churchill-Bernstein) |~

Figure 2: Heat Transfer tab defined in the Pipe Properties window

Junction Properties

1. J1 Reservoir

a. Name = Supply Reservoir
b. Liquid Surface Elevation = 3 meters
c. Liquid Temperature = -45 deg. C
d. Update Density with Temperature = Checked
e. Liquid Surface Pressure = 10.5 barG (1050 kPa(g))
f.  Pipe Depth =0 meters
2. J2Pump
a. Inlet Elevation = 0.5 meters
b. Pump Model = Centrifugal (Rotodynamic)
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c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head
m3/hr meters
0 7.5
45 7
115 4.5
d. CurveFitOrder=2

3. J3&J5Branches

a. Elevation =0.5 meters

4. J4 & J6 Heat Exchangers
a. Inlet Elevation = 0.5 meters
b. Loss Model tab

i. Loss Model = Resistance Curve

ii. Enter Curve Data =

Volumetric Pressure
m3/hr bar
55 0.15

iii.  Click Fill As Quadratic
iv. CurveFitOrder=2
v. Click Generate Curve Fit Now
c. Thermal Datatab
i.  Thermal Model = Counter-Flow
ii. HeatTransfer Area =7.5 meters2
iii.  Overall Heat Transfer Coefficient = 2800 W/m2-K
iv. Flow Rate =15 kg/sec
v. Specific Heat = 4.2 kJ/kg-K
vi. Inlet Temperature =95 deg. C

Note: This secondary fluid inlet temperature will be the initial guess.

5. J7 Reservoir

Name = Receiving Reservoir

Liquid Surface Elevation = 3 meters

Liquid Temperature = 24 deg. C

Update Density with Temperature = Checked

o o oo
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e. Liquid Surface Pressure = 10.5 barG (1050 kPa(g))
f.  Pipe Depth =0 meters

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

When the Output is first shown, note that if the default Output Control parameters are being displayed, a
warning will be shown stating the HGL, EGL and head loss results may not be meaningful for variable
density systems. If all head output parameters are hidden using Output Control, this warning will no
longer appear.

Open Output Control by selecting Output Control from the toolbar or Tools menu. Select the Pipes button
to display the pipe output parameters, and remove the Head Loss (dH) from the list of shown output by
highlighting the parameter and selecting Remove under the table. Next add the Temperature Inlet and
Temperature Outlet to the shown output by double-clicking those parameters in the list on the left.

The Output window contains all the data that was specified in the output control window. The output from
this model is shown in Figure 3. Now look at the outlet temperature of the last pipe (pipe 7). This is the
temperature of the delivered Freon. The temperature is about 48.50 deg. C. This is significantly higher
than the required temperature of 24 deg. C.

& | Pipes | Heat Transfer
Name | Vol Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP P Static | P Static | P Stag. | P Stag T T

Pipe Rate 3% Min Inlet Outlet Total Total Gravity In Out n Out Inlet Outlet

(m3thr) | (metersisec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deg.C)
1 [Pipe 87.04 5.069 11.56 11.30 3.0000 0.5000 -0.25519 -0.25519 -0.4004 11.30 11.56 5 177 -4500  -4498
2 |Fipe 87.03 5.069 1248 1233 0.5000 0.5000 014839  0.1453%  0.0000 1248 1223 1269 1254 4498 4406
3 [Pipe 4352 2534 1249 1244 0.5000 05000  0.04701 0.04701 0.0000 1248 1244 1254 1250 4496 4404
4 |Fipe 50.01 2913 1234 1228 0.5000 05000 005298 005238  0.0000 1234 1228 1240 1235 4854 4853
5 [Pipe 4352 2534 1243 1244 0.5000 05000 0.04701 0.04701 0.0000 1248 1244 1254 1250 4496 4454
6 [Pipe 50.01 2913 1234 1229 0.5000 05000 005298 005238  0.0000 1234 1228 12.40 1235 4254 4853
7 |Pips 99.97 5.822 121 1.27 0.5000 30000 083654 083634 03486 121 127 1235 1151 48, 53| 4850

Figure 3: Pipe Output window for Freon Delivery System with water supply at 95 deg. C

Now iterate on the temperature of the secondary fluid in the heat exchangers to find the temperature
required to produce an outlet temperature of 24.00 deg. C for pipe 7. The answer for this should be 57.8
deg. C. The output for this run in shown in Figure 4.
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& | Pipes | Heat Transfer

Name | Vol. Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP P Static | P Static | P Stag. | P Stag T T
Fipe ate ax Min Inlet Outlet Taotal Total Gravity In Out In Out Inlet Outlet
(m3thr) | (metersisec) | (bar) (bar) | (meters) | (meters) | (bar) (bar) (bar) (bar) (bar) | (bar) | (bar) | (deg.C) | (deq.C)
1 |Pipe 8723 5.080 1156 1130 3.0000 05000 -0.25456 -0.25456 -0.4004 1130 11.56 1151 1177 4500 4498
2 |Pipe 8723 5.080 1242 1233 0.5000 05000 0.14602  0.14802  0.0000 1242 1232 1269 1254 4488 4456
3 |Pips 4181 2.540 1243 1244 0.5000 05000 004722 004722  0.0000 1243 1244 1254 1243 -44356 4404
4 |Pipe 4811 2.802 1234 1229 0.5000 05000 005113 005113 00000 1234 1229 1240 1235 2401 240
5 |Pipe 4361 2540 1249 1244 0.5000 05000 004722 004722 0.0000 1249 1244 1254 1243 -4456 4494
& |Pipe 4210 2802 1234 1228 0.5000 05000 005120 005120 00000 1234 1228 1240 1235 240 2401
7 |Pipe 96.17 5.601 1212 1128 0.5000 3.0000 0.8362 083862 03632 1212 1128 12.35 1151 2401 I 24.00

Figure 4: Output window for Freon Delivery System with water supply at 57.8 deg. C

Now change the fluid on the Fluid panel to R123 and repeat the analysis. For R123, the temperature
water supply to the heat exchangers necessary to meet the temperature requirement should be higher,
around 66.5 deg. C. If water supply temperature is the main criteria, Refrigerant 11 would be the best
choice.
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Summary

The objective of this example is to determine how much flow will be delivered to the heat exchangers in
the system. A secondary objective is to determine the best pump for the system.

Topics Covered

* Modeling a closed loop system

* Using a pressure reducing valve

* Generating a pump curve

* Generating a resistance curve for a heat exchanger
* Importing a pump curve to obtain pump data

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Cooling System.fth

* Metric - Cooling System Pump A.txt
* Metric - Cooling System Pump B.txt
* Metric - Cooling System Pump C.txt

Note: If you open the completed Metric - Cooling System.fth model file, you will notice a child scen-
ario named Initial Model for ANS Quick Start Chapter 3. This child scenario is used as the
starting point for a model in the ANS Quick Start Guide. This scenario can be disregarded when
comparing your model to this completed model.

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.
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Cooling System

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:

a. Fluid Library = AFT Standard

b. Fluid = Dowtherm J (after selecting, click Add to Model)

c. Temperature =65deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

To add the segment into pipe P22, use the Pipe Segments tool on the Arrange menu.

" Workspace | 17 Model Data | [E output | [ Graph Results | & Visual Repert |

P e - @ (ke -A = mao B E B ¥

= 5 5 Pz
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sl 54
B g P2 . P9
[am el 35 2
i L o Ps % . N 8 Pi5
-y = PiD -
= B

412 416
o= P17 Pl

s [ e i Fis ] e

P21

P16

g &

418

A

Base Scenario B Qo100 2 L} ® | =22 @19

Figure 1: Workspace window for Cooling System Problem

Pipe Properties
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1. Pipe Model tab

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size = Use table below
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Lengths = Use table below
. . Length
Pipe Size (meters)
1 6 inch 6
2,7,9-10, 20- .
21 4 inch 1
3-6, 12-13, .
15-16, 18-19 4 inch 1.5
11,14,17 4inch 3
8,22 6 inch 60

Junction Properties

1. J1 Reservoir
a. Liquid Surface Elevation = 3 meters
b. Liquid Surface Pressure = 2.75 barG (275 kPa (g))
c. Pipe Depth =3 meters
2. AllBranches
a. Elevation = 0.5 meters
3. AllBends
a. Inlet Elevation = 0.5 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
4. J4 & J5Pumps

a. Inlet Elevation = 0.5 meters
b.  Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head
m3/hr meters
0 21.3
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Volumetric Head
m3/hr meters
115 18.3
230 12.2

e. Curve Fit Order=2
5. All Control Valves
a. Inlet Elevation = 0.5 meters
b. Valve Type = Pressure Reducing (PRV)
c. Control Setpoint = Pressure, Static
d. Setpoint = 3.45 barG (345 kPa (g))
6. AllHeat Exchangers
a. Inlet Elevation = 0.5 meters
b. Loss Model = Resistance Curve
c. Enter Curve Data =

Volumetric Pressure
m3/hr bar
115 0.7

d. Click Fill As Quadratic
e. Curve Fit Order=2

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

The output is shown below in Figure 2. The pump summary shows that the head requirement for the
pumps is 18.44 meters and 19.06 meters. The heat exchanger summary shows that the flow rates
through the heat exchangers range from 66.60 m3/hr to 70.76 m3/hr.
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# | General Warnings DesignAlerts | Pump Summary | Valve Summary = Heat Exchanger Summary = Reservoir Summary
Name Vol Mass dP dH Owerall Speed Overall BEP % of MPSHA | NPSHR
Jet | Results Flow Flow Efficiency Power BEP
Diagram (m3/hr) | (ka/sec) | (bar) | (meters) | (Percent) | (Percent) | (Kw) | (m3/hr) | (Percent) | (meters) | (meters)
4 Show D Fump 111.46 2569 1500 1844 /& 1000 4642 I /A & /A
Show D Pump 94.30 2185 1550 19.05 /& 1000 4079 MI& /A & /A
% | All Junctions | Bend | Branch  Centrol Valve | Heat Exchanger Pump | Reservoir
Mame P Static | P Static | P Stag. | P Stag. | Vol Flow Rate | Mass Flow Rate | Loss Factor
Heat In Out In Out Thru Jet Thru Jet K
Bxchanger {bar) | (bar) | (ba) | (bar) (m3hr) (ka/sec)
14 Heat Exchanger £457 413 4431 4215 70.85 16.33 111544
15 Heat Exchanger 4457 4207 4.480 4229 88.79 15.85 11.1544
16 Heat Exchanger 4458 4222 4479 4243 £6.69 15.37 11.1544

Figure 2: Output Summary Windows for Cooling System example

Step 6. Evaluate Other Pumps

The customer for this project wants an evaluation of three other pumps to determine which uses the least
energy. The pump curve for each of these pumps is found in a text file.

For each of the pumps follow the following set of steps:

1. Create a child of the base scenario in the Scenario Manager on the Quick Access Panel for Pump
A, Pump B, and Pump C.

2. Load scenario Pump A, open the Pump Properties window, click Enter Curve Data

3. Click Edit Table and select Import From File

4. Change the file format to Text (*.txt) then select the data file Metric - Cooling System Pump
A.txt and click Open.

5.  Using the Comma Separator, click OK.

6. With a Curve Fit Order of 2, click Generate Curve Fit Now, then click OK

7. Select the second pump and set all the properties equal to the first pump.

Run each scenario and take note of the overall pump power in the pump summary window. The data
should match the following:

Pump J4 J5
A 4.340 kW 3.428 kW
B 5.198 kW 4112 kW
Cc 4.970 kW 3.296 kW

From this data, Pump A is the best choice, because it consumes the least power.
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Summary

The objective of this example is to model a pipeline system to supply water to a new housing devel-
opment. As the engineer you will evaluate the design to find the smallest pipe size that will still meet the
water supply requirements.

No Fire Conditions:

Each house requires 2.5 m3/hr at a minimum of 4.0 barG (400 kPa(g)).

Fire Conditions:

Each house requires 0.5 m3/hr with no minimum pressure. One fire hydrant may be open at a time and
requires 20 m3/hr at 6.2 barG (620 kPa(g)) static.

Topics Covered

* Using Scenario Manager

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Housing Project - Initial.fth
* Metric - Housing Project.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Housing Project

Step 2. Open the model

Open the Metric - Housing Project- Initial.fth model file listed above, which is located in the Examples
folder in the AFT Fathom application folder. Save the file to a different folder.

The model should appear as shown in Figure 1.
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Figure 1: Initial model for Housing Project example

Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =16deg.C

Step 4. Define the Pipe and Junction Properties

The fire hydrants are both turned off to begin the problem. Select the Optional tab in the Assigned Flow
Properties window and select Flow Off to close the hydrant. Do this for both hydrants.

- 87 -



Housing Project

Pipe Properties

All the mains are to be the same size. We will try 3, 3 2, and 4 inches to see which one meets the require-
ments. Enter 3-inch pipe for the main and hydrant supply lines in the base case.

1. Pipe Model tab
a. Pipe Material =PVC - ASTM

b. Pipe Geometry = Cylindrical Pipe
c. Size =Use table below
d. Type =schedule 40
e. Friction Model Data Set = Standard
f.  Lengths = Use table below
. . Length
Pipe Size (meters)
1 3inch 610
10& 20 3inch 90
101-105 .
& 201-205 3 inch 60
199 & 299 3inch 3
206 1inch 45
108 & 207 1inch 38
106, 110, .
208, & 210 1inch 30
107, 109, .
8 209 1inch 22

Junction Properties

1. J1Reservoir

Name = West Lake

Liquid Surface Elevation = 70 meters

Liquid Surface Pressure = 0 barG (0 kPa (g))
d. Pipe Depth =0 meters

2. Branches
a. Elevation = Use table below

o oo
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Branch Elevation (meters)
203 -3
102-105 & 204 -1.5
101, 106, 202, & 205 0
201 & 206 1.5

3. Assigned Flows
Elevation = Use table below

a.

b.
c.
d

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter

Type = Outflow

Flow Specification = Volumetric Flow Rate
Flow Rate = Use table below

Assigned Name Elevation Flow Rate Special
Flow (meters) (m3/hr) Conditions
107 Browns 3 25 None
108 Peters 6 25 None
109 Chambers 10 25 None
110 Fords 4.5 25 None
111 Kellys 6 2.5 None
199 North Hydrant 1.5 20 Flow Off
207 Norths 6 2.5 None
208 Stewarts -4.5 25 None
209 Coles 9 25 None
210 Allens 3 25 None
211 Burns 1.5 25 None
299 l_lsy‘;L:;hn t 0 20 Flow Off

the missing data.

The flows will be varied based on the different scenarios examined. To do this, we need to create child

scenarios. We will use the Scenario Manager to create the designs we need to evaluate.
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Step 5. Manage the Scenarios

1.

In the Scenario Manager, create a child of this scenario by right-clicking on the Base Scenario and
selecting Create Child. Name this child scenario 3 inch Pipe. This will be the parent scenario for all

the runs with 3 inch main pipes. Alternatively, you can select the Create Child icon 7 on the
Scenario Manager on the Quick Access Panel to create this child scenario.

Select the 3 inch Pipe scenario and create another child, this one named Fire Flow. set the flow
rate at each house to 0.5 m3/hr instead of 2.5 m3/hr. This will be the flow rate demand that needs
to be met at the houses when either hydrant is open.

Next, create two children of this scenario named North Hydrant Fire and South Hydrant Fire. Load
the North Hydrant Fire scenario from the Scenario Manager. Open the properties window of the
North Hydrant and on the Optional tab, toggle the flow on by changing the special condition to
None.

Now load the South Hydrant Fire scenario turn on the South Hydrant.

You now have all the scenarios that need to be evaluated for each pipe size but we still have two
more pipe sizes that we need to investigate.

Right-click the 3 inch Pipe scenario and select Clone With Children.

Name this scenario 3.5 inch Pipe.

Repeat this process to create another set of scenarios named 4 inch Pipe. The Scenario Manager
on the Quick Access Panel should look like Figure 2.
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Scenano Manager n

—|-{d Base Scenario

5 @ 3inch Pipe
- @ Fire Flow
----- & Morth Hydrant Fire
----- & South Hydrant Fire
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Notes
ZaScenaric | 25/ Properties | By Workspace Layers
[ Overview Map | Add-on Modules ()

Figure 2: Scenario Manager for Water Supply to Housing Project

After creating the scenarios for the 3.5 inch pipe and 4 inch pipe, we need to open these scenarios and
change the pipe sizes. This is accomplished most quickly with the Global Pipe Edit window.

1.
2.
3.

1.

12.

© ©®» N O A

Load the 3.5 inch Pipe scenario.
Select Global Edit then Global Pipe Edit from the toolbar or Edit menu.

Click the radio button for Pipe Template at the top, if not already selected, and click Select Pipe
Data.

Change the Size to 3-1/2 inch, click OK.

In the Parameters to Change (Select in List) area, check the box next to Nominal Size 3-1/2 inch.
Since we only want to apply this to certain pipes, select Special above the Pipe List.

Change the Selection Type to Pipe Input Properties.

For Pipe Property, select Pipe Inner Diameter.

For Range, enter From 2.9 to 3.1 inches.

Click Select Pipes and note that 15 of 25 pipes were selected, these are all the pipes that are cur-
rently 3 inches. Click OK.

Click Apply Selections. A message should appear to inform you that changes were successively

applied.

Click OK.
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Repeat this process for the 4 inch Pipe scenario but changing the pipe size to 4 inch.

Step 6. Specify Output

Before running the model, load the Base Scenario to set the Output Control. Open the Output Control win-
dow by selecting Output Control from the toolbar or Tools menu. This window allows the user to specify
the output from the Fathom simulation. The window starts with a default set of outputs. Often the default
output is sufficient. You may also specify a title for the model. Click on the General tab and add a title of
Housing Project Example. On the Display Parameters tab, select the Junctions button and change the
static and stagnation pressure units to barG. Click OK to save and close the Output Control

Now load the 3 inch Pipe scenario.

Step 7. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 8. Examine the Output

The output from this model is shown in Figure 3. For the 3 inch Pipe scenario, with no hydrants open, the
flow to each house is 2.5 m3/hr and the static pressure must be at least 4 barG (400 kPa(g)). The pres-
sure at each house is above 4 barG (400 kPa(g)), so the system with 3 inch mains would be sufficient.

A  All Junctions | Assigned Flow | Branch = Reservoir

. Name P Static | P Static | P Stag. | P Stag. | Viol. Flow Rate | Mass Flow Rate | Loss Factor

Assigned In Out In Out Thru Jet Thru Jet

Flow (barG) | (barG) | (barG) | (barG) (m3/hr) (kglsec)
107 Browns 4858 43858 4 866 4 866 2500 0.6942 0
108 Peters 4582 4582 4,590 4550 2.500 0.6942 0
109 Chambers 4055 4055 4063 4063 2500 0.6942 0
110 Fords 4677 4677 4684 4684 2500 0.6942 0
111 Kellys 4469 4,469 4476 4476 2.500 0.6542 0
X199 Morth Hydrant 5144 5144 5144 5144 0.000 0.0000 0
207 Morths 4411 4411 4419 4419 2.500 0.6942 0
208 Stewarts 5468 5468 5476 5476 2500 0.6942 0
209 Coles 4177 4177 4185 4185 2500 0.6942 0
210 Allens 4816 4816 4824 4824 2.500 0.6942 0
211 Burns 4508 4508 4916 4916 2500 0.6942 0
X299 South Hydrant 5285 5285 5285 5285 0.000 0.0000 0

Figure 3: Output window for 3 inch mains with no fire

On the Scenario Manager, load the North Hydrant Fire scenario under the 3 inch Pipe scenario. Run the
model, and look at the output. This output is shown in Figure 4. Although the hydrant receives 20 m3/hr,
the supply pressure is less than the required 6.2 barG (620 kPa(qg)).
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# | All Junctions | Assigned Flow | Branch = Reservoir

. Mame P Static | P Static | P Stag. | P Stag. | Vol Flow Rate | Mass Flow Rate | Loss Factor
Assigned In Out In Out Thru Jct Thru Jct
Flow (barG) | (barG) | (barG) | (barG) (m3hr) (kg/sec)
107 |Browns 5060 5060 5060 5060 0.5000 0.1383 0
108 |Peters 4708 4708 4708 4708 0.5000 0.1388 0
109  |Chambers 4251 4251 4251 4251 0.5000 0.1388 0
110 |Fords 4752 4752 4752 4782 0.5000 0.1338 0
111 |Kellys 4614 4614 4614 4614 0.5000 0.1388 0
199 | Morth Hydrant 5034 503 5040 5040 20.0000 5.5539 0
207 |Merths 4723 4723 47M  4ATM 0.5000 0.1338 0
208 |Stewaris 5734 574 574 57M 0.5000 0.1388 0
209 |Coles 4374 4374 4374 4374 0.5000 0.1338 0
210 |Allens 4948 4948 4943 4948 0.5000 0.1388 0
211 |Burns 5076 5076 5076 5076 0.5000 0.1383 0
X299 | South Hydrant 5239 5288 5289 5289 0.0000 0.0000 0

Figure 4: Output window for 3 inch mains with north hydrant fire

Because we know that 3 inch is sufficient for No Fire conditions, we only need to test the Fire conditions
for each pipe size. The results of this testing are displayed in Table 1. After testing all the fire conditions,
4 inch pipe is the only size that will deliver 6.2 barG (620 kPa(g)) to the North Hydrant during fire con-
ditions. Therefore, the housing development mains must be 4 inch pipe.

Table 1: Static pressure in barG at the open hydrant for each combination of pipe size and active hydrant

Fire Flow 3inch 3.5inch 4inch
Location
North Hydrant 5.034 5.878 6.258
Fire
South
Hydrant Fire 5.166 6.018 6.401
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Beginner - Cost Calculation

Summary

This example demonstrates how to set up cost calculations in AFT Fathom.

Determine the cost of the heat exchanger system over a 10-year period including material, installation,
and energy costs.

Topics Covered

* Estimating simple costs
* Connecting cost libraries
* Using Cost Settings

* Using the Cost Report

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Beginner - Cost Calculation.fth
* Controlled Heat Exchanger Temperature.dat - engineering library

* Controlled Heat Exchanger Temperature - Junction Costs.cst - cost library for Controlled
Heat Exchanger Temperature.dat

* Controlled Heat Exchanger Temperature - Pipe Costs.cst - cost library for Steel - ANSI

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Beginner - Cost Calculation

If you have already worked the Controlled Heat Exchanger Temperature example for either the GSC or
XTS modules, you can open the file you built for those examples, create a new scenario for this
example, and then skip to Step 4.

Important: The XTS and GSC modules and cost calculations can be performed in the same run to
simulate control functions over time, but we are not going to do this here. Before proceeding,
make sure to disable GSC by selecting the radio button for Ignore under GSC in the Modules
panel in Analysis Setup. Also, make sure to disable XTS by selecting Steady Only in the XTS
section.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2.  Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

d. This calculates the default fluid properties to use in the model to initialize the heat transfer
calculations.

3. Open the Heat Transfer/Variable Fluidspanel:
a. Heat Transfer = Heat Transfer With Energy Balance (Single Fluid)

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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Figure 1: Workspace for Controlled Heat Exchanger Temperature example

Pipe Properties

1. AllPipes
a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=8inch
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Length=
Pipe Length (meters)
1&3-8 6
2 1.5
9 60
10 30

Junction Properties

1. J1 & J9 Reservoirs

a. Liquid Surface Elevation = 6 meters

b. Liquid Temperature =90 deg. C

c. Update Density with Temperature = Checked

Q100 | ©

) == 10

>

v

(m]
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d.
e.

Liquid Surface Pressure = 0.3 barG (30 kPa (g))
Pipe Depth = 0 meters
2. J2Pump

a. Inlet Elevation = 0 meters
b. Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head
m3/hr meters
0 20
115 18
230 12
e. Curve FitOrder=2

3. J3Three Way Valve

a. Elevation =0 meters
b. Combined Flow = P2
c. Split Flow Pipe #1 = P3
d. Split Flow Pipe #2 = P9
e. Loss Model=Cv
f.  Open Percentage Data =
Open Pct. Cv Pipe #1 Cv Pipe #2
0 0 100
100 100 0

g. Actual Percent Open =75%
4. J4,J7,&J8 Branch Junctions
a. Elevation =0 meters
5. J5 & J6 Heat Exchangers
a. Inlet Elevation = 0 meters
b. Loss Model tab
i. Loss Model =K Factor
i. K=1400
c. Thermal Datatab
i.  Thermal Model = Counter-Flow
ii. HeatTransfer Area=148 m2
iii.  Overall Heat Transfer Coefficient = 280 W/m2-K
iv. Flow Rate =90 kg/sec
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v. Specific Heat = 4.2 kJ/kg-K
vi. Inlet Temperature =4.5deg.C

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Define the Cost Settings group

To perform cost calculations they will first need to be enabled. Do this by opening Analysis Setup, nav-
igating to the Cost Settings panel , then selecting Calculate in the Cost Calculation section. If it is only
desired to estimate energy costs, the Pump Energy Only option could be selected instead to simplify the
input.

The Cost Settings panel is where the types of costs to be included in the cost calculations are specified.
The Cost Settings panel is shown in Figure 2.

The Cost Definitions section allows you to specify the type of costs to be determined. You may select
from engineering parameter costs, such as pipe weight, or actual monetary costs, including material and
installation costs. For this example, select Monetary Costs, if not already selected. Include Material,
Installation, and Operation/Energy costs by selecting them from the list of available monetary costs, as
shown in Figure 2.

Energy cost data can be specified through an energy cost library, or by directly entering an energy cost
on the Cost Settings panel. Using an energy cost library allows you to specify multiple energy costs, such
as energy costs at both peak and off-peak rates. For this example, select Use This Energy Cost Inform-
ation and enter a Cost of 0.12 U.S. Dollars Per kW-hr, as shown in Figure 2.

The system lifetime to be applied for the cost calculations is specified in the Cost Time Period section.
You can also specify interest and inflation rates to be applied to the cost calculations as well. For this
example, enter a system life of 10 years, as shown in Figure 2, then close the Cost Settings panel by
clicking the OK button.
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Cost Seltings

Cost Settings

Miscellaneous

Collapse All Groups
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] Mways Wam for Incomplete Pipe Subcomponent Costs

@ Same As Parent 2 Help

Calculates the costs associated with system materials,
installation, energy, and/or maintenance.

Energy Cost

() Use Energy Cost Libraries
(® Use This Energy Cost Information

Cost: US Dollars v
Per: [kW-hr ~
Only this fixed energy cost set here will be used. All
Energy Cost settings in the Library Manager wil be
ignored.
o OK Cancel

Figure 2: General cost calculation information is defined in the Cost Settings panel

Step 5. Engineering and Cost Libraries

The actual material and installation costs that would be used with cost calculations are contained in cost

libraries. The cost libraries needed for this example already exist, and just need to be accessed.

The Library Manager (opened from the Library menu) shows all of the available and connected libraries.
Libraries can either be engineering libraries or cost libraries. Cost libraries are always associated with an
engineering library, and are thus displayed subordinate to an engineering library in the library lists.

Here we will summarize some key aspects of libraries:

Open the Library menu and select Library Manager. Click Add Existing Library, select the Controlled
Heat Exchanger Temperature.dat engineering library from the AFT Fathom 13 Examples folder, and
click Open. The engineering library titled Controlled Heat Exchanger Temperature should now appear
in the list of available libraries.

Now add the cost libraries by clicking Add Existing Cost Library, and browsing to the Controlled Heat
Exchanger Temperature - Junction Costs.cst and the Controlled Heat Exchanger Temperature -
Pipe Costs.cst cost library files.

These libraries should connect automatically. If not, connect the newly added engineering and cost lib-

Cost information for a pipe is accessed from a cost library. Cost library items are based on cor-
responding items in an engineering library. (The engineering library also includes engineering
information such as pipe diameters, hydraulic loss factors, etc.)

To access a cost for a particular pipe or junction in a model, that pipe or junction must be based on
items in an engineering library that is connected to the model file.

There can be multiple cost libraries associated with and connected to an engineering library (such
as regionally varying costs, or multiple foreign currencies). This makes it easier to manage costs
of items.

raries by checking the box next to the name in the list of available libraries.
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The Library Manager should appear as shown in Figure 3. The Library Manager window displays all of

the available and connected libraries.

S - Pump for Controlled Heat Exchanger Temperat

Library Manager
Library Browser L B
Edit Junctions
Edit Fluids Search: | & | Y Selected Content Type Information
Edit Fipe Materials .- AFT INTERNAL LIBRARY N Number of Junctions = 8
Edit Insulations LOCAL USER LIBRARY us - Branch for Controlled Heat Exchanger Temperature
H Metric - Branch for Controlled Heat Exchanger Temperature
Edit Fit &1 T Corimll Heat Exchanger Temperature LIS - Pump for Controlled Heat Exchanger Temperature
ngs H Metric - Pump for Controlled Heat Exchanger Temperature
Edi S - Branch for Controlled Heat Exchanger Temper: LS - 3-Way Valve for Controlled Heat Exchanger Temperaty
it Costs... Metric - Branch for Controlled Heat Exchanger Temg Metric - 3-Way Valve for Controlled Heat Exchanger Tempe

LIS - Heat Exchanger for Cortrolled Heat Exchanger Tempe
Metric - Heat Exchanger for Controlled Heat Exchanger Ten

Metric - Pump for Controlled Heat Exchanger Tempe
US - 3-Way Valve for Controlled Heat Exchanger Te
Metric - 3-Way Valve for Controlled Heat Exchanger
S - Heat Exchanger for Controlled Heat Exchanges
Metric - Heat Exchanger for Cortrolled Heat Exchan
Copper Pipe - ASTM

Copper Tubing - ASTM

Ductile Iron - ANSI

Fiberglase - Green Thread

HDPE - AFT Customary

PVC - ASTM

Stainless Steel - ANSI

Stainless Tubing - AFT Customary

Steel - AFT Customary

Steel - ANSI

+ Pipe Materials

i 2 Cost

L. Controlled Heat Exchanger Temperature - Fipe Cost
Steel - DIN 2391-1

Steel - DIN 2458

#1v] Steel - EN 10216-1 (s1) W

£ >

Mote: checked library content can
be used in the cument scenario

Ell |El | Other Actions =

Create New Library Add Existing Library Add Existing Cost Library User Default Set as Default
AFT Intemal Libras B
Read Orlly Library D Help ® Close

Figure 3: Library Manager with engineering and cost libraries added and connected

The engineering libraries associated with these two cost libraries are the Steel - ANSI pipe material lib-
rary, and an external library called Controlled Heat Exchanger Temperature. For the cost data in the
two cost libraries to be accessed by pipes and junctions in the model, the pipes and junctions must use
these two engineering libraries.

The pipes for this example are already using data from the Steel - ANSI pipe material library, so no modi-
fications need to be made for the pipes. All of the junctions except the reservoir junctions must be mod-
ified to use the junction data contained in the engineering libraries. Do this by opening the properties
window for each junction, and selecting the junction name displayed in the Library list, as shown in Figure
4 for the Three-Way Valve Junction.

- 100 -



Beginner - Cost Calculation

Three Way Valve Properties
Name: Three Way Valve ~ | Cancel
Library Jet Metric - 3-Way Valve for Controlled HEX 1 ~ Blevation Y o
Copy Data From Jet... ~ D TEEE > :
P Help
Loss Model | Optional | Designflerts | Cost | Notes | Status
Combined Flow B ~
Spit Flow Pipe #1: | P3 ~| cvrpen:
Spit Flow Pipe #2: | P9 w| CvPipe#2:
Actual Percent Open: |75 | %
Loss Maodel
@ Cv ) K

Open Percentage Data

Optional Data

Cv Flow Area #1 Cv Flow Area #2 ~
Open Pct. | Fipe#1 (meters2) Fipe #2 (meters2)
1 0 0 100
2 oo 100 0
3
4
b
6 v
2] Edit Table »| | Show Graph... Flow Area Units: | meters2 ~

Figure 4: The junctions to be included in the cost analysis must be associated with an engineering library

Step 6. Including objects in the Cost Report

The final step before performing a cost analysis is to specify which pipes and junctions you want to be
included in the final cost report. This is done by opening the properties window, navigating to the Cost

tab, and choosing Include in Cost Report for each pipe and junction to be included, as shown for
Pipe 1 in Figure 5.

The Global Edit feature may be used to update this information for all of the pipes and junctions.
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Pipe Properties

Number:

Upstream Junction:

Name: |Piue

| Downstream Junction:

Copy Data From Pipe

w | | Copy Previous...

1 o OK
Cancel

+ Jump...

2 Help
Fipe Model | Fittings & Losses | Heat Transfer | DesignAlerts | Optional | £ Cost | Notes Status
Cost Information:

===COS5T LIBRARIES USED ==:
All connected cost libraries

Cost Report
() Do Met Include Cost in Report
(® Include Costin Report

===COST MULTIPLIERS APPLIED ===
Material 100 %
Installation 100 %
Maintenance 100 %
Fittings/Losses 100 %

=== SERVICE DURATION ===
Start None
End Mone

Cost Application...

Figure 5: The Cost tab on the pipe and junction Properties windows is used to include the objects in the Cost
Report

Step 7. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 8. Examine the Cost Report

The Cost Report is displayed in the General Results section of the Output Window. View the Cost report
by selecting the Cost Report Tab. The content of the Cost Report can be controlled from the Output Con-
trol window. Figure 6 shows the Cost Report for this example with the Material, Installation, Energy, and
Total costs displayed.

The Cost Report shows the total system cost, as well as the individual totals for the material, installation,
and energy costs. In addition, the Cost Report displays the detailed cost for each pipe, junction, and fit-
ting that was included in the report. The items are grouped together by type, and a subtotal for each cat-
egory is listed.
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A General Warnings DesignAlerts | CostReport | Pump Summary = Valve Summary | Heat Exchanger Summary = Reservoir Summary
-Urag_l%gn‘;rss Type Name Material | Instzllation NogLRbe_It_:outrarllng Operation/Energy gﬁg%{;ﬂ\ TOTAL
TOTAL OF ALL MODEL COSTS 99.001
Total of All Shown Cosis 34.558 13.866 48.423 50.577 50.577 99.01
Pipe Subtotal 22.338 10.950 33.287 0 0 33287
P1 Pipe Pipe 1,004 452 1486 0 ] 1486
Pz Pipe Pipe 251 123 74 0 ] 74
P3 Fipe Fipe 1,004 432 1436 0 ] 1496
P4 Fipe Fipe 1,004 432 1436 0 ] 1496
P5 Pipe Pipe 1,004 452 1486 0 ] 1486
P& Pipe Pipe 1,004 432 1,496 0 ] 149
P7 Pipe Pipe 1,004 452 1,496 0 ] 149
Fg Fipe Fipe 1,004 432 1436 0 ] 1496
] Pipe Pipe 10,038 4521 14,561 0 0 14861
P10 Pipe Pipe 5,020 2461 7.480 0 0 7,480
Branch Subiotal 1.620 666 2,286 0 0 228
44 Eranch Eranch 540 prz] 762 0 0 762
J7 Branch Branch 540 222 762 0 o 762
J8 Eranch Eranch 540 222 762 0 0 762
Heat Exch Subtotal 6.000 1,200 7.200 0 0 7.200
JB Heat Exchanger Heat Exchanger 3,000 600 3600 0 ] 3.600
JB Heat Exchanger Heat Exchanger 3,000 600 3600 0 0 3.600
Pump Subtotal 1.500 500 2.000 50.577 50.577 52577
42 Pump Pump 1,500 500 2,000 50,577 50,577 52,577
Three Way Valve Sublotal 3100 550 3,650 o 0 3650
J3 Three \Way Valve  Three Way Valve 3,100 550 3650 0 1] 3.650

Figure 6: The Cost Report in the General Output section shows the results of the cost analysis

Cost Analysis Summary

The cost analysis for this example shows the total system cost over 10 years for the heat exchanger sys-
tem is $99,001. Of that cost, $34,558 was for Material costs, $13,866 was for Installation costs, and
$50,577 was energy cost over the life of the system.
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Summary

This example demonstrates how to perform Non-Settling Slurry calculations in AFT Fathom to size a
pump as part of a system design process.

Topics Covered

* Entering rheological data
* Using homogeneous scale-up features
*  Obtaining Power Law and Bingham Plastic constants

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Non-Newtonian Phosphates Pumping.fth
* Metric - Non-Newtonian Phosphates Pumping Scale-up Data.txt
* Metric - Non-Newtonian Phosphates Pumping Rheology Data.txt

Problem Statement

The piping for a non-settling slurry system which moves phosphate is being designed. The system will
pump 1,080 m3/hr of phosphate through a horizontal pipe 700 meters long.

Use non-settling slurry calculations to size the pump for 1,080 m3/hr and alternate potential flows of 720
and 1,440 m3/hr.

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.
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To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Fluid panel
a. Fluid Library = User Specified Fluid
b. Name = Phosphate Slime
c. Density = 1130 kg/m3
d. Dynamic Viscosity = 1 centipoise (note that the viscosity entered here will not be used once
the non-Newtonian parameters are entered).
3. Viscosity Model panel
a. Viscosity Model = Homogeneous Scale-up
b. Entered Scaled Data: The data provided by Wilson, et al, 2006 for 203 mm (8 inch) pipe is

as follows:
i. Material = Steel - ANSI
ii. Size=8inch

iii. Type=STD (schedule 40)
iv. Raw Datatable =

Table 1: Pressure drop data on phosphate slime from Wilson, et al, 2006 page 76 (203 mm/8 inch pipe)

Parameters Velocity Jm
Flow Regime

Units meters/sec m/m
1 0.53 0.089 Laminar
2 1.52 0.100 Laminar
3 2.00 0.102 Laminar
4 2.59 0.105 Laminar
5 3.24 0.108 Laminar
6 3.81 0.110 Laminar
7 4.43 0.113 Laminar
8 5.12 0.119 Turbulent
9 5.64 0.130 Turbulent

1. Inthe table choose Velocity in meters/sec and Jm in m/m and use the Edit Table button to import
the data from the Metric - Non-Newtonian Phosphates Pumping Scale-up Data.txtfile. Altern-
atively, enter the data shown in Table 1 above, with the Flow Regime set to Laminar for the first 7
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entries, and Turbulent for rows 8 and 9.
Click Create Graph at the bottom.

To see how the data will scale to 305 mm, choose the Cross-Plot Scale-Up Curves option, with
Plot a Curve for Specific Pipe Size selected, specify the following parameters: Steel - ANSI, 12
inch, and STD

Click Update Graph at the bottom (see Figure 2)

To see how Power Law and Bingham Plastic model would work for this data choose them in the
Cross-Plot Correlation for Test Pipe Diameter area.

Select OK
Hemogeneous Scale-up
Raw Data  Graph
o OK
Test Pipe Material Data
Material Steel - ANSI ~ Cancel
Size: 8inch ~ 2 Help
Type: STD (schedule 40) ~
Inner Diameter: |20.27174 cm ~
Flow Head/Pressure ~
Welocity Jm Flow
[meters/zec) (mim) Regime
Parameter | Velocity ~ [ Jm V
Units meters/sec ~ | mim ~
1 053 0.089 Laminar ~
2 152 0.1 Laminar ~
3 2 0.102 Laminar “
4 259 0.105 Laminar ~
5 324 0.108 Laminar ~
6 3 0.11 Laminar ~
7 443 0.113 Laminar -
8 512 0.119 Turbulent v
9 564 0.13 Turbulent v
10 Turbulent w
1 Turbulent w
12 Turbulent w
13 Turbulent v 12
[ Edit Table v| | Make All Laminar Al Turbulent After First Turbulent Create Graph

Figure 1: Non-Settling Slurry Scale-up test data entry
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Raw Data Graph

o OK
Graph Parameters Crogs-Plot Scale-Up Curves
| Jm vs. Velocity | Tauvs. 8Y/D | Other O Plot a Curve for Each Pipe Size In This Model (10 Max) =
o [P =
How: Velocity ] [ y— (®) Plot a Curve For Specific Pipe Size D Help
Pressure: | Jm ~ | mA00m v Material Steel - ANSI ~
Size: 12inch ~
| " o
Cross-Plot Correlation for Test Fipe Diameter
.© D Type: 5TD ~
| Power Law
| () Bingham Plastic Inner Diameter: |30.48 cm =
| X
¢ X =203
2 = 305em
‘ — Power Law

Jm (i1 00 m)

03 06 0% 12 15 1.8 21 24 27 3 33 28 35 42 45 48 31 34 37 & 63

Velocity (meteralsec)

Logarithmic on data points denctes extra data point at turbulent transtion e -,_;j E(i Update Graph

Figure 2: Graph of Non-Settling Slurry scale-up data

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions

fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

- 107 -



Non-Newtonian Phosphates Pumping

" Workspace LJ Meodel Data A Output | @Graph Results | & Visual Report
P - @Ik a - s ) H ¢

B
il

- = 1 J2 J3

OE 6 1 Q F2 6
o> @
=5
?IXI
il 5
o
e
(Dl I
iy —
L=

By I

B4 v

Base Scenario B Q 1o0% | { | B 2| B3

Figure 3: Layout of pipe system for Non-Newtonian Phosphates Pumping Example

Pipe Properties

1. Pipe Model tab

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=12inch
d. Type=STD
e. Length=
Pipe Length
1 1cm
2 700 meters

Junction Properties

1. J1 & J3 Assigned Pressure

a. Elevation = 0 meters

b. Pressure =0 barG (0 kPa(g))

c. Pressure Specification = Stagnation
2. J2Pump
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a. Pump Modeltab
i. Name=1080 m3/hr
ii. Inlet Elevation = 0 meters
iii.  Pump Model = Centrifugal (Rotodynamic)
iv.  Analysis Type = Sizing
v. Parameter = Volumetric Flow Rate
vi. Fixed Flow Rate = 1080 m3/hr
vii.  Nominal Efficiency = 75 Percent
b. Optional tab
i.  Additional Efficiency Data

Motor Power | Motor Eff. (%)

75 95

ii. Power Units =kW

Step 4. Create Two Alternate Cases

The example in Wilson et al, 2006, also requires evaluation of alternate flow rates. To create the altern-
ate cases do the following:

Go to the Edit menu and click Select All
From the Edit menu again, select Duplicate Special
Increment All Pipe and Junction Numbers By =10
Click OK
Move the duplicate below the first and click Paste
Repeat steps 2-5 on the pipes and junctions that were duplicated
For Pump J12, enter the following:

a. Name =720 m3/hr

b. Fixed Flow Rate = 720 m3/hr
8. Forthe J22, enter the following:
a. Name =1440 m3/hr
b. Fixed Flow Rate = 1440 m3/hr

NSO o~ wDd=

To show the names of the pumps and their head rise, a new Workspace Layer will be created.

1. Select all pumps on the Workspace using a selection box (dragged from left to right) or holding
CTRL while clicking each pump.

2. Inthe Quick Access Panel, open the Workspace Layers tab.

3. Create a new layer by selecting New Layer and then select the option From Workspace Selec-
tions in the drop-down menu. This creates a layer in which the selected objects and their labels
are set to be visible.

4. Name the layer Pump Labels.
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5. Edit the layer by selecting it and clicking the gear icon to bring up the Layer Settings window or by
double clicking on the layer name.

6. Navigate to the Junction Parameters panel and expand the Commonly Used Junction Parameters
list.

7. Double-click Junction Name to add it to the list on the right-hand side. This will add the Junction
Name to the pump labels.

8. Inthe same panel, add Head Rise (m) to the label from the Pump Summary Parameters group.
9. Close the Layer Settings window.

Note: The Head Rise parameter will be grayed out in the right hand column since there is not yet out-
put. After the model runs, this row will be white and each pump's head rise will be shown on the
Workspace.

The workspace should resemble Figure 4.

7*Workspace | [ Model Data | [1Output | |2 Graph Results | ® Visual Report
- - @ (x| a-m ) =
L)
= 2
- = 7 ogomte it

o Ijl Q P Q ¢
@ 6 Ji2

= m J11 P11 720 m3thr P12 J12
\ g & \ 4

? >

DEI B’q J22

421 1440 m3/hr 423
 ow o ———¢
oo
= @

Ay ——
o 1B

By

(¥ -

Base Scenario e | G 100% |2 L} +H =6 Oo9

Figure 4: Layout of pipe system for Non-Newtonian Phosphates Pumping Example with all three cases

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 6. Examine the Output

The Output window contains all the data that was specified in the Output Control window.

Figure 5 shows the Output window and includes the Pump Summary tab.

7 Workspace | {AModel Data | FE1Output | [ Graph Results | ® Visual Report_|

B & g h sE

&  General  Warnings | DesignAlerts | Pump Summary
Name Vol. Mass dP dH Overall Speed | Overall | BEP % of NPSHA | NPSHR
Jot | Results Flow | Flow Efficiency Fower BEF
Diagram (m3hr) | (kgisec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3thr) | (Percent) | (meters) | (meters)
Show D 1080 m3/hr 1.020.0 3390 5482 4819 7125 WA 2294 /A NiA MIA /A
12 | Show D 720 m3hr 7200 2260 5224 4714 7125 WA 1465 /A Ni& /A /A
22 | Show D 1440 m3/hr 14400 4520 6261 56.50 7125 M/A 3513 WA NiA /A WA
# | Pipes
Name | Viol. Flow | Velecity P Static | P Static | Elevation | Elevation | dP Stag. dP Static dP dH P Static | P Static | P Steg. | P Stag
Pipe Rate Max Min Inlet Outlet Total Total Gravity In Out In Out
(m3hr) | (metersisec) | (bar) (bar) (meters) | (meters) (bar) (bar) (bar) (meters) (bar) (bar) (bar) (bar)
1 |Pipe 1.080.0 4112 09177 09177 0 0 0.00007788 0.00007788 0 00007028 09177 09177 1013 1013
2 |Pipe 1.020.0 4112 63852 09177 0 0 545145401 545145401 0 497941085 63892 09177 6.465 1013
11 |Pipe 7200 2741 05708 05707 0 0 0DO0D7463  0.00007463 0 00006735 05708 03707 1013 1013
12 |Pipe 7200 2741 €.1950  0.5708 0 0 522422606 572477606 0 477435956 61350 0.9708 6.237 1.013
21 |Pipe 14400 5432 08435 08434 0 0 000002345  0.00002945 0 00008072 02435 0.8434 1013 1013
22 | Pipe 14400 5482 71046 08435 0 0 626116896 62611689 0 565010040 71046 08435 7274 1013

A | Alldunctions | Assigned Pressure = Pump

Name P Static | P Static | PStag. | PStag. | Vol Flow Rate | Mass Flow Rate | Loss Factor

Jet In Out In ut Thru Jet Thru Jet (

(bar) (bar) (bar) (bar) (m3thr) (ka/sec)
1 |Assigned Pressure 09177 09177 1013 103 1.080.0 3390 0
2 [1080 m3/hr 09177 63692 1013 6.465 1.080.0 3390 0
3 |Assigned Pressure 09177 08177 1013 1013 1.080.0 3350 0
11 | Assigned Pressure 0.9708 05708 1013 1013 7200 2260 0
12 | 720 m3thr 0.9707 6.1850 1013 6237 7200 2260 0
13 |Assigned Pressure 09708 05708 1013 1013 7200 2260 0
21 | Assigned Pressure 0.8435 08435 1013 1.013 14400 4520 0
22 | 1440 m3/hr 08424 71048 1013 7274 14400 452.0 0
23 | Assigned Pressure 08435 08435 1013 1.013 14400 452.0 0
Base Scenario Qoo = ) ]

Figure 5: The Output window with default output data

The Output Control window can be used to customize the output and to add output parameters.

1. Open Output Control from the toolbar or Tools menu

2. Inthe Pipes section choose Head Gradient and add it to shown output. Then change its units to
m/m. Head gradient is the same thing as Jm. See Figure 6.

3. Nextchoose Pressure Gradient Stag. Total and add it. Then change its units to bar/m.
4., Select the Pumps button that runs along the top of Output Control.

5. Choose Pressure Rise Stagnation and add it. Then change its units to m H20 std.. This is the
head rise in terms of water head. See Figure 7.

6. Click OK. The Output now appears as in Figure 8.

Table 3 summarizes the results from all three cases which agree well with those published by Wilson et
al, 2006.
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Display Parameters | General

Format & Action

Show Pipesllcts

JetDeltas | Multi-Scenario

3 Pipes T Junctions | < Pumps | el Valves | 4 Heat Exchangers | [IL Reservoirs | @ Cost Report

| Filter Show Output in This Order Reorder
Available Output Parameters Parameter Units AA
— L1 E—t I v
Nominal Size 4| Pressure Static Maximum bar ~
Prandtl Mumber F— o
Pressure Ambient Inlet ;4| Pressure Static Minimum bar ~
Pressure Ambient Outlet (4| Elevation Inlet meters ~
Pressure Dynamic F— .
Pressure Gradiert Friction Wall 4| Elevation Outlet meters R
Pressure Gradient Gravi * 4| Pressure Loss Stag. Total bar ~
Pressure Gradient Stag. Total =
Pressure Loss Gravity o (; 4| Pressure Loss Static Total bar \/
Pressure Loss Stag. Total f: 1| Pressure Loss Gravity bar ~
Pressure Loss Static Friction Component e
Pressure Loss Static Friction Total (5| Head Loss (dH) meters >
Pressure Loss Static Fiction Wall (3| Pressure Static Inlet bar w
Pressure Loss Static Total =
Pressure Stagnation Inet I ,: Pressure Static Outlet bar ~
Pressure Stagnation Outlet L’: 1| Pressure Stagnation Inlet bar \/
Fressure Static Inlet f: 1| Pressure Stagnation Outlet bar ~
< 4 (34| Head Gradient mim ~
90 of 50 parameters shown (unfittered) (3| Pressure Gradient Stag. Total bar/m M
: . Show

Alphabetical | Categorized Description Remove Clear All Same Units Use Prefered Lnits

Output Window Table Header:  dP/dx

Visual Report Abbreviation dP/dx

Description: Stagnation ftotal) pressure drop per unit length along pipe

Load Control Format... User Default Fathom Default o QK
[ Same As Parert Save Control Format... Set as Default D Help Cancel

Figure 6: The Output Control window Pipes report
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Qutput Control

J Display Parameters | General | Format& Action | Show Pipesiicts | JetDeltas | Muli-Scenario |

= F‘ipesl s Junchons” < Pumps P4 Va\vesl 4y Heat Exdwangersl [m8 Resenroirsl @ Cost Reporll

| <Fiter> | Show Output in This Order Reorder
Available Output P, ~
MNumber of Pumps s [:é Junction Name M
Percent of BEP [:; Wolumetric Flow Rate z|
Power Ideal -
Power Motor Input Ca’ Mass Flow Rate E
Power Overall ;1| Pressure Rise Stagnation |
Power Shaft Head Ri
Pressure Discharge Stagnation : 158 Z|
Pressure Discharge Static * [:g Efficiency Overall E|
Pressure Suction Stagnation Gk = E
Pressure Suction Static (31| Power Cverall K/ Z|
Pump Model 3
Rty BEP ;1| Best Efficiency Point (BEF) m3fhr |
Reliability Factor Diameter (74| Percent of BEP 3
Reliability Factor Speed
Reliability Factor Total meters []
Speed w meters z|
< > (1| Pressure Rise Stagnation m H20 std. v
36 of 36 parameters shown (urfitered)
. Show
Alphabetical | Description | Remove ‘ | Clear All | | Same Linits. | | Use Prefered Units. |
Output Window Table Header:  dP
Visual Report Abbreviation dP
Description: Stagnation pressure rise generated by the pump
Database
| A S ‘ | User Default | | Fathom Default | |qf oK |

| Save Control Format ... ‘ | Set az Default ||® Help | | Cancel |

Figure 7: The Output Control window Pumps report

—
T TEre T Bow (B T I
FE2 2 g 0w E
R | General | Warnings | Design Alerts | Pump Summany
Name Vol | Mass | P | dH | Overall | Spesd | Oversll| BEP | %of | NPSHA | NPSHR P
Jot | Deslis Flow | Flow Efficiency Pouwer
Dizgram (m3he) | (kaisec) | (bar) | (meters) | (Percent) | (Percent) | () | (m3he) | (Percent) | (meters) | (mefers) | (m H20 std)
2 | Show [Jiosomahr 10200 3390 6452 4818 715 NA 2284 NA NA NA NA 55,58
Show [ 720 m3hr 700 260 524 4714 TS NA 1485 WA NA NA NA 5327
Show [ 1440m3hr 14400 4520 6261 5650 7135 NA 313 WA NA NA NA 385
~ | Pipes
Name | Vol Flow | Velocity | PStafic | PSistic | Blevation | Elevation | dPSteq | dP Statc | dP aH PSistic | PStstic | PSiag. | PStmg. | dil P
Pipe Rate Max | Min inlet | Outlet Total Tol | Gravity in Qut in Out dx dx
(m¥he) | (metersisec) | (bar) | (bar) | (meters) | (meters) | (bar) (kar) (Be) | (meters) | (bad) | (ba) | fba) | (b= | (mim) | (barm)
Fipe. 1,080.0 a2 0T 0w [} 0 000007782 0.00007728 0 00007028 08177 09177 1013 1013 007028 778803
Fipe 1.080.0 4112 B3B! 0T 0 0 545145401 545145401 0 97341085 63632 09177 6465 1013 007028 7788503
11 |Fipe 7200 2741 09708 0707 0 0 000007463 0.00007463 0 0000735 0STOE 08707 1013 1013 006735 7463803
12| Fipe 7200 2741 B1%0  087R [ 0 522420805 522420606 0 471438856 61350 09708 €237 1013 006735 7463803
21 |Fipe 14400 5482 08435 0843 [ 0 000008345  0.00008345 0 00003072 08435 08434 1013 1013 008072 8845808
22 |Fipe 1,440.0 5482 71048 08435 o 0 E36718235  £26116236 0 5ES010040 71046 08435 7274 1013 008072 8345803
[—
& | Alldunctions | Assigned Pressure | Pump
Name P Static | P Static | P Stag. | PStag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
Jot in 0 in Out Thru Jet Thru Jt )
ar) | (an | (a0 | (ban) (m3hr) (kais=c)
1 [assignedPressure 08177 08177 1013 1013 1,080.0 2390
2 [1080m3he 08177 63632 1013 645 1,080.0 2390
3 |AssionedPresswre 09177 08177 1013 1013 1,080.0 2390
11 |Assioned Pressure 09708 05708 1013 1.013 7200 2260
12 | 720 m3he 08707 61350 1012 623 7200 2260
13 |Assigned Pressure 08708 08708 1013 1013 7200 2260
21 |Assigned Pressure 08435 08435 1013 1013 14400 4520
22 [ 1420 mahe 08434 71046 1013 7274 14400 4520
23 |sssigned Pressure 08435 08435 1013 1013 1,440.0 4520
Base Scenario |Qum 0 {F———+—— @

Figure 8: The Output showing head gradient, pressure gradient and pump water head rise
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Also of interest is the system curve. Navigate to the Graph Results window by clicking the Graph Results
tab on the toolbar, or by pressing Control+G. On the Graph Control tab in the Quick Access Panel, select
the Pump vs. System Curve tab if not already selected. CRV for Pump 2 should be selected, see Figure
9. Click Generate.

The system curve is shown in Figure 10.

o
=1
£
------ == My Graphs
| Parameters = Formatting >
Pump vs. System Profile
Curve Type: | Single -
Flow Type: | Volumetric - m3hr -
Pressure or Head: | Head * meters -

Pump FUL | MIN | AOR | POR

CRV
2 1020 m3hr (1,080.00 m3/hr)

12 720 m3thr (720.000 m2hr)
22 1440 m3thr (1,440.00 m3/hr)

Fow Rate Range: | (8 Auto ) User Specified

User Range: | [ 1.296 m3hr
Data Points Per Curve: | El -
o Generate -

sam Scenario | |[€F Graph Control
'_='_|, Cverview Map | Add-on Modules O

Figure 9: Data selection for graphing system curve
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System Curve for Pump 2

60

-

Head (meters)

(]
(=1

10

System Curve

] 500 1000 1500
Volumetric Flow Rate (m3/hr)

Figure 10: System curve in Graph Results window

Step 7. Compare Homogeneous Scale-Up to Power Law and Bingham Plastic
Viscosity Models

Based on the fluid and flow regime and industry preference, a non-Newtonian model such as Power Law
or Bingham Plastic may be preferred. How do those models compare to the Scale-up approach for the
current example?

To perform the comparison, create two child scenarios. This can be done by opening the Scenario Man-
ager on the Quick Access Panel. Create two child scenarios and call them Power Law and Bingham
Plastic.

Here the Power Law scenario will be reviewed. The Bingham Plastic scenario will be very similar and
hence is not shown. Results for all three scenarios will be compared later in this example.

Load the Power Law scenario

Open Analysis Setup

Open the Viscosity Model panel in the Fluid Properties group
Click the Enter Scaled Data button

Click the Graph tab

Select the Cross-Plot Correlation for Test Pipe Diameter option
Make sure the Power Law option is selected

If not, select it and click Update Graph

® NN~

Figure 11 shows that the Power Law correlation matches the data well. The Bingham Plastic correlation
diverges from test data at higher flow rates.
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Raw Data Graph

o OK
Graph Parameters [] Cross-Plot Seale-Up Curves
Jm vs. Velocity | Tau vs. 8V/D || Other Cance!
o
Flow: Welocity ~ || meters/sec v # Help
1 P
Pressure: | Jm ~ |mAA00m v Ucer szl
Cross-Plot Comelation for Test Pipe Diameter
| ® Power Law
O Bingham Plastic i
- - H23m
— Power Law
12
E
2 =
E
E
£
4
2
03 08 0% 12 15 18 21 24 27 3 33 36 35 42 45 48 31 34 3T &
Velocity (meteralsec)
g X on data points denotes extra data point at turbulent transtion e ,_;j |ﬁ Update Graph
Raw Data Graph
o OK
Graph Parameters [] Cross-Plat Scale-Up Curves
Jm ve. Velocity | Tauws. 8W/D | Cther B Cancel
Flow: Welocity ~ | metersssec v # Help
Il o
Pressure: | Jm v mA00m (User Specified)

Cross-Plot Comelation for Test Fipe Diameter

| () Power Law
(®) Bingham Plastic cm
e H23em
/ — Bingham Plastic
135

Jm (md 100 m)
@

02 06 0% 1.2 15 18 21 24 27 23 33 18 3% 42 45 48 51 54 57 &
Velocity (metera/zec)

s on data points denotes exira data point at turbulent transition e ',_;.j Iﬁ Update Graph

Figure 11: Non-Settling Slurry Scale-up data and Power Law (top) and Bingham Plastic (bottom) correlations

- 116 -



Non-Newtonian Phosphates Pumping

7.
8.
9.

AR

Click Cancel

Select Power Law from the drop down list of Viscosity Models

Select Calculate from Rheological Data

Click Calculate Constants

Make sure the Raw Data Type selection is Tube Flow Rheometer Data (8V/D)

Enter the shear rate and shear stress data from Table 2, below. This data is equivalent to the data
from Table 1, entered previously. Alternatively, use the Metric - Non-Newtonian Phosphates
Pumping Rheological Data.txt file to import the shear rate and shear stress data into Fathom.

Make sure the Shear Stress units are set to Pascals
Click Generate Curve Fit Now
Click OK

The data should be K = 28.28 kg/sec-m and n = 0.1364. See Figure 12. For the Bingham Plastic scenario
the constants should be Plastic Viscosity= 0.03673 kg/sec-m and Yield Stress= 0.0004903 bar (0.04903

kPa).

Table 2: Pressure drop data on phosphate slime from Wilson, et al, 2006 page 76 (203 mm/8 inch pipe) con-

verted into shear rate (8V/D) and shear stress (Tau)

Vv Jm Shear Rate | Shear Stress
Run
meters/sec m/m 1/seconds Pascals
1 0.53 0.089 20.89 50.1
2 1.52 0.100 59.90 56.3
3 2.00 0.102 78.82 57.4
4 2.59 0.105 102.1 59.1
5 3.24 0.108 127.7 60.8
6 3.81 0.110 150.2 61.9
7 4.43 0.113 174.6 63.6
8 5.12 0.119 201.8 66.9
9 5.64 0.130 222.3 731
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Calculate Power Law Constants

Rhecological Data | Calculate Power Law Constants

K = 28.28 kg/sec-m, n = 0.1364

Log(Shear Strass)

35

145

[

o 1 1.2 s D

Log(Shear Rate * (1+3n)i4n)

Max ¥-Axis Value: Print Graph Customize Graph...

Figure 12: Power Law data curve fit

Each scenario can be loaded and run. Results are summarized in Table 3. Itis clear that the Bingham
Plastic model over predicts the required pump head and power at higher flow rates but is comparable at
the lowest flow rate of 720 m3/hr. This is consistent with the lower part of Figure 11 where the Bingham
Plastic correlation offers a poor match to the raw data as the flow rate increases.
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Table 3: Comparison of results between Homogeneous Scale-up, Power Law, and Bingham Plastic models

Q

m3/hr

720 m3/hr 1080 m3/hr 1440 m3/hr
Scale- | Power | B9 | scale- | Power | P"9" | scale- | Power | BIN9-
U Law ham U Law ham U Law ham
P Plastic P Plastic P Plastic
Vv mefae;S/ | 2741 | 2741 | 2741 | 4112 | 4112 | 4112 | 5.482 | 5.482 | 5.482
Jm m/m 0.0673-| 0.0683- 0.06970 0.0702-| 0.0721- 0.08067 0.0807-| 0.0821- 0.10510
5 0 8 9 2 6
dP/dx bar/m 7.463-| 7.569-| 0.0077-| 7.788-| 7.999-| 0.0089-| 8.945-| 9.105-| 0.0116-
E-03 E-03 24 E-03 E-03 39 E-03 E-03 47
dP bar 5.224 5.298 5.407 5.452 5.600 6.257 6.261 6.374 8.153
dH
Wate-| meters 53.27 54.03 5514 55.59 57.10 63.81 63.85 64.99 83.14
r
Fc:::d meters 4714 47.81 48.79 49.19 50.53 56.47 56.50 57.52 73.57
Pow-
or kW 146.5 148.6 151.7 229.4 235.6 263.3 351.3 357.6 457 .4

Analysis Summary

A non-settling phosphate slurry pipeline was modeled and the pump sized for a range of flow rates. AFT
Fathom non-settling slurry calculations allow evaluation of the non-Newtonian viscous behavior of the

slurry.
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Summary

This problem walks through building a hydraulic model of a fire water sprinkler system using Fathom's
NFPA features. This example is based off of figure B.2 (a) and associated calculations from NFPA 15
standard 8.5.3.1.

In this example, a firewater spray nozzle system is hydraulically modeled. The system consists of 28
spray nozzles and is supplied by a fixed pressure source. As the design engineer, it is your responsibility
to ensure that all spray nozzles receive at least 152 L/min, as well as the minimum supply pressure
required to achieve these flows. To ensure that the proposed design is adequate, you will model the sys-
tem and use the hydraulically most remote nozzle to ensure that all spray nozzles are satisfied.

Topics Covered

* Modeling a fire water spray system
* Making groups

* Using NFPA features

* Generating an NFPA report

* Using Excel Change Data

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - NFPA Firewater System - Initial.fth
* Metric - NFPA Firewater System - Final.fth
* Metric - NFPA AFT Transfer Spreadsheet.xlsx

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.
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To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the Model

Open the Metric - NFPA Firewater System - Initial.fth model file listed above, which is located in the

Examples folder in the AFT Fathom application folder. Save the file to a different folder.

The model should appear as shown in Figure 1.

I _.“' Workspace ‘ g__ln Model Data | A output | BGraph Results | &> Visual Report

P - @ NI a-M KAl

‘B OE e B ¢ B, Show All Objects

-

£ >

Base Scen.. | [ @ 46% =& m ® BB 53| M@ 54

Figure 1: Initial model for NFPA Firewater System example
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Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2.  Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 4. Define the Miscellaneous group

While still in the analysis setup, expand the Miscellaneous drop down and open the NFPA panel. Check
the box next to Enable NFPA. This will enable various features throughout the software such as NFPA
internal fittings & losses for pipes, equivalent length loss model for junctions, NFPA report, etc. Keep the
Initial Values the same. A group for the NFPA report will be selected later.

Step 5. Define the Pipe and Junction Properties

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click the "Ok" button to save changes to the analysis setup and return to the workspace. At
this point a user would need to draw their own network using the tools in the toolbox, but to save some
time the piping layout for this model has already been created.

With the system in place, we now need to enter the properties of the objects. Because this model is large,
all input has been added to a specially-configured Excel Change data spreadsheet that is included in the
Examples folder and will be used to change the input to match the values in this example. Before import-
ing this spreadsheet, it is necessary to define values in each pipe and junction because the Excel
Change data spreadsheet is only capable of changing input data, not entering new data.

To quickly enter input data before using the Excel Change data spreadsheet, we will use the Global Pipe
and Junction Editing features. If you are going to use Excel Change data to change the input you already
have in your model, the values that you initially input in the model act simply as place holders and the
value itself is notimportant. It is crucial, though, that you ensure that the units for each value that will be
changed are specified correctly, because the Excel Change data spreadsheet will not change these units
(it will only change the value itself).

Pipe Properties

To globally edit the pipes, select Global Pipe Edit from the Edit menu. Click All to select all pipes. Next,
click Select Pipe Data and enter the following inputs in the pipe properties window.
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Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size =1inch

Type = STD (schedule 40)
Friction Model = User Specified
Data Set = Hazen-Williams Factor
Value =120

Length = 3 meters

© N ok~ =~

In the Parameters to Change section, click All to apply all changes to the selected pipes, then click Apply
Selections at the bottom. Then click OK.

Next, fittings a losses will need to be added to various pipes throughout the system. On the fittings &
losses tab of the pipe properties window move the slider from "Use K Factor" to "Use Equivalent
Lengths" then specify the Fittings for each pipe according to the table below.

Note: Pipes that have Fittings & Losses entered in them will now have a red & displayed next to them.
The symbol and display settings can be customized in User Options.

Table 1: Fittings and Losses for pipe input in NFPA model

Pipes Fitting Type Quantity
4,6,8,10, 12, 14, 31, 33, 35,
37,39 Elbow, 90 deg. standard 1
2,9,13,34, 38 Elbow, 90 deg. standard 2

7,11,19, 20, 22, 24, 25, 27, 29,
32, 36,40, 41,42,43, 44, 45,
47,49, 50, 52

Tee or Cross, (flow turned 90
deg.)

Elbow, 90 deg. standard and Tee

15,16,17,18, 40,41, 42, 43 or Cross, (flow turned 90 deg.)

1 Tee and 1 Elbow

Junction Properties

To globally edit the junctions, select Global Junction Edit from the Edit menu. Next, click the appropriate
junction based on what you are inputting. For example, Spray Discharge. Click All to select all junctions
in the list. Then, click Select Spray Discharge Data and enter the following inputs in the pipe properties
window. Repeat this process for all junction types in the model using the inputs below.

1. All Spray Discharges
a. Elevation = 3 meters
b. Loss Model = K (Fire Sprinkler)
c. Exit Properties = Pressure
d. Exit Pressure =0 barG
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e. K (Fire Sprinkler) = 3 liters/min per square root of bar
f.  Number of Sprinklers = 1
2. AllBranches
a. Elevation = 3 meters
3. J1 Assigned Pressure
a. Elevation=0.15 meters
b. Pressure=4.41barG
c. Pressure Specification = Static
4. J2Valve
Inlet Elevation = 0.76 meters
Outlet Elevation = 1.22 meters
Valve Data Source = Equivalent Length (Metric)
Equivalent Length = User Defined
Equivalent Length (User) = 3.96 meters

o kw2

Import Excel Change Data

After you have input for all pipes and junctions, import the Excel Change data spreadsheet. To do this,
import the spreadsheet in the Examples Help file entitied Metric - NFPA AFT Transfer Spread-
sheet.xIsx by clicking on File > Import Excel Change Data, and then browsing to this spreadsheet. After
all changes were made, a window will appear that lets you know that all changes were made.

Step 6. Create the NFPA Group

In order to generate an NFPA report, AFT Fathom needs to know the path for which you wish to gen-
erate the report. Generally, this report is developed for the hydraulically most remote path. For this model
the hydraulically most remote path is either the path to J11 or J15. For Fathom to generate a path it will
first need a group containing all pipes and junctions along the desired flow path.

To create a group, select all pipes and junctions that are along the flow path. For this example you will
need to select pipes P1, P2, P3, P4, P5, P6, P7, P8, P9, and P10, and junctions J1, J2, J3, J4, J5, J6, J7,
J8, J9, J10, and J11 (see this path selected in Figure 2). Note, to select multiple objects, hold the shift key
while selecting each with this mouse. Alternatively, you can select these pipes and junctions directly from
the Group Manager. Once these pipes and junctions are selected, open the Group Manager by going to
Edit > Groups > Manager. Click on Create Group and name the group NFPA Path. Make sure this path
is selected under Existing Groups, then under both the Pipes in Group and Junctions in Group columns,
select Workspace. Press OK to confirm this group.
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Figure 2: NFPA Group selected on the Workspace

The group we just selected contains the hydraulically most remote path, but this information was simply
provided for the sake of convenience in this example and is not frequently known without modeling the
system. If you have the GSC module, you can use it to determine the most hydraulically remote path.
See the Example problem NFPA Firewater System - GSC if you are interested in seeing how to use the
GSC module for this. Otherwise, if the hydraulically most remote path is not known, you will need to dig
through Fathoms output to determine which spray nozzle is receiving the least flow.
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Step 7. Specify the NFPA Path

Once you know the hydraulically most remote path, you will generate an NFPA report for this path. To
specify which path in AFT Fathom you want to generate the NFPA report for, open Analysis Setup and
go to the NFPA panel. Select the group in the Select a Group for the NFPA Report list.

Step 8. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

You will notice there are numerous cautions about the pipe lengths being shorter than the elevation
change. This model used pipe lengths and elevations based off a NFPA example. Inthe NFPA
example, the length of the spray discharges raised the outlet height of the junction. Fathom treats junc-
tions as single points in space, so to keep the inputs identical the pipe length had to be a little bit short.

Step 9. Examine the Output

The Output window contains the NFPA Report, as well as the standard AFT Fathom output parameters.
To view the NFPA Report, click on the NFPA Report tab in the General section of the Output window.
You can expand this section by dragging the border down. The NFPA Report can be printed from File >
Print NFPA Report, or you can select all cells by clicking the top-left corner and copy-paste into Excel for
modifications. The NFPA Report for this model is shown in Figure 3a and Figure 3b.
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S Valve Summary | NFPA Report
4l A B C D E E G H | J K L
1 Hydraulic Caleulations =
2 |For: Sheet 1 of 2
5 By:

Date: 9/8/2023
4 Job No.:
Pipe Size Pressure | Hormal
5 |Step | Nozleldent.and | Flowin | Nominal /1D |Pipe Fittings and |Equiv. Pipe [Friction Loss | Summary |Pressure Ref.
No. Location Ljmin {mm] Devices{m] | Length{m] | [har/m) barg barg] Hotes lste
6 L 0.200 Pt138 [Pt 138
7 111 (Spray |4 F 0.610 Pe 0.029 |Pv 0.103
Discharge Linch
8 ) Q152.1 |[26.6446)  |E=0.610 T0810 [0.107 Pf0.087 |Pn 127
s L 1.80 Pr1.49 |Pr 149
10 q F 122 Pen.0  |pv0.103
110 Linch
L (Branch] |@ 152.1 |{26.6446 2E-1.22 T3.02  [0407 Pf0.323 |Pn 139
12 L 1.80 Pt1.82 |t 182
13 q 159.4 F0.914 Pe0.0  |Pv0.145
19 1-1/4inch
4 (Branch) |@ 3115 |{35.052) E=0.914 T271  [0.106 Pf0.288 |Pn 1.67
15 L 0.600 Pt 200 [Pt 2.10
16 q 1721 F2.a4 Pe0.0  |Pv0.138
= 13 1-1/2inch
7 (Branch] |Q 483.6 |{40.894) T=2.44 T304 [0a13 Pf0.234 |Pn 1.92
18 L 150 Pr2.45 |pr245
19 q 483.5 F 152 Pe 0.029 |Pv 0.277
17 Zinch
20 (Branch) |Q 967.1 |{52.50179) |E=1.52 T30z |0d21 Pf0.366 |Pn 217
21 L1.20 Pt2.84 |pt2.84
2 & q 7363 F 0.0 Pe0.0  |Pv 0.432
2 (Branch) | 1724.0 T120 0.143 Pf0.178 |Pn 2.41
24 L 1.50 Pt3.02 |Pt3.02
25 q 781 F213 Pe0.0  |Pv0.383
= 15 3inch
2% (Branch) |Q 2505.0|{77.92719) |E=2.13 T363  [0.103 Pf0.374 |Pn 2.64
27 L3.00 Pr3.40 |pr3.40
28 q Fo.0 Pe 0.303 |Pv 0.383
14 Zinch
23 (Branch) |q 2505.0 {77.92715) 1300 |0.102 Pf 0.209 |Pn 3.01 =
4 5
Figure 3a: NFPA Report Page 1

= DesignAlerts | Valve Summary | NFPA Report
4 A B C D = F G H | J K L
30 Hydraulic Caleulations S
31 |For: Sheet 2 of 2
12 By: 00000

Date: 9/8/2023

3 Job No.:

Pipe Size Pressure | Hormal
34 |Step | Nomleldent.and | Flowin | Nominal/ID |Pipe Fittings and [Equiv. Pipe |Friction Loss | Summary | Pressure Ref.

No. Location Ljmin {mm| Devices{m] | Length{m] | [har/m barg barg] Motes lste
35 L5.20 Pt 4.01 [Pt 401
36 q 26306 F12.5 Pe 0.190 |Pv 0.105
= JE! Ginch v=3.96
T (Branch) |Q 5135.6|{154.051)  |26=8.53 T17.7 |04 Pf0.295 |Pn 3.90
38 L 0.600 Pra4s |prads
53] q Fo.0 Pe 0.060 |Pv 0.105
Ginch

40 12 [Vaive] [@ 5135.6 |{154.051) T0.600  [0.014 Pf0.008 |Pn 4.34

Figure 3b: NFPA Report Page 2

Conclusion

AFT Fathom allows you to display the hydraulic calculations for an NFPA report. In this example, you
have built a model of a firewater system and generated an NFPA hydraulic report. In this report we can
see that the minimum pressure for this systemis 4.41 barG in order to see 152 L/min at the most
hydraulically remote nozzle.
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To those familiar with the NFPA Example this was based off, you may notice a slight difference in the min-
imum pressures calculated by Fathom. This is because Fathom uses a more detailed model to account
for various behavior in the system. You can read more about these differences on the NFPA Panel topic.
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Crude Oil Pipeline

Summary

The objective of this example is to model a pipeline system to investigate the effects of a viscous fluid.
We will answer a number of questions about the pipeline system such as:

How does viscosity affect pump performance?

Whatis the flow rate?

What is the maximum pressure in the pipe?

Is the flow laminar or turbulent?

How high can the hill be until a vacuum (i.e., less than atmospheric pressure) is created?
How does the hill height affect flow rate?

How much can the pump speed be slowed down and still not pull a vacuum?

No g kb=

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

*  Metric - Crude Oil Pipeline.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:

- 129 -


https://www.aft.com/products/fathom/video-tutorial-series
https://www.aft.com/products/fathom/video-tutorial-series

Crude Oil Pipeline

Fluid Library = User Specified Fluid
Name = Petroleum Product
Density = 0.8 S.G. water

Dynamic Viscosity = 500 centipoise

e o oo

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

/" Workspace |§jMode| Data | EZOutput |@Graph Results |’!7‘V\sua\RapDrt
e - @ Ik e -4 ) = |9

- 25

O H
@6 J3
=5
o ™
E2L
LY
o
= @
iy —
e B

3 d

&A1 v

Base Scenario ko | Q 100% (& Lt H | =3 | @4

Figure 1: Model for Pipeline Problem

Pipe Properties

1. Pipe Model tab

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size =24 inch

Type = STD (schedule 20)

Friction Model Data Set = Standard
Lengths =

-~ P 2 0 T o
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Pipe Length
1 30 meters
2 40 km
3 80 km

Junction Properties

Enter the properties of the junctions in the workspace as follows:

1. J1 Reservoir
a. Liquid Surface Elevation = 230 meters
b. Liquid Surface Pressure = 0 barG (0 kPa(g))
c. Pipe Depth =3 meters

2. J2Pump

a. Inlet Elevation =220 meters
b. Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head
barrels/day meters
0 610
100,000 550
200,000 425

e. CurveFitOrder=2

Note: If barrels/day is not an available unit, select User Options from the Tools menu, click on Pre-
ferred Units, and select the radio button for All Units.

4. J3Branch
a. Elevation =381 meters

5. J4 Reservoir
a. Liquid Surface Elevation = 3 meters
b. Liquid Surface Pressure = 0 barG
c. Pipe Depth =3 meters

In the Pump Properties window on the Optional tab, Fathom includes an option to Use Viscosity
Correction. We will turn this option on later to determine how much this option affects the answers.
Leave the option off for now.
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»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter

the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-

ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

Open the Output Control window by selecting Output Control from the toolbar or Tools menu. On the Dis-
play Parameters tab, select the Pumps button to display the list of output parameters that are specific to
pumps. Then add the three correction parameters to pump efficiency CE, pump head rise CH, and pump
flow CQ. These are the pump viscosity correction/pump de-rating factors that will de-rate the pump
according to the Hydraulic Institute method, ANSI/HI Standard 9.6.7-2010. Change the Volumetric Flow

Rate units to barrels/day.

Now select the Pipes button to display the pipe output parameters, then change the units for Volumetric
Flow Rate to barrels/day. Also, add Reynolds Number to the list of output variables. Click OK to save the

changes and close Output Control.

The Output window contains all the data that was specified in the output control window. The output from
this model is shown in Figure 2. Note that the flow rate in all the pipes is 152,565 barrels/day.

Figure 2: Output Window for Pipeline example

/* Workspace | {]Model Data | [ Output | |2 Graph Results | ® Visual Report |
FEH F 0B
2 | General | Warnings | Designilerts | Pump Summary | Reservoir Summery
Name | Val. Wass | oP | dH | Overoll | Specd | Overll| BEP | %of | WPSHA | NPSHR
Jot | Resulis Flow Flow Efficiency owier
Dizgram {barrelsiday) | (kofsee) | (bar) | (meters) | (Percend | (Percent) | (ki) | (m¥he) | (Percen) | (meters) | fmeters)
2 | Show L] Pume 152565 244 3360 4924 WA 1000 1083 NA WA NA NA|
2 | Pipes
Name | Vol Flow | Velooty | P Siaic | P Siafic | Elevation | Elevaion | dP Siag. | dPSwtc | _dP GH | PSwhc | PSwic | PSig | PSweg | Reyndlds
Pipe Rate = | Min | Ilet | Oule | Towl | Todl | Grevity In O | In | Ouw o,
(barreisiday) | (metersisec) | (bar) | (ban) | (meters) | (meters) | (ber) | (ban) | (ban) | (meters) | (bar) | (ben) | (ba) | (ba0)
1 |Pipe 152,565 105 1778 124 7 2200 05346 D546 0547 1264 177 1763 9676502
2 |Pipe 152,565 1025 40376 8947 2200 3310 314289 314289 126203 2393464 40376 894 8952 967602
3 |Pipe 152,565 105 8947 124 3810 77031 77031 298653 4792706 8947 1244 8952 1248 9E76E2
[ Alliunctions | Branch | Pump | Reservair
Name | FStatic | P Staic | FSteg. | PSieg. | Vol Flow Rate | Wass Flow Fate | Loss Factor
= n out | In | Ow Pru Jct Thu Jet "
o) | (ber) | (o) | (b0 (mahn) (kglsed)
1 [Reservair 1013 1248 1012 1248 1,011 244
2 |Pump 1779 4037 178 40380 1,011 24
3 [Branch 8847 a7 g2 89% 1,011 244
¢ |Reservair 1013 103 1248 1,011 244
E—— Q 100%  © o

Return to the workspace and open the pump properties window. Navigate to the Optional tab and check

the box for Use Viscosity Correction. Input the following:
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1. Head Correction (ANSI/HI 9.6.7-2015) = Assume Calculated Flow Is At BEP
2. Rated Speed (rpm) = 3600

Click OK and run the model again. The output from this run is shown below. Now notice that the flow rate

is 144,781 barrels/day. Click the Pump Summary tab in the General Output section to see the values for
CE, CH, and CQ. The output from this model is shown in Figure 3.

/" Workspace | {|Model Dato | [ Output | 2 Graph Results | %> Visual Report |
EH S E

A | General | Warnings | DesignAlerts | Applied Standards | Pump Summary | Reservoir Summary
Name Val. Mass | dP | dH Overall | Speed | Overall | BEP %of | NPSHA | NPSHR | CE CH cq
Jot | Resulis Flow Flow Efficiency Pawer BEP
Diagram (barrelsiday) | (kgisec) | (bar) | (meters) | (Percent] | (Percent) | (kW) | (m3ihr) | (Percent) | (meters) | (meters)
2 | show [ Pump 144781 2129 3572 4557 NA 1000 9511 NiA HIA A WA 07238 09322 09327
& | Fipes
Neme | Vol.Flow | Velosity | PStatic | PStatic | Elevation | Elevation | dP Stag. | dPStsfic | _ dP dH | PStatic | PSttic | PStag. | PStsa. | Reynolds
Pipe Rate ax in Inlet Outlet | Total Total | Graviyy In Out In Out o.
(barrels/day) | (mefersisec) | (bar) | (bar) | (meters) | (meters) | (bar) (bar) (bar) | (meters) | (bar) | (ba) | (bar) | (bar)
1 |Fipe 144,781 08726 1780 1245 2270 2300 -D5363 05363 05487 01708 1245 1780 1248 1734 5132602
2 |Fipe 144,781 09726 37503 703¢ 2200 3|10 304632 304692 126203 2277041 37503 7034 37507 7038 9182602
3 |Pipe 144,781 09726 7034 1245 3810 00 57896 57896 298653 454533 7034 1245 7038 1248 9180E-02

# | AllJunctions | Branch = Pump | Reservoir

Name | PStatic | P Static | PSteg. | PStag. | Vol Flow Rate | Mass Flow Rate | Loss Factor

Jat n ut In Out Thru Jet Thru Jet [
(ber) | (k) | (ba) | (ban) (m3ihr) (kglsec)

1 |Reservair 1013 1248 1013 1248 959.1 2123 0

2 |Pump 1780 27503 1784 37507 959.1 2128 0

3 |Eranch 703 7034 70 7038 959.1 2128 0

4 | Reservair 1013 1248 1013 1248 959.1 2128 0

Base Scenario

Q100% | @ ) &)

Figure 3: Output Window for Pipeline example with viscosity correction

Question 1. How does viscosity affect pump performance?

The flow rate, pump head, and overall power all decreased when the viscosity corrections were used.

Question 2. What is the flow rate?

Before the viscosity correction was added the flow rate was 152,565 barrels/day. After the viscosity cor-

rection was added the flow rate became 144,781 barrels/day. Therefore, the viscosity correction factor
reduced the flow rate by approximately 5.1%.

Question 3. What is the maximum pressure in the pipe?

The maximum pressure can be found in the pipe summary in the P Static Max column. It occurs in Pipe 2

and it occurs at the inlet of the pipe (outlet of the pump). The pressure is 37.503 bar (3,750.3 kPa) or
36.4902 barG (3,649.02 kPa (g)).

Question 4. Is the flow laminar or turbulent?
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In the pipe summary window we can see that the Reynolds number is 918.2. Therefore the flow is lam-
inar. The general cut-off for laminar flow is Reynolds number greater than 2,300.

Question 5. How high can the hill be until a vacuum is created?

To answer this question we have to change the elevation of branch J3 and re-run the model. If the hill
height is raised to 457.8 meters, the minimum pressure in pipe 2 and 3 and at junction J3 is 1.014 bar

(101.4 kPa), or nearly atmospheric pressure. If the hill is higher than 457.8 meters, a vacuum would be
created. This output can be seen in Figure 4.

J Workspace | {8 Model Date | 9 Output
EH S E

192 Graph Resufts | > Visual Report

# | General | Warnings | DesignAlerts | Applied Standards | Pump Summary | Reservoir Summary
Name Val. Mass | dP | dH Overall | Speed | Overall | BEP %of | NPSHA | NPSHR | CE CH cq
Jot | Resulis Flow Flow Efficiency Pawer BEP
Diagram (barrelsiday) | (kgisec) | (bar) | (meters) | (Percent] | (Percent) | (kW) | (m3ihr) | (Percent) | (meters) | (meters)
2 | Show [] Pump 144781 2129 3572 4557 NA 1000 9511 NiA HIA HiA WA 07238 09322 09322
% | Pipes
Neme | Vel Flaw | Veloclly | P Siatic | P Siatic | Elevation | Elevation | dF Stag. | dF Static | P dH | PSiatic | PSiatic | PSiag. | F Siag. | Reynolds
Pipe ate Max Min Inlet Outlet | Total Total | Graviyy In Out In Out Ne.
(barrels/day) | (mefers/sec) | (bar) (bar) | (meters) | (meters) (bar) (bar) (bar) (meters) (bar) (bar) (bar) (bar)
1 |Fipe 144,781 05726 1780 1245 2270 2200 05363 05383 05487 01708 1245 1780 1248 1784 S132E02
2 |Pipe 144,781 08726 37503 1004 2200 4572 364893 364893 126404 2277041 37503 1014 37507 1018 S132E02
3 |Fipe 144,781 05726 1245 1014 4578 00 02305 02305 358354 4542533 1014 1245 1018 1248 9182E2

# | AllJunctions | Branch = Pump | Reservoir

Name | PStatic | P Static | PSteg. | P Stag

Vol_Flow Rate | Mass Flow Rate | Loss Factor
Jat n Out In Out Thru Jet Thru Jet

(ber) | (bar) | (ba) | (ban) (m3ihr) (kglsec)
1| Reservair 1013 1248 1013 1248 959.1 2123 0
2 |Pump 1780 27503 1784 37E07 959.1 2128 0
3 |Eranch 1014 1014 1018 1018 959.1 2128 0
4| Reservair 1013 1248 1013 1248 959.1 2123 0

Base Scenario

L 100% @ ) +

Figure 4: Output Window for Pipeline example with 457.8 meter hill

Question 6. How does the hill height affect flow rate?

Compare Figure 3 and Figure 4 and you will see that the flow rate is exactly the same. Because the pipe
length is the same and the net elevation change is the same, the flow rate will be the same.

Question 7. How much can the pump speed be slowed down and still not pull a
vacuum?

The pump can be slowed down to 86.6% before the minimum pressure in pipes 2 and 3 goes below atmo-
spheric (1.013 bar) (101.3 kPa). The output of this run is shown in Figure 5.
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B EH L9 B

& B

—
" Workspace | i Model Data | [T Output | |22 Graph Results | ® Visual Report _

£ | General | Warnings | DesianAlerts | Applied Standards | Pump Summary | Reservoir Summary

Name Vol Mass dP dH Overall Speed | Overall BEP % of NPSHA | NPSHR CE CH (<]
Jer | Desdlis Flow Flow Efficiency ovier
Diagram (barrelsiday) | (ka/sec) | (bar) | (meters) | (Percent) | (Percent) | (ki) | (mdhr) | (Percent) | (meters) | (mefers)
2 Show D Pump 120,613 1774 2679 18 NIA 86.60 5342 MN/A NA NIA N/A 06588 03220 0.5220)
=
2 | Pipes
Name Vol. Flow Velocity PStatic | PStatic | Elevation | Elevation = dP Stag. | dP Static dP dH P Static | PStatic | P Stag. | P Stag. Reynolds
Fipe te Max Min Inlet Outlet Total Total Gravity In Out In Out No.
(barrels/day) | (metersisec) | (bar) | (bar) | (meters) | (melers) | (bar) (bar) {bar) | (meters) | (bar) | (ba) | (ba) | (bar)
1 |Pipe 120,619 0.8103 1.783 1246 270 2200 -05376 -0.8376 -0.5487 0.1423 1.246 1.783 1248 1.786  7.650E+02
2 |Fipe 120,619 0.8103 28574 1.084 2200 3810 274905 274905 126203 1897032 28574 1.084 28577 1.086 7.650E+02
3 |Fipe 120519 08103 1246 1084 3810 00 01622 01622 298653 3785309 108 1246 1086 1248 7ES0E02
A | Allunctions | Branch | Pump = Reservoir
Mame P Static | PStatic | PStag. | PStag. | Vol Flow Rate | Mass Flow Rate | Loss Factor
Jot n Out In Out Thru Jet Thru Jet (]
(bar) (bar) (bar) (bar) (m3/hr) (kg/sec)
1 _|Reservair 1013 1248 1.013 1248 799.0 1774
2 |Pump 1783 28574 1.786 28577 799.0 1774
3 |Branch 1.084 1.084 1.086 1.086 799.0 1774
4 |Reservair 1013 1248 1013 1242 733.0 1774

Base Scenario

| Q% (@ {)}— @

Figure 5: Output Window for Pipeline example with pump operating at 86.6% speed
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Summary

The objective of this example is to select the best pump configuration for a hot water system. The design
goals of the system are:

*  Minimum 0.42 bar (42 kPa) drop across flow control valves

* Maximum 3 meters/sec velocity in all pipes

* No NPSH violations

* All pumps must operate between 70% and 100% of BEP

* The selected pump must also work in a special operating mode with one pump off
* The best pump will meet all the requirements and use the least power.

Topics Covered

* Using Junction Libraries to enter data

*  Using multiple pump configurations

* Using NPSH and Efficiency data for pumps

* Turning off parts of a model to simulate different operating conditions

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Hot Water System.fth
* Hot Water System.dat - engineering library

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.
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Hot Water System

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =65deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

| 7*Workspace | {4 Model Data | 1 Output | B2 Graph Results | % Visuzl Report

P e - @ ke -RAlAAi=2Ed BT

B ¢ B, Show All Objects

J16 J17

O P21 5l P22 P23

[
w

J18

=0 P20 P24

o™ 4

P17 Pig P19
sl B a3 [ gl I <] J20

[
o

o o P16

o= P15 P10 P9
1_1 =
J12 Lu o o

) B P2

3 Ik

P8 P7
o P1

4
2y
5

P6 PS5 P3

ﬁ J21

)

J3 Jz

Base Scenario Y | Q 100% | { } + B | 24| @21

Figure 1: Model Layout for Hot Water System
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Note: A safety factor of 10% will be added to all pipe and junction friction losses. This is added by typ-

ing in 1.1 in the Pipe Friction field for Design Factors found on the Optional tab in the Pipe Prop-
erties window. The Design Factor of 1.1 will be added to the Junction Friction Losses on the
Optional tab in the Junction Properties windows for every junction except for the three pumps.

Pipe Properties

1.

2.

Pipe Model tab

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size = Use table below
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f.  Lengths = Use table below
Pipe Size Length (meters)
12,13 4 inch 10
6, 8,10, 18, .
20, 22, 24 4 inch 15
5,7,9,17,21 | 4inch 30
19, 23 4 inch 50
11,14 6inch 10
3,15 6 inch 15
1,4,16 6inch 30
2 6inch 90
Optional tab

a. Design Factors
i. Pipe Friction=1.1

Junction Properties

1.

2.

J1 Reservoir
a. Name = Topping Tank
b. Liquid Surface Elevation = 3 meters
c. Liquid Surface Pressure = 0 barG (0 kPa (g))
d. Pipe Depth = 3 meters
All Tees
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3.

4.

5.

a. Elevation =0 meters
b. Loss Model = Simple
All Bends
a. Inlet Elevation = 0 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
J14 & J17 Control Valves
J14 Name =FCV A
J17 Name =FCV B
Inlet Elevation = 0 meters
Valve Type = Flow Control (FCV)
Control Setpoint = Volumetric
. Flow Setpoint = 50 m3/hr
All Pumps & Heat Exchangers
J4 Name = Pump A
J7 Name = Pump B
J10 Name = Pump C
J15 Name = Heat Exchanger A
J18 Name = Heat Exchanger B
Inlet Elevation = 0 meters

~® 0o T o

-~ ® 2 o T o

To show the names of the pumps, control valves, heat exchangers, and reservoirs, a new Workspace
Layer will be created.

1.

ok wbd

8.

Create a new layer by selecting New Layer and then Blank Layer from the Workspace Layers tab
of the Quick Access Panel.

Name the layer Junction Labels.
Edit the layer by selecting it and clicking the gear icon to bring up the Layer Settings window.
Open the Show/Hide Labels panel and uncheck Force Shown Labels to Match Shown Objects.

Toggle the visibility icon next to the pumps, heat exchangers, control valves, and reservoir to on.
This will cause their labels to be shown.

Navigate to the Junction Parameters panel and expand the Commonly Used Junction Parameters
list.

Double-click Junction Name to add it to the list on the right-hand side. This will add the Junction
Name to the label of the junctions that were defined in the Show/Hide Labels panel.

Close the Layer Settings window.

To enter the pump and heat exchanger data, we will use a pre-defined library:

1.
2.

Open the Library menu and select the Library Manager.

At the bottom, click Add Existing Library. Navigate to the AFT Fathom 13 Examples folder and
select the file titled Hot Water System.dat and Open. The library Hot Water System will be added
to the list of available libraries.
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Note: Typically when a Library is first added to the list in Library Manager, it will automatically be con-
nected and will appear with a checkmark next to it. Step 3 below is only needed if the library is
not automatically connected.

3. Ifnotalready, check the box next to the library name Hot Water System, this will connect the lib-
rary to the model.

4. Close Library Manager

5.  Now open the Pump Properties window for Pump A, and in the Library Jct field at the top of the
properties window, select Metric - Hot Water Pump with Multiple Configs from the drop down
menu.

6. Inthe Pump Curve area, make sure RPM = 1800 RPM and Impeller = 6 inches.
7. Repeat this process for Pump B and Pump C.

8. Open the Heat Exchanger Properties Window for Heat Exchanger A, and select Metric - Hot
Water Heat Exchanger in the library drop down box. This library includes the pressure loss data
for the heat exchangers.

9. Repeat these steps for Heat Exchanger B.
Finally, use Global Junction Edit to add the 10% safety factor.

Select Global Edit then Global Junction Edit from either the toolbar or Edit menu.

Select Common Data

Click Select Common Junction Data

In the Design Factor area, set Junction Friction Loss = 1.1

Click OK

Click All to select all junctions in the list

Check the box in the Parameters to Change (Select in List) area next to Design Factor 1.1

Click Apply Selections. A message should appear to inform you that changes were successively
applied.
9. Click OK.

© N ok N =

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

After running the model, select the Pump Summary tab and review these results. The pump summary
data is shown in Figure 2.
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A  General Warnings DesignAlerts | Pump Summary |Valve Summary = Heat Exchanger Summary = Reservoir Summary
MName Wal. Mass dP dH Owerall Speed Overall EEP % of NPSHA | WPSHR
Jop | Pesults Flow Flow Efficiency Power BEP
Diagram (m3/hr) | (kgisec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3hr) | (Percent) | (meters) | (meters)
4 Show l:l Pump A 32.90 8971 1128 1168 78.66 100.0 1.306 3593 91.59 10.164 0.6632
7 Show l_l Pump B Hx¥A 5328 1120 11.63 78.598 100.0 1.345 35593 5523 10.074 0.6824
10 | Show l_l Pump C 32.50 8571 1125 11.69 78.66 100.0 1.306 3593 91.59 9.945 0.6632

Figure 2: Pump Summary for First Configuration

Now we must review these results to determine if the requirements are met. The pumps operate at 91%
to 96% of BEP and there are no NPSH violations. Although the pump meets the requirements, we can
see from the valve summary in Figure 3 that the flow control valves do not maintain a minimum of 0.7 bar
(70 kPa) pressure drop. The velocity in all the pipes is less than 3 meters/sec. The pipe summary is

shown in Figure 4.

General

Name | Valve

Warnings | Design Alerts

Vol.

Mass

Pump Summary

dP

dH P Static

Walve Summary

Heat Exchanger Summa

Cv K Valve

ry

Reservoir Summary

Jet Type Flow Flow Stag. In State
(m3hr) | (kgisec) | (bar) | (meters) | (bar)
4 |FCVA FCV 50.00 1363 02627 2729 2183 1118 1872 Open
17 |FCVE  FCV 50.00 1363 01674 1740 2111 1400 11.93 Open
Figure 3: Valve Summary for First Configuration
A | Pipes
Name | Wol. Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH P Static | P Static | P Stag. | P Stag
Fipe ate 3% Min Inlet Outlet Total Total Gravity n Out In Out
(m3hr) | (metersisec) | (bar) (bar) | (meters) | (meters) | (bar) (bar) (bar) | (meters) | (bar) (bar) | (bar) | (bar)
1 |PFipe 0.00 0.000 1302 1302 0 0 0000000 0.000000 0 0.00000 1302 1302 1.302 1.302
2 |PFipe 100.00 1480 1428 1315 0 0 0113448 0.113448 0 117868 1428 1318 1440 1326
3 |Pipe 100.00 1480 1310 1281 0 0 0018308 0018508 0 019645 1310 1281 131 1.302
4 |Pipe 100.00 1480 1.281 1253 0 0 0037816 0037816 0 0392838 1.281 1253 1302 1284
5 |Pipe 3250 1113 1.258 1223 0 0 0035526 0035526 0 036910 1258 1223 1264 1229
& |Pipe 3230 1113 2347 2330 0 0 0017763 0017763 0 018455 247 2330 234 23
7 |Pipe 1 1157 1252 1213 0 0 0038284 0038284 0 039775 1252 1213 1258 1220
8 |Pipe 12 1157 2313 2314 0 0 0019125 0019125 0 0197 233 2314 2340 23
9 |Pipe 3280 1113 1237 1.201 0 0 0035526 0.035526 0 036910 1237 1.201 1243 1208
10| Pipe 3280 1113 2326 2309 0 0 0017738 0017738 0 018423 2326 2308 2332 2315
11 | Fipe 6713 1.000 1.259 1253 0 0 0005856 0.005856 0 006084 1258 1253 1.264 1258
12 | Fipe 3250 113 2326 2315 0 0 001817 0011817 0 012278 2326 2315 2332 231
13 | Fipe 3250 113 1252 1240 0 0 0011842 0.011842 0 012303 1252 1240 1.258 1246
14 | Fipe 6713 1.000 2316 2310 0 0 00085856 0.005856 0 006024 2318 2310 23N 2315
15 | Pipe 100.00 1480 2304 2285 0 0 0018908 00128508 0 0.19645 2204 2285 2315 22%
1€ | Pipe 100.00 1480 2280 2242 0 0 0037816 0037816 0 0392838 2280 2242 220 2283
17 | Pipe 50.00 1691 223 2159 0 0 0079538 0079538 0 082637 2233 2158 2283 2173
18 |Pipe 50.00 1691 1.896 1.857 0 0 0039769 0039769 0 041218 1.896 1857 1910 1871
19 | Pipe 50.00 1691 1.558 1426 0 0 0132563 0.132563 0 137728 1.558 1426 1572 1440
20 |Pipe 50.00 1681 2239 2199 0 0 0039769 0039769 0 041218 2233 2188 2283 2213
21 _|Fipe 50.00 1681 2181 21 0 0 0078538 0079538 0 0.82637 2181 211 2205 2125
22 | PFipe 50.00 1691 1844 1804 0 0 0033769 0.039769 0 041318 1944 1504 1.8958 1918
23 |PFipe 50.00 1691 1.606 1473 0 0 0132563 0.132663 0 137728 1606 1473 1620 1487
24 | PFipe 50.00 1691 1.485 1426 0 0 0035769 0.03976% 0 041318 1465 1426 1.480 1440

Figure 4: Pipe Output for First Configuration

After examining this pump configuration, this process needs to be repeated for each configuration, in
order to find which pump best meets the specified requirements. A tool that can be used for this kind of
evaluation is the Scenario Manager. Open the Scenario Manager on the Quick Access Panel and create
five scenarios, one for each pump configuration. Below each scenario, create a child scenario for each
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configuration named Pump A Off. The Scenario Manager on the Quick Access Panel should look like Fig-
ure 5. Alternatively, you can access the Scenario Manager from the Tools menu.

=T | =i

=4 Base Scenario
1800 RPM x Ginch
e Pump A OFf
1800 RPM x Tinch
‘.. ® Pump ACF
- & 1800 RPM x 8inch
‘.. ® Pump ACF
- & 3600 RPM x 4inch
‘.. ® Pump ACF
- ® 3600 RPM x Sinch
e Pump A OFf

MNotes

am Scenario | [E5| Properties
j Cwverview Map [ =] Add-on Modules l.:}

Figure 5: Scenario Manager on the Quick Access Panel for Hot Water System

Now, work your way through each scenario and change the pump configuration to the pump con-
figuration for each scenario. For the scenarios where Pump A is off, use the Special Condition Pump Off
No Flow. Run each scenario, note the sum of the three pump's power usage, and determine if the pump
meets all the requirements. It would help to create a table of the requirements and configurations as
shown in Table 1.

Table 1: Summary Table for Hot Water System
Pump 1800 x 6 1800 x 7 1800 x 8 3600 x 4 3600 x 5

Normal Mode

BEP OK? Yes Yes No No No
NPSH OK? Yes Yes Yes Yes Yes
FCV dP OK? No Yes Yes Yes Yes
Pipe Velocity
OK? Yes Yes Yes Yes Yes
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Pump 1800 x 6 1800 x 7 1800 x 8 3600 x 4 3600x5

Power Used 3.958 5.643 7.770 7.770 13.504

(kW)
Special Mode
(Pump A Off)

NSPH OK? Yes Yes Yes Yes Yes
FCV dP OK? No Yes Yes Yes Yes
Pipe Velocity

OK? Yes Yes Yes Yes Yes

From Table 1, it can be seen that the only configurations that meet all the requirements are the 1800
RPM x 7-inch impeller. One thing to note is that the 1800 RPM x 8-inch and 3600 RPM x 4-inch con-
figurations are actually the same pump configuration due to the affinity laws. The power usage of both
configurations help show that they are the same pump.

Note: The 1800 RPM x 6-inch configuration with Pump A turned off is a case where the flow control
valves will have to add pressure in order to maintain their set point. A flow control valve adding
pressure is physically unrealistic, however, it is useful for troubleshooting purposes because it
shows how close a control valve is to being able to maintain set point. The fact that the FCVs
fail with this particular scenario is an example of how a certain pump configuration and oper-
ating condition may not be able to provide the system pressure and meet the requirements.
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Summary

This example demonstrates the fundamental concepts of doing a cost analysis with AFT Fathom. The
example illustrates how to calculate initial and life cycle costs for a given system design.

After designing a plant cooling system, it is necessary to calculate the system cost over a 10-year period
to determine the feasibility of the design. The system model consists of four circulating water pumps,
schedule 20 steel - ANSI pipes and fittings, and two sets of cooling tower cells.

To determine the cost of the cooling system for a 10-year period, include material, installation, and
energy costs for the pumps, pipes, and fittings. The cooling towers costs will be determined apart from
the system cost (cooling tower cost calculations are not included in this example).

Topics Covered

* Creating cost libraries

* Entering pipe, junction and fitting cost data into libraries
* Connecting cost libraries

* Using Cost Settings

* Using the Cost Report

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

In addition, it is assumed that the user has worked through the Beginner - Cost Calculation example and
is familiar with the basics of doing cost calculations.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Plant Cooling Cost Calculation - Initial.fth

* Metric - Plant Cooling Cost Calculation - Final.fth

* Plant Cooling.dat - existing engineering library

* Plant Cooling - Pump Costs.cst - completed cost library for Plant Cooling.dat
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Plant Cooling Cost Calculation

* Plant Cooling - EIbow Costs.cst - completed cost library for AFT INTERNAL LIBRARY
* Plant Cooling - Pipe Costs Metric.cst - completed cost library for Steel - ANSI

Note: The cost libraries above will be recreated as part of this example, but they are also included as
reference material.

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Plant Cooling Cost Calculation - Initial.fth model file listed above, which is located
in the Examples folder in the AFT Fathom application folder. Save the file to a different folder.

The model should appear as shown in Figure 1.
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Figure 1: The Plant Cooling Cost Calculation model

Step 3. Define the Cost Settings group

By default, the cost calculations are turned off. To turn on the cost calculations, open Analysis Setup, nav-
igate to the Cost Settings panel, and select Calculate in the Cost Calculation section. The Cost Settings
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panel is shown in Figure 2.
The Cost Definitions section allows you to specify the type of costs to be determined.

In the Cost Definitions area, select Material, Installation, and Operation/Energy costs by checking the
box next to the name in the list.

In the Energy Cost section, select Use This Energy Cost Information, and enter a Cost of 0.12 U.S. Dol-
lars Per kW-hr.

In the Cost Time Period section, enter a System Life of 10 years.

The Cost Settings panel should look like Figure 2. Close the Analysis Setup window by clicking OK.

Analysis Setup X
70 Modues ~ | Cost Settings
@P  FluidProg e Cost Calculation
_ N Calculates the costs associated with system materials,
39  Pipes and Junclions ~ (O) Do Not Caleulate () Pump Energy Only () Calculate e T ey e
Z©® Steady Solulion Control ~ Cost Definitions Energy Cost
. . () Use Enengy Cost Librares
Environmental Properties
'@ Monetary Cost e (®) Use This Energy Cost Information
%0 CostSetins s = U5 Dol v
Installation
Cost Settings [] Mairtenance Per [ -
Operation/Energy i
=D Miscell - Only this fixed energy cost set here will be used. All

Enengy Cost settings in the Library Manager will be
ignaored.

Cost Time Period

System Life: years ~

Interest Rate:

Il

- Per | years ~
Inflation Rate %

Always Wam for Incomplete Pipe Subcomponent Costs
Collapse All Groups =  Same As Parent 2 Hep o 0K B Cancel

Figure 2: The cost calculations are selected on the Cost Settings window

Step 4. Create the Cost Libraries

Refer to the AFT Fathom Help Content for detailed information regarding creating and using cost lib-
raries.

The energy cost for the pumps was specified in the Cost Settings as a fixed cost rate. Now, the material
and installation cost for the pumps, pipes, and fittings must be included. This will be done by creating
three new cost libraries.

The first cost library will be for the pipe material and installation costs and it will be associated with the
engineering library that contains the pipe material data, which is the Steel - ANSI pipe material library.

The second cost library will be for the additional pipe fittings and losses costs for the elbow losses that
are lumped into the pipes. The second cost library will be associated with the AFT INTERNAL LIBRARY.
This is because the AFT Internal Library contains the loss information for the additional fittings and
losses tab in the Pipe Properties window.

The third cost library will be for the pump material and installation costs, and it will be associated with the
engineering library that contains the pump information (i.e., the Plant Cooling.dat engineering library).
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Create a cost library for the pipe material and installation costs

Create a new cost library for the pipe costs by opening the Library menu and selecting Cost Library.
Create a new cost library by clicking New at the bottom. When you click New, you are prompted to
choose the engineering library with which the cost library will be associated.

The piping material data used in the model comes from the default Steel - ANSI Pipe Material Library, so
the pipe cost library will be connected to this library, as well. Select Steel - ANSI from the library list
shown in the Select Library window, then click Select.

Important: Make this choice carefully, because once you have made the association you cannot
change it.

Once the library is created, you must enter a meaningful description and select the cost units. Enter the
following data on the General tab:

Cost Type = Monetary

Monetary Unit = U.S. Dollars

Description = Plant Cooling - Pipe Costs Metric

Notes = This library is for the Plant Cooling Cost Calculation example file

oD~

Save the cost library to a file by clicking Save. Specify a file name such as, Plant Cooling - Pipe Costs
Metric.cst, and click Save. After saving, if prompted, choose to add the new library to the list of available
and connected libraries by clicking Yes.

The information on the General tab should appear as shown in Figure 3. The selected library file inform-
ation, cost type and monetary units, a description of the cost library, and any descriptive notes you have
added will be displayed.

Be sure to keep the Edit Cost Library window open for the next step. For this cost library, you will enter
pipe material and installation costs on the Pipe Material tab.

Note: The library filenames may be different than those shown in Figure 3.
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Edit Cost Library
General PFipe Materials Tables Summary
Cost Library Filename: MNone
Engineering Library Filename: CAAFT Products'AFT Fathom 13'Pipe Material Libraries\Steel - ANS| dat

Engineering Library Description: Steel - ANSI

Muttipliers on Cost tems:

Cost ltems Material | Installation | Maintenance
Cost Type: @ Monstary Fipe Materials 1 1 1
Monetary Unit: | LIS Dollars ~ Junctions 1 1 1
Fittings/Losses 1 1 1

Description: Plant Cooling - Pipe Costs Metric
Set All Multipliers to One

Notes:

This library is for the Plant Cooling Cost Calculation example

AFT Intemal Librany (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs

' Open Available... | | Save 2 Help
Extemal Library (Read-Only)
Local User Library 5 )_| New... j COpen Any... Bl Save hs.. ® Close

Figure 3: The Edit Cost Library window is used to enter cost library data

Enter the pipe material costs

After the pipe cost library has been created, select the Pipe Materials tab. This is where you will enter the
material and installation costs for the piping.

The Pipe Materials tab shows all the pipes in the engineering library (AFT Steel - ANSI Pipe Material
Library). Costs can be entered at several levels. You can enter costs at the material level, the nominal
size level, and finally at the type (i.e., schedule) level. Costs entered at the material level apply to all nom-
inal sizes and types in that material type. Costs entered at the nominal size level apply to all schedules
within that nominal size. Costs entered at the type (schedule) level apply only to that type. For this
example, all of the pipe material costs will be entered at the type (schedule) level for specific
sizes.

To enter a new cost, start by switching the Sort selection to Material, Type or Schedule, Nominal Size.
Navigate to Steel - ANSI, STD, 8 inch. Next click New Cost to create a new cost item in the table. The
new cost item will appear as a new column.

Each pipe size in this example has two non-recurring (NR) costs associated with it. The costs to be
entered are the material and installation costs. You will need to make a second column and chang Cost
Type to Installation (NR). Figure 4 shows the costs entered for 8-inch STD Steel - ANSI.

Enter the non-recurring pipe costs for the pipe in this example, as shown below.
All pipes are STD Steel - ANSI:
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Nominal Size | Material Cost | Installation Cost
(inches) (dollars/meter) (dollars/meter)
8 34.50 78.75
14 74.00 169.00
18 90.00 229.75
20 116.25 280.50
24 131.25 316.75
28 190.35 361.00
30 197.00 423.25
Edit Cost Library
General Pipe Materials Tables Summary
Fipe Materials, Sizes and Types: Bl E H
- B A Sort
-~ 10inch (O Material. Nominal Size, Type or Schedule oo oo b
-~ 12inch (®) Material, Type or Schedule, Nominal Size Export to Excel...
™ 14inch
™ 16inch
- 18inch . —Emr =
™ 20inch Dlamet?r =7.981 inches )
™ 22inch Cument: Steel - ANSI, 8inch, STD (schedule 40)
-~ 24inch v New Cost
Cost #1 Cost #2
Description
Cost Type Material (NR) |~ Installation (MR) |+
Cost (LS. Dollars) us 7875
Cost Per Length|~ Length |~
Cost Per Units meters [~ meters |«
Cosier Urie 2 |
Time saing o' |
AFT Intemal Librany (Read-Only) {NR) = Nonrecurring Costs, (R) = Recuring Costs # Open Availzble B sae D hep
Extemal Library (Read-Only)
Local User Library E )_| MNew... _}' Cpen Any... E! Save As... @ Close

Figure 4: Non-recurring pipe costs, such as material and installation costs, are entered on the Pipe Materials
tab

After the material and installation costs are entered for each STD type for the sizes listed above, click
Save to save the information in the cost library file, and then click Close to close the Edit Cost Library win-
dow.

Create a cost library for the elbow fittings with cost scale tables

Several pipes in the model have 90 degree elbows specified in the Fittings and Losses tab in the respect-
ive Pipe Properties windows. The cost of these 90 degree elbow fittings can be included in the cost
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calculation. The costs for these items will be accounted for in scale tables. Scale tables can be used to
vary a cost with a parameter such as diameter (i.e., size). Once created, this scale table can be applied to
fittings and losses items.

Create a cost library for the elbow fittings and losses costs by opening the Library menu and selecting
Cost Library. Create a new cost library by clicking New. You are prompted to choose the engineering lib-
rary with which the cost library will be associated.

»The cost library for the elbow fittings and losses will be associated with the AFT INTERNAL
LIBRARY, as this is the engineering library in which the pipe fittings and losses data is kept for the
default elbow pipe fittings and losses. Select AFT INTERNAL LIBRARY and click Select.

On the General tab, specify the following information:

Cost Type = Monetary

Monetary Unit = U.S. Dollars

Description = Plant Cooling - Elbow Costs

Notes = This library is for the elbows included as additional Fittings and Losses for the pipes

oD~

Click Save and save this cost library with a file name such as Plant Cooling - EIbow Costs.cst

The first table to create is the scale table for the 90-deg. elbow installation costs. Select the Tables tab,
and click New Table.

Enter the following data for the scale table on the New Scale Table window:

1. Name =90 Elbows Installation
2. Table Type = Diameter
3. Table Format = Cost

After entering the data, click OK.

Now enter the cost data in the table using the values in the table below, as shown in Figure 5. Note that
the diameter units are in inches because the Steel - ANSI pipe material library uses inches. However, if
you prefer to use a different unit for diameter, such as centimeters, AFT Fathom will make the appro-
priate conversions. For this example, use inches.

Diameter (inches) | Installation Cost (US dollars)
7.981 185.50
12.25 298.00
17.376 446.00
23.25 595.00
29.00 744.00
33.00 843.00

You do not need to enter data in the scale tables for every diameter in the model. If a diameter falls
between two data points in the table, AFT Fathom will use the points on either side to linearly interpolate
for a value. If the cost function is non-linear, you may need to add additional data points to achieve a
more accurate cost value.
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Create another scale table for the material costs using the following data:

1. Name =90 Elbows Material
2. Table Type = Diameter
3. Table Format = Cost

Diameter (inches) | Material Cost (US dollars)
7.981 68.00
12.25 151.50
17.376 262.50
23.25 373.50
29.00 484.50
33.00 558.50

After the scale tables have been created, and the cost data entered, the Tables tab should appear as
shown in Figure 5.

Edit Cost Library
General Pipe Fittings & Losses Tables Summary
- Table Units:  |inches ~ [T Edt Table -
Diameter Caost A
Table Type Fomat (inches) (US. Dollars)
90 Elbows Installation Diameter Cost 1 |78 1855
90 Elbows Materal Diameter Cost 3 1225 298
3 |17.376 445
4 (2335 535
5 |29 744
6 |33 243
8
B_ W
Mew Table... Delete Table Rename Table... Select Size From Library..
AFT Intemal Library (Read-Only) {MR) = Nonrecurring Costs, (R) = Recuring Costs # Open Available... B save Help
Extemal Library (Read-Only)
Local User Library i Mew.. = Open Any... Bl savess.

Figure 5: The Tables tab on the Edit Cost Library window is used to create cost scale tables

Click Save after the two cost tables are created and keep the Edit Cost Library window open for the next
step.
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Add the costs for pipe fittings

With the cost scale tables for the fittings defined, the costs for the pipe fittings can be added. Select the
Pipe Fittings & Losses tab. A list of all of the available fittings and losses is displayed in the Pipe Fittings
& Losses list.

The fittings in the model are Elbow/Bend, Smoothed Flanged, r/D=1, 90 deg. (C). Navigate through the
list until you find the proper selection for these fittings.

Add the material cost by clicking New Cost, and entering the following data:

Description = EIbow Material Costs
Cost Type = Material (NR)

Material = Steel - ANSI

Material Size = All Sizes

Material Type = All Types

Use Size Table = Table of Costs
Multiplier = 1

Size Scaling Table = 90 Elbows Material

© N o=

Now add the installation cost by clicking New Cost again and entering the following data:

Description = Elbow Installation Costs
Cost Type = Installation (NR)

Material = Steel - ANSI

Material Size = All Sizes

Material Type = All Types

Use Size Table = Table of Costs

Multiplier = 1

Size Scaling Table = 90 Elbows Installation

© N ok =

The actual cost values used for the fittings are the values that were entered in the scale tables on the
Tables tab. The scale table to use for each cost is specified when the cost is defined. After the cost data
is entered, the Pipe Fittings & Losses tab should appear as shown in Figure 6.
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Edit Cost Library
General Fipe Fittings & Losses Tables Summary
Pipe Fittings & Losses: =l Handbook Library List Definitions
= Elbow./Bend ~ Abbreviations: {C)= Crane

+)- Standard Threaded D= Diameter AR= Area Ratio ()= Idelchik
Mitre Po= Percent Open deq.= degrees {M)= Miller
Smaoth Hanged

-15deg. (C)

20 deg. (C) Curent: /D=1 - 30 deg. (C)
- 45deg. () v New Cost
Cost#1 Cost#2 A

Cost Type Material (NR) |~ Installation (MR) |+
Material Steel - ANSI |~ Steel - ANSI |«
Material Size All Sizes | v All Sizes | v
Material Type Ml Types |~ All Types |~
Use Size Table Table of Costs |~ Table of Costs |~

Cost 3. Doter) | W
e I
1 1

Multiplier
Size Scaling Table 50 Elbows Material |« 50 Elbows Installation |«

AFT Intemal Librany (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs

' Open Available... | | Save 2 Help
Extemal Library (Read-Only)
Local User Library 5 )_| New... j COpen Any... Bl Save As.. ® Close

Figure 6: The Pipe Fittings & Losses tab in the Edit Cost Library window is used to specify costs for pipe fit-
tings and losses items

Click Save and close the Edit Cost Library window, as now, the cost library for the elbow fittings and
losses is now completed.

Create a cost library for the pumps

To enter cost for a pump, or any other junction type, the junction must first be added to the an engin-
eering library in the Library Manager. Cost data is then entered in a cost library associated with that engin-
eering library. The pumps used in this example have already been added to an engineering library, but

no costs have been created for it yet. Create a new cost library associated with the Plant Cooling engin-
eering library by opening the Library menu and selecting Cost Library.

Click New, then select the Plant Cooling library and click Select. Specify the following general inform-
ation on the General tab:

Cost Type = Monetary

Monetary Unit = U.S. Dollars

Description = Plant Cooling - Pump Costs

Notes = This library is for the pumps in the Plant Cooling engineering library

oD~

Save the cost library to a file by clicking Save and giving the file a name such as Plant Cooling - Pump
Costs.cst. When prompted, choose to add the new library to the list of available and connected libraries.
Keep the Edit Cost Library window open for the next step.
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Enter the pump costs

After the pump cost library has been created, select the Junctions tab. This is where you will enter the
material and installation costs for the pumps.

All of the junctions that are available in the selected engineering library will be listed. Select the Metric -
Plant Cooling Pump from the list of pumps.

Add the material cost by clicking New Cost, and entering the following data:

Description = Pump Material Cost
Cost Type = Material (NR)

Use Size Table = (None)

Cost (U.S. Dollars) = 28500

Cost Per =Item

ok 0N~

Add the installation cost by clicking New Cost again and entering the following data:

Description = Pump Installation Cost
Cost Type = Installation (NR)

Use Size Table = (None)

Cost (U.S. Dollars) = 12500

Cost Per = Item

ok wbd -~

Figure 7 shows the pump costs entered in the cost library.

Click Save and then click Close.

Edit Cost Library

General Junctions Tables Summary

Junction Components: ElEE
= Pump
i... Metric - Plant Cooling Pump Export to Excel..

Import from Excel..
Show Engineering Data s

Cument: Pump, Metric - Plant Cocling Pump
New Cost

Cost #1 Cost #2

Diescription Pump Material Cast Pump Installation Cost
Cost Type Material (NR) |~ Installation (NR) |+
Use Size Table (Mone) [~ (Mone) |~
Cost (LS. Dollars) 28500 12500
Cost Per

Cost Per Units
Multiplier

AFT Intemal Library (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs # Open Available. H sae D Hebp
Extemal Library (Read-Onby)

Local User Library _ =_| New j COpen Any Bl SaveAs

Figure 7: The Junctions tab on the Edit Cost Library window is used to specify costs for junctions
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Connecting the cost libraries

The Plant Cooling engineering and cost libraries should have been added to the list of available libraries
and been connected to the example model. If they were not, you can use the Library Manager to connect
the cost libraries now (see Figure 9). The Plant Cooling - Pump Costs is connected subordinate to the
Plant Cooling. The Plant Cooling - Pipe Costs Metric is connected subordinate to the Steel - ANSI
pipe material library. Lastly, the Plant Cooling - Elbow Costs is connected subordinate to the AFT
INTERNAL LIBRARY. Refer to the AFT Fathom Help Content for information on how to connect libraries

using the Library Manager.

Make sure that the pumps are utilizing the engineering library junction data, otherwise the costs
will not be calculated.

| Pump Properties

Number: 110 Upstream Pipe: 100 o OK
Name: Pump 1A » Downstream Fipe: m —
i Elevation
ILibrary Jot: Metric - Plant Cooling Pump - I c
Inlet: 0 meters ~ Jump..
Copy Data From Jct ~ — NPSH
| Outlet Same as Inlet  Reference: P Help
Pump Model | Variable Speed | Optional | DesignAlerts | €3 Cost | Notes | Status

Figure 8: Pump using the engineering library data
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Library Manager
Library Browser
Edit Junciions

Edit Fluids

Edit Fipe Materials
Edit Insulations

Edit Fittings & Losses

Library Browser

Search: ‘

Selected Content Type Information

= AFT INTERNAL LIBRARY

i..[ Plant Cooling - Blbow Costs
LOCAL USER LIBRARY
-1 Plant Cooling
Junctions
-US - Plant Coaling Pump
- Metric - Plant Cooling Pump
Cost

Plant Cooling - Pump Costs
Copper Pipe - ASTM
Copper Tubing - ASTM
Ductile Iron - ANSI

ol
ol
+]

i
a
{
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=
=]
-
m

B3
;
i

;
;
!

£
-

E
i
E
¥
i Y
E

| Stainless Steel - ANSI
Stainless Tubing - AFT Customary
Steel - AFT Customary
Steel - ANSI
Fipe Materials
[m] Cost
Plant Cooling - Pipe Costs Metric
“..[ ] Plant Cooling - Pipe Costs US
Steel - DIN 2391-1
+ - Steel - DIN 2458

MNEEARRMARREE

A Number of Cost Libraries = 1
Plant Cooling - Elbow Costs

v

= MNote: checked library content can
Bl [l | Other Actons_ + be used inthe cument scenario

Create New Library... Add Existing Library ...

AFT Intemal Library
Read Only Library

Add Existing Cost Library...

User Default Set as Default

3

# Help @ Close

Figure 9: Library Manager with connected engineering and cost libraries

Step 5. Including objects in the Cost Report

The final step before performing a cost analysis is to specify which pipes and junctions you want to be
included in the final cost report. This is done by opening the properties window, navigating to the Cost
tab, and choosing Include in Cost Report for each pipe and junction to be included, as shown for Pipe

100 in Figure 10.

Include the four circulating water pumps and all of the pipes in the cost report. The Global Edit feature

may be used to update this information for all of the pumps and pipes.
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Pipe Properties
Number: 100 Upstream Junction: 100 o OK
Name: |Circ Pump 1A Suction | Downstream Junction: e Cancel
Copy Data From Pipe w ¥ ump
2 Help
Fipe Model | pq Fittings &Losses | Insulation Fluid Properties | DesignAlerts | Optional | % Cost | Hotes Status
Cost Repart Cost Information:
=== COST LIBRARIES USED ==
() Do Met Include Cost in Report All connected cost libraries
Q) = s Pl === COST MULTIPLIERS APPLIED ===
Material 100 %

Installation 100 %
Maintenance 100 %
Fittings/Losses 100 %

=== SERVICE DURATION ===
Start None
End Mone

Cost Application...

Figure 10: The Cost tab on the Pipe and Junction Properties windows is used to include the objects in the
Cost Report

Step 6. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 7. Examine the Cost Report

The Cost Report is displayed in the General Results section of the Output window. View the Cost report
by selecting the Cost Report tab. The content of the Cost Report can be modified from the Output Control
window. Figure 11 shows the Cost Report for this example with the Material, Installation, Oper-
ation/Energy, and Total costs displayed.

The Cost Report shows the total system cost, as well as the individual totals for the material, installation,
and energy costs. In addition, the Cost Report displays the detailed cost for each pipe, junction, and fit-

ting that was included in the report. The items are grouped together by type, and a subtotal for each cat-
egory is listed.
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# | General \Warnings = Design Alerts | Cost Report | Pump Summary | Valve Summary | Heat Exchanger Summary = Reservoir Summary
s Type Name Material | Insiallation | MOTRECUTNG | yinyenonce | OperationEnergy TOTAL | 2

TOTAL OF ALL MODEL COSTS 4.589.100
Total of All Shown Cosis 413,515 687.646 1.101.160 0 3.487.938 3.487.938 4.583.099
Pipe Subtotal 287.112 617.62 904,734 0 904.734
P100 Pipe Circ Pump 1A Suction 842 1.150 0 1.150
P101 Pipe Circ Pump 1A Disch 1683 2381 2381
P02 Pipe  Circ Pump 1B Suction 842
P103 Fipe Circ Pump 1B Disch 1683
P104 Fipe Supply 1 126,975
P105 Fipe Cond 1In 5415
P106 Pipe Cond 1 Qut
P107 Pipe LOCir1in
P102 Pipe LO Cir 1 Out
P10 Pipe Return 1
P110 Pipe CT 1 Hdr A
P11 Pipe CT 1HdrB
P112 Pipe Riser 111
P113 Pipe Riser 172 .0
P114 Pipe Riser 113 2,028
P200 Pipe  Circ Pump 2A Suction 842
P201 Fipe Circ Pump 2A Disch 698 1683 2381 2381
P202 Fipe Circ Pump 2B Suction 49 842 1,190 1,190
P203 Fipe Circ Pump 2B Disch 698 1683 2381 2381
P204 Pipe Supply 2 59,100 126,975 186.075 186,075
P205 Pipe Cond 2In 2,855 5415 8270 8270 v

Figure 11: The Cost Report in the General Output section shows the results of the cost analysis

Analysis Summary

The cost analysis for this example shows the following costs for the plant cooling system design:

Total of All Model Costs $4,589,100
Total Material Cost $413,515
Total Installation Cost $687,646

Total Operation/Energy Cost | $3,487,938
Total Cost of Pipe $904,734

Total Cost of Pumps $3,651,938
Total Cost of Fittings $32,426

Minimizing Cost with AFT Fathom Automated Network Sizing Module™

The AFT Fathom Automated Network Sizing Module (ANS) is a tool built on AFT Fathom technology.

With the ANS module you can automatically size all pipes or ducts in your system to minimize monetary

cost, weight, volume, or surface area. In addition, you can concurrently size the pumps and pipes to

obtain the absolute lowest cost system that satisfies your design requirements. Finally, by accounting for
non-recurring and recurring costs, you can size pipe and duct systems to minimize life cycle costs over

some specified duration.
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By using the AFT Fathom Automated Network Sizing Module (ANS) on this example, not only could the
system cost be determined, the cost could also be minimized by varying selected pipe and junction sizes
in the system.
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Summary

This example demonstrates how one can take small-scale raw rheological data for a mill slurry at a min-
erals plant and use it on a full-scale pipe calculation.

Topics Covered

* Reviewing and entering rheological data
* Using homogeneous scale-up features
*  Obtaining and using Power Law and Bingham Plastic constants

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

In addition the user should have worked through Non-Newtonian Phosphates Pumping example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Non-Newtonian Mill Discharge Slurry.fth
* Non-Newtonian Mill Discharge Slurry Data.xIsx

Problem Statement

The piping for a non-settling slurry for a mill discharge at a minerals plant is being designed. The system
will supply 200 m3/hr of slurry through a 12-inch (305 mm) horizontal pipe 100 meters long.

Rheological data using the actual fluid in a 1/4 inch (1 cm) pipe has been obtained. Perform non-settling
slurry calculations to evaluate how well the Bingham Plastic and Power Law models follow the raw data.
Then determine the pressure drop in the full-scale pipe using Bingham Plastic, Power Law and Homo-
geneous Scale-up models.
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Step 1. Review Raw Data in Excel

The data taken for 1/4 inch STD schedule (0.9246 cm ID), 0.75 meter pipe is as follows:
Density = 1400 kg/m3

Table 1: Pressure drop data on mill slurry (1/4 inch pipe - 0.9246 cm ID, 0.75 meter long)

Run Q (m3/hr) dP (Pa)
1 0.003 25,000
2 0.015 36,000
3 0.025 44,000
4 0.050 53,000
5 0.100 60,000

The Bingham Plastic and Power Law models typically process data in terms of shear rate and shear
stress. The above data needs to be changed into a form for input into AFT Fathom.

Open the provided Excel spreadsheet Non-Newtonian Mill Discharge Slurry Data.xIsx. Click the
Excel tab for Metric units. Here one can see the raw data and calculated shear rate and shear stress. See
Figure 1 for a view of the data. The shear rate and shear stress data is in the yellow columns.

Tube Diameter

0.009246 meters

Tube Length 0.75 meters
Slurry Density 1400 kg/m3
Gravity 9.81 meters/sec2
Test Data Calculated Data Data Input to Fathom Fathom Results
Shear Shear Bingham |Power Law
Rate  Stress (Tau) Plastic
Run # |Flow rate AP Flow rate  Velocity Jm 8viD PD/AL _ |Vol. Flow | dP Stag.| dP Stag.
md/hr  Pascals mi/sec  meters/sec  m/m_ |1/seconds Pascals m3d/sec | Pascals | Pascals
1 0.003 25,000 8.333E-07 0.0124 243 10.7 77.0 8.33E-07| 34.082 24,830
2 0.015 36,000 4.167E-06 0.0621 3.49 83.7 110.9 417E-06| 38,869 37,592
3 0.025 44,000 6.944E-06 0.1034 427 89.5 135.6 6.94E-06) 41794 42,881
4 0.050 53.000 1.389E-05 0.2069 5.15 179.0 163.3 139E-05| 47,996 51,267
5 0.100 60,000 2.778E-05 0.4137 5.82 358.0 184.9 2.78E-05) 58,840 61.294]

Figure 1: Mill slurry raw and calculated data from Excel file

Step 2. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel:

a. Fluid Library = User Specified Fluid

b. Name = Mill Discharge Slurry

c. Density = 1400 kg/m3

d. Dynamic Viscosity = 1 Pa-sec (note that the viscosity entered here will not be used once

the non-Newtonian parameters are entered)
3. Open the Viscosity Model panel

a. Viscosity Model = Bingham Plastic
b. Select Calculate from Rheological Data
c. Click Calculate Constants
d. Raw Data Type = Tube Flow Rheometer Data (8V/D)
e. Raw Data = (make sure to change the units for Shear Stress to Pascals)
Parameter Shear Rate | Shear Stress
Units 1/seconds Pascals
1 10.7 77.0
2 53.7 110.9
3 89.5 135.6
4 179.0 163.3
5 358.0 184.9

f. CurveFitOrder=1
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Calculate Bingham Plastic Constants

Rheclogical Data

Raw Data Type: (@ Tube Flow Rheometer Data (8V/D)
() Shear Rheometer Data {du/dy)
Shear Rate Shear Stress
avin Tau
Parameter Shear Stress

Units | 1/seconds Pascals
1 0.7 77
2 537 1109
3 835 1356
4 173 163.3
] 358 1849
B
7
]
]
10
11
12
13
14

Curve Fitting
Curve Fit Type:

Curve Fit Order

[« ok

||m Cancel ||® Help

Figure 2: Bingham Plastic data entry

- 163 -




Non-Newtonian Mill Discharge Slurry

Calculate Bingham Plastic Constants
Rhecological Data | Calculate Bingham Plastic Constants
Mp = 0.1652 kg/sec-m, To = 9.507E-04 bar

20

o |

& [ |
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Shear Rate * (1+3n)/4n (1/zeconds)
Max ¥-Axis Value: Print Graph Customize Graph...

Figure 3: Bingham Plastic curve fit and constants calculation

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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* Workspace tj Medel Data = Output | 1= Graph Results | &> Visual Report
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Figure 4: Layout of pipe system for Mill Discharge Slurry example

Pipe Properties

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size =1/4inch

Type = STD (schedule 40)
Length = 0.75 meters

ok 0N~

Junction Properties

1. J1 Assigned Pressure
a. Elevation =0 meters
b. Pressure =10 bar (1000 kPa)
c. Pressure Specification = Stagnation
2. J2 Assigned Flow
a. Elevation =0 meters
b. Type = Outflow
c. Flow Specification = Volumetric Flow Rate
d. Flow Rate =0.003 m3/hr

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
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Non-Newtonian Mill Discharge Slurry

have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

Figure 5 shows the Output window. It can be seen that the pressure drop is 0.3408 bar (34,082 Pascals)
for 0.003 m3/hr, compared to the raw data value of 0.2500 bar (25,000 Pascals).

2 | Pipes

Name | Wol. Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH P Static | P Static | P Stag. | P Stag.
Rate Max Min n Outlet Total Total Gravity In Out n Out
(m3thr) (meters/sec) (bar) (bar) (meters) | [meters) (bar) (bar) (bar) | [meters) (bar) (bar) (bar) (bar)

1 |Fipe 3.000E-03 0.01241 10.00 9,659 0 0 034080  0.3408 0 2482 10.00 9.659 10.00 9 555|

PFipe

Figure 5: The Output window with default output data

Step 7. Create Scenarios

From the Base Scenario, make a child scenario named Bingham Plastic.

Step 8. Run Other Bingham Plastic Scenarios

Load the Bingham Plastic scenario and use the Duplicate Special feature to create five identical runs.
Enter flow rates of 0.015, 0.025, 0.050 and 0.100 m3/hr at the Assigned Flow junctions. Run the model
and note the pressure drop for each pipe.

Step 9. Create and Run Power Law Scenarios

In the Scenario Manager, right click the Bingham Plastic scenario and select Clone Without Children.
Name this scenario Power Law.

1. Load the Power Law Scenario
2. Open Analysis Setup
3.  Open the Viscosity Model panel
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a. Viscosity Model = Power Law
b. Select Calculate from Rheological Data
c. Click Calculate Constants
d. Raw Data Type = Tube Flow Rheometer Data (8V/D)
e. Raw Data = should still be loaded from before
f.  Curve FitOrder =1
g. Click Generate Curve Fit Now
h. Click OK
4. Click OK

Run the model again.

Figure 7 shows the output for each of the ten cases. Figure 8 plots the test data against the results of
Bingham Plastic and Power Law. From Figure 8 it is clear the Power Law model fits the mill discharge
slurry data better than Bingham Plastic.

Rheological Data | Calculate Power Law Constants

K = 36.09 kg/sec-m, n = 0.2577

LogiShear Strass)

0.3 1.3 2 23 3

Log(Shear Rate * (1+3n)/4n) |

Max ¥-Axis Value: Frint Graph Customize Graph...

Figure 6: Power Law curve fit from Viscosity Model panel
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Tube Diameter 0.009246 meters
Tube Length 0.75 meters
Slurry Density 1400 kg/m3
Gravity 9.81 meters/sec2
Test Data Calculated Data Data Input to Fathom Fathom Results
Shear Shear Bingham |Power Law
Rate  Stress (Tau) Plastic
Run # [Flow rate AP Flow rate  Velocity Jm 8viD PD/L  |Vol. Flow | dP Stag.| dP Stag.
md/hr  Pascals md/sec meters/sec m/m_ |1/seconds  Pascals m/sec | Pascals | Pascals
1 0.003 25,000 8.333E-07 0.0124 243 10.7 77.0 8.33E-07| 34.082 24,830
2 0.015 36,000 4.167E-06 0.0621 3.49 53.7 110.9 4 17E-06| 38,869 37,592
3 0.025 44,000 6.944E-06 0.1034 427 89.5 135.6 6.94E-06( 41794 42,861
4 0.050 53,000 1.389E-05 0.2069 5.15 179.0 163.3 1.39E-06[  47.996 51,267
5 0.100 60,000 2.77T8E-05 0.4137 5.82 358.0 184.9 2.78E-05 58,540 61.294]

Figure 7: Summary of AFT Fathom output and test data

Pressure Drop vs. Flow

70,000
60,000
—-—-—F-’-
50,000 L
.—"“"E’-—.—
— 40 m{] ,..-_.—""'"'-.- e Tast Data
2 ’ 7| —=—Bingham Plastic | |
E E//Ltw Power Law
® 30,000 — ||
0o
= &
S 20,000
10,000
0
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Flow (m3/hr)

Figure 8: Graph comparing AFT Fathom output and test data

Step 10. Evaluate Full Scale Data

Make another child scenario called Full Scale - 12 inch

Change pipe P1 to 100 meters length and 12 inch diameter

Change junction J2 to a flow rate of 200 m3/hr

Make three child scenarios below Full Scale - 12 inch: one for each, Bingham Plastic, Power
Law, and Homogeneous Scale-up

Ao bNh =
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5. Load the Bingham Plastic scenario, open Analysis Setup, and perform a curve fit for Bingham
Plastic

6. Run the Bingham Plastic scenario and note the pressure drop
7. Repeat the above for the Power Law scenario

8. Forthe Homogeneous Scale-up scenario, use the test data from the Excel spreadsheet. Make
sure to enter the data as Volumetric in m3/hr and Jm in m/m. All 5 data points are laminar flow, as
shown in Figure 9.

Hemogeneous Scale-up
Raw Data  Graph
o OK
Test Pipe Material Data
Material Steel - ANSI w Cancel
Size: 1/4inch ~ 2 Help
Type: STD (schedule 40) ~
Inner Diameter: (0.9245599 | cm i
Flow Head/Pressure ~
Volumetric Jm Flow
(m3hr) (mim) Regime
Parameter | Volumetric ~ | Jm ~
Units mhr ~ | mim ~

1 0.003 243 Laminar ~

2 0.015 349 Laminar ~

3 0.025 4327 Laminar “

4 0.05 5.15 Laminar ~

5 0.1 5.82 Laminar ~

6 Laminar ~

7 Laminar w

(] Laminar w

2l Laminar w

10 Laminar w

1 Laminar w

12 Laminar w

13 Laminar v &

[ Edit Table v| | Make All Laminar Al Turbulent After First Turbulent Create Graph

Figure 9: Homogeneous Scale-up window with test data input

Figure 10 shows a comparison of pressure drop results using multi-scenario output for the three children.
It can be seen that there is closer agreement between Power Law and Homogeneous Scale-up. The
Bingham Plastic results are not as close which was true earlier in this example comparing to actual test
data (Figure 8). Therefore the Bingham Plastic pressure drop should be excluded and the design pres-
sure drop should be based on Power Law and Homogeneous Scale-up.
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2 | Fipe
Name | Vol. Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH PStatic | P Static | P Stag P Stag
Pipe. ate Max | Min Inlet | Ouet | Totl | Total | Gravity In Out In Out
(m3h) | (metersisec) | (bar) | (bar) | (meters) | (meters) | (bar) {ba) | (ban | (meters)| (ba) | (ba) | (ba) | (ban)
= 1 - Bingham Plastic HiA 2000 07614 59% 8564 0 0 1432 142 0 10427 39% 8564 1000  B56E
1 - Power Law HiA 2000 07614 936 8817 0 0 1178 117 0 8584 3396 @87 1000 882
1 - Homogeneous Scaleup | Pipe 2000 07614 9336 8889 0 0 1107 1107 0 8063 3396 888 1000 883
& [ AllJunctions | Assigned Flow | Assigned Fressure
Name P Static | P Stsic | PStag. | PStag. | Vol Flow Rate | Mass Flow Rate | Loss Factor
Jat In ut In Out Thru Jet T [
(=) | () | (ban) | (ban) (m3ih) (kgls=c)
= 1 - Bingham Plastic HiA 9996 9395 10000 10000 2000 7778 0
1 - Power Law A 999  99% 10000 10,000 2000 71.78 0
1- Homogeneous Scale-up | Assigned Pressure | 9996 9395 10000 10.000 2000 71.78 0
=) 2 - Bingham Plastic A 8564 G564 G568 8568 2000 7778 0
2- Power Law A 2817 8817 2822 8822 2000 71.78 0
2- Homogeneous Scale-up | Assigned Flow 2883 8833 8833 88; 2000 7178 0

Figure 10: Full scale pressure drop comparison of Bingham Plastic, Power Law, and Homogeneous Scale-up

Analysis Summary

A non-settling mill discharge slurry for a minerals plant was modeled using non-settling slurry cal-

culations in AFT Fathom. Runs for small scale and full-scale calculation were made and pressure drop
was determined for these cases.
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Flow Induced Vibration Calculations (Metric Only)

Summary

Repeated vibration on a piping system can result in vibration induced fatigue and failure. Pipe failure due
to vibration creates safety concerns for personnel and environmental contamination, as well as costly
downtime and repairs. Despite these concerns, vibration sources and resulting fatigue are often not
addressed by design standards. Instead, designers and operators often react to vibration issues rather
than prevent and avoid these issues proactively.

In response to vibration concerns, the Energy Institute developed the Guidelines for the Avoidance of
Vibration Induced Fatigue Failure in Process Pipework. These guidelines provide sources of vibration for
engineers to consider, many of which can be identified or modeled in an AFT application as found in the
Table 1 below.

Table 1: Vibration sources and applicable AFT Application

Vibration Sources AFT Appllc-
ation
Surge chansueidtir}low/— AFT Impulse /
9 9 AFT xStream
pressure
Cavitation Vapor formation | AFT Fathom/
and collapse AFT Impulse
":)i’::i’fis AFT Impulse
Reciprocating . PFA Module /
. quencies to
Equipment avoid durin AFT xStream
"I 1 PFA Module
operation
FIV flaur;bf?ﬁgi- AFT Fathom /
e AFT Arrow
continuities
AIV High frequency | e arouw
acoustic energy
Excitation at
FIP dead end AFT Arrow
branches

These guidelines provide a structured approach to identify, assess, and correct vibration concerns
through qualitative and quantitative methods. AFT has developed a Flow Induced Vibration Calculations
spreadsheet which, in conjunction with model output and user input, can perform key parts of the recom-
mended quantitative assessment of different vibration sources. These calculations used with the Energy
Institute guidelines will help engineers identify vibration concerns in their systems.
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Flow Induced Vibration Calculations

In this example, learn how to use AFT Fathom to help calculate the Likelihood of Failure (LOF) for Flow
Induced Vibration (FIV) in accordance with Energy Institute Guidelines to avoid vibration induced
fatigue failure.

Topics Covered

* The cause and concerns of Flow Induced Vibration (FIV):
*  Occurs in both compressible and incompressible flow
* Excitation caused by turbulence from discontinuities or boundary layer separation
* Generally concentrated at low frequencies (<100 Hz)
* Canlead to visible vibrations of piping and supports
* Required calculation parameters for FIV
* Excel Export Manager
* Use of AFT vibration analysis spreadsheet

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

*  Metric - Flow Induced Vibration Calculations.fth

* Flow Induced Vibration Calculations.xIsx

Problem Statement

Turbulence is common in most practical piping systems. In this example, we will examine turbulence in
straight pipes, caused by the boundary layer at the pipe wall, with its intensity depending on the flow
regime, characterized by the Reynolds number. However, in typical scenarios, major flow disturbances
like process equipment, partially closed valves, sharp bends, tees, and reducers are the primary sources
of turbulence.

Reference: Pages 48-53, Section T2.2, Flowchart T2-1

Purpose: Looking at the part of the mainline with most turbulence and the greatest distance between
supports to determine the LOF

Input Values/Sources/Descriptions:
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Flow Induced Vibration Calculations

Note: Table 2 shows the specific values used in this model, but the steps in this Example can be used
to calculate the LOF for vibration concerns in any model.

Table 2: Input Values/Sources/Descriptions

. Example .
Object Inputs Value Source Description
Max span
. length
P4 (Pipe) L,span 7m User Input between sup-
ports
P4 (Pipe) T 9.525 mm UserInput | Tckness of
pipe wall
Structural nat-
P4 (Pipe) fn (adv. only) 1Hz User Input ural fre-
quencies
P4 (Pipe) D,int 43815mm | AFTExport | 'Memalpipe
diameter
. 998.9342 Fluid density
P4 (Pipe) o] kg/m3 AFT Export (static)
P4 (Pipe) \' 4.0503 m/s AFT Export Fluid velocity

Note: L,span of 7 m assumes that supports are at the elbows and the pressure boundaries for the
example model.

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the Model

Open the Metric - Flow Induced Vibration Calculations.fth model file.

The workspace should look like Figure 1 below.
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Figure 1: Layout of FIV Analysis Model on the Workspace

Step 3. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 4. Excel Export Manager

1. From the Workspace, click the Excel Export Manager button on the toolbar, then click Open.

File Edit View Analysis Tools Database Armange
7 e & & B a
I Workspac EJ Output
D @~ |k

[%2 Graph Results

Window Help

Search:

Na-Mm

® Visual Report

*
+

Figure 2: Opening Excel Export Manager from the Workspace

2.

The Excel Export Manager window appears.
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Excel Export Manager

& o) E o B, Ay
Harw Dupbcate Deiste Deslster A4 Advanced
Apphy o Export Source Obpect Paramaier Urits Excel Excel | Exeel | Heacer Units| Add Shew
Export Type Sheet Starting | Ending Excel  Example
Cell | Cell Comments
1 —S-:'e.::.e Fipe pee] mm FIV c13 | O
2| B SngleValue Pipe P4 (Pips] kg/m3 FIV cle
B SngleValue Fipe: ) o Mt e Frv €15
M Nene et Pt E [ ff 4 bemisnot avalable in cument scenss
Excel Expont Location
© Creste New Werkbask
Previously Saved Wordkbaok
4 Eont No P
S T Atomancaly Export Ater Furving Model oK B cees Hekp

Figure 3: Excel Export Manager window

Note that three rows have been added to the Excel Export Manager with the following information. P#
(Pipe) is the same pipe for all rows.

Table 3: Excel Export Manager parameters for FIV calculations

Object Parameter Units I;):;ZL E);::ZI g::lrt' Header Units
P# (Pipe) ﬁ'; d”:::i:: mm F'L/iijaic'fs Cc13 O O
P# (Pipe) Flazr}f\igr:‘;e kg/m3 F'E/ici?écs C14 O O
P# (Pipe) Velocity meters/sec Flt/i(i?(ljcs C15 O] O]

3. Atthe bottom, for Excel Export Location, click the radio button for Previously Saved Workbook.
4. The Flow Induced Vibration Calculation Excel spreadsheet should be preselected. If not, click the
Select Workbook button, navigate to the Flow Induced Vibration Calculation.xIsx file then

click Open. The top of the Excel Export Manager window should look like Figure 4 and the bottom
should look like Figure 5.

- 175 -



Flow Induced Vibration Calculations

el X & L ag
Duphoste Dielete Delete A o Advanced

Souwce Cibgect Faramater Uiy Emcel Excel | Excel | Header | Usity fdd Show

Sheat Excel | Example

Comments

Pagn |~ P1(Fips) ~ Dipwwier Hydrauhe [:|

w Pige v P1(Pipe) ~| Density of Flusd Average |« | inyimd D

w |Pipe  |w P1iPipe) ~| Vielocity O 0

Figure 4: Excel Export Manager window with incompressible fluids

Excel Expont Location
Croate New Waodkbook
I O Previously Saved Workbook  Select Wordbook Fiow induced Vibration Calculations xiax. I

Oear Shaet Dnts
1 Bpot Now . 5
— Austomaticaly Export After Rurring Model oK B Concs ¥ Hep

Figure 5: Bottom of the Excel Export Manager window

5.  Once all inputs are confirmed to match the above window, click Export Now at the bottom left.

Encel Expont Location
) Contn New Workbook |
) Prewiously Saved Workbook Flow Induced Vibration Calculations xbsx i

D Bt Now | | [ G2 Shet Data
e [ Automancaly Export Mer Running Model oK B concel ¥ hep

Figure 6: Bottom of the Excel Export Manager window

Step 5. Vibration Analysis Spreadsheet

AFT Fathom will export the parameters to the spreadsheet which has the prebuilt calculations.

To complete the vibration analysis, use the following instructions:
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***50e Flow Induced Turbulence Vibrations {FIV) procedure for instructions on how to use this spreadsheet***

The equations and methodelogy used here are from "Guidelines for the Avoidance of Vibration Induced Fatigue Failure in Process Pipework” Section T 2.2
This workbook is intended for use by authorized users of the above guidelines. See the £l website for more infarmation or to purchase the guidelines:
https:// publishing enerpyinst orgftopics/asset-integrity/guidelines-for-the- avoidance- of-vibration- induced- fatigu e-failure-in-process-pipework

Inputs Key
7 User Input
9.525 m AFT Export
1 Result
43815
5989347
40503

Cutput
0.377 |

Export Guide | [IMCGIGRSCWEN FIV Cakcs Gases | FIPCals AV Cal =

Figure 7: Flow Induced Vibration Calculations Excel document following export

1. Navigate to the FIV Calcs Liquid sheet in the Excel workbook.

2. With the values from AFT Fathom, note the user specified values for the remaining inputs:
a. L,spaninm
b. Tinmm
c. fn(advanced only)
* For the highest accuracy, the natural frequency should be measured for the system.

* Ifthe natural frequency is not known the typical fundamental natural frequency for
the system based on the support type is given in Table T2-1 on page 50 of the E|
Guidelines and is shown in the spreadsheet in the “Determining Support Type” table
in cells F28-F31.

3. The LOF is calculated and shown in cell C19 in the output section.
4., Use the EI Guidelines to determine appropriate actions based on displayed LOF.

Conclusion

An LOF of 0.377 indicates a moderate risk that the pipe may fail, but does not necessarily require a full
redesign of the main line. When failure is not imminent (LOF < 0.5), the following is recommended by the
El Guidelines:

* Small bore connections on the main line should be assessed.

* Avisual survey should be undertaken to check for poor construction and/or potential vibration
transmission from other sources.
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Module Walk-Through Examples

The examples in the Fathom Module Help System are designed to get new users trained to use the
Fathom modules correctly in the shortest amount of time.

If this is your first time using Fathom, please start with the Walk-Through Examples to learn how to create
and run Fathom models. Start with the Three Reservoir Model, because it provides the most complete,
basic description on how to set up and run a Fathom model. After this example, it is recommended that
you work through the remaining Walk-Through examples.

If you are just learning to work with the Fathom modules, start with the Beginner model for each module,
then choose an example from the tables on the Module pages that most closely matches your applic-
ation. The examples are arranged in order of increasing complexity.

Fathom GSC Examples
Fathom XTS Examples

Fathom SSL Examples
Fathom ANS Examples

Fathom Combined Module Examples
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Goal Seek and Control (GSC) Examples

The examples below utilize the Goal Seek and Control module.

Fathom GSC Examples

Example Complexity Fluid Pipes Pumps Description

Learn the basics of the GSC
module. See how to use
Analysis Setup to activate
and enable the GSC module

Beginner - Heat Beginner Water ’ 0 and to use the Goal Seek
Transfer in a Pipe (liquid) and Control group to define
variables and goals. Learn
where to find the GSC Vari-
ables and GSC Goals tabs
in the Output window.
Pump Sizing and Learn how to use the GSC
Selection with Beginner Water 9 1 module to size a pump in a
Flow Control (liquid) system with a pump and
Valves flow control valves in series.

Learn how to link GSC vari-

Cooling System Beginner V\/atgr 20 2 gbles together to apply mul-
(liquid) tiple variables and goals in a

single simulation.

Learn how to use the GSC

Model Calibration Water module to vary pipe friction
with Pipe Vari- Beginner L 6 0 to calibrate a model to
(liquid)
ables match a measured volu-

metric flow rate.

Learn how to create groups

Spray Discharge . Water and use the Group Max/Min
Intermediate o 11 0 .
System (liquid) and Group Sum goals using
the GSC module.
Learn how to use the GSC
Controlled Heat module with heat transfer to
— . Water
Exchanger Tem- Intermediate (liquid) 10 1 vary the open percentage of
perature g a three-way valve to achieve

a desired temperature.

NFPA Firewater Water Learn how to use the GSC

System Intermediate (liquid) 71 0 module to determine the
=ystem 9 most hydraulically remote
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Goal Seek and Control (GSC) Examples

Example Complexity Fluid Pipes Pumps Description

nozzle for NFPA Reports.

Beginner - Heat Transfer in a Pipe - GSC

Summary

The objective of this example is to demonstrate how goals and variables are used in the GSC module to
achieve an objective.

For this example, we will use the GSC module to determine the flow rate required such that the fluid at
the outlet of a 30-meter section of pipe, with heat transfer, reaches a temperature of 50 deg. C.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Defining the Goal Seek and Control group
* Understanding Goal Seek and Control Output

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Beginner - Heat Transfer in a Pipe.fth
* Metric - Beginner - Heat Transfer in a Pipe - GSC.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

- 180 -


https://www.aft.com/products/fathom/video-tutorial-series
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Step 2. Open the model

Open the Metric - Heat Transfer in a Pipe.fth example file listed above, which is located in the
Examples folder in the AFT Fathom application folder. Save the file to a different folder. The workspace
should look like Figure 1 below:

/" Workspace | £7 Model Data | [ Output | [ Graph Results | &> Visual Report
P e - @- (x| - A ) = ¢

- 25

o [
@, n - 42
SR
o ™
ETI
% e
0 oo
= O
Ay =
o B
E =

= v

Base Scenario M G 100w D Ll E -1 oz

Figure 1: Workspace for GSC Heat Transfer example

Step 3. Define the Modules group

The GSC module is controlled through the Goal Seek and Control group in Analysis Setup. Open Ana-
lysis Setup and navigate to the Modules panel. Check the box next to Activate GSC. The Use option
should automatically be selected, making GSC enabled for use. Alternatively, GSC can be enabled from
the Analysis menu by going to the Goal Seek & Control option and selecting Use, as shown in Figure 2.

- 181 -



Goal Seek and Control (GSC) Examples

File Edit View | Analysis | Tocls Library Arrange Window Help

& kB & B B2 Analysis Setup... £
[ —
ﬁ“ 3 .
" Workspace Goal Seek & Control Ignore ual Report
= 4 System Properties... v Use
) Y P : _ b T
P RunModel... Ctrl+R

N} J2

o

Figure 2: GSC can be enabled and disabled from the Analysis menu

Step 4. Define the Goal Seek and Control Group

The Goal Seek and Control group is made up of three items: Variables, Goals, and Numerical Controls.
The default settings in Numerical Controls will suffice for most applications and no input is necessary in
this panel for this example. The variables and goals are defined in their respective panels. The Variables
panel is shown in Figure 3 below:

Analysis Setup X
[0 Modues ¥ | Varibles
A®  Fluid Properties ~
D  Pipes and Junciions “ New Variable | | Duplicate Vaniable | | Delete Variable | | Delete All Variables Parameters to vary in order to reach goals
= Apply Object Type Junction Type Object Number Variable Link To Lower Bound Upper Bound
D EElEmeETIl oo and Name. Parameter (Optional) {Optional)
Variables
Geals
Numerical Controls
24  Steady Soluion Contrl
#9  Environmental Properiies
2@ CostSeltings ~
Z9  Miscellaneous v
Al | Nome || Invert B 44
Collapse AllGroups T Same As Parent P Hebp Cancel

Figure 3: Variables panel

Variables Panel

In the GSC module, variables are the parameters that the solver will modify in order to achieve the spe-
cified goals. There should be one variable defined for each goal.
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Open the Variables panel in the Goal Seek and Control group in Analysis Setup. The Variables panel
allows you to create and modify the system variables. The object type and junction type are selected,
then the name and number of the object to which the variable applies, and the object parameter that is to
be varied are specified all on the Variables panel.

To create a new variable, follow these steps:

Click New Variable

Apply = Checked

Object Type = Junction

Junction Type = Assigned Flow

Junction Number and Name = J2 (Assigned Flow)
Variable Parameter = Flow

Link To = (None)

Lower Bound (Optional) = 0

® NN~

The Apply column allows users to specify which of the variables that have been defined will be used. This
allows the flexibility of creating multiple variable cases, while only applying selected variables for any
given run.

The Link To column allows users to apply the same variable to multiple objects. This allows users to force
parameters for several objects to be varied identically.

Upper and Lower Bounds provide logical extremes during the goal search. For this case, leave both the
lower bound and the upper bound values blank.

After entering the data, the Variables panel should appear as shown in Figure 4:

Analysis Setup X
Fo  Modies v ‘ Variables
AO  Fluid Properties ~
=3 7
D  Pipes and Juncions © New Variable | | Duplicate Vanzble | | Delete Varisble | | Delete Al Variables Parameters to vary in orderto reach goals
@ Apoly | ObiectType | Junction Type Object Number Variable | LinkTo | LowerBound | Upper Bound
T EmlEmiaiemTl o and Nome Porameter (Optional) (Optional)
&, Varizbles 1 Junction | Assigned Flow | | J2 (Assigned Flow) |v | Flow ~ | (None) w0
& Goals
Numerical Controls
TH Steady Solution Control
B Environmental Properfies
€0 CostSetiings -
®  Miscollancous ~
Note: Upper and lower bounds provide logical extremes for the search. Units for bounds are same as on Properies window
| Bz | G B [#1$] poeao or press ight mouse button on the far left column to view the Specfications or inspaction window
Collapse All Groups @ Same As Parent D Hep o OK B3 Cancel

Figure 4: The Variables panel is used to specify the variables

Goals Panel
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Goals are the parameter values set by the user that Fathom adjusts the variables to achieve. There
should be one goal defined for each variable.

Open the Goals panel in the Goal Seek and Control group. The Goals panel allows you to create and
modify the system goals. The goal type, object type, and the goal parameter are selected. A criterion for
determining if the goal has been met is then specified, along with a value and units for the goal para-
meter. You can select the object to which the goal applies, and, if applicable, the location on the object at
which the goal applies (i.e. the inlet or outlet of a pipe object).

Do the following:

Click New Goal

Apply = Checked

Goal Type = Point

Object Type = Pipe

Goal Parameter = Temperature
Criteria==

Goal Value =50

Goal Units =deg. C

Object ID = P1 (Pipe)

Object Location = Outlet

© ©® N O AWM=

—_

After entering the data, the Goals panel should appear as shown in Figure 5:

x
~ ‘ Goals
i =3 *® &
- New Goal Duplicate Goal Delete Goal Delete All Goals Desired goals in Output
~ Apply Goeal Type Object Gozl Criteriz Goal Geal Object Object
Type Parameter Value Units D Location
1 Poit  |v| Pipe |~ | Temperature [v| = 80 deg. C || P1 (Pipe) [ Outiet ||
2&  Steady Solution Control
B9  Environmental Properties
©© CostSelfings ~
B Miscellaneous -
A | Nons |[inver EI | & Note: Double-clck or pess ight mouse button on the far lef column to view the Properties or inspection window for a pipe orjunction
Collapse Al Groups Z  Same As Parert P Hep «f OK B3 Cancel

Figure 5: The Goals panel is used to specify the goals

As variables and goals are added to a model, Fathom will display symbols beside the pipes and junctions
that have variables or goals applied to them. The default is a V for variables, and a G for goals. The goal
symbol is not displayed next to objects that are part of a group goal. This is illustrated in Figure 6:
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.‘Workspa(e | %J Meodel Data A Output | =4 Graph Results | & Visual Report
@K a- A B =

J1 VA2

O [

o> @
=8
?M
il 5
b o
el
(Dl ]
Ay ==
L

EE P

B4 ¥

Base Scenario B & 100 & ) | =1 oz

Figure 6: Workspace with Goal and Variable symbols displayed

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

Figure 7 shows the Output window with the General, Pipes, and Junctions sections displayed.

I 7" Workspace | 4 Model Data ‘ = Output ‘ [ Graph Results | ® Visual Report

l=0E: R Oy [ % B

R  Genersl \Wamings | DesignAlerts | GSC Varisbles | GSCGosls
Object Object | Parameter | Value | Units

Variable | Type

1 |AssignedFlow J2  Flow 1.409 kglsec |

% | Pipes | Heat Transfer

Name | Vol. Flow | Velocity PStatic | PStatic | Elevation | Elevation | dP Stag. | dP Static dP daH P Static | P Static | P Stag. | P Stag. Heat Heat T
let

=
Fipe ate . in n Outlet Total otal Gravity n ut In ut Flux Rate Inlet Outlet
(m3hr) | (metersisec) | (bar) | (ba) | (meters) | (meters) | (ba) (ba) | (ba) | (meters) | (ba) | (ba) | (ba) | (ba) | (KWim2) | (k) | (deg.C) | (deg.C)
1 [Fipe 5.145 007662 3450 3449 0 0 479E04 47HIED4 0 4360E03 3450 3443 3450 3450 1423 8822 6500 50.00)
# [ All Junctions | Assigned Flow | Assigned Fressure
Name PStatic | PStlic | P Siag. | P Steg. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
Jet In Out In Out Thru Jet Thru Jct g
(bar) | (ba) | fbar) | (bar) (m3he) (kgsec)
1 |Assigned Pressure 3.450 3450 3450 3.450 5145 1.409 )
2 [Assigned Flow 3448 3483 3450 3450 5145 1.408 0

Figure 7: The Output window contains all the data that was specified in the output control window
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The results of the GSC analysis are shown in the General Output section in the GSC Variables and
GSC Goals tabs. The GSC Variables tab shows the final value for the variable parameter, as shown in
Figure 8. The GSC Goals tab shows the final value achieved for the goal, as shown in Figure 9.

% General Warnings DesignAlerts | GSC Varizbles | GSC Gos

. Object Object | Parameter | Value | Units
Variable

Type

1 Asszigned Flow  J2 Flow 1.408 kg'sec |

Figure 8: GSC Variable Results are displayed in the General section of the Output Window

2  General Warnings Designflerts GSC Variables | G5C Goals

Goal | Object | Object ID | Object Parameter | User Goal | Actual Goal | Units
Geal | Type | Type Location Walue Walue

1 |Point Pipe P1 (Pipe) Outlet  Temperature 50 50.00 deg. C |

Figure 9: GSC Goal Results are displayed in the General section of the Output Window

The GSC module analysis determined that a mass flow rate of 1.408 kg/sec (5.143 m3/hr) results in a
pipe outlet temperature of 50 deg. C. In order to achieve the desired temperature, the assigned flow rate
was varied from the initial value of 4.5 kg/s, to the final value of 1.409 kg/sec. In addition to the GSC mod-

ule tabs in the General Output section, the resulting pipe flow and temperature results can be seen in the
Pipes section of the Output Window.
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Summary

The piping for a heat exchanger system is being designed. The system will pump supply water from a
tank pressurized to 0.7 barG (70 kPa(g)) with a liquid surface elevation of 1.5 meters to a receiving tank
with a pressure of 2 barG (200 kPa(g)) and a liquid surface elevation of 3 meters. The heat exchangers
operate in parallel. The flow through the heat exchangers is controlled to 25 m3/hr by two flow control
valves. There is a design requirement that the control valves have a minimum pressure drop of 0.35 bar
(35 kPa).

Use the GSC module to size the pump.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Defining the Goal Seek and Control group
* Using Pump head rise as a GSC Variable
* Using Group Max/Min Goals

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through the Beginner: Heat Transfer in a Pipe - GSC example
and the Spray Discharge System - GSC example, which demonstrates how to use Group Max/Min
goals.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Pump Sizing and Selection with Flow Control Valves.fth
* Metric - Pump Sizing and Selection with Flow Control Valves - GSC.fth
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Pump Sizing and Selection with Flow Control Valves - GSC

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Pump Sizing and Selection with Flow Control Valves.fth example file and save it

as a new file. Right click on the Base Scenario and select Create Child. Name the child scenario Goal
Seek Control.

Set the J2 Pump Sizing Parameter to Head Rise, with a Fixed Head Rise of 6 meters. In this example, the
head rise will become the GSC variable.

The workspace should look like Figure 1 below:

7*Workspace | {ZModel Data | [Output | [ Graph Results | ® Visuel Report
: @ (k[ a-Aa A %
E ¥ B3, Show All Objects
-
= Jo
— =] .- Receiving Tank -
=

O [ — =

> @

=8

E Dj :isealExchanga ' :iseatEx:hangsr
B

& o

O o8

J4 J7
0 CED Control Valve Control Valve

iy —
@@j 3 T

J1 J2
Supply Tank Pump
2 dk P Pz PG

= < &

J3
TeeorWye

<

Base Scenario/Goal Seek Control B Qoo @ 1} 4 G +9| Oo

Figure 1: Workspace for GSC Pump Selection with Flow Control Valves example
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Step 3. Create a Group

Create a group named Flow Control Valves by opening the Edit menu, hover over Groups, and select
Create. Add both Control Valve junctions J4 and J7 to the group.

Step 4. Define the Modules Group

Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate GSC. The Use
option should automatically be selected, making GSC enabled for use.

Step 5. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Select the Variables panel in the Goal Seek and Control group. For this example, click New Variable and
enter the following variable data:

Apply = Checked

Object Type = Junction

Junction Type = Pump

Junction Number and Name = J2 (Pump)
Variable Parameter = Head Rise

Link To = (None)

o0k N =

After entering the data, the Variables panel should appear as shown in Figure 2:

Analysis Setup X
7@ Modues ~ ‘ Varisbles
&O  Fluid Properties ~
=3 x 74
5 Pipes and Junctions ¥ New Variable | | Duplicate Variable | | Delete Variable | | Delete Al Variables Parameters to vary in order to reach goals
= @ Zpply | ObiectType | Junction Type | Object Mumber ariabl LinkTo | Lower Bound | Upper Bound
@! Goal = - and Name Parameter (Optional) (Optional)

| “Variables 1 Junction  |v| Pump v J2(Pump) || HeedRise |v| (Neng) |v

| “Goals
Mumerical Controls

Steady Solution Control ~

Cost Seffings ~

0
9  Environmental Properfies
%o
£

Miscellaneous ~

Note: Upper and lower bounds provide logical extremes for the search. Uis for bour
Al_J| None | Invert B LRIB] oubieick orpress right mouse budton on the far it column to view ihe Speciicat

| Ermors exist. Click here for details

Callapse Al Groups Same As Parent P Hep B3 Cancel

Figure 2: The Variables panel is used to specify the variables
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Goals Panel

Select the Goals panel in the Goal Seek and Control group.

Create a new goal for the pressure drop across the flow control valves as defined below (if the option for
a group goal is not visible, you may have forgotten to create a group as discussed above). Click New
Goal and enter the following:

Apply = Selected

Goal Type = Group

Object Type = Group Max/Min
Goal Parameter = Pressure Loss
Criteria=>=

Goal Value =0.35

Goal Units = bar

Object ID = Flow Control Valves
Object Location = NA

© © N Ok WD

After entering the data, the Goals panel should appear as shown in Figure 3:

Analysis Setup x

Modules ~ ‘ Goals

Fluid Properties ~

E =3 * @&
e w New Goal Duplicate Goal Delete Goal Delete All Goals Desired goals in Outpit

eERT

Apply | Gosl Type Object
Goal Seckand Contrd ~~ ~ | ‘ = ec)
A ~Variables [ Gioup || Group Max/Min || FressureLoss [w| >= v 035 bar |v| Flow Conirol Valves |v NA
4. “Gosls

Numerical Contrels

i
ocation

Goal Criteriz Goal Goal Object Object
arameter Valve | Units D L
0

Steady Solution Contrl -
Environmental Properfies

Cost Seltings ~

vsew

Miscellancous ~

Al | None |[invert B [ 4] Note: Doubleclck or press ight mouse button on the far left column to view the Properties or inspection windaw for a pipe or junction

Collapse All Groups @  Same As Parent D Hep </ oK B3 Cancel

Figure 3: The Goals panel is used to specify the goals

Step 6. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 7. Examine the Output

The results of the GSC module analysis are shown in the General Output section. The GSC Variables
tab shows the final value for the variable parameter, as shown in Figure 4. The pump head rise required
for this system to supply a minimum of 0.35 bar (35 kPa) pressure drop at each of the Flow Control Valve
junctions is 55.35 meters. The GSC Goals tab shows the final value achieved for the goal, as shown in
Figure 5. This shows the goal of a minimum 0.35 bar (35 kPa) pressure drop was obtained for both
valves.

Note that the results for this example are same as the results for the original Pump Selection with Flow
Control Valves example.

# | GSC Variables | GSC Goals 1

1]
[=1]

) Object | Object| Parameter | Value | Units
Variable | Type

1 |Pump J2  HeadRise 5535 meters |

Figure 4: GSC Variable Results are displayed in the General section of the Output Window

# | Pump Summary Valve Summary = Heat Exchanger Summary = Reservoir Summary = GSC Variables | GSC Goals |
Goal Object Object ID Object Parameter User Goal | Actual Goal | Units Object Used
Goal Type Type Location Value Value for Group Goal
1 | Group Group Max/Min  Flow Control Valves MN/A Pressure Loss 0.35 0.3500 bar  J7 (Control Valve) |

Figure 5: GSC Goal Results are displayed in the General section of the Output Window
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Summary

The objective of this example is to use the GSC module to vary the required pump speed and control
pressure such that a minimum flow of 35 m3/hr is maintained through the Heat Exchanger, and the con-
trol valve open percentage remains above 30%.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Applying multiple variables and goals.
* Usinglinked variables

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through the Beginner - Heat Transfer in a Pipe - GSC example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Cooling System.fth
* Metric - Cooling System - GSC.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Cooling System - GSC

Step 2. Open the Model

Open the Metric - Cooling System.fth example file and save it as a new file.

Load the Pump A scenario and turn off Pump J5 by opening the properties window, navigating to the
Optional tab, and selecting the Pump Off No Flow special condition.

Open the properties window for Control Valves J11. On the Control Valve Model tab, under Loss When
Fully Open, select Cv and then select From Open % Table (on Optional Tab) for the Loss Source.

Go to the Optional tab and add the following data to Open Percentage Data table:

Open Pct. Cv
0 0
100 150

Click OK. Make these same changes to Control Valves J12 and J13. The workspace should look like Fig-
ure 1 below:

*Workspace | {8 Model Date | [l Output | [ Graph Results | ®> Visual Report
P e - @ M e-B =lEd L YR = E ¥
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o> @ .
=3

= F3 “ P4 7 Pe . P11 o P12 o P13
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Base Scenario/Pump A/GSC Scenario B Qo @ L | =22 | O19

Figure 1: Workspace for GSC Cooling System example

Step 3. Define the Modules Group

Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate GSC. The Use
option should automatically be selected, making GSC enabled for use.
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Step 4. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Open the Variables panel in the Goal Seek and Control group in Analysis Setup. For this example, we will
be adding four variables: one pump variable and three control valve variables which will be linked. Enter
the variable inputs shown in Figure 2:

Analysis Setup X
[7@  Modues v ‘ Varisbles
&O  Fluid Properties v
& i ® 7

) Eeeire— © New Vaniable | | Duplicate Variable | | Delete Vaniable | | Delete All Vanizbles Parameters to vary in order to reach goals
5 Apply | Object Type Junction Type Object Number Variable Link To Lower Bound Upper Bound
©!  Goal Seckand Control ~ ~ and Name Parameter (Optional) (Optional)

| “Variables 1 Junction || Pump | 42 (Pump) | Speed | (None) vo

T 2 Junction  |»| Control Valve |~ J11 (Control Valve) |v | Control Setpoint |+ | (None) v

' 3 dunction || Contral Valve v J12 (Contral Vialve) || Cantral Setpaint || J11 (Central Valve) |

Numerical Controls n Junction |~ Control Valve | | J13 (Control Vilve) |~ | Control Setpoint |« J11 (Control Valve) |v
0  Steady Soluion Conirol
9  Environmental Properiies
©© CostSelings -
E®  Miscellancous v

Note: Upper and lower bounds provide logical exremes for the search. Uinits for bounds are same as on Fropeties window
A | None || Invert
one i e B [#18] poieick or press fight mouse button on the far left column to view the Specifieations or inspection window

! Emors exist. Click here for details

Callapse Al Groups [ SameAsParent - P Hebp o OK E3 Cancel

Figure 2: The Variables panel is used to specify the variables

Goals Panel

There should be one goal defined for each variable. In this case we essentially have two variables, since
all of the control valve variables are linked, causing them to act as a single variable.

Open the Goals panel in the Goal Seek and Control group in Analysis Setup. Create two new goals as
defined below in Figure 3:

- 194 -



Cooling System - GSC

Analysis Setup x
[2@  Modules ~ ‘ Goals
/4O  Fluid Properfies ~
E x Z

B Pipes and Junclions v New Goal Duplicate Goal Delete Goal Delete Al Goals Desred goals in Output
@ EreEm] & Roply | Goal Type Object Geal Criteria | Goal Geal Object Object
@0 Goal Seckand ‘ | Type Parameter Valve | Units [ Location

&: Varizbles 1 Foint | Heat Exchanger |+ | Volumetric Flow Rate |~ 3% m¥hr ] J16 (Heat Exchanger) [« NA

4. Goals 2 Point | Control Valve || Open Percentage ~ = 30 Percent || J13 (Control Valve)  |w| N&

Numerical Conrols
T  Steady Soluion Control
B9  Environmental Properties
%0 CostSeliings ~
E®  Miscellaneous v
A | Nons |[inver 5] (45 &) Note: Double-cick or press ight mouse buton on the farleft column to view the Propeties o inspection windaw for 2 ppe or junction
Collapse Al Groups @ SameAsPaent - D Hep «f OK B3 Cancel

Figure 3: GSC Manager Goals tab is used to specify the goals

After entering the data, the Goals panel should appear as shown in Figure 3. Note that by setting the
most hydraulically remote heat exchanger and control valve equal to the minimum requirements, we are
ensuring that the other heat exchangers and control valves will exceed the minimum values.

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

The results of the GSC module analysis are shown in the General Output section. The GSC Variables
tab shows the final values for the variable parameters, as shown in Figure 4. The pump speed was
determined to be 84.26%, and the control setpoint for the valves was determined to be 3.094 barG
(309.4 kPa(g)). The GSC Goals tab shows the final values achieved for the goals, as shown in Figure 5.

Viewing the Valve Summary tab will show that control valves J11 and J12 have open percents above the
minimum of 30%. The Heat Exchanger Summary tab will similarly show that heat exchangers J14 and
J15 have volumetric flow rates above the required minimum of 35 m3/hr.
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o

# | Reservoir Summary | G5C Variables | GSC Goals 1

=T

. Object Object Parameter Value | Units
Variable Type

1 Pump J4 Spesd 3426 Percent

2 Contral Valve J11 Control Setpoint 3.094 barG

3 Control Valve J12 Control Setpoint 3.094 bar

4 Control Valve J13 Control Setpoint 3.094 bar(s

Figure 4: GSC Variable Results are displayed in the General section of the Output Window

£ | Pump Summary = Valve Summary = Heat Exchanger Summary  Reservoir Summary  GSC Variables | GSCGoals 4
Goal Object Object ID Object Parameter User Goal | Actual Goal | Units
Geal Type Type Location Value Walue
1 Point Hesat Exchanger J16 (Heat Exchanger) M4 “olumetric Flow Rate 35 35.05 m¥hr
2 |Point Control YValve J13 (Contral Valve) hiA Open Percentage 30 29.97 Percent

Figure 5: GSC Goal Results are displayed in the General section of the Output Window
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Summary

A supply reservoir feeds a water treatment pond through gravity flow and the pipeline has been in exist-
ence for about 15 years. The original pipeline delivered about 457 m3/hr and recently, the operators
working at the treatment pond have reported that the flow has dropped by about 20%. Their lead engin-
eer has determined that the cause of the flow reduction is most likely due to pipe corrosion.

The objective of this example is to demonstrate how to use the GSC module to determine the amount of
additional frictional resistance in the pipeline due to years of corrosion. This could factor into the decision
on whether or not to replace the pipeline and when.

For this example, the GSC module will be used to approximate the absolute roughness due to corrosion
in the pipeline which has reduced the flow rate from 457 m3/hr to 366 m3/hr.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Defining the Goal Seek and Control group
* Setting Variables and Goals
* Understanding Goal Seek and Control Output

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through the Beginner - Heat Transfer in a Pipe - GSC example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Model Calibration with Pipe Variables - GSC.fth
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Model Calibration with Pipe Variables - GSC

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2.  Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 3. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

.‘Workspace |§j Medel Data = Output | EGraph Results |’§‘V|suaIReport
P - @Ik @ - & ) =

= ==
N1
o> ¢
=5
?IXI
21
B ow
(-
0 CED
iy —
= B

By =

B -

Base Scenario B Qe o 1 * | +~6| H7

Figure 1: Workspace for GSC Model Calibration Using Pipe Variables Example
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Enter the following pipe and junction properties.

Pipe Properties

1. All Pipes
a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=8inch
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Length=
Pipe Length (meters)
1&5 1610
2,3,&4 805
6 610

Junction Properties

1.  J1 Reservoir

a. Name = Supply Reservoir
b. Liquid Surface Elevation = 370 meters
c. Liquid Surface pressure = 0 barG (0 kPa(g))
d. Pipe Elevation = 305 meters
2. J2Branch
a. Elevation =150 meters
3. J3Branch
a. Elevation =180 meters
4. J4 Branch
a. Elevation =30 meters
5. J5Branch
a. Elevation =90 meters
6. J6Branch
a. Elevation =15 meters

7. J7 Reservoir

a o oo

Name = Treatment Pond

Liquid Surface Elevation = 3 meters

Liquid Surface Pressure = 0 barG (0 kPa(g))
Pipe Depth = 0 meters

To show the names of the reservoirs a new Workspace Layer will be created.
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1. Create a new layer by selecting New Layer and then Blank Layer from the Workspace Layers tab
of the Quick Access Panel.

Name the layer Reservoir Labels.

Edit the layer by selecting it and clicking the gear icon to bring up the Layer Settings window.
Open the Show/Hide Labels panel and uncheck Force Shown Labels to Match Shown Objects.
Toggle the visibility icon next to the reservoirs to on. This will cause their labels to be shown.

Navigate to the Junction Parameters panel and expand the Commonly Used Junction Parameters
list.

7. Double-click Junction Name to add it to the list on the right-hand side. This will add the Junction
Name to the label of the junctions that were defined in the Show/Hide Labels panel.

8. Close the Layer Settings window.

o gk wN

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 4. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

After running the model based upon the original pipeline operation with brand new clean steel pipe, we
find that the flow rate is 456.7 m3/hr, as shown in Figure 2.

A | Pipes

Name | Wol. Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH P Static | P Static | PStsg. | P Stag
Fipe ate Masc Min Inlet Outlet Total Total Gravity In Out In Out
(m3hr) | (metersisec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) (meters) (bar) (bar) (bar) (bar)

1 _|Pipe 4567 3831 131E 73023 305.00 -5.914 -5914  -15.181 84 61 7302 132165 7373 13294

2 |Pipe 4567 3831 1316 56449 150.00 7572 7572 2938 4731 13216 5B445 133284 572

3 |Pipe 4567 sn 15703 56449 180.00 -10.058  -10.058 -14.691 4731 5645 157027 5722 15780

4 |Pipe 4567 sn 15703 51929 3000 10.510 10510 5876 4731 15.703 51929 15780 5270

5 |Pipe 4567 asn 5183 32718 50.00 1521 1521 -7.346 9481 5133 32718 5270 3348

6 |Pipe 4567 s 3272 0.9361 15.00 3.000 2336 233 -1.175 35.85 3272 0.8361 3348 1013

Figure 2: Original pipeline results based upon clean pipe

Step 6. Create a child scenario named Flow Reduction from Corrosion

In the child scenario, we are going to use the GSC module to determine how much additional frictional
resistance due to corrosion is in the pipeline. In this new scenario, we know that the flow rate has been
reduced to 366 m3/hr in the physical system by corrosion and therefore the GSC goal in this case is
going to be the volumetric flow rate.
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The GSC module is a very useful tool that allows one to calibrate their models so that the predicted res-
ults can match measured data. There are four different GSC pipe variables that can be used to assist
with this calibration including the specified pipe Friction (e.g. absolute roughness), pipe Design Factor,
pipe ID (scaling), and Insulation Thickness.

In order to use GSC to determine the amount of additional frictional resistance due to corrosion, an input
parameter must be varied. In this case, we are going to vary each pipe's absolute roughness in order to
achieve the desired goal flow rate of 366 m3/hr.

Step 7. Define the Modules Group

Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate GSC. The Use
option should automatically be selected, making GSC enabled for use.

Step 8. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Select the Variables panel within the Goal Seek and Control group. The Variables panel allows users to
create and modify the system variables.

In this scenario, we are going to vary the current pipe friction model (i.e. absolute roughness) for each
pipe in the system. Since there are six individual pipes, there will be six individual pipe variables. If all six
variables were to be able to vary independently of each other and there is only one goal associated, then
this could lead to a less unique solution (as there could be several different combinations of pipe rough-
ness values that would lead to the desired result). Therefore, we are going to assume that the entire
pipeline has the same level of additional frictional resistance due to corrosion. In order to accomplish

this, all pipe variables can be linked together. Since only one goal is present, we will only need one effect-
ive variable and so all of the pipe variables will be linked to the first variable.

Since there are six pipes, we will set pipes P2 - P6 to be linked to pipe P1.

For pipe P1, set the following variable data:

Apply = Selected

Object Type = Pipe

Junction Type = NA

Object Number and Name = P1 (Pipe)
Variable Parameter = Friction

Link To = (None)

o0k N =

Now, add new variables for pipes P2 - P6. The only differences between the variables for these pipes
and the variable for pipe P1 will be the Object Number and Name and instead of selecting (None) under
the Link To column, select P1 (Pipe). This will link pipes P2 - P6 to pipe P1 which will force all six pipe
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variables to be varied identically, requiring only one goal to be specified. Figure 3 below shows all the
linked pipe variables.

Analysis Setup X
[7@  Modues ¥ | Vanables
A Fluid Propesties v
i % x &
&  Pipes and Junctions o New Variable | | Duplicale Variable | | Delete Variable | | Delete All Variables Parameters to vary in order Lo reach goals
Apply Object Type Junction Type Object Number Variable Link To Lower Bound Upper Bound
Ty EriEmiemEml s andName | Porameter {Optional) (Opticnal)
| “Variables 1 Fipe <] na F1 (Fipe) | Friction [+ (None) [+ 0
! “Goals 2 Fipe ~ | NA F2 (Pips) ~ | Fricton | P1(Pipe) [+ |0
' 3 Fipe ~|NA P2 (Pipe) | Friction  [s| P1 (Fipe) [+] 0
Humerical Cenirals N Fipe ~ NA P4 (Fipe) < | Fricion  |«| P1 (Fipe) [«]0
TH  Steady Solution Control 5 Fipe v na P5 (Fipe) | Frictien  [s| P1 (Fipe) |v
6 Fipe | NA PG (Pipe) ~ | Fricton || P1(Pipg) [« |0
9  Environmental Properiies
2@ CostSeltings ~
5H  Miscellaneous v
Note: Lpper and lower bounds provide logical exiremes for the search. Uinits for bounds are same as on Properiies window.
AL [ Nene [[inven | [ F]E] [#] &1 pasios T i T e T B il e B e i T e
! Enmors exist. Click here for details.
Collapse Al Groups T SameAsPaent -| D Help Cancel

Figure 3: Six linked pipe variables (working effectively as a single variable) to vary the pipe friction model
(i.e. absolute roughness)

Goals Panel

Goals are the parameter values set by the user that the solver tries to achieve by adjusting the variables.
There should be one goal defined for each unlinked (and thus independent) variable. Since variables 2 -
6 are all linked to variable 1, only one goal will be required.

Select the Goals panel in the Goal Seek and Control group.

Create a new goal and set up the following goal information:

Apply = Selected

Goal Type = Point

Object Type = Pipe

Goal Parameter = Volumetric Flow Rate
Criteria==

Goal Value = 366

Goal Units = m3/hr

Object ID = P6 (Pipe)

Object Location = NA

© © N Ok WD

After entering the data, the Goals panel should appear as shown in Figure 4.

On the Numerical Control panel, the Search Method can be modified for Goals between two options,
Beta Method and Least Squares. The Beta Method is useful in situations where there are multiple vari-
ables and multiple goals. For this model, make sure that the Least Squares method is selected.
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Analysis Setup x

[f®  Modules ‘ Goals

Fluid Propesties

i H * &
New Goal Duplicate Goal Delete Goal Delete Al Goals Desired goals in Output

> < < <

aP
£ Pipes and Junciions
o

Seck and Control Apply | GealType | Obisct Goal Criteria | Gosl | Gosl | Object | Obiect
Goal Seckand | ‘ | Type Parsmeter Value | Units D Lecstion
& Variables [ Poit || Pipe || Volumetric Flow Rale |[v| = 368 mihr |~ PG(Fipe) v NA |

& Goals

Numerical Contrels
20  Steady Solution Conirol
£  Environmental Properiics

©© CostSeftings

< < < <

E3 Miscellancous

A [ one || imver | [E5E5] [ §] ot Double chok o pres igh mouse buton onthe arkf counn o vew the Propeties o inspectian window for 2 s or

Collpse All Groups @ SamehsPaent - P Hep o oK B Cancel

Figure 4: GSC Manager Goals tab is used to specify the goals

Step 9. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 10. Examine the Output

The results of the GSC module analysis are shown in the General section of the Output window. The
GSC Variables tab shows the final value for the variable parameter, as shown in Figure 5. The resulting
absolute roughness value that would decrease the flow rate to 366 m3/hr would be about 0.03966 cm.
The additional frictional resistance in the pipeline due to corrosion is about nine times larger than the
absolute roughness for clean steel pipe. The GSC Goals tab shows the final value achieved for the goal,
as shown in Figure 6.

Fa )

£ | Reservoir Summary | GSC Variables | GSC Goa |

=}

. Object | Object| Parameter | Value | Units
Variable | Type

Fipe P1 Friction 0.03966 cm
Fipe F2 Friction 0.03566 cm
Fipe P3 Friction 0.03966 cm
Fipe P4 Friction 0.03566 cm
Fipe P5 Friction 0.03966 cm
Fipe P& Friction 0.03966 cm

| | (L (R —

Figure 5: GSC Variable Results are displayed in the General section of the Output Window
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® | General ‘Warnings Designflerts | Reservoir Summary = GSC Variables | GSC Goals
Goal | Object | Object ID | Object Parameter User Goal | Actual Goal | Units
Goal Type | Type Location Value Value
1 FPoint  Fipe P& (Fipel N/A “olumetnc Flow Rate 366 366.0 m3'hr |

Figure 6: GSC Goal Results are displayed in the General section of the Output Window
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Summary

The objective of this example is to demonstrate how the Group Max/Min and Group Sum goal types can
be used in the GSC module to achieve a goal for a group of objects.

For this example, we will use the GSC module to solve for the supply pressure required to:
Supply a minimum of 30 m3/hr to each spray discharge junction using a Group Max/Min goal.

Supply a total flow rate of 230 m3/hr through the system using a Group Sum goal.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Creating Groups
* Using Group Max/Min and Group Sum Goals

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through the Beginner - Heat Transfer in a Pipe - GSC example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Spray Discharge System.fth
* Metric - Spray Discharge System - GSC.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Open the Model

Open the Metric - Spray Discharge System.fth example file and save it as a new file. We will not need
the existing child scenarios for this example: right click on the Base Scenario in the Scenario Manager
and select Delete All Children. The workspace should look like Figure 1 below:

" Warkspace | §8Model Data | [ZOutput | [ Greph Results | ®> Visual Report |
- - & M O x @ (ke -8 =] = - H ¢

41

S
a1
@ 2 '* 1z

(=

w
< >

Base Scenario [ & 100% | @ I | +11 o2

Figure 1: Workspace for GSC Spray Discharge system example

Step 3. Create a Group

In order to use the Group Max/Min and Group Sum goal types, the junctions included in the goal must be
added to a group. To create a group, go to the Edit menu and select the Groups -> Create option. Give
the new group the name Spray Discharges, and click OK. The Group Manager will be displayed. Select
all of the Spray Discharge junctions from the junction list, as shown in Figure 2. After choosing the Spray
Discharge junctions, click OK on the Group Manager form.

Note: If the Spray Discharge junctions were selected in the Workspace before Create Group was
selected from the Edit menu, then they would be automatically selected for us in the Group Man-
ager window.
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Group Manager *
Existing Groups
Create Group e
(®) All Fiters Change Together
Rename Group... () Fitters Work Independently
Delete Group
Pipes in Group Junctions in Group Subgroups in Group
1 Fipe [A 1 Spray Discharge
]2 Fipe [ 2 Spray Discharge
13 Fipe [ 3 Spray Discharge
4 Fipe [ 4 Spray Discharge
15 Fipe 5 Spray Discharge
16 Fipe [ & Spray Discharge
7 Pipe 47 Spray Discharge
gs e T
19 Fipe 19 Assigned Pressure
[]10 Fipe []10 Branch
] 11 Fipe ] 11 Branch
[]12  DeadEnd
Al | None | Invert | Workspace | Special Al || Mone | Invert | Workspace | Special... Al || Mone | Invert
H| Selected: 0f 11 H| Selected: 8of 12 B Selected: 0 0

Figure 2: Groups are Created Using the Group Manager

Step 4. Define the Modules Group

Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate GSC. The Use
option should automatically be selected, making GSC enabled for use.

Step 5. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Open the Variables panel in the Goal Seek and Control group. For this example select New Variable,
then choose following variable data:

Apply = Selected

Object Type = Junction

Junction Type = Assigned Pressure

Junction Number and Name = J9 (Assigned Pressure)
Variable Parameter = Pressure

Link To = (None)

o0k N =
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After entering the data, the Variable panel should appear as shown in Figure 3:

[76  Modues v ‘Valid;lss

@ U x 7
v New Variable Duplicate Vanable Delete Variable Delets All Vanables Parameters to vary in order to reach goals

LinkTo | Lower Bound | Upper Bound
(Optional) (Optional)

~ Apply Object Type Junction Type Object Number Variable
and Name Parameter
1 Junction |~ Assigned Pressure || J9 (Assigned Pressure) |~ | Pressure |+ | (None) [

umerical Controls

Steady Solution Control v

=]

#5  Environmental Properties
96 CostSelings ~
£

Miscellaneous ~

Note: Uper and lower bounds provide logicsl exremes forthe search. Units for bounds are same a5 on Propertes window.
A _|| Nore || imvert B 1R8] 5o e chc orpross ot mouse bxtton an the farlet olumn o view the Speciications or mepscion window

! Ermors exdist. Click here for details

Calapse Al Graups A SameAsPaent - (D Hep 0K B3 Cancel

Figure 3: The Variables panel is used to specify the variables

Goals Panel

Open the Goals panel next. For this example, we are going to define two goals. We will apply one goal at
a time for the sake of comparing the impact that each goal has on the results.

The first goal type is a Group Max/Min goal. This type of goal allows a single goal to be applied to a group
of objects. Fathom applies a Group Max/Min goal by ensuring the final goal value is either greater than or
equal to (Min) or less then or equal to (Max) the specified value. For this example, a Group Max/Min goal
will be applied to ensure the minimum flow rate out of all of the spray discharge junctions is at least 30
m3/hr.

The second goal type is a Group Sum goal. This type of goal is used to set the sum of the goal parameter
for all the members in the group to a specified value. For this example, the Group Sum goal will be
applied to ensure the sum of the flow rates through the spray discharges equals 230 m3/hr.

Create two new goals defined as follows:

Group Max/Min:

Apply = Checked

Goal Type = Group

Object Type = Group Max/Min

Goal Parameter = Volumetric Flow Rate Out
Criteria=>=

Goal Value = 30

Goal Units = m3/hr

Object ID = Spray Discharges

Object Location = NA

© © N Ok WD
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Group Sum:

Apply = Not Checked

Goal Type = Group

Object Type = Group Sum

Goal Parameter = Volumetric Flow Rate
Criteria==

Goal Value =230

Goal Units = m3/hr

Object ID = Spray Discharges

Object Location = NA

© Nk WDN =

After entering the data, the Goals panel should appear as shown in Figure 4 in Step 7.

Step 6. Create Scenarios

Using the Scenario Manager on the Quick Access Panel, create two child scenarios, one named Group
Max Min and another named Group Sum.

Step 7. Select Group Max/Min Goal

Load the Group Max Min scenario.

Open the Goals panel in the Goal Seek and Control group in Analysis Setup. Make sure the Group
Max/Min goal is applied, indicated by the check mark in the Apply column for that goal. Make certain
Group Sum goal is NOT applied by unchecking the check box in the Apply column. The GSC goals
should appear as shown in Figure 4:

Analysis Setup x

Modules: ‘ Goals

Fluid Properties

k=3 x @&
Fr— New Goal Dupiicate Goal Delete Goal Delete Al Goals Desred goals in Output

> < < <

eeNT

Goal Seek and Control Apply
&, Varizbles 1
2 Goals 2| O

Numerical Controls

ype Parameter ion

Goal Type Tbject Goal Criteria | Goal | Goal Gbject Object
i Value | Units D Locat
|30

| Group Max/Min |~ Val low Rete Out [v| > malhr || Spray Discharges |v | NA

roup.
roup | Group Sum ~ | Volumetric Flow Rate v = 230 m3/hr |» | Spray Discharges |v | NA

@0

Steady Solution Control
Environmantal Praportics

Cost Scffings

vse ¥

< < < <

Miscellaneous

Al | None |[invert B [ 4] Note: Doubleclck or press ight mouse button on the far left column to view the Properties or inspection windaw for a pipe or junction

Collapse Al Groups @ SamehsPaent <+ P Hep o oK B Cancel

Figure 4: Group Max Min Goal Applied in the Goals panel
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Step 8. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 9. Examine the Output

The GSC Variables tab shows the final value for the variable parameter, as shown in Figure 5. The sup-
ply pressure required to supply a minimum of 30 m3/hr at each of the Spray Discharge junctions is 18.85
barG (1,885 kPa(g)). The GSC Goals tab shows the value achieved for the goal, as shown in Figure 6.
The flow rates determined for the Spray discharge junctions are shown in Figure 7. The spray discharge
flow rates shown in Figure 7 illustrate how the Group Max/Min resulted in a the flow rate through each of
the spray discharges meeting or exceeding the specified minimum flow rate of 30 m3/hr. The total sys-
tem flow is 262.05 m3/hr.

£ | General | Warnings | Designferts | GSC Variables | GSC Goals
. Object Object | Parameter | Value | Units
Variable Type

1 Assigned Pressure  J9 Pressure 18.85 barG |

Figure 5: GSC Variable Results are displayed in the General section of the Output Window

£ General Warnings | Designflerts = GSC Variables | GSC Goals

Goal Object Object ID Object Parameter User Goal | Actual Goal | Units Object Used
Goal Type Type Location Value Value for Group Geal
1 | Group Group Max/Min  Spray Discharges N/ olumetric Flow Rate Out 30 30,00 m3hr  J1 (Spray Discharge) |

Figure 6: GSC Goal Results are displayed in the General section of the Output Window
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# | All Junctions | Assigned Pressure | Branch | Dead End | Spray Discharge

[Name P Static | P Static | PStag. | P Stag. | Vel. Flow Rate | Mass Flow Rate | Loss Factor
Spray In Out In Out Thru Jet Thru Jet
Discharge (bar) (bar) (bar) (bar) (m3/hr) (kg/sec)

1 Spray Discharge 8676 1013  BS877 1013 30.00 8323 39.12

2 Spray Discharge M 1012 8183 1.013 MIA NIA 912

3 Spray Discharge N 1013 10433 1013 NIA MNIA 39.12

4 Spray Discharge M 1012 13366 1.013 MIA (i 912

5 Spray Discharge N 1013 13366 1.013 NIA MNIA 39.12

g Spray Discharge NA 1013 10433 1.013 MIA (i 912

7 Spray Discharge N 1013 8183 1.013 NIA NIA .12

8 Spray Discharge 8676 1013  BS77 1013 30.00 8323 912

Figure 7: Flow Rates Calculated for the Spray Discharge junctions for Group Max/Min goal

Step 10. Select Group Sum Goal

Load the Group Sum scenario.

Open the Goals panel in the Goal Seek and Control group from Analysis Setup. Apply the Group Sum
goal by clicking the check box next to the Group Sum goal in the Apply column. Make certain Group
Max/Min goal is NOT applied by unchecking the check box in the Apply column. The GSC goals should
appear as shown in Figure 8:

Analysis Setup x
o Modules v ‘ Godls
AD  Fluid Properfies ~
w =3 *® &
D Pipes and Junctions v New Goal Duplicate Goal Delete Goal Delete All Goals Desired goals in Output
3 SeckandContrd A Aoply | Goal Type Object Goal Criteria | Goal | Goal Object Object
Co Gz Type Parameter Valie | Units D Location
& Varizbles 1 Growp || Group MaxiMin |~ ] Volumetric Flow Rate Out [v| >= |~|30 malhr || Spray Discharges |~ NA
& Goals 2 Group || Group Sum ~ | Volumetric Flow Rate ~ = 220 mahr |~ | Spray Discharges |v | NA
Numerical Conrols
2O  Steady Solution Control
B9  Environmental Properties
©© CostSelfings ~
E®  Miscellaneous -
A | Noms |[ivert 5] (4[| Note: Double-cick or pressright mouse buiton o the farleft column to view the Propeties or inspecton window fo 2 pipe or junction
Callapse Al Groups 2 SameAsPaet - P Hep «f OK B3 Cancel

Figure 8: Group Sum Goals are applied in the GSC Manager

Step 11. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 12. Examine Output

The GSC Variables tab shows the final value for the variable parameter, as shown in Figure 9. The sup-
ply pressure required to supply a total system flow of 230 m3/hris 14.60 barG (1,460 kPa(g)). The GSC
Goals tab shows the final value achieved for the goal, as shown in Figure 10. The goal of 230 m3/hr for
the system flow in this example was achieved. The flow rates determined for the Spray Discharge junc-
tions are shown in Figure 11. Note that overall, the flows through the spray discharges in the Group Sum
scenario are less than the flows determined for the Group Max/Min scenario. This is because in the
Group Max/Min scenario, the restriction was placed on the flow rate at each of the spray discharges, res-
ulting in a system flow of 262.05 m3/hr, while the restriction in the Group Sum scenario was on the total
system flow equaling 230 m3/hr.

£ General Warnings Designllerts | GSC Varniables | GSC Goals
. Object Object | Parameter | Value | Units
Variable Type

1 Assigned Pressure  J9 Pressure 14.60 barz |

Figure 9: GSC Variable Results are displayed in the General section of the Output Window

#t  General ‘Warnings Designflerts GSC Variables | GSC Goals
Goal Object Object ID Object Parameter User Goal | Actual Goal | Units
Goal Type Type Location Value Value
2 | Group Group Sum  Spray Discharges N/A Volumetric Flow Fate 230 230.0 m3thr |

Figure 10: GSC Goal Results are displayed in the General section of the Output Window

#  AllJunctions = Assigned Pressure  Branch = Dead End | Spray Discharge

Name P Static | P Static | P Stag. | P Stag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
Spray In Out In Out Thru Jet Thru Jet (K
Discharge (bar) (bar) (bar) (bar) (m3hr) (kg/sec)

1 Spray Discharge 6913 1013 7068  1.013 26.32 7.303 912
2 Spray Discharge N 1013 7308 1013 NIA NIA 2812
3 Spray Discharge N 1013 B27T1 1013 NIA IS 39.12
4 Spray Discharge NA 1013 10534 1.013 MIA NIA 912
5 Spray Discharge N 1013 1053 1013 NIA MNIA 39.12
g Spray Discharge NA 1013 22T 1013 MIA NIA 912
7 Spray Discharge N 1013 7309 1013 NIA MNIA 39.12
8 Spray Discharge £913 1012 7088 1.013 26.32 7.303 9,12

Figure 11: Flow Rates Calculated for the Spray Discharge junctions for Group Sum Goal
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Summary

The objective of this example is to use the GSC module to vary a Three Way Valve percent open to
divert heat exchanger flow to maintain a downstream temperature of 50 deg. C for a specified upstream
supply temperature.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Using GSC to control flow splits

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through the Beginner - Heat Transfer in a Pipe - GSC example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Controlled Heat Exchanger Temperature.fth
* Metric - Controlled Heat Exchanger Temperature - GSC.fth
* Controlled Heat Exchanger Temperature.dat

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Open the Model

Open the Metric - Controlled Heat Exchanger Temperature.fth example file and save it as a new file.
The workspace should look like Figure 1 below:

“Workspace | {#|Model Data | FE10utput | I Graph Results | ® Visual Report
Pl CALIEVECR: ) B ¢

U
Il

J8

(] v

< >

Base Scenario 2 Q 100% | { | ¥ 10| @9

Figure 1: Workspace for GSC Controlled Heat Exchanger Temperature example

Step 3. Define the Modules Group

Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate GSC. The Use
option should automatically be selected, making GSC enabled for use.

Step 4. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Open the Variables panel in the Goal Seek and Control group. For this example, we will be adding a vari-
able for the Three Way Valve % Open. Click New Variable and enter the following data:

Apply = Selected

Object Type = Junction

Junction Type = Three Way Valve

Junction Number and Name = J3 (Three Way Valve)
Variable Parameter = Open Percentage

Link To = (None)

AN
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7. LowerBound=0
8. Upper Bound =100

Analysis Setup X
7® Modules ~ | variables
|
AO  Fluid Properties ~
=3 ® &
5 Pipes and Junclions o New Variable | | Duplicate Variable | | Delete Variable | | Delete All Variables Parameters to vary in order to reach goals
= A Apply Object Type Junction Type Object Number Variable Link To. Lower Bound Upper Bound
©!  Goal Seckand Control e Frmme (Optional) {Optional)
| “Varizbles 1 Junction || Three \Way Valve || J3 (Three Vay Valve) |~ | Open Percentage |~ | (None) |~ 0 100
! “Geals

Numerical Controls

26  Steady Solution Contrl ~ ~
5  Environmental Properies
20 CostSetings v
E® Miscellaneous v

Note: Upper and lower bouds provide logical extremes for the search. Unks for bounds are same as on Properties windaw
Al | Nore || invet
e Lo B 18] Do ik or press fight mouse button on the far left column to view the Specfications or inspection window

| Errors exist. Click here for details

Collapse Al Groups @ Same As Parent P Help B3 Cancel

Figure 2: GSC Manager Variables tab is used to specify the variables

Goals Panel

Open the Goals panel in the Goal Seek and Control group in Analysis Setup. Click New Goal for the
downstream temperature and define it with the data below:

Apply = Selected

Goal Type = Point

Object Type = Branch

Goal Parameter = Temperature
Criteria==

Goal Value =50

Goal Units =deg. C

Object ID = J8 (Branch)

Object Location = Outlet

© © N ok WDN =

After entering the data, the Goals panel should appear as shown in Figure 3:
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i |Goa|s

@&
o — w New Goal Duplicate Goal Delete Goal Delete All Goals Desired goals in Output

Goal Seckand Contrll ~~ ~ Apply | GoalType | Object Goal
Type Parameter

1 Foint  |v Eranch | Temperature |+

Criteria Goal Goal Object Object
Value Units D Location
= 50

deg C [ J8 (Branch) [v| Outet ||

lumerical Controls

Steady Solution Contrl

0

%  Environmental Properties
2@  CostSeliings v
£

Miscellaneous v

A |[Neone |[invet £ | 4]/ & Note: Doubledlick orpress ight mause buiton on the far Ieft column to view the: Properties or inspection window for a pe or junction

Collapse Al Groups T Same As Parent D Hep o OK B3 Cancel

Figure 3: The Goals panel is used to specify the goals

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

The results of the GSC module analysis are shown in the General Output section. The GSC Variables
tab shows the final value for the variable parameter, as shown in Figure 4. The open percentage required
for the Three Way Valve to achieve a temperature of 50 deg. C at Branch J8 is 79.24%. The GSC Goals
tab shows the final value achieved for the goal, as shown in Figure 5. This shows the goal of 50 deg. C
was achieved for the downstream temperature.

# | Reservoir Summary | GSC Variables | G5C Goals 4
: Object Object Parameter Value | Units
Wanable Type

1 Thres Way Valve J3 Open Percentage 7924 Percent |

Figure 4: GSC Variable Results are displayed in the General section of the Output Window
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# | Heat Exchanger Summary = Reservoir Summary  GSC Variables | GSC Goals i
Goal | Object | Object ID Object Parameter | User Goal | Actual Goal | Units
Goal Type | Type Location Walue Walue
1 Point Branch J8 (Branch) Outlet Temperature 50 50.00 deg. C |

Figure 5: GSC Goal Results are displayed in the General section of the Output Window
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Summary

The goal of this example is to determine how to use the GSC module to determine the hydraulically most
remote path to generate an NFPA report.

Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Defining the Goal Seek and Control group
* Setting Variables and Goals
* Understanding Goal Seek and Control Output

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through the Beginner - Heat Transfer in a Pipe - GSC example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - NFPA Firewater System.fth
* Metric - NFPA Firewater System - GSC.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Open the Model

Open the Metric - NFPA Firewater System - Final.fth file and save under a different name.
The workspace should look like Figure 1 below:

/" Workspace | i3 Model Data | H output | [ Graph Results | ® Visual Report |

4 @ INhTea-AlAdszBEE 5

,a
Al
W

B, Show All Objects

~

Base Scenario b | ) 49% | B { | ® EG | -—-53 | ms4

Figure 1: Workspace window for NFPA Firewater System - GSC Example

Step 3. Create the Spray Nozzles group

In this example, we will use the GSC module to determine the hydraulically most remote path.

To do this, you first need to create a group of all spray nozzles. Make this group by going to the Edit menu
and selecting groups, and then clicking on Create. Name the group Spray Nozzles and under the
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Junctions in Group section, click on Special, specify Selection Type as Junction Type, and choose Spray
Discharge as the Junction Type. Click on Select Junctions and then press OK to confirm the selected
junctions, then press OK to exit the Group Manager. 28 junctions should be selected.

Step 4. Define the Modules Group

Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate GSC. The Use
option should automatically be selected, making GSC enabled for use.

Step 5. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Next, ensure that GSC is both activated and enabled in the Modules panel of Analysis Setup. Then open
the Variables panel. Click on New Variable and specify the Assigned Pressure J1 as the variable. This
pressure boundary will be varied in order to achieve the goal, which in this case is a goal of at least 152
L/min through each sprinkler. See Figure 2 to see this variable specified.

Analysis Setup X
[7@  Modues v | Variables
A©  Fluid Properties ~
-3 ® &
©D  Pipes and Junciions » New Variable | | Duplicate Variable | | Delete Variable | | Delete Al Variables Parameters to vary in orderto reach goals
Apply | Object Type Junction Type Object Number Variable Link Te Lower Bound Upper Bound
©! Goal Seckand Contral ~ ~ i Formas (Optional) {Optional)

| “Vzriables 1 Junction | Assigned Pressure || J1 (Assigned Pressure) |v | Pressure  |v | (None) v

! “Goals
Numerical Controls

Steady Solufion Contrll

0

#9  Environmentl Propetties
2 CostSeliings v
2

Miscellaneous v

Al None || Invert Note: Upper and lower bounds provide logical extremes for the search. Units for bounds are same as on Properties window.
B [#ld Double-click or press right mouse button on the far left column to view the Specifications or inspection window.

! Enors eist. Click here for details

Collapse Al Groups A Same As Parent P Help Cancel

Figure 2: Assigned Pressure Variable on Goal Seek and Control Manager window

Goals Panel

Open the Goals panel and select New Goal. Specify the goal as shown in Figure 3.
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Modules ‘ Goals

Fluid Propesties

H * @&
sy New Goal Duplicate Goal Delete Goal Delete Al Goals Desired goals in Output

> i < <

G4 Ci G G
S Type Parameter Value Units | D Location

& “Variables 1 Group | Group Max/Min |~ | Velumetric Flow Rate Out [v| >= 52 liter/min | v+ | Spray Nozzles |+ | NA \

. “Goals

Y

| Apply ‘ Goal Type | Object Goal ‘ Criteria ‘ Goal ioal Object Object |
Gi MK

Numerical Controls
Steady Solution Control
Environmental Properfies

Cost Seltings

RN

Miscellaneous

EEEY:

Al None || Invert =NE S Note: Double-click or press right mouse button on the far left column to view the Properties or inspection window for a pipe or junction.

Collapse All Groups 7 Same As Parent D Hep o/ OK B3 Cancel

Figure 3: Minimum Flow Rate Group Goal on Goal Seek and Control Manager window

Step 6. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

You will notice there are numerous cautions about the pipe lengths being shorter than the elevation
change. This model used pipe lengths and elevations based off a NFPA example. In the NFPA
example, the length of the spray discharges raised the outlet height of the junction. Fathom treats junc-
tions as single points in space, so to keep the inputs identical the pipe length had to be a little bit short.

Step 7. Examine the Output

The GSC module displays the value of the variable required in order to achieve the specified goal, as
well as the object that was used for the group goal (in this case, this object is the spray discharge that
receives the minimum amount of flow and, therefore, is the spray nozzle that contains the hydraulically
most remote path). You can see that the pressure needed at J1 in order to ensure that all spray nozzles
receive 152 L/min of flow is 4.406 barG, and that the hydraulically most remote spray nozzle is J15 (see
Figure 4 and Figure 5).

# | G5C Variables | GSC Goals = NFPA Report 1
} Object Object | Parameter | Value | Units

Variable Type
1 |;-‘n.ssign6d Pressure  J1 Pressure 4406 barG |

Figure 4: Calculated value for the GSC Variable in the Output
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A  General Warnings = DesignAlerts  Valve Summary = GSC Variables | GSC Goals | NFPA Report

Goal Object Object ID Object Parameter User Goal | Actual Goal | Units Object Used
Goal Type Type Location Value Value for Group Geal
1 | Group Group Max/Min  Spray Mozzels N/A Volumetric Flow Rate Out 152 152.0 liter/min  J15 (Spray Discharge) |

Figure 5: Calculated value for the GSC Goal when the GSC Variable is applied in the Output
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The examples below utilize the Extended Time Simulation module.

Fathom XTS Examples

Example Complexity Fluid Pipes Pumps Description

Learn the basics of the XTS
module such as defining a
transient junction and spe-
cifying the Transient Control
Beginner Water 28 1 group in Analysis Setup. See
how to generate a Quick
Graph from the Output win-
dow to see how a tank fills up
over time.

Beginner - Filling a
Tank

Learn how to use the XTS
module to see the effects of
a system with multiple finite
open tanks.

Reservoir Balance Beginner Water 2 0

Learn how to use the XTS
module to define an initiating
transient event, such as a
valve closing when a reser-
voir liquid height reaches a
specified value.

Valve Closing Beginner Water 3 1

Learn how to use the XTS
Controlled Heat module to model a system
Exchanger Tem- Beginner Water 10 1 with a pump that shuts off
perature once the liquid level of a tank
reaches a specified value.

Learn how to use the XTS
module to specify a Dual
Event Cyclic transient ini-
tiation, such as a pump turn-
ing on or off depending on a
reservoir liquid height.

Housing Project Intermediate Water 28 1

Learn how to use the XTS
module to define a Single
Variable Demand Intermediate Water 19 2 Event Initiation of Transient
for multiple junctions within a
system.
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Beginner - Filling a Tank - XTS

Summary

The objective of this example is to introduce the user to the Extended Time Simulation (XTS) module by
modeling the filling of a tank. A liquid transfer system will be modeled. The pump will run for a specified
time, and the change in fluid height in the delivery tank will be examined using the transient output data.

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Specifying Transient Control
* Understanding Transient Output

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Beginner - Filling a Tank - XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate XTS and select Transient to enable the XTS module for use. A
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new group will appear in Analysis Setup titled Transient Control. Click OK to save the changes and exit
Analysis Setup. Open the Analysis menu to see the new option called Time Simulation. From here you
can quickly toggle between Steady Only mode (normal AFT Fathom) and Transient (XTS mode).

Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

/* Workspace | {7 Model Data | [ Output | [ Graph Results |’§‘V|5ua|Report

P |~ - @ IxTa-M ) =

= =
ORI
o> @
=9
?IXI
il 5
o
s
[Sul NI
iy =
L

By =

&= v
>

Base Scenario kY | & 100% | & 1t | -2 | E3

Figure 1: Workspace for XTS Filling a Tank example

The system is in place but now we need to enter the properties of the objects. Double-click each pipe and
junction and enter the following properties. The required information is highlighted in blue.
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Pipe Properties

1. Pipe Model tab

a. Pipe Material = Steel - ANSI
Pipe Geometry = Cylindrical Pipe
Size =4 inch
Type = STD (schedule 40)
Friction Model Data Set = Standard
Lengths =

-~ ® 9 o T

Pipe Length (meters)

1 5

2 295

Junction Properties

1. J1 Reservoir

Name = Lower Reservoir

Tank Model = Infinite Reservoir

Liquid Surface Elevation = 3 meters

Liquid Surface Pressure = 0 barG (0 kPa (g))
Pipe Elevation = 0 meters

2. J2Pump

© 20 T Qo

a. Inlet Elevation = 0 meters
b. Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head
m3/hr meters
0 90
115 115
230 75

e. Curve Fit Order=2

3. J3Reservoir
a. Name = Upper Reservoir
b. Tank Model = Finite Open Tank
c. Known Parameters Initially = Both Parameters (Liquid Surface Level & Surface Pressure)
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Cross-Sectional Area = Constant, 14 meters2
Liquid Level Specification = Height from Bottom
Liquid Height = 0 meters

Liquid Surface Pressure = 0 barG (0 kPa (g))
Tank Height = 9 meters

Pipe Elevation = 60 meters

j.  Tank Bottom Elevation = 60 meters

TQ -0 a

To show the names of the reservoirs a new Workspace Layer will be created.

1.

o ok wN

Create a new layer by selecting New Layer and then Blank Layer from the Workspace Layers tab
of the Quick Access Panel.

Name the layer Reservoir Labels.

Edit the layer by selecting it and clicking the gear icon to bring up the Layer Settings window.
Open the Show/Hide Labels panel and uncheck Force Shown Labels to Match Shown Objects.
Toggle the visibility icon next to the reservoirs to on. This will cause their labels to be shown.

Navigate to the Junction Parameters panel and expand the Commonly Used Junction Parameters
list.

Double-click Junction Name to add it to the list on the right-hand side. This will add the Junction
Name to the label of the junctions that were defined in the Show/Hide Labels panel.

Close the Layer Settings window.

Step 5. Define the Transient Control Group

XTS module transient simulations are controlled through the Transient Control group in Analysis Setup.
Access the Transient Control group by opening the Simulation Duration panel. When Fathom is set to
perform a transient analysis, Transient Control becomes one of the items required to run the model.

The Simulation Duration panel in the Transient Control group is used to specify transient start and stop
times, as well as the time step controls and solution parameters for finite tank liquid level calculations.
Start times, stop times, and time steps can be specified in any units from seconds to years. From the Sim-
ulation Duration panel, users can specify the number of output points that are saved to the transient out-
put file. This allows XTS to do transient calculations with a small time step while limiting the size of the
transient data output file. Enter the following inputs in the Simulation Duration panel, as shown in Figure

2.

1.
2.
3.

Start Time = 0 minutes
Stop Time =30
Time Step = 1 minutes
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Analysis Setup X
[0 Modules > Simulation Duration
/A®  Fluid Properfies v
Start Time 0 minutes ~
Pipes and Junctions
= 1= ¥ Stop Time: |30
Transient Conirol &) Time Step: minutes ~
“Simulation Duration Total Time Steps: 30
3{9 Steady Solution Control o (®) Save Output to File Every Time Step
() Save Intermediate Output To File Every 2 Time Steps
&5  Eni : > Finite Tank Liquid Level Adjustments
9® CostSeliings ~ @ Forward Difference
() Certral Difference
=20  Miscellaneous w
feet
Collapse Al Groups %  Same As Parent B Hep « 0K Cancel

Figure 2: The Transient Control panel is used to control transient simulations

In addition to Transient Control, it is possible in define transient events for individual junctions. This
allows the user to define events such as pump trips or start-ups, or valve closures. For this example, we
will not specify any junction transients. The transient data for this example will be related to the fluid being
pumped into the tank over the transient time period we have defined in Transient Control.

Step 6. Specify the Time Simulation Formatting

Open the Output Control window and select the Format & Action tab. Set the Time Simulation Formatting
units to minutes and click OK to save and close the window.

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

After all of the pipes and junctions have been defined, and all of the transient data and transient control
items have been specified, the transient simulation may be executed.

Step 7. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

When using the XTS module, the Solution Progress window displays the progress through the transient
analysis. This information is displayed below the solution tolerance data, as shown in Figure 3:
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Solution Progress - Complete
Mazimum ferations: 50000 Run Time: |.73 E

Relaxation: Automatic
Transient Parameters:  Stop Time: 30 minutes, Time Step: 1.000000 minutes

Abzolute Tolerance  Relative Tolerance Total kerations
Max Out of Tal. Max Out of Tal.
Head: 1.0E-04 Relative Change |D.{H]'DE+|]'D | |D.DDDE+DD | ||} |
Mot used (Absolute Change meters)
Wol. Flow Rate: 1.0E-04 Relative Changs |‘I.32€E—DZ | |5.532E—I}5 | |2Dj-' |
Mot used (Absolute Change m3/hr)
Transient

. 1

Setting up input ..
Determining connectivity. ..
Initializing madel. ..
Running Salver...

Calculations complete.

Other [} by [ = =
Actions Cancel Graph Results... Visual Report... Output...

Figure 3: Solution Progress Window shows the convergence progress, as well as the transient solution pro-
gress when running transient cases

Step 8. Examine the Output

AFT Fathom displays transient output for all Pipes and Junctions in the Output Window, as shown in Fig-
ure 4.
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I 7" Workspace |iJMode\ Data | 1 Output

B g BB

22 Graph Results &> Visual Report

A  General Warnings DesignAlerts = Pump Summary = Pump Transient Reservoir Summary | Reservoir Transient
Tank Name Type Lig Lig Surface | Liquid | Liquid | NetVol | hetMass
K Height | Elevation | Pressure | Volume Mass Flow Flow
(Time) (meters) | (meters) (bar) (meters3) (ka) (m3hr) (kg/sec)
& 1(0) |vaer Reservoir _Infinite NiA 3.000 1.013 NIA NiA ~ -1366 -37.90
30 |Upper Reservoir  Finite Open 0 60.000 1.013 0 0 1366 3790

# | Fipes | Transient

Time: | Mame | Vol. Flow Velacity P Static | P Static | Elevation | Elevation | dP Stag dP Static dP dH P Static | P Static | PStag. | P Stag.
0 ate Max Min Inlet Ouutlet Total Total Gravity In Out In Out
Fipe (m3/hr) | (meters/sec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) | (meters) (bar) (bar) (bar) (bar)
1 |Fipe 1366 4820 1200 1.1100 0 0.00 008044 009044 0000 0.8234 1200 11100 1307 1217
2 |Pipe 136.6 4620 12123 0.9067 o 60.00 11.21622 1121622 5876 545201 12123 08067 12229 1013

# | AllJunctions | Pump = Reservoir = Transient

Time: Name P Static | P Static | PStag. | P Stag. | Viol. Flow Rate | Mass Flow Rate | Loss Factor
0 In Out In Out Thru Jet Thru Jet (K}
Jet (bar) (bar) (bar) (bar) (m3hr) (kg/sec)
1 |Lower Reservair 1013 1307 1013 1307 1366 37.90 0
2 [Pump 1110 12123 1217 12228 1366 3750 0
3 [Upper Reserveir 1.013 1.013 1013 1013 1366 37.90 0

Time: 0 minutes RN '
Base Scenario Qe =@ {} +)

Figure 4: Transient output is displayed in the Output Window

Each of the summary tables in the General Output section has a companion transient summary tab
which displays the summary data at each time step in the transient run. Each junction included in the
summary is included in the transient summary. The transient summary data for each junction may be
expanded or collapsed by clicking the + or — sign in beside the junction data list. The entire list may be
expanded or collapsed by clicking the button in the top left-hand corner of the transient summary window.
Figure 5 shows the Reservoir Transient summary tab, with all of the data sets collapsed. Figure 6 shows
the Reservoir Transient summary tab, with the data for the J3 Reservoir expanded.

A  General Warnings Designflerts Pump Summary = Pump Transient = Reservoir Summary | Reservoir Transient
Tank MName Type Lig. Lig. Surface Liguid Liguid | MetWol. | Met Mass
Jet Height | Elevation | Pressure | Volume Mass Flow Flow
(Time) (meters) | (meters) (bar) (meter=3) | (ka) (m3thr) | (kg'sec)
+ 1 (0) Lower Reservoir  Infinite IA 3.000 1.013 NA NiA -1366 -37.50
+ 3 (D) Upper Reservoir  Finite Open 0 60.000 1.013 0 ] 1366 3750

Figure 5: Transient Summaries are displayed in the General Output section
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%  General Warnings Designflerts = Pump Summary = Pump Transient Reservoir Summary | Reservoir Transient
Tank Name Type Lig. Lig. Surface Liguid Liquid | MetVol | Met Mass
Jet Height | Elevation | Pressure | Volume Mass Flow Flow
(Time) (meters) | [meters) (bar) (meters3) (kg) (m3ihr) (kglsec)
1(0) Lower Reservoir  Infinite MIA 3.000 1.012 /A NiA -1366 -37.50
B 3(0) Upper Reservoir  Finite Cpen 0 £0.000 1.012 0 ] 1366 3750
3(1) Upper Reservoir  Finite Open 0.1626 60.163 1.013 2277 2774 1365 37.87
3(2) Upper Reservoir  Finite Open 0.3252 60.325 1.012 4552 4548 1364 3783
3(3) Upper Reservoir  Finite Open 0.4875 B0.487 1.013 6825 6816 1362 3778
3(4) Upper Reservoir  Finite Open 0.6496 60.650 1.013 9.054 5,083 136.0 3773
3(5) Upper Reservoir  Finite Open 0.8115 60.812 1.013 11.36 11,247 135.8 3769
3(6) Upper Reservoir  Finite Open 0.9732 B0.573 1.013 1363 13608 1357 3764
30 Upper Reservoir  Finite Open 1.135 61.135 1.012 15.89 15,866 1355 3759
3(8) Upper Reservoir  Finite Open 1.256 £1.296 1.013 1814 18122 1353 3754
3(9) Upper Reservoir  Finite Open 1.457 £1.457 1.013 2040 20374 1352 3750
3(10) Upper Reservoir  Finite Open 1618 61.618 1.012 2265 22624 135.0 3745
3(11) Upper Reservoir  Finite Open 1779 B1.779 1.013 24580 2487 1348 3740
3(12) Upper Reservoir  Finite Open 1.939 61.939 1.013 2715 27115 1346 37.35
3(13) Upper Reservoir  Finite Open 2.100 £2.100 1.013 2935 25356 1345 373
3(14) Upper Reservoir  Finite Open 2280 £2.260 1.013 3164 31585 1343 3726
3(15) Upper Reservoir  Finite Open 2420 62.420 1.012 3387 33830 1341 372
3(16) Upper Reservoir  Finite Open 2.579 62.579 1.013 3611 36062 134.0 3717
317 Upper Reservoir  Finite Open 2739 62.739 1.013 3834 38293 133.8 3712
3(18) Upper Reservoir  Finite Open 2.898 62.858 1.012 4057 40520 1336 3707
3(19) Upper Reservoir  Finite Open 3.057 £3.057 1.013 4280 42744 1335 37.02
3(20) Upper Reservoir  Finite Open 3216 63.216 1.013 4502 44966 1333 36.58
3(21) Upper Reservoir  Finite Open 3.375 £3.375 1.013 47.24 47184 1331 36.53
3(22) Upper Reservoir  Finite Open 3533 63.533 1.013 4946 49400 1329 36.88
3(23) Upper Reservoir  Finite Open 3691 63.691 1.012 5168 51613 132.8 36.83
3(24) Upper Reservoir  Finite Open 3.849 £3.349 1.013 5389 53B22 1326 36.78
3(25) Upper Reservoir  Finite Open 4.007 B4.007 1.013 56.10 56,029 1324 36.73
3 (26) Upper Reservoir  Finite Open 4165 B4.165 1.012 5831 58234 1322 3669
327 Upper Reservoir  Finite Open 4322 B4.322 1.013 60.51 60435 1321 3664
3(28) Upper Reservoir  Finite Open 4.480 54.480 1.013 6271 62633 1319 36.59
3 (29) Upper Reservoir  Finite Open 4637 B4.637 1.013 64591 64,829 1317 36.54
3 (30) Upper Reservoir  Finite Open 4793 B4.793 1.013 6711 B7,021 1316 36.50

Figure 6: Transient Summary data can be expanded to show the junction data for every Time Step

The Quick Graph feature can be used to quickly plot transient data for quick examination. To use the
Quick Graph feature, place the mouse cursor over the column of data you wish to examine. Then, right
click with the mouse, and select Quick Graph from the list. Figure 7 illustrates how to do this for J3 Reser-
voir Liquid Height vs. Time. Figure 8 shows the resulting graph. The graph illustrates how the liquid level
in the Reservoir rises with time, as would be expected. The Graph Results window may also be used to
create a full range of graphs related to the XTS module transient output.

-231 -



Extended Time Simulation (XTS) Examples

e

Reservoir Transient

# | General Wamings DesignAlerts Pump Summary = Pump Transient Reservoir Summary
Tank Mame Type Lig. Lig. Surface Liguid Liguid | MetVal. | Net Mass
Jot Height | Elevation | Pressure | Volume Mass Flow Flow
(Time) (meters) | (meters) (bar) (metera3) (kg) {m3/hr) (ka/zec)
1(0) Lower Reservair  Infinite /A 3.000 1.013 /A MNi& -1366 -37.90
El3(0) Upper Reservoir  Finite Open 0 60.000 1.013 0 0 1366 37.50
<10 Upper Reservoir  Finite Open D.1| Quick Graph... 37.87
3(2) Upper Reservoir  Finite Open 04 Add )3 "Liq. Height” to Excel Export Manager... 373
3(3) Upper Reservoir  Finite Open 04 7 BB 7.78
3(4) Upper Reservoir Finite Open 0. pen bxcel Sxport Vanager.. 772
3(5) Upper Reservoir  Finite Open 0.4 Create Design Alert.., 3765
5 u R ir Finite O 0.4 3764
6 pper eser'.ro?r |n| = pen Copy Selected Cell Data _
37 Upper Reservoir  Finite Open 1 37.59
3(8) Upper Reservair  Finite Open 1.296 61.296 1.013 1814 18122 1353 3754
(9 Upper Reservoir  Finite Open 1.457 61.457 1.013 2040 20374 1352 37.50
3(10) Upper Reservair  Finite Open 1618 61618 1.013 2265 22624 1350 3745
Figure 7: Use Quick Graph to easily plot J3 Reservoir liquid height
Quick Graph
- By Lk
% = SE i ®
Format Graph... Copy Data Copy Image Print Graph Close
3
43 /
4
- 35
z
@ 3
E /
E 25
=
T =z
=
1 1.3
0.5
0 3 10 13 20 23 30
Time (minutes)

Figure 8: Quick Graph Plot of J3 Reservoir liquid height

Similar to the summary transient data, the transient tabs in the Pipe and Junctions sections of the Output
Window are used to display the transient data for each pipe and junction at every time step, as shown in
Figure 9. This transient data can be expanded or collapsed in the same manner as in the General Output
transient summaries.
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# | Pipes | Transient

Name | Vol. Flaw Velocity P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH P Static | P Static | P Stag. | P Stag.
Pipe Rate Max Min Inlet Outlet Total Total Gravity n Out In Out
(Time) (m3thr) | (metersisec) | (bar) (bar) (meters) | (meters) (bar) (bar) (bar) | (meters) | (bar) (bar) (bar) (bar)
I 1(0) Pipe 1366 4820 1200 11100 0 0.00 009044 005044  0.000 0.9234 1200 1.1100 1307 1217
=2 Pipe 1366 4620 12123 08067 0 6000 1121622 1121622 5876 545201 12123 08067 12229 1013
2(1) Pipe 1365 4617 12125 08227 0 6000 1120182 1120182 5876 543731 12125 08227 12231 1.023
2(2) Pipe 1364 4612 12128 039389 0 60.00 11.18839 11.18839 542420 12128 09389 1223 1.045
2(3) Pipe 1362 4606 12131 08851 0 €0.00 1117613 1117613 541108 12131 09851 12237 1.061
2(4) PFipe 1360 4600 12134 05712 0 €0.00 1116328 1116322 5397% 12134 09712 12240 1077
2(5) Pipe 1358 4534 12138 08873 0 6000 1115044 1115044 538484 12138 09873 12243 1.083
2(8) Pipe 1357 4589 12141 1.003 0 6000 1113760 11.13760 537173 12141 1002 12248 1108
2N Pipe 1355 4583 12144 1.020 0 60.00 1112477 1112477 535863 12144 1020 12249 1124
2(8) Pipe 1363 4577 12142 1.036 0 €0.00 1111185 1111186 534B54 127148 1036 12252 1140
2(9) PFipe 1362 4571 12181 1.052 0 €0.00 11.09914 11.08914 533246 12151 1082 12255 1.156
2(10) Pipe 1350 4566 12154 1.068 0 6000 1108633 1108633 531838 12154 1068 12258 1172
A | AllJunctions  Pump  Reser Transient
Name P Static | PStatic | PStag. | PStag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
det In Out In Out Thru Jet Thru Jet (]
(Time) (bar) (bar) | (bar) | (bar) (marhr) (kg/sec)
= 1(0) Lowier Reservoir 1.013 1.307 1.013 1.307 1366 37.50 0
B 2(0) Pump 1110 12123 1217 12229 1366 37.90 0
=30 Upper Reservoir 1013 1012 1.013 1013 1366 37.90 0
3 Upper Reservoir 1013 1029 1.013 1028 1365 0
32 Upper Reservoir 1013 1045 1013 1045 1364 0
33 Upper Reservoir 1013 1.061 1013 1.061 1362 o
34) Upper Reservoir 1013 .77 1.013 1077 1360 0
3(8) Upper Reservoir 1013 1.082 1.013 1.093 1358 0
3(6) Upper Reservoir 1013 1109 1.013 1109 1357 0
M Upper Reservoir 1013 1124 1013 1124 1355 0

Figure 9: Output Window showing the Pipe and Junction Transient tabs

Figure 10 shows the output data for the pipes and junctions, found on the Pipes and All Junctions tabs, at
the initial time step, Time = 0 minutes. The output for all of the pipes and junctions can be displayed at
any time step by using the slider bar located at the bottom of the Output window. Figure 11 shows the
pipe and junction data at Time = 5 minutes.

# | Pipes | Transient

Time: | Name | Vel. Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag dP Static dP dH P Static | P Static | PStag. | P Stag
0 ate 5 Min Inlet Outlet Total Total Gravity In Out In ut
Pipe (m3thr) | (metersisec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) | (meters) (bar) (bar) (bar) (bar)
1 |Fipe 136 4820 1200 11100 0 000 009044 009044 QOO0 (.82 1200 11100 1207 1217
2 |Pipe 136.6 4620 12123 0.9067 0 60.00 1121622 1121622 5876 545201 12123 05067 12228 1.013
a

# | AllJunctions | Pump = Reservoir  Transient

Time: Name P Static | P Static | PStag. | P Stag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
0 In ut In ut Thru Jet Thru Jet (K
Jet (bar) (bar) (bar) (bar) (m3thr) (kgisec)
1 |Lower Reservair 1013 1307 1013 1307 1366 37.90 0
2 |Pump 1110 12123 1217 12238 1366 37.%0 0
Upper Reservoir 103 1013 1.013 1.013 1366 37.90 0
Time: 0 minutes LA '

Figure 10: Pipe and Junction transient data at Time = 0 minutes
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A | Pipes |Transient

Time: | Name | Vol Flow Velocity P Static | P Static | Elevation | Elevation | dP Stag dP Static dP dH P Static | P Static | P Stag P Stag
ate 3¢ Min Inlet Outlet Total Total Gravity In uf In Out
Fipe (m3hr) | (melersisec) | (bar) (bar) | (meters) | (meters) = (bar) (bar) (bar) | (meters) | (bar) (bar) (bar) | (bar)
1 Pipe 1358 4554 1202 1122 0 0.00 0.08346 0.08346 0.000 09134 1202 11122 1.307 1218
2 |Pipe 135.8 4534 12138 0.9873 0 60.00  11.15044 11.15044 5876 538484 12138 09873 12243 1093

# | AllJunctions | Pump = Reservoir  Transient

Time: Name P Static | P Static | PStag. | P Stag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
5 In ut In Out Thru Jet Thru Jet (K
Jot (bar) (bar) (bar) | (bar) (m3hr) (kgisec)
1 Lower Reservoir 103 1.307 1.012 1.307 1358 3769 0
2 |Pump 1112 12138 1218 12243 1358 769 0
3 | Upper Reservoir 1013 1.083 1.013 1.093 1358 3768 0
Time: 5 minutes NI '

Figure 11: Pipe and Junction transient data at Time = 5 minutes

Step 9. Create a New Scenario

Create a new scenario called Variable Speed Pump.

Open the Pump Properties window for J2. On the Variable Speed tab, set the pump to Controlled Pump
(Variable Speed) and select Volumetric Flow Rate with a Control Setpoint of 100 m3/hr.

Rerun the model.

Step 10. Examine the Output

Figure 12 shows a Quick Graph plot of the Pump Speed vs. Time for the controlled flow pump. Note how
the pump speed increases over time to maintain the controlled flow. This is because the hydrostatic pres-
sure downstream of the pump is increasing because the tank is slowly filling over time.
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Figure 12: Quick Graph plot of Controlled Pump Speed vs. Time
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Summary

The objective of this example is to demonstrate how the interaction of different hydrostatic pressures
between can be analyzed using the XTS module. This example will use three finite reservoirs connected
in series, with different initial liquid elevations.

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Using Finite Reservoirs Junctions

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Filling a Tank - XTS example,
and is familiar with the basics of XTS transient analysis.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Reservoir Balance - XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate XTS and select Transient to enable the XTS module for use. A
new group will appear in Analysis Setup titled Transient Control. Click OK to save the changes and exit
Analysis Setup. Open the Analysis menu to see the new option called Time Simulation. From here you
can quickly toggle between Steady Only mode (normal AFT Fathom) and Transient (XTS mode).

Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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- - @ - (InMmeae-a % Hilv

= & 5
O E
o> @
=g
?M
¥l 5
o
OOz
= TS
iy —
o B

& db

P1

= v

Base Scenario B | Q 100% | © W d) | =2 | B3

Figure 1: Workspace for XTS Reservoir Balance example

Pipe Properties

Enter the following for both pipes P1 and P2.

1. Pipe Model tab

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size =4 inch

Type = STD (schedule 40)

Friction Model Data Set = Standard
Length = 75 meters

-~ P 2 0 T QO

Junction Properties

Figure 2 shows the Reservoir Properties window for junction J1. In the Fathom XTS module, reservoir
junctions can have finite dimensions. The reservoirs can also be open, or closed. If the tank is closed, the
user must specify the gas thermodynamics inside the closed tank. Users may also specify different initial
known parameters for the reservoir. If only the Liquid Surface level is known, Fathom will calculate the
Surface Pressure. Alternatively, if only the Surface Pressure is known, Fathom will calculate the Liquid
Height. When using a reservoir as a finite tank, users must also specify the tank height, the initial liquid
height in the tank, as well as the tank cross sectional area.
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Reservoir Properties

Norber
- Mote: Al pipes are cumently specified as
Name: |Reserv0|r | zero elevation Cancel
Library Jet: hd T Jump
Copy Data From Jct... - -
2 Help

Reservoir Model | Pipe Depth & Loss Coefficients | Transient | Optional | DesignAlerts | Notes | Status
Tank Model Known Parameters Initially

O Infinite: Reservoir Both Parameters ~
(® Finite Open Tank

(O Finite Closed Tank

Liquid Surface Pressure
Cross-Sectional Area

® Constart () Variable / D =i -

NN — e
ank Height:
15 meters ~

Liquid Height: 7
(O Blevation @ Height from Bottom @ FPipe Bevation () Pipe Depth
meters v

P =

L «l

0 meters i

Tank Bottom Elevation:

Reference

Figure 2: Reservoir Properties Window in Fathom XTS

Next, define the reservoir junctions.

1. J1Reservoir
Tank Model = Finite Open Tank

b. Known Parameters Initially = Both Parameters (i.e. Liquid Surface Level & Surface Pres-
sure)

c. Cross-Sectional Area = Constant, 14 meters2

d. Liquid Level Specification = Height from Bottom

e. Liquid Height = 12 meters

f.  Liquid Surface Pressure = 0 barG (kPa (g))

g. TankHeight=15 meters

h. Pipe Elevation = 0 meters

i. Tank Bottom Elevation = 0 meters
2. J2Reservoir
a. Tank Model = Finite Open Tank

b. Known Parameters Initially = Both Parameters (i.e. Liquid Surface Level & Surface Pres-
sure)

c. Cross-Sectional Area = Constant, 14 meters2
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Liquid Level Specification = Height from Bottom
Liquid Height = 0 meters
Liquid Surface Pressure = 0 barG (kPa (g))
Tank Height = 15 meters
Pipe Elevation = 0 meters
i. Tank Bottom Elevation = 0 meters

3. J3Reservoir

a. Tank Model = Finite Open Tank

b. Known Parameters Initially = Both Parameters (i.e. Liquid Surface Level & Surface Pres-
sure)

Cross-Sectional Area = Constant, 14 meters2
Liquid Level Specification = Height from Bottom
Liquid Height = 3 meters

Liquid Surface Pressure = 0 barG (kPa (g))
Tank Height = 15 meters

Pipe Elevation = 0 meters

Tank Bottom Elevation = 0 meters

TQ -0 a

SQ - @ 2 o

Step 5. Define the Transient Control Group

Open Analysis Setup again and navigate to the Simulation Duration panel, part of the Transient Control
group.

For this example, with a Start Time of 0 minutes, set the Stop Time to 120 minutes with a time step of 1
minute. The output will be saved to the output file for every time step.

Step 6. Specify the Time Simulation Formatting

Open the Output Control window and select the Format & Action tab. Set the Time Simulation Formatting
units to minutes and click OK to save and close the window.

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 7. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 8. Examine the Output

For this model, the output will be easiest to view as a graph, so select the Graph Results tab. Use the
Graph Results window to plot the liquid height in each of the three reservoirs on the same plot. Figure 3
shows the Graph Control tab of the Quick Access Panel for simultaneously plotting the transient liquid
height in all three reservoirs. After selecting the Transient graphing tab, select Reservoir from the Pipes
or Junctions drop-down menu.

Figure 4 show the resulting graph. Note that, as one would expect because the tanks are the same sizes
and at the same elevations, the liquid heights between the tanks eventually reach the same equilibrium
value.
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Figure 3: The transient liquid height in all three reservoirs can be selected in the Select Graph Data window
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Liquid Height vs. Time
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Figure 4: Reservoir liquid heights can be plotted using the Graph Results window
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Summary

The objective of this example is to demonstrate how to set up an event based transient in the XTS mod-
ule for a valve junction. A valve is set to close when the liquid height in discharge tank reaches a spe-
cified level.

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Defining Junction Transients
* Understanding Transient Output

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Filling a Tank - XTS example,
and is familiar with the basics of XTS transient analysis.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Valve Closing - XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate XTS and select Transient to enable the XTS module for use. A
new group will appear in Analysis Setup titled Transient Control. Click OK to save the changes and exit
Analysis Setup. Open the Analysis menu to see the new option called Time Simulation. From here you
can quickly toggle between Steady Only mode (normal AFT Fathom) and Transient (XTS mode).

Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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Figure 1: Workspace for XTS Valve Closing example

The system is in place but now we need to enter the properties of the objects. Double-click each pipe and

junction and enter the following properties. The required information is highlighted in blue.

Pipe Properties

1.  Pipe Model tab
a. Pipe Material = Steel - ANSI

b. Pipe Geometry = Cylindrical Pipe
c. Size=4inch
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Lengths=
Pipe Length (meters)

1 6

2 300

3 6

Junction Properties

- 246 -



Valve Closing - XTS

1. J1 Reservoir

Name = Lower Reservoir

Tank Model = Infinite Reservoir

Liquid Surface Elevation = 3 meters

Liquid Surface pressure = 0 barG (0 kPa (g))
Pipe Depth = 3 meters

2. J2Pump

© a0 T Qo

a. Inlet Elevation = 0 meters
b. Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head
m3/hr meters
0 90
115 115
230 75

e. Curve Fit Order=2
1. J3Valve
Inlet Elevation = 60 meters
Valve Data Source = User Specified
Loss Model = Cv
Loss Source = Fixed Cv
. Cv=100
3. J4 Reservoir

©® oo T w

Name = Upper Reservoir

Tank Model = Finite Open Tank

Known Parameters Initially = Both Parameters
Cross-Sectional Area = Constant, 14 meters2
Liquid Height Specification = Height from Bottom
Liquid Height = 0 meters

Liquid Surface Pressure = 0 barG (0 kPa (g))
Tank Height = 9 meters

Pipe Elevation = 60 meters

j-  Tank Bottom Elevation = 60 meters

SQ -0 2 0 T O

Step 5. Define the Transient Control Group

Open Analysis Setup again and navigate to the Simulation Duration panel, part of the Transient Control
group.
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For this example, with a Start Time of 0 minutes, set the Stop Time to 60 minutes with a time step of 1
minute. The output will be saved to the output file for every time step.

Step 6. Specify the Time Simulation Formatting

Open the Output Control window and select the Format & Action tab. Set the Time Simulation Formatting
units to minutes and click OK to save and close the window.

Step 7. Enter the Valve Transient Data

For this example, we will set an event-based transient on the valve junction such that when the liquid elev-
ation in the reservoir reaches a height of 5 meters, the valve will close over a period of 30 seconds. Junc-
tion transient events are defined on the Transient Data tabs in the Junction Properties windows. Open

the J3 Valve Properties window, and select the Transient tab.

Transients for junctions can be defined as either time based or event based transients. A time based tran-
sient starts at a specified absolute time. Event based transients are initiated when a defined criteria, such
as when a pressure in a particular pipe is reached or exceeded. There are three types of event transients
for junctions. Single event transients are events that occur only once in a simulation. Dual cyclic events
are two transient events that repeat one after the other as many times as the event triggers occur during
a simulation (such as a valve closing then reopening). Dual sequential transient events are two transients
events which occur one after the other, without repeating.

For this example, we will define a single transient event. The event will occur when the liquid height in the
upper reservoir reaches 5 meters. When the liquid height reaches 5 meters, the valve will close over a
period of 30 seconds.

Figure 2 shows the Transient Data tab for the Valve Properties window. The transient event is defined in
the Initiation of Transient area. This is where the event that will trigger the transient event is defined. The
profile of what occurs when the transient is initiated is defined in the Transient Data area. For this
example, the transient data consists of the valve closing profile. The valve Cv profile is specified over the
time period that the valve is to close. In this example, the Cv profile is linear over the 30-second closing
time. Enter the transient data as shown below and in Figure 2, then select OK.

1. Transienttab

Transient Special Condition = None
Initiation of Transient = Single Event
Event Type = Reservoir Liquid Height
Condition = Greater Than

Value = 5 meters

Junction =4 (Upper Reservoir)
Transient Data = Absolute Values
Data Points =

SQ -0 2 0 T o

Time (seconds) Cv

0 100
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Figure 2: Valve closing Event Transient definitions are made on the Transient tab in the Valve Properties win-
dow

Fathom will display a T next to the junction label on the workspace when a transient has been defined for
a junction.

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 8. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 9. Examine the Output

When junction event transients occur, these events are recorded and displayed in the general output sec-
tion of the Output Window. Open the Output Control and navigate to Format & Action. Change the Time
Simulation Formatting to minutes. The events are displayed on two different tabs. The first tab sorts the
events by junction number, and the second tab sorts the events by time, in the order in which they occur.
The tabs are shown in Figure 3:

£ | General ‘Wamnings Designflerts = Event Messages By Jct| Event Messages By Time | Pump ’

Event Messages
38.00 minutes: J 3 (Valve) first event started

Figure 3: Event Transient Tabs in are shown in the General Output section of the Output Window

A Quick Graph plot of the liquid height in the reservoir, shown in Figure 4, shows that the final liquid
height in the Upper Reservoir is about 5.2 meters. This is because the valve closes over a 30-second
period. The valve starts to close when the liquid reaches 5 meters. During the 30-second period that the
valve is closing, liquid continues to flow into the tank. Thus, there is some overshoot which results in
approximately 20 additional centimeters of fluid being added to the tank. This can also be seen by look-
ing at the liquid height at the final time step shown on the Reservoir Transient tab.
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Cuick Graph
# % By e ®
Format Graph... Copy Data Copy Image Print Graph Close

Reservoir Junction 4 (Upper Reservoir)

5]

L

[

Lig. Haight {matars)
[ %]

i ]

Time (minutes)

Figure 4: A Quick Graph plot can be used to plot reservoir liquid height showing overshoot due to valve clos-
ure time
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Summary

Use the Extended Time Simulation module to determine the length of time required to fill the discharge
reservoir, and to turn off the pump when the tank is full.

The discharge reservoir is a finite size tank, 6 meters high, with a cross sectional area of 7.5 meters2.
The pump is to shut off when the tank is filled. How long does it take to fill the tank? What happens after
the pump is turned off?

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Defining Transient Control
* Defining system transients

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Filling a Tank - XTS example,
and is familiar with the basics of XTS transient analysis.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Controlled Heat Exchanger Temperature.fth
* Metric - Controlled Heat Exchanger Temperature - XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Open the Model

Open the Metric - Controlled Heat Exchanger Temperature.fth example file and save it as a new file.
The workspace should look like Figure 1 below.

Important: The XTS and GSC modules and cost calculations can be used in the same run to sim-
ulate control functions over time, but we are not going to do this here.

" Workspace | {¥ModelData | [ Output |@Gvaph Results |’?V\sua\Report

Pl @ Ih e - # i) B ¢

= 5

oH

@6 E} Pl fﬂ P2 = P3 ) Pe - Pi0 =
=0
@IXI
& = P P7
Yoo
[am R wa)
= D
Ay
o B

[z fpansd

J6

(] v

< >

Base Scenario B Q1w | © L D +~10| @9

Figure 1: Workspace for XTS Controlled Heat Exchanger Temperature example

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate XTS and select Transient to enable the XTS module for use. A
new group will appear in Analysis Setup titled Transient Control. Click OK to save the changes and exit
Analysis Setup. Open the Analysis menu to see the new option called Time Simulation. From here you
can quickly toggle between Steady Only mode (normal AFT Fathom) and Transient (XTS mode).

Note: The XTS module does not perform heat transfer calculations. You will be prompted to disable
heat transfer calculations in order to proceed with modeling a transient. Click Yes.

Step 4. Define Pipes and Junctions group

Most of the input is already entered. The only exception is for Reservoir J9. Enter the following junction
properties.
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1. J3 Three Way Valve
a. Library Jct=(None)
b.  Actual Percent Open=79 %

i.  This value comes from the Actual Percent Open value calculated from the GSC
example

2. J9 Reservoir

Name = Discharge Reservoir

Tank Model = Finite Open Tank

Known Parameters Initially = Liquid Surface Level & Surface Pressure
Cross-Sectional Area = Constant, 7.5 meters2
Liquid Level Specification = Height from Bottom
Liquid Height = 0 meters

Liquid Surface Pressure = 0.3 barG (30 kPa (g))
Tank Height = 6 meters

Pipe Elevation = 6 meters

j-  Tank Bottom Elevation = 6 meters

SQ - 2 0 T o

Step 5. Setup the Transient Data

For this example, we will set an event-based transient on the pump so the pump will turn off when the
liquid level in the discharge tank reaches 6 meters.

You will define a single transient event. The event will occur when the liquid height in the reservoir
reaches 6 meters. When the liquid height reaches 6 meters, the pump speed will drop from 100% to 0%
in 10 seconds.

Open the Pump Properties window, and enter the following information. Then the Transient tab should
appear as shown in Figure 2.

1. Library Jct = (None)

2. Transienttab

Transient Type = Speed vs. Time
Transient Special Condition = None
Initiation of Transient = Single Event
Event Type = Reservoir Liquid Height
Condition = Greater Than or Equal To
Value = 6 meters

Junction =9 (Discharge Reservoir)
Transient Data = Absolute Values
Data Points =

SQ -0 2 0 T o

Time (seconds) | Speed (Percent)

0 100

10 0

- 254 -



Controlled Heat Exchanger Temperature - XTS

Pump Properties

Number: Upstream Pipe: 1 o OK
Name: |Pump » Downstream Pipe: 2 —
Library Jct. Elevation
rary Jot: ~ =
Inlet IC' meters v Jump..
Copy Data From Jct ~ NPSH
Outlet Same as Inlet  Reference: 2 Help
Pump Model | Variable Speed | [F] Iransient | Optional | DesignAlerts | Motes | Ststus
Transient Data
M H ® Absolute Values
(O Relative To Steady-State Value
Time: Hime:
None Speed vs. Time Data Time Speed ~
Transient Special Condition I | (EEELED, e
® None () Ignore Transient Data L 0 100
2 10 0
Initiation of Transient 3
) Time (_) Dual Event Cyclic 4
(® Single Event () Dual Event Sequential 5
&
Event Type: Reservoir Liquid Height ~ 7
Condition: Greater Than or Equal To v 2
9
Value: D meters - 1
Junction: 9 (Discharge Reser -~ 1
12
13
W Event 14
15
16
17 N
[ Edt Table =| | Show Graph...

[] Repeat Transient

0 Transient

Figure 2: Junction transients are specified on the Transient tabs on the junction Properties windows

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 6. Define the Transient Control Group

Open Analysis Setup again and navigate to the Simulation Duration panel, part of the Transient Control
group.

For this example, with a Start Time of 0 minutes, set the Stop Time to 45 minutes with a time step of 1
minute. The output will be saved to the output file for every time step.

Step 7. Specify the Time Simulation Formatting

Open the Output Control window and select the Format & Action tab. Set the Time Simulation Formatting
units to minutes and click OK to save and close the window.
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Step 8. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 9. Examine the Output

Open the Output Control and navigate to Format & Action. Change the Time Simulation Formatting selec-
tion to minutes and click OK. The transient reservoir data shows that the water in the discharge tank
reached a height of 6 meters in 31 minutes. This is confirmed by the event message indicating the pump
transient also initiated at this time (Figure 4).

The Quick Graph plot (Figure 3) shows the tank liquid height over time. To create this graph, go to the
Reservoir Transient tab in the top section of the window, then right-click on any of the Lig. Height cells for
the Discharge Reservoir, junction J9, and select the Quick Graph option. There is an increase in the tank
liquid height until the time when the pump turns off. The graph then shows that there is actually back flow
into the system, due to the hydrostatic pressure of the fluid in the tank. This explains why there is a Crit-
ical Warning, which states that the pump head cannot be predicted due to reverse flow through the
pump. A check valve would need to be added to the system to prevent this situation in the case of pump
shutdown.

Quick Graph

by

2 = EE i ®
Format Graph... Copy Data Copy Image Print Graph Close

Reservoir Junction 9 (Discharge Reservoir)

20 23 0 33 40 43

(e

Lig. Haight (meatars)
[ %]

L
=]
Ln

Time (minutes)

Figure 3: The liquid level in a finite tank junction can change with time
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# | General Warnings DesignAlerts | Event Messages By Jot | Event Messages By Time  Pump * F

*** Events Sorted By Jct Mumber =**

Pump Junction 2 first event started at Time: 31 minutes

Figure 4: Event transients occurrences are recorded in the General section of the Output Window
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Summary

This example uses the XTS module to simulate a supply pump used to replenish a water storage tank
that is used to supply water to a housing development. There is a requirement that the height of the liquid
in the water supply tank is not to drop below 3 meters. Use the flow conditions specified in the 4 inch
Pipe scenario (not the fire flow scenarios) of the Housing Project walk-through example as the basis for
this example.

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Using Dual Cyclic Junction Transients
* Understanding Transient Output
* Resolving Time Step issues

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Filling a Tank - XTS example,
and is familiar with the basics of XTS transient analysis.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Housing Project.fth
* Metric - Housing Project - XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.
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To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Housing Project.fth example file. Right-click on the 4 inch Pipe scenario and select

Save Scenario to File Without Children and save this scenario to a new model file.

The Workspace should look like Figure 1 below:
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Figure 1: Workspace for XTS Water to Housing Project Example

For this example, we will be changing the West Lake junction (J1) from an infinite reservoir to a finite
water supply tank. We will then add a new supply reservoir, as well as a supply pump and a check valve
to the system. The new supply pump will replenish the supply tank as the water level in the tank is

depleted.

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate XTS and select Transient to enable the XTS module for use. A
new group will appear in Analysis Setup titled Transient Control. Click OK to save the changes and exit
Analysis Setup. Open the Analysis menu to see the new option called Time Simulation. From here you
can quickly toggle between Steady Only mode (normal AFT Fathom) and Transient (XTS mode).
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Step 4. Modify the existing model

4inch Pipe

“Workspace | % Model Data | EJOutput | I Graph Results | ® Visual Report l
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Figure 2: Workspace for XTS water to Housing Project example with supply pump system added

Modify the workspace to include the new supply reservoir, supply pump, check valve, and piping as
shown in Figure 2. You may need to move the objects to the right on the Workspace to create room for
the new pipes and junctions. Do this by selecting all pipes and junctions by either using CTRL+A or click-
and-drag and selection box encompassing all objects. Then click, hold, and drag the objects to the right.
Now define the new objects.

Pipe Properties

1. Pipe Model tab
Pipe Material = PVC - ASTM
Pipe Geometry = Cylindrical Pipe

Size =4 inch
Type = schedule 40
Friction Model Data Set = Standard

-~ ® 2 o T o

Lengths =

Pipe Length (meters)
300 7.5
301 150
302 1.5
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Junction Properties

1. J300 Reservoir
a. Name =West Lake
b. Tank Model = Infinite Reservoir
c. Liquid Surface Elevation = 0 meters
d. Liquid Surface Pressure = 0 barG (0 kPa (g))
e. Pipe Depth =0 meters
2. J301 Pump
a. Inlet Elevation = 0 meters
b. Pump Model = Centrifugal (Rotodynamic)
i. Analysis Type = Pump Curve
ii. EnterCurve Data =

Volumetric Head
m3/hr meters
0 300
45 350
90 240

iii. Curve FitOrder=2
c. Optional tab
i. Special Condition = Pump Off With Flow Through

1. J302 Check Valve
Inlet Elevation = 60 meters
Loss Model = Cv
Cv=10
Forward Velocity to Close Valve = 0 meters/sec
Delta Pressure/Head to Reopen = Pressure
Delta Pressure = 0 bar (kPa)
2. J1 Reservoir
Name = Supply Tank
Tank Model = Finite Open Tank
Known Parameters Initially = Both Parameters (Liquid Surface Level & Surface Pressure)
Cross-Sectional Area = Constant, 6.5 meters2
Liquid Level Specification = Height from Bottom
Liquid Height = 4.9 meters
Liquid Surface Pressure = 0 barG (0 kPa (g))
Tank Height = 5 meters

-~ ® 2 o T o

SQ - 2 0 T o
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i. Pipe Depth =5 meters
j-  Tank Bottom Elevation = 60 meters

Step 5. Define the Transient Control Group

Open Analysis Setup again and navigate to the Simulation Duration panel, part of the Transient Control
group.

For this example, with a Start Time of 0 minutes, set the Stop Time to 120 minutes with a time step of 1
minute. The output will be saved to the output file for every time step.

Step 6. Specify the Time Simulation Formatting

Open the Output Control window and select the Format & Action tab. Set the Time Simulation Formatting
units to minutes and click OK to save and close the window.

Step 7. Enter the Pump Transient Data

For this example, the pump will be set to turn on when the liquid level in the supply tank drops below 3
meters, and turn off when the water level returns to 5 meters. To do this, we will use a Dual Event Cyclic
event transient.

The Dual Event Cyclic event requires that two transients be defined. In this case, the first transient will be
the pump turning on when the water level drops below 3 meters, and the second transient will be the
pump turning off when the water level returns to 5 meters. The pump speed transients need to be
included for both transient events as well. Enter the following in the pump properties window.

1. Transienttab
a. Transient Type = Speed vs. Time
b. Transient Special Condition = None
c. Initiation of Transient = Dual Event Cyclic
d. FirstEvent
i. EventType = Reservoir Liquid Height
ii. Condition =Less Than or Equal To
ii. Value =3 meters
iv.  Junction =1 (Supply Tank)
e. First Transient =

Time (seconds) | Speed (Percent)

0 0

30 100
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i. EventType = Reservoir Liquid Height
ii. Condition = Greater Than or Equal To

iv. Junction =1 (Supply Tank)

e. Second Event
ii. Value =5 meters
e. Second Transient =

Time (seconds)

Speed (Percent)

0

100

30

0

Pump Properties
Number: 301 Upstream Pipe: 300 of OK
Downst Fipe: a0
Name: |Pump » ownstream Fipe —
Lbrary Jat Elevation
rary Jot: ~ =
Inlet IC' meters ~ ~ Jump..
Copy Data From Jct ~ NPSH
Outlet Same as Inlet  Reference: 2 Help
Pump Mode| le Speed | [ Iransient | o Optional | Designllerts | Hotes | Status
Transient Data
M H ® Absolute Values
() Relative To Steady-State Value
Time: time:
None Speed vs. Time Data Time Speed ~
Transient Special Condition Point | (seconds) (Percent)
® None () Ignore Transient Data L 0 0
2 ] 100
Initiation of Transient 3
O Time (® Dual Event Cyclic 4
() Single Event () Dual Event Sequential 5
&
Event Type: Reservoir Liquid Height ~ 7
Condition: Less Than or Equal To - 8
9
Value: meters - 1
Junction: 1 (Supply Tank) ~ 1
12
13
B FirstEvent | [ Second Event 12
15
16
7 N
[ Edt Table - | | Show Graph...
[] Repeat Transient
D FirstTransient | A Second Transient

Figure 3: First Event and First Transient Data for Water to Housing Project XTS example
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Pump Properties

Number: Upstream Pipe: 300 o OK
Downstream Pipe: am
Name: |Pump ~ - Cancel
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ra 5 ~ =
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Transient Data
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Tme Hme
None Speed vs. Time Data Time Speed -
Transient Special Condition I | (EEELED, e
® None () Ignore Transient Data L 0 100
2 30 0
Initiation of Transient 3
) Time (® Dual Event Cyclic 4
() Single Event () Dual Event Sequential 5
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Event Type: Reservoir Liquid Height ~ 7
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Figure 4: Second Event and Second Transient Data for Water to Housing Project XTS example

For this example, at the beginning of the simulation, the storage tank is full, so the pump will not be run-
ning initially. To account for this, the pump Special Condition on the Optional Tab must be set to Pump
Off With Flow Through. In order to be consistent, the First Transient defined must be defined with an ini-
tial speed of 0, indicating a pump startup.

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 8. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 9. Examine the Output

Figure 5 shows a Quick Graph plot of the liquid height in the J1 Supply Tank. The plot illustrates how the
Dual Event Cyclic transient will repeat continuously as the event to trigger each transient is met, in turn.
The plot shows the tank draining due to the flow to the housing project. When the liquid level reaches 3
meters, the pump starts, causing the liquid level in the tank to rise again. When the level reaches 5
meters, the transient to stop the pump is initiated. Because the liquid level reaches the top of the tank at
this time, the Warnings tab will display a warning about the tank overflowing at 73 minutes. With the
pump turned off, the tank drains until the level drops to 3 meters and the pump is started again.

The plot shows the liquid level dropping below 3 meters. This is due, primarily with the time step res-
olution that was set in Transient Control. The time step was set to 1 minute, but the pump startup tran-
sient is 30 seconds. The size of the time step leads to overshoot in the calculations. Open the
Simulation Duration panel, and set the time step to 10 seconds. Set the output to save to file every 6th
time step (write output once every minute). The results from this case are shown in Figure 6. The results
using the 10-second time step clearly show the effect of using the smaller time step.

The user should always carefully consider the time step being used in relation to the length of the tran-
sient events defined for their analysis.

Note: You may notice a warning message indicating that the static pressure is lower than vapor pres-
sure at the outlet of pipe 301. Since this example is for demonstration purposes only, this warn-
ing may be ignored. However, warnings should otherwise never be ignored.

Reservoir Junction 1 (Supply Tank)

e
B o on

L
Ln

Lig. Haight imetars)

x

ka
Ln

Time (minutes)

Figure 5: Plot of Supply Tank liquid level showing Dual Event Cyclic transient
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Figure 6: Plot of Supply Tank liquid level with 10-second time step
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Summary

This example uses a pump transient to initiate auxiliary pump start up for a system with variable
demands to ensure adequate pressure drop across a control valve. Additional loads will be added to the
system every 30 seconds, until the control valve open percentage exceeds 50%. At that time, the aux-
iliary pump will start to handle the additional capacity.

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Defining Control Valve Event Transient
* Understanding Transient Output
* Using Transient Graphs

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Filling a Tank - XTS example,
and is familiar with the basics of XTS transient analysis.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

*  Metric - Variable Demand - XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate XTS and select Transient to enable the XTS module for use. A
new group will appear in Analysis Setup titled Transient Control. Click OK to save the changes and exit
Analysis Setup. Open the Analysis menu to see the new option called Time Simulation. From here you
can quickly toggle between Steady Only mode (normal AFT Fathom) and Transient (XTS mode).

Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.

7 Workspace | { Model Date | I Output | [ Graph Results | ® Visual Report
P - @ hfha-a k) S

P5 ld P16

e J18

P19
P18 = . = e

v

Base Scenario B Qo © LJ ® +19| @19

Figure 1: Workspace for XTS Variable Demand example
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The system is in place but now we need to enter the properties of the objects. Double-click each pipe and
junction and enter the following properties. The required information is highlighted in blue.

Pipe Properties

1. Pipe Model tab

a. Pipe Material =PVC-ASTM
b. Pipe Geometry = Cylindrical Pipe
c. Size=4inch
d. Type =schedule 40
e. Friction Model Data Set = Standard
f. Lengths=

Pipe Length (meters)

1-7 & 10-19 3
8&9 15

Junction Properties

1. J1Reservoir
Tank Model = Finite Open Tank
Known Parameters Initially = Both Parameters
Cross-Sectional Area = Constant, 2 meters2
Liquid Level Specification = Height from Bottom
Liquid Height = 3 meters
Liquid Surface Pressure = 0 barG (0 kPa (g))
Tank Height = 3 meters
Pipe Depth = 3 meters
i. Tank Bottom Elevation = 0 meters

2. J2,J7,&J9 Branches

a. Elevation =0 meters
3. J3&J5Pumps

SQ - ® 2 0 T o

a. Inlet Elevation = 0 meters
b. Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Pump Curve Data =
Volumetric Head
m3/hr meters
0 24
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Volumetric Head
m3/hr meters
28 27
57 15

e. Curve FitOrder=2
4. J4 & J6 Valves
Inlet Elevation = 0 meters
Valve Data Source = User Specified
Loss Model = Cv
Loss Source = Fixed Cv
. Cv=100
5. J8 Control Valve
a. Inlet Elevation = 0 meters
b. Control Valve Model tab
i. Valve Type = Pressure Reducing (PRV)
i. Always Control (Never Fail) = Unchecked
iii.  Control Setpoint = Pressure, Static
iv. Setpoint=3.1bar (310 kPa)
v. Loss When Fully Open =Cv
vi. Loss Source = From Open % Table (on Optional Tab)
c. Optional tab

©® oo T w

i. Open Percentage Data =

Open Pct. Cv
0 0
100 100

6. J10,J12,J14,J16, & J18 Valves
a. Inlet Elevation = 3 meters
b. Valve Data Source = User Specified
c. Loss Model =Cv
d. Loss Source = Fixed Cv
e. Cv=10
7. J11,J13,J15,J17, & J19 Assigned Pressures
a. Elevation = 3 meters
b. Pressure =0 barG (0 kPa (g))
c. Pressure Specification = Stagnation
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Step 5. Define the Transient Control Group

Open Analysis Setup again and navigate to the Simulation Duration panel, part of the Transient Control
group.

For this example, with a Start Time of 0 minutes, set the Stop Time to 3 minutes with a time step of 5
seconds. The output will be saved to the output file for every time step.

Step 6. Enter the Transient Data

Valve Transients

Initially, the only flow through the system will be through the J10 Valve. Valves J12, J14, J16, and J18 will
start closed, and they will open 30 seconds apart, in sequence. Set the Special Condition for Valves J12,
J14, J16, and J18 to Closed on the Valve Properties Optional tab.

The valve opening transient for Valve J12 is shown in Figure 2. Valves J14, J16, and J18 should be set
up with the same opening transient, and by adding 30 seconds to the Time Absolute event for each valve
so that valve J14 opens at 60 seconds, valve J16 opens at 90 seconds, and valve J18 opens at 120
seconds.

Note that a red XT will now be displayed next to the junction labels to show that these valves are closed,
and have transients applied to them.
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Valve Properties

Number: 12 Upstream Fipe 12 o OK
Name: Valve v| Downstream Pipe 13 m —
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rary Jot: w =
Inlet: -3 meters ~ & dump...
Copy Data From Jet w - =
Outlet Same as Inlet 2 Help
Loss Model | [F Transient | o Optional | DesignAlerts | Motes | Status
Transient Special Condition Transient Data
(®) Mone (®) Absolute Values
() Ignore Transient Data () Relative To Steady-State Value
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Initistion of Transient O ow g

) Time (O) Dual Evert Cyclic Data Time -
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Event Type: | Time Absolute ~ 2 1 10
3 180 10
Condition: Greater Than or Equal To ~ 4
Value: seconds ~ 5
&
8
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[ EdtTable «| | Show Graph

8 Event [ Transient

Figure 2: Valve J12-J18 opening transient profiles are defined on the Transient tab on the Valve Properties
window

Pump Transient

Pump J5 is not operating at the beginning of this simulation. On the Optional tab of the Pump Properties
window set the Pump J5 Special Condition to Pump Off With Flow Through. The pump is set to start
when the open percentage of Control Valve J8 exceeds 50%. The transient event definition and pump
startup profile are shown in Figure 3.
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Pump Properties

Number: Upstream Pipe: 5 o OK
Name: |Pump » Downstream Fipe: 6 Cancel
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None Speed vs. Time Data Time Speed ~
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[ Edt Table =| | Show Graph...

[] Repeat Transient
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Figure 3: Pump J5 transient startup profile is defined on the Transient tab on the Pump Properties window

Isolation Valve J6 should be closed initially to prevent flow through the leg while Pump J5 is not oper-
ating. Do this by setting the Valve J6 Special Condition to Closed on the Optional tab. Valve J6 will open
when Pump J5 starts. To do this, use the same transient event as defined for Pump J5. This is shown in
Figure 4.
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Valve Properties
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Figure 4: Valve J6 opening transient profile is defined on the Transient tab on the Valve Properties window

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 7. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 8. Examine the Output

The occurrence of the transient events is recorded on two tabs in the General Output section. The first
tab sorts the events by junction, and the second tab sorts the events chronologically. Figure 5 shows the
chronological ordering of the transient events for this run. This output shows the downstream valves
opening at 30-second intervals. It also shows that Pump J5 started 65 seconds into the run, and the isol-
ation valve J6 also opened at 65 seconds.

- 274 -



Variable Demand - XTS

#  General ‘Wamings DesignAlerts Event Messages By Jot | Event Messages By Time | Pur »

“** Events Sorted By Time (seconds) ™"

3000  Valve Junction 12 first event started at Time: 30 seconds
60.00 Valve Junction 14 first event started at Time: 60 seconds
65.00  Pump Junction 5 first event started at Time: 65 seconds
65.00 Valve Junction 6 first event started at Time: 65 seconds
50.00 Valve Junction 16 first event statted at Time: 90 seconds
1200 Valve Junction 18 first event started at Time: 120 seconds

£ >

Figure 5: A chronological list of Transient Events is shown in the General Output section of the Output Win-
dow

Plotting the speed of Pump J5 vs. time as a Quick Graph from the Output shows the pump starting up at
65 seconds, and coming up to full speed over 5 seconds. This is shown in Figure 6.

Quick Graph
% = Ee e ®
Format Graph... Copy Data Copy Image Print Graph Close
Pump Junction 5
20
80
. ™
E &0
T
L 5
=]
o
(=1
w
30
20
1] 20 40 80 o] 100 120 140 160 180
Time (seconds)

Figure 6: Quick Graph can be used to plot the Pump J5 Speed vs. Time

Now go to the Graph Results window. A stacked graph can be made for the Control Valve J8 as shown in
Figure 7 to see the affect of the opening valves on the flow rate at the control valve, as well as how the
open percent at the control valve responds. It can be seen here that the control valve open percent
reaches 50% at 65 seconds, which correlates with the beginning of the pump startup.
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To create these stacked graphs, go to the Transient tab in Graph Control. Change the Pipes or Junctions
selection to Valves and check the box next the 8, Control Valve. At the bottom, click the Add button next
to Select Parameter to add a second parameter to graph. Set the first parameter to Volumetric Flow Rate
with m3/hr Units, and set the second parameter to Open Percentage with Percent Units. Now click Gen-
erate.

/" Workspace | i Model Data | [ Output ‘ |2 Graph Results | ® Visual Report ‘ Graph List Manager a
Y =5 ' 5 = A
BB & B B e m 3] | % What Would You Like to Do?
=5 My Graphs
. 60
z 50 [ Parameters +2* Formatting >
o
Z 4 B Pump vs. System B Profile B Transient
o
[ » Pipes or Junctions: | Valves -
E Vaves: | FIH Control Valve
5 04  Vave
o Al s Valve
g - E 0 Vave
=2 10 lone: 12 Vave
>0 Volumetric Flow Rate - Junction 8 Invert 01 vave
0 O Vave
100 Workspace | |[]18  Valve
: Special...
o 80 Mutiscenaro... = | |Cument Only
2 X Axis Unts: | seconds
=
2 6 Time Frame: | @ Al Times () User Specied
o
|5 Select Parameter & Add - X Remove
o 1t
K Parameter Units DA
- vl Volumetric Flow Rate -] mahr -0
o 20 ¥ [l Open Percentage ~| Percent -0
S Open Percentage - Junction 8
© 0
Generate -
0 50 100 150 200 7
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Base Scenario [ Overview Map [=] Add-on Modules | @)

Figure 7: Stacked graph on the Graph results tab showing the Volumetric Flow Rate and Open Percentage
over time at Control Valve J8
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The examples below utilize the Settling Slurry module.

Fathom SSL Examples

Example Complexity Fluid Pipes Pumps Description
Learn the basics of the
SSL module such as defin-
ing a Detailed slurry cal-
culation model in Analysis
Beginner - Setup, using the Slurry
Sednner-. De-Rating feature in the
Pump Sizing for . . .
Beginner Slurry 3 1 Pump Properties window,
Sand Transfer :
~ Svstem adFilng Slurry parameters
=YSiem using the Output Control
window, and generating
Slurry System Curves in
the Graph Results win-
dow.
Learn how to use the SSL
. . module with Variable Fluid
Slurries with. Properties. See how to
Variable Fluid Intermediate Water/Slurry 2-3 1 .
~Properties gse the Volume Bglangg
TToperties junction and the Simplified
slurry calculation model.
Learn how to use the SSL
module and the Scenario
Manager to determine the
feasibility of selected oper-
Slurry System ating conditions. See how
Feasibility Advanced Slurry 1 0 to use the Multi-Scenario
Study output feature in the Out-

put window and how to per-
form a Batch run for a
model with multiple scen-
arios.
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Beginner - Pump Sizing for Sand Transfer System - SSL

Summary

This example shows how SSL can be used to size a slurry pump as part of a system design process.
The piping for a slurry system that moves sand is being designed. The system will pump 25% sand by
volume from an open supply vessel with a liquid surface elevation of 1.5 meters to an open receiving tank
with a liquid surface elevation of 3 meters.

Use the SSL module to size the pump.

Note: This example can only be run if you have a license for the SSL module.

Topics Covered

* Entering solids data
* Reviewing calculated slurry output
* Creating slurry system curves

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:

* Metric - Pump Sizing for Sand Transfer System - SSL.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.
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Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate SSL and select Settling to enable the SSL module for use. The
items in the Fluid Properties group will change to accommodate slurry definitions. Click OK to save the
changes and exit Analysis Setup. Open the Analysis menu to see the new option called Slurry. From
here you can quickly toggle between Disable mode (normal AFT Fathom) and Settling (SSL mode).

Step 3. Define the Fluid Properties Group

Open Analysis Setup from the toolbar or from the Analysis menu and input the following on the respect-
ive panels.

1. Carrier Fluid (Figure 1)
a. Fluid Model = Basic (Water)
b. Temperature =21 deg. C
2. Slurry Definition (Figure 2)
a. Slurry Model = Settling Slurry - Wilson, Addie, Clift
b.  Slurry Calculation Method = Detailed
c. Concentration Type = Volume Fraction
d. Amount Solids Added = 25 Percent
3. Solids Definition (Figure 3)
Solids Specifications = User Specified Solids Added
M (Stratification Ratio Exponent) = Calculated
Terminal Velocity Parameter, Vt/ Vts (Xi) = 1
Density = 2.9 S.G. water
d50 =0.0381 cm
d85=0.0762 cm

-~ ® 2 o T o
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Analysis Setup X
5@  Modules ~ | Carier Auid
&©  Fluid Properties ~

@ Carrier Fluid
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& Pipes and Junch " Camier Fluid Properties
: Fluid Name: AFT Standard Water {liquid)
| Pipes and Junctions Terreetr= deg C -
Z& Steady Solufion Control - Range: 0.0to 211.85deg. C

Calculate Slumy Properties
5  Environmental Properties =
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Vapor A
Pressure:

Collapse Al Groups =  Same As Parent 2 Help o OK Cancel

Figure 1: Carrier Fluid panel in the Fluid Properties group in Analysis Setup with SSL activated

Analysis Setup s
‘*‘J—’ Modules Rt Slurry Definition
n _ .
. Fluid Properties
a0 Slurry Caleulation Method
@ Carrier Fluid O Minimal
& Sclids Definition O Simplfied
(® Detailed
&. Slurry Definition
) ) . Slurry Definition
2! Pipesand Concertration Type: | Volume Fraction ~
! Pipes and Junctions Amount Solids Added: Percent w
Z#& Steady Solution Control ~ Slurry Mode! Settling Slumy - Wilson, Addie, it~ ~
#9  Environmental Properties
Bed Concentration: I:I Percent bl
o .
Tl (e s ™ Name Alias: |Water slumy Reset
E3  Miscellaneous ~

Pure Fluid Slumy
D 473426 ||kg/m3 v
Miscosity: 5808504 | (9.8085e04 | kg/secm ~

Vapar
T 0.02438 0.02488 bar ~

Deposition Velocity (Vsm)

Nomograph - Equation Limited ~ l:l meters/sec

Edit Solids Library

Collapse All Groups [Z]  Same As Parent ) Help o OK Cancsl

Figure 2: Slurry Definition panel in the Fluid Properties group in Analysis Setup with SSL activated
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Analysis Setup

90 Modies
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Figure 3: Solids Definition panel in the Fluid Properties group in Analysis Setup with SSL activated

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions

fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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Figure 4: Layout of pipe system for Pump Sizing for Sand Transfer System example

Enter the following pipe and junction properties.

Pipe Properties

1.  AllPipes
a. Pipe Material = Steel - ANSI

b. Pipe Geometry = Cylindrical Pipe
c. Size=12inch
d. Type=STD
e. Friction Model Data Set = Standard
f. Length=
Pipe Length (meters)

1 6

2 150

3 15

Junction Properties

1. J1 Reservoir

a.
b.

Name = Supply Tank
Liquid Surface Elevation = 1.5 meters

-282 -



Settling Slurry (SSL) Examples

c. Liquid Surface Pressure = 0.7 barG (70 kPa(g))
d. Pipe Depth = 1.5 meters
2. J2Pump
a. Inlet Elevation = 0 meters
b. Pump Model tab
i. Pump Model = Centrifugal (Rotodynamic)
ii. Analysis Type = Sizing
iii. Parameter = Mass Flow Rate
iv. Fixed Flow Rate = 1270 m-ton/hr Solids
c. Slurry De-Rating tab
i. De-Rating Method = ANSI/HI Standard 12.1-12.6-2016
i. PercentFines=0%
iii. Head De-Rating Data = Specify Impeller Size Directly
iv. Impeller Size =20 cm
3. J3 Elbow
a. Inlet Elevation = 0 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
4. J4 Reservoir
Name = Receiving Tank
Liquid Surface Elevation = 3 meters
Liquid Surface Pressure = 2 barG (200 kPa(g))
Pipe Depth = 3 meters

Qo oo

To show the names of the reservoirs, a new Workspace Layer will be created.

1. Create a new layer by selecting New Layer and then Blank Layer from the Workspace Layers tab
of the Quick Access Panel.

Name the layer Reservoir Labels.

Edit the layer by selecting it and clicking the gear icon to bring up the Layer Settings window.
Open the Show/Hide Labels panel and uncheck Force Shown Labels to Match Shown Objects.
Toggle the visibility icon next to the reservoirs to on. This will cause their labels to be shown.

Navigate to the Junction Parameters panel and expand the Commonly Used Junction Parameters
list.

7. Double-click Junction Name to add it to the list on the right-hand side. This will add the Junction
Name to the label of the junctions that were defined in the Show/Hide Labels panel.

8. Close the Layer Settings window.

o ok wN

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.
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Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

Open the Output Control window by selecting Output Control from the Output toolbar or Tools menu.

On the Display Parameters tab, click the Pumps button, and add the De-rating Head Correction factor
(CH) to the Pump Summary output.

The Output Control window can also be used to configure the slurry output data, as is shown in Figure 5.
Click OK when you are finished.

CQutput Control
Display Parameters | General | Format & Action | Show Pipesiicts | JctDeltas | Multi-Scenario

i3 Pipes | 1} Junctions | 7 Pumps | 4 Valves | 4l Heat Exchangers | L Reservoirs | €21 Cost Report

| Fitter | Show Output in This Order Reorder
Available Output Parameters Parameter Units i

4CM Carrier Fluid Fraction (%) ~ L‘: 1| Pipe Name &1

4CM Fully Stratified Fraction (Xs) CAlim m/100m v

ACM Heterogeneous Fraction (¥h) : : K

4CM Pseudo-homogeneous Fraction (¥p) G| Jm m/100 m =

ghw - 3| Velocity meters/sec ~

ngzzmg:g? \l';lz;etric L’; ,: Velocity Settling Maximum (Vsm) meters/sec ~

&0 =P | (43 velocity Ratio (VmVsm)

Densiy Clear Flid Add ;4| Head Loss - Slurry meters w

Density Slumy L’; 1| Pressure Drop Total bar ~

Density Solid 3 |

Friction Factor Clear Fuid 4+ - Mass Flow Rate kglsec e

Friction Factor Slumy (3| Volumetric Flow Rate Slurry mathr ~

Head Loss - Clear Fluid A e e

Head Loss - Sluny G| Im - w / Sm- Sw

Im v

< >

51 of 51 parameters shown (urfitered)

. . Show
Alphabetical Description Remove Clear All Same Units... Use Prefered Units...
Load Control Format User Default Fathom Default o QK
@ Same As Parent Save Control Format.... Set as Default P Help Cancel

Figure 5: The Output Control window can be used to configure the slurry output data

The Slurry tab in the pipes section shows the slurry results, as shown in Figure 6. Here one can see that
the velocity is 6.674 meters/sec, which is safely above the 3.498 meters/sec max settling velocity. Other
pressure drop and relevant slurry data can be viewed here.
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Also shown in Figure 6 is the Pump Summary in the General Section. There, the required pump head is
shown as 27.81 meters, and the de-rating head correction factor is 0.7887. Hence a pump should be
selected that can generate 27.81/0.7887 = 35.26 meters of head based on water.

A | General Warnings | DesignAlerts = Applied Standards | Pump Summary | Reserveir Summary
MName Val. Mass dP dH Overall Speed | Overzll | BEP % of NPSHA | NPSHR CH
Jet Results Flow Flow Efficiency Power BEP
Diagram (m3thr) | (ko/sec) | (bar) | (meters) | (Percent] | (Percent) | (kW) | (m3hr) | (Percent) | (meters) | (meters)
2 ‘ Show D Pump 1,753 7176 4018 27.81 100.0 /A 195.6 A A 12.61 /A D.?EST‘
A | Pipes | Slurry
Mame Im Jm Welocity Settling VmM/sm dH dP Mass Flow | Vol Flow | (Im- lw)
Pipe Welocity Maximum Slurry Rate Slurry | /(Sm - Sw)
(m100m) | (m100m) | (meters/zec) (meters/sec) (meters) (bar) (ka/zec) (m3thr)
1 |Fipe 147 9.607 6674 3498 1.908 05764 0.08311 7176 1.783 0.08562
2 |Pipe 1417 5.607 B.E674 3458 1.508 144107 208207 7176 1783 0.08562
3 |Pipe 14.17 9.607 6.674 3458 1.908 14411 020815 7176 1,783 0.08562

£ | All Junctions | Bend | Pump = Reservoir

Name P Static | PStatic | PStag. | P Stag. | Vol. Flow Rate | Mass Flow Rate | Loss Factor
Jct In Out In Out Thru Jct Thru Jct (K
(bar) (bar) (bar) (bar) (m3thr) (kg/sec)
1 | Supply Tank 1.713 1.930 1713 1.930 1,753 76 0.0000|
2 |Pump 1518 5537 1.847 5.865 1.753 7176 0.0000|
3 |Bend 34585 3377 3783 3655 1,753 76 0.3900|
4 | Receiving Tank 3013 3447 3.013 3447 1.753 7176 0.0000|

Figure 6: The Output window shows the Slurry results table in the center Pipes section and the pump de-rat-
ing in the Pump Summary in the upper General section

Also of interest is the system curve. Select the Graph Results window tab then in the Graph Control tab in
the Quick Access Panel select the Slurry System Curve tab. See Figure 7.

By default the parameter to graph is Jm vs. Velocity. Select the units of Jm as m/m that will make it com-

pletely dimensionless as is typically done. Check the box for Water System Curve which cross-plots the
water curve and then click Generate. The curves are shown in Figure 8.
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Figure 7: Data selection for graphing slurry system curve
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Figure 8: Slurry system curve and water curve in Graph Results window

Conclusion

The pump head requirements were determined, and a de-rating factor was calculated according to the
ANSI/HI Standard 12.1-12.6-2016. The de-rating factor for pump head (CH) was used to manually cal-
culate pump head using water, such that the correct size pump could be selected when looking at man-
ufacturer data based on water curves. The velocity in each pipe was found to be higher than the max
settling velocity (Vsm) of the sand and water slurry which ensured that no settling would occur. A slurry
system curve was created to allow the user to see where the system was operating with respect to solids

settling.
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Summary

This example demonstrates the fundamental concepts of the Settling Slurry (SSL) add-on module by
way of example. The example shows how SSL can be used to model the introduction of solids into a
clear fluid stream.

Evaluate pump and system performance for a slurry system that will pump 30% sand by volume for three
cases:

1. Pumping clear water (no solids in system)
2. Solids introduced into the system, and propagated through to the pump discharge
3. Solids have propagated through the entire system

This example is essentially modeling four snapshots in time as the slurry is injected and pumped through
the pipeline. These four snapshots in time can be modeled through the usage of the Volume Balance

junction.

Note: This example can only be run if you have a license for the SSL module.

Topics Covered

* Entering solids data
* Using Volume Balance junctions with variable fluid properties

* Creating slurry system curves and evaluating pump performance

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through Beginner - Pump Sizing for Sand Transfer System -
SSL example.

Model File

This example uses the following file, which is installed in the Examples folder as part of the AFT Fathom
installation:
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* Metric - Slurries with Variable Fluid Properties - SSL.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate SSL and select Settling to enable the SSL module for use. The
items in the Fluid Properties group will change to accommodate slurry definitions. Click OK to save the
changes and exit Analysis Setup. Open the Analysis menu to see the new option called Slurry. From
here you can quickly toggle between Disable mode (normal AFT Fathom) and Settling (SSL mode).

Step 3. Define the Fluid Properties Group

Open Analysis Setup from the toolbar or from the Analysis menu and input the following on the respect-
ive panels.

1. Carrier Fluid - Figure 1

a. Fluid Model = Advanced

b.  Fluid Library = AFT Standard

c. Fluid = Water (liquid)

i. After selecting, click Add to Model

d. Temperature =4deg.C

e. Select Variable Fluid Properties
2. Solids Definition - Figure 2
Slurry Calculation Method = Simplified
Solids Specifications = User Specified Solids Added
M (Stratification Ratio Exponent) = User Specified
Value =1.7
Density = 2.65 S.G. water

f. d50=0.041cm
3.  Slurry Definition - Figure 3

a.  Slurry Calculation Method = Simplified (this selection will be the same as on the Solids
Definition panel)

b. Concentration Type = Volume Fraction
¢c. Amount Solids Added = 30 Percent

© 2o o0 oo
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Figure 1: Carrier Fluid panel in the Fluid Properties group in Analysis Setup with SSL activated
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Figure 2: Solids Definition panel in the Fluid Properties group in Analysis Setup with SSL activated
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Figure 3: Slurry Definition panel in the Fluid Properties group in Analysis Setup with SSL activated

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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* Workspace tj Model Data = Output | 14 Graph Results | &> Visual Report
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Figure 4: Layout of pipe system for Pump Sizing for Sand Transfer System example

Enter the following pipe and junction properties.

Pipe Properties

1. All Pipes

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=6inch
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Length=
Pipe Length (meters)
1 15
2 305

Junction Properties

-292 -



Slurries with Variable Fluid Properties - SSL

1. J1 & J3 Assigned Pressures
a. Elevation = 0 meters
b. Pressure =10.34 barG (1034 kPa (g))
c. Pressure Specification = Stagnation
2. J2Pump

a. Inlet Elevation = 0 meters

b. Pump Model = Centrifugal (Rotodynamic)

c. Analysis Type = Pump Curve

d. Enter Curve Data =

Volumetric Head Efficiency
m3/hr meters Percent
0 60 -

115 57 45
183 53 64
251 47 75
319 40 77
387 30 74

e. Curve Fit Order=2

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 5. Create the Scenarios

For this example, there are four cases to be examined. Create a scenario for each of the four cases, as
shown in Figure 5:
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= St

-4 Base Scenario
----- ¢ Clear Water
~ @ Slumyto Pump Suction
- ® Slumyto Pump Discharge
L. AlSuny

o Scenaric | |EZ| Properties

Figure 5: Use the Scenario Manager on the Quick Access Panel to create the four analysis cases

Clear Water Scenario

Load the Clear Water scenario by double-clicking the scenario name in the Scenario Manager.

This case requires that the pipes use clear water as their fluid. As pipes are drawn on the workspace,
they automatically assume the same fluid type that is defined in the Analysis Setup window. As a result,
at this point, all of the pipes are defined as using the sand slurry. Reset both pipes to use only water by
opening the pipe properties window and inputting the following:

1. Fluid Properties tab
2. Fluid Properties button

3. Inthe Analysis Setup window that appears, click the Solids Definition item, and select No Solids
Added, as shown in Figure 6. This will treat the fluid as clear water.

4. Click OK.
5. Make sure to do this to both pipes.
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Figure 6: Fluids can be treated as clear fluid by selecting No Solids Added as the Solids Specification

Slurry to Pump Suction Scenario

Now load the Slurry to Pump Suction as the active scenario in the Workspace.

For the case where the fluid far upstream of the pump suction is slurry, and the fluid just upstream of the
pump is clear water, a Volume Balance junction must be used to account for the difference in fluid dens-
ity. The Volume Balance junction balances the flow based on volume rather than mass, ensuring that the
velocity across the interface is the same. This junction must be used any time there is a system interface
with fluids of different densities.

Add a Volume Balance junction just upstream of the pump suction by splitting the pipe as follows:

1. While holding the Shift key drag and drop the Volume Balance junction over pipe P1.

2. Inthe dialogue box set Pipe A as 14.99 meters, then select OK. The Workspace should now
appear as shown in Figure 7. This will insert the fluid interface shortly before the pump suction.

3. Open the Volume Balance properties window for junction J4 and check that the elevation is 0
meters.

This case requires that the short pipe just upstream and the pipe downstream of the pump use clear
water as their fluid. Set both pipes P2 and P3 to use only water as follows:
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1. Fluid Properties tab
2. Fluid Properties button

3. Inthe Analysis Setup window that appears, click the Solids Definition item, and select No Solids
Added, as shown in Figure 6. This will treat the fluid as clear water.

4, Click OK.
5. Make sure to do this to both pipes.
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Figure 7: Layout of pipe system for partial slurry case with slurry at the pump suction showing the Volume
Balance junction for the Slurries with Variable Fluid Properties example

Slurry to Pump Discharge Scenario

Load the Slurry to Pump Discharge scenario as the active scenario.

For the case where the fluid upstream and just downstream of the pump discharge is slurry, and the rest
of the system downstream is clear water, a Volume Balance junction must be used again to account for
the difference in fluid density.

Add a Volume Balance junction just downstream of the pump discharge by splitting pipe 2.

1. While holding the Shift key drag and drop the Volume Balance junction over pipe P2.
2. Inthe dialogue box set Pipe A as 0.01 meters, then select OK. The Workspace should now
appear as shown in Figure 8. This will insert the fluid interface shortly after the pump discharge.

3. Open the Volume Balance properties window for junction J5 and check that the elevation is 0
meters.

This case requires that the pipe P4 downstream of the pump use clear water as its fluid. Set pipe P4 to
use only water as follows:
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1. Fluid Properties tab
2. Fluid Properties button

3. Inthe Analysis Setup window that appears, click the Solids Definition item, and select No Solids
Added, as shown in Figure 6. This will treat the fluid as clear water.

4. Click OK.
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Figure 8: Layout of pipe system for partial slurry case with slurry at the pump discharge showing the Volume
Balance junction for the Slurries with Variable Fluid Properties example

All Slurry Scenario

For this case, all of the pipes contain the sand slurry. The system layout is the same as is shown in Figure
4,

Step 6. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Note: All scenarios can be run automatically by Fathom by completing a Batch Run from the File
menu.
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Step 7. Examine the Output

Table 1 shows the variation of the system flows, velocities, and pump performance as the slurry pro-
gresses through the system.

Figure 9 shows the pump curve plotted along with both the water and slurry system curves. This graph
was generated in the All Slurry scenario using the Slurry System Curve graph type.

As the slurry progresses from the system inlet to the pump suction, the system volumetric flow rate,
pump head, and power are not significantly changed (compare Table 1 output for Clear Water to Slurry to
Pump Suction).

After the slurry arrives at the pump discharge (compare Table 1 output for Slurry to Pump Suction to
Slurry to Pump Discharge), there is a notable increase in the system volumetric flow rate (318.8 to 362.5
m3/hr). This is a result of the new density passing into the pump, which results in a different velocity in the
pipe line (4.752 to 5.403 meters/sec), a different pressure loss (which varies as velocity squared, and the
velocity is now higher), and hence a different head rise on the pump. This shifts the pump operation out
on the curve to a higher flow rate and lower head (39.59 to 33.78 meters).

Eventually the slurry fills the entire pipe (compare Table 1 output for Slurry to Pump Discharge to Al
Slurry). Because of the increased overall head loss of the slurry compared to water, the system shifts
back on the pump curve to a lower flow rate (362.5 to 339.6 m3/hr) and higher head rise (33.78 to 36.92
meters). The system operating velocity also drops (5.403 to 5.061 meters/sec).

The power requirement on the pump increases from the Clear Water to All Slurry scenario as the system
progresses from all water to all slurry.

Of significance here is the fact that, perhaps counter to intuition, the clear water and all slurry cases do
not encompass the entire flow and system performance cases for the pump. The highest and lowest flow
cases actually occur as the system is only partially full of slurry. Care should be taken to examine inter-
mediate slurry flow cases to determine system feasibility for situations where slurry is being introduced
into the flow, as the maximum and minimum flow cases will not necessarily occur when the system is
flowing all clear fluid, or all slurry.

It is difficult to quantify the intermediate cases through the use of pump vs. system curves. This is a result
of the variation in density that occurs in the system, which confuses the meaning of Head which itself
depends on constant density. Thorough analysis is needed in these cases. Figure 9 shows the clear
water and all slurry system curves.

Finally, note that to keep the example clearer, the effect of pump de-rating was not addressed. In real sys-
tems when the slurry progresses from the Slurry to Pump Suction case to the Slurry to Pump Discharge
case, there will be a further decrease in pump performance which will effectively lower the pump curve in
Figure 9. This would serve to shift operation to even higher flow rates for the Slurry to Pump Discharge
and All Slurry cases.

Table 1: System flow and pump performance for different scenarios. The velocity and volumetric flow results
are for the inlet of the pipe at the pump discharge
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Parameter Vol. Flow Velocity dP dH Overall
Rate Power
Units m3/hr meters/sec bar meters kW
Clear Water 3204 4774 3.868 39.40 4417
Slurry to
. 318.8 4.752 3.887 39.59 44 17
Pump Suction
Slurry to
Pump Dis- 362.5 5.403 4,953 33.78 65.55
charge
All Slurry 339.6 5.061 5.413 36.92 65.94
Pump vs. System Curve
80
o 60
O
©
E
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©
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- Pump Curve
System Curve
Water System Curve
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Volumetric Flow Rate (m3/hr)

Figure 9: Plotting the pump curve along with the water and slurry system curves illustrates how the pump
performance will vary as the slurry progresses through the system
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Summary

Note: Because this example is presented in Sl units in the reference from which it was taken, it is
presented in the same units here for consistency when discussing the results.

This example demonstrates how the Settling Slurry (SSL) add-on module can be used to evaluate the
feasibility of a slurry system operating point. The example is based on Case Study 13.1 found on page
329 of Slurry Transport Using Centrifugal Pumps, 3rd Edition, by Wilson, Addie, Sellgren, and Clift. Here
only the 0.65 m case is evaluated.

An operating condition from a previous case study was selected:
Condition A:

D = 0.65 meters

Vsm = 4.84 meters/sec
Cvd=0.20

Vm = 6.30 meters/sec

It was noted in the previous study that increasing Cvd and decreasing Vm reduced the specific energy
consumption, and a revised operating point was also selected:

Condition B:

D = 0.65 meters

Vsm = 4.84 meters/sec
Cvd =0.221

Vm = 5.70 meters/sec

Using these two operating points, determine whether either operating point would be feasible for the sys-
tem.

Note: This example can only be run if you have a license for the SSL module.

Topics Covered

* Entering solids data
* Reviewing calculated slurry output
* Evaluating stability of system operability

Required Knowledge
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This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition the user should have worked through Beginner - Pump Sizing for Sand Transfer System -
SSL example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

*  Metric - Slurry System Feasibility Study - SSL.fth
*  Slurry System Feasibility Study - SSL.xIsx

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate SSL and select Settling to enable the SSL module for use. The
items in the Fluid Properties group will change to accommodate slurry definitions. Click OK to save the
changes and exit Analysis Setup. Open the Analysis menu to see the new option called Slurry. From
here you can quickly toggle between Disable mode (normal AFT Fathom) and Settling (SSL mode).

Step 3. Define the Fluid Properties Group

Open Analysis Setup from the toolbar or from the Analysis menu and input the following on the respect-
ive panels.

1. Carrier Fluid - Figure 1
a. Fluid Model = Basic (Water)
b. Temperature =4 deg.C
2. Solids Definition - Figure 2
a.  Slurry Calculation Method = Detailed
b. Solids Specifications = User Specified Solids Added
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M (Stratification Ratio Exponent) = Calculated
Terminal Velocity Parameter = Vt/ Vs (Xi)
Value = 0.56
Density = 2.65 S.G. water
d50=0.7 mm
d85=1mm
3.  Slurry Definition - Figure 3

a.  Slurry Calculation Method = Detailed (this selection will be the same as on the Solids Defin-
ition panel)
Concentration Type = Volume Fraction
Amount Solids Added = 20 Percent

Q@ -0 Qo0

Analysis Setup X
i@  Modules ~ | Canier Ruid
/4O  Fluid Properfies ~

@ Carrier Fluid

. Solids Definition
& Slurry Definition Basic (Water)  Advanced

Camier Fluid Properties
Fluid Name: AFT Standard Water {liquid)

=1
%@ Steady Solufion Control ~ Temperature: deg.C ~
j=

) . Range: 0.0to 211.85deg. C
Environmenial Properties

Pipes and Junchons w

Calculate Slumy Properties
9@ CostSeitings v

Pure Fuid Slurry
E®H  Miscellaneous v Densty:  [1001.023 [ [1330.363 ||kg/m3 v
Viscosity: |D.I}D155 | |D.DD155 | ka/sec-m ~
Vapor [0o0s14  |[000814  |[bar v

Pressure:

Collapse Al Groups = Same As Parent 2 Help ﬂ Cancel

Figure 1: Carrier Fluid panel in the Fluid Properties group in Analysis Setup with SSL activated
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@ Carrier Fluid ) Minimal
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=1 Solids Specifications
I Pipes and Juncions ~
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Figure 2: Solids Definition panel in the Fluid Properties group in Analysis Setup with SSL activated
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Figure 3: Slurry Definition panel in the Fluid Properties group in Analysis Setup with SSL activated

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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Figure 4: Layout of pipe system for Slurry System Feasibility Study example

Enter the following pipe and junction properties.

Pipe Properties

1. AllPipes

Pipe Material = (User Specified)

Pipe Geometry = Cylindrical Pipe

Inner Diameter = 0.65 meters

Friction Model Data Set = User Specified
Friction Factor = Explicit Friction Factor
Value =0.012

Length = 100 meters

Q@ -0 20 T QO

Junction Properties

1. J1 Assigned Pressure

a. Elevation =0 meters

b. Pressure =10 bar

c. Pressure Specification = Stagnation
2. J2 Assigned Flow
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Elevation = 0 meters

Type = Outflow

Flow Specification = Mass Flow Rate

Flow Rate = 4000 m-ton/hr Solids (metric tons equivalent to 4.0 x 10*6 kg/hr)
i. (metric tons equivalent to 4.0 x 106 kg/hr)

e o oo

»Turn on Show Object Status from the View menu to verify if all data is entered. If so, the Pipes and
Junctions group in Analysis Setup will have a check mark. If not, the uncompleted pipes or junctions will
have their number shown in red. If this happens, go back to the uncompleted pipes or junctions and enter
the missing data.

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

The maximum settling velocity for Condition A calculated by Fathom is 4.833 meters/sec, as shown in
Figure 5. The value for the maximum settling velocity for Condition B can be reproduced in a similar fash-
ion using Fathom.

% Pipes | Slurry

MName Im Jm Velocity Settling Vmism dH dP Mass Flow | Vol Flow |  {Im - ha)
Pipe Velocity Maximum Slurry Rate Slurry | /(Sm - Sw)
(mAA00m) | (mA00m) | (metersisec) [meters/sec) (meters) | (bar) (kg/sec) (m3/hr)
1 |F'ipe 6120 4596 6.323 4833 1.308 4539 0.6010 2,791 7,554 0.07152 ‘
# | AllJunctions | Assigned Flow = Assigned Pressure

MName P Static | P Static | P Stag. | P Stag. | Vol Flow Rate | Mass Flow Rate | Loss Factor

Jot In Out In Out Thru Jet Thru Jet (K
(bar) (bar) (bar) (bar) (m3hr) (kg/sec)

1 |Assigned Pressure 9734 9734 10000 10.000 7.554 2791 ]
2 | Assigned Flow 9133 9133 9.399 9.399 7,554 2,791

Figure 5: Output for Condition A calculation showing maximum settling velocity

Step 7. Evaluate System Operability

To determine the feasibility of the selected operating conditions, it is helpful to examine how the oper-
ating points relate to the system operability. One method of evaluating the system operability is to plot the
system curves in terms of head of slurry (Jm vs. velocity). It is useful to plot the system curves as lines of
constant concentration, as well as lines of constant slurry throughput.
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The system curves for a given slurry throughput and concentration can be plotted directly by using the
graphing capabilities of Fathom. However, to examine the system operability over a range of flows and
concentrations, it may be more convenient to use a spreadsheet application, such as Microsoft Excel, to
plot the system data all together. Fathom’s scenario manager and multi-scenario output features can be
utilized to facilitate this process.

Evaluating the system in this manner may require a large number of scenarios to sufficiently capture the
system operability. For your convenience, all of the necessary cases have been set up in the Fathom
model file Metric - Slurry System Feasibility Study - SSL.fth.

Steps 8 through 12 describe how the cases were set up in Fathom, and then copied into a spreadsheet
for evaluation, should you wish to build the evaluation cases for yourself. The final evaluation of the oper-
ating points is presented in Step 13.

Step 8. Creating Scenarios to Evaluate System Operability

For this example, scenarios can be used to calculate Jm and velocity data for three different lines of con-
stant concentration, as well as for three different lines of constant throughput.

Setup the scenarios for constant concentrations as follows:

1. From the Scenario Manager on the Quick Access Panel, create a scenario under the Base Scen-
ario called 0.65 meters pipe.

2. Under the 0.65 meters pipe scenario, create a scenario called Cvd = 0.15. Load this scenario, and
open the Analysis Setup window. Set the solids concentration to 15% in the Slurry Definition
panel.

3. Underthe Cvd = 0.15 scenario, create scenarios for a range of mass flow rates from 1,000 m-ton
per hrto 10,000 m-ton per hr in increments of 500 m-ton per hr, as shown in Figure 6. Load each
of these scenarios and set the flow value in each Assigned Flow junction to the corresponding
throughput value for each scenario.

4. Right-click scenario Cvd = 0.15 and select Clone With Children. Name the new scenario Cvd =
0.20. In this scenario, open Analysis Setup and change the solids concentration to 20%. Repeat
this process, and create a set of scenarios for Cvd = 0.34.

5. There are now three groups of scenarios, each for a different solids concentration. Each of the
three concentrations will have a set of scenarios for a range of different through puts, as shown in
Figure 7.
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=4 Base Scenaro
=~ & 0.65meters pipe
£ @ Cvd=015

----- & 1000 mton per br
----- & 1500 mton per br
----- ¢ 2000 mton perhr
----- ¢ 2500 mton perhr
----- & 3000 mton perhr
----- & 3500 mton perhr
----- & 4000 mton per br
----- ¢ 4500 mton per hr
----- & 5000 mton perhr
----- & 5500 mton perhr
----- & G000 mton perhr
----- & 6500 mton perhr
----- & 7000 mton perhr
----- ¢ 7500 mton perhr
----- & 8000 mton perhr
----- & 8500 mton perhr
----- & 5000 mton perhr
----- & 5500 mton per hr
----- ¢ 10000 m4on per hr

Notes

a . == :
san Scenario | [EE|Properties

Figure 6: The Scenario Manager on the Quick Access Panel can be used to set up multiple throughput cases
for a given solids concentration
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=4 Base Scenario
5 & 065 meters pipe

¥ @ Cvd=015

¥ @ Cvd=020

- @ Cvd=034
----- & 1000 mton per br
----- & 1500 mton per br
----- ¢ 2000 mton perhr
----- ¢ 2500 mton perhr
----- & 3000 mton perhr
----- & 3500 mton perhr
----- & 4000 mton per br
----- ¢ 4500 mton per hr
----- & 5000 mton perhr
----- & 5500 mton perhr
----- & G000 mton perhr
----- & 6500 mton perhr
----- & 7000 mton perhr
----- ¢ 7500 mton perhr
----- & 8000 mton perhr
----- & 8500 mton perhr
----- & 5000 mton perhr
----- & 5500 mton per hr
----- ¢ 10000 m4on per hr

Notes

e Scenario | [EE| Properties

Figure 7: The Scenario Manager on the Quick Access Panel can be used to clone scenarios to easily create
additional constant solids concentration cases

Setup the scenarios for constant throughput as follows:

1. Under the 0.65 meters pipe scenario, create a scenario called Flow = 3500 m-ton per hr. Load this
scenario, and set the flow value in the Assigned Flow junction 3500 m-ton/hr.

2. Under the Flow = 3500 m-ton per hr scenario, create scenarios for a range of solids con-
centrations, as shown in Figure 8. Load each of these scenarios and set the solids concentration
value in the Slurry Definition panel in Analysis Setup to the corresponding solids concentration
value for each scenario.

3. Right-click scenario Flow = 3500 m-ton per hr and select Clone With Children. Name the new
scenario Flow = 4000 m-ton per hr. In this scenario, set the flow value in the Assigned Flow junc-
tion 4000 m-ton/hr. Repeat this process, and create a set of scenarios for Flow = 4500 m-ton per
hr.
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4. There are now three additional sets of scenarios, each for a different throughput value. Each of
the three flows will have a set of scenarios for a range of different solids concentrations, as shown
in Figure 9.

-4 Base Scenario
=- @ 0.65meters pipe
Cvd=015
Cvd =020
Cvd=034
¢ Flow = 3500 m4ons per hr
----- ¢ Cvd=005
----- ¢ Cvd=010
----- ¢ Cvd=015
----- ¢ Cvd=020
----- ¢ Cvd=025
----- ¢ Cvd=030
----- ¢ Cvd=035
----- ¢ Cvd=040
----- ¢ Cvd=045

o [F]- [ [

MNotes

o Scenaric | |EE| Properties

Figure 8: The Scenario Manager on the Quick Access Panel can be used to set up multiple solid con-
centration cases for a given throughput
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-4 Base Scenario
- # D65 meters pipe
Cvd=015
Cvd =020
Cvd=034
Flow = 3500 m+an per hr
Flow = 4000 m+an per hr
¢ Fow = 4500 m4on per hr
----- ¢ Cvd=005
----- ¢ Cvd=010
----- ¢ Cvd=015
----- ¢ Cvd=020
----- ¢ Cvd=025
----- ¢ Cvd=030
----- ¢ Cvd=035
----- ¢ Cvd=040
----- ¢ Cvd=045

B O O O O

MNotes

o Scenaric | |22 Properties

Figure 9: The Scenario Manager on the Quick Access Panel can be used to clone scenarios to easily create
additional constant throughput cases

Step 9. Specify Output

Make sure that the Base Scenario is active, the open Output Control by selecting Output Control from the
toolbar or Tools menu.

Knowing that for this example, the output data will be exported to a spreadsheet application, use the out-
put control to set up the slurry output in a way that will make it simpler to plot the data in the spreadsheet.
Open Output Control and on the Display Parameters tab, click the Slurry button. Then select the specific

data to be displayed on the Slurry tab in the Output Window, as well as the order in which the data
appears.

Figure 10 illustrates how the slurry output data could be organized in the Output Window. Because we
will be plotting Jm vs. velocity in the spreadsheet, velocity and Jm are displayed next to each other in the

output. One might also wish to plot Im vs. velocity, so velocity can be displayed again adjacent to the out-
put data for Im.
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OQutput Control

Display Parameters | General | Eormat & Action | Show Pipesldcts | JetDeltas | Multi-Scenario

3 Pipes | 1 Junctions | < Pumps | 4 Valves | 4 Heat Exchangers | EL Reservoirs | @ Cost Report | Slumy

| Filter | Show Qutput in This Order Reorder

Available Output Parameters Parameter Units ~
Chw & L’; 1| Velocity meters/sec ~ ¥
Concentration Mass 4 Im m'm ~
Concentration Volumetric ,: . 5 .
450 G| Velocity meters/sec ~
d85 ) 3| Im mim v
Densty Clear Fluid ;4| Concentration Volumetric Decimal ~
Density Slumy +
Density Solid ) = 3| Velocity meters/sec ~
Ezg:gg E:;tg; g:zﬁ; Fluid Add L’; 1| Specific Energy Consumption (SEC) kiahrimton-km |
Head Loss - Clear Fluid L’; 1| Mass Flow Rate Sclids m-ton/hr ~
I'-r‘nead Loss - Slury L’; 1| Density Solid S.G. water ~
Im - hw (‘; 1/d50 mm i
Im-\_w_/ Sm - Sw 2] des mm s
Im Minimum R
Iw G| M
Jm 4| vs0 meters/: v
Jm Standard (at Jm equals lw) L: J: R R X erelsee
M (4| Velocity Settling Maximum (Vsm) meters/sec ~
Mass Flow at Minimum Im A Im - lw
Mass Flow Rate v ,: - 5 - .
(LN N, P (4| Velocity at Minimum Im meters/sec -
i i (3| Velocity Standard (at Jm equals Iw) meters/sec w
47 of 47 parameters shown (urfitered)
. . Show
Alphabetical Description Remove Clear All Same Units... Use Prefemed Units...

Load Control Format... User Default Fathom Default o QK
@ Same As Parent Save Control Format.... Set as Defautt P Help Cancel

Figure 10: The Output Control window can be used to configure the slurry output into a format convenient for
importing into a spreadsheet application

For this example, the multi-scenario output feature can also be used to simplify exporting the output data
to a spreadsheet application. This feature allows the output from multiple scenarios to be viewed sim-
ultaneously. Load the 7000 m-ton per hr scenario that is under the Cvd = 0.15 scenario. Open the Out-
put Control window and select the Multi-Scenario tab. Under Display Type, click Selected Scenarios
and the Select Scenarios window appears. Check the box beside each scenario for which data is to be
displayed in the Output, as shown in Figure 11. 84 of 92 scenarios should be selected. Click OK when fin-
ished.

Under Scenario Name Format, select Show Scenario Ancestral Name. Under Display Current Scen-
ario, select In the Order Listed, if not selected already. Click the Clear All Colors button to make all
scenario rows white.

This information should now appear, as shown in Figure 12. Close the Output Control window by clicking
OK.
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Select Scenarios

Selections Scenarios L
[= Base Scenario
= 0.65 meters pipe
B Cvd =015
1000 m-ton per hr
1500 m-ton per hr
2000 mr-ton per hr
2500 mr-ton per hr
3000 m-ton per hr
3500 m-ton per hr
4000 mr-ton per hr
4500 m-ton per hr
5000 m-ton per hr
5500 m-ton per hr
G000 m-ton per hr
&500 m-ton per hr
7000 m-ton per hr
7500 m-ton per hr
2000 m-ton per hr
2500 m-ton per hr
000 m-ton per hr
3500 m-ton per hr
10000 m-ton per hr
B Cvd =020
1000 m-ton per hr W

ROMNRRNRRERARRNARRRERREREDOOO

Al || Nore || Invet || WithOutput || Without Output | E||E, T |BR|F
24 of 52 selected.

of 0K E3 Cancel

Figure 11: Multiple scenarios can be selected for display in the Output window
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OQutput Control

Display Parameters | General | Eormat& Action | Show Pipesllcts | JetDeltas | Multi-Scenario

Display Type Scenario Name Format Display Curent Scenario
(C) Curment Scenario Only (O) Show Cnily the Scenario Name () First In the List
(@) Selected Scenarios (®) Show Scenario Ancestral Name (®) Inthe Order Listed
Select Scenarios... (O Bath First and In the Order Listed

Scenario Order and Colars:

Scenario Ancestrial Name Color ~
DT OCTTIaN TN U TGS S PIpT TUW = SUGU T IO Per TG VG = Uraa

1
Base Scenario/0.65 meters pipe/Flow = 4000 m-ton per hr/Cvd = 0.4 |
Base Scenario/0.65 meters pipe/Flow = 4000 m-ton per hr/Cwd = 0.45 |
Base Scenaric/0.65 meters pipe/Flow = 4500 m-ton per hr/Cvd = 0.05 |
Base Scenario/0.65 meters pipe/Flow = 4500 mrton per hr/Cvd = 0.1 |
Base Scenario/0.65 meters pipe/Flow = 4500 mrton per hr/Cvd = 0.15 |
Base Scenario/0.65 meters pipe/Flow = 4500 m-ton per hr/Cvd = 0.2 |
Base Scenario/0.65 meters pipe/Flow = 4500 m-ton per hr/Cvd = 0.25 |
Base Scenariall 65 meters pipe/Flow = 4500 m-ton per hr/Cvd =03 |
Base Scenario/0.65 meters pipe/Flow = 4500 m-ton per hr/Cvd = 0.25 |
Base Scenario/0.65 meters pipe/Flow = 4500 mrton per hr/Cvd = 0.4 |
Base Scenario/0.65 meters pipe/Flow = 4500 m-ton per hr/Cvd = 0.45 |
< >

{r| Jb | Change Color... Reset All Colors Clear All Colors

The features on this tab folder are common to all scenarios.

v

Load Control Format... User Default Fathom Default o QK

& Same As Parent - Save Control Format.... Set as Default » Help Cancel

Figure 12: The Output Control window can be used to display the output from multiple scenarios sim-
ultaneously

Step 10. Run the Model

All of the different cases that have been set up for this example in each of the scenarios must now be run
so the results can be examined. Because there are so many scenarios, the Batch Run feature in the File
menu can be used to make running all of the different scenarios much easier.

From the File menu, select Start Batch Run. Under Batch Run Type, Scenarios In Current Model should
be selected. Click Add Scenarios, and in the Select Scenarios window, select all 84 of the scenarios to be
run, then click OK. All of the selected scenarios will be displayed in the Scenarios to Run list, as shown in
Figure 13.

Click Start Run to start the analysis. The batch run manager will load and run each of the listed scenarios
sequentially.

-314 -



Slurry System Feasibility Study - SSL

Batch Run

Batch Run Type
(® Scenarios In Curent Model (") Models in Different Files

= i e
Add Secenarios... Clear List
Scenarios to Run: Reorder: ‘I? Q’
Base Scenario/0.65 meters pipe/Cvd = 0.15/1000 mion per hr ~

Base Scenario,/ .65 meters pipe/Cvd = 0.15/1500 m4on per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/2000 m+an per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/2500 m+an per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/3000 mion per hr
Base Scenario,/ .65 meters pipe/Cvd = 0.15/3500 m4on per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/4000 m+an per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/4500 m+an per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/53000 mion per hr
Base Scenario/ .65 meters pipe/Cvd = 0.15/5500 m4on per hr
Base Scenario/0.65 meters pipe/Cvd = 0.15/6000 m+an per hr hd

[ Save Using Excel Export Manager

QOutput Options
[] 5ave All Resutts to PDF
[] save All Results to File

] Run Batch in Background
Close Window When Batch Run Is Finished

&

Start Run 2 Help Cancel

Figure 13: The Batch Run Manager is used to automatically run multiple scenarios

Step 11. Examine the Output

Once the batch manager has finished running all of the selected scenarios, load the scenario in which
the multi-scenario output was set up (7000 m-ton per hr scenario that is under the Cvd = 0.15 scenario).

The Output window contains all the data that was specified in the Output Control window. Because the
multi-scenario output feature was selected, it will also display the calculated output for each of the selec-
ted scenarios simultaneously. Figure 14 shows the multi-scenario output on the Slurry tab.
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A | Pipes | Slury
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Figure 14: The Output window shows the Slurry results table in the center Pipes section for multiple scen-
arios

Step 12. Transfer the Output Data to a Spreadsheet

The information displayed on the Slurry tab in the Output window can be copied and pasted directly into a
spreadsheet application, such as Excel, as shown in Figure 15. If the scenarios and the output were set
up carefully, the data will already be formatted in such a way that graphing the information using the
spreadsheet graphing features can be extremely straightforward.

Using the data in the spreadsheet, plot the Jm vs. velocity data for the three lines of constant solids con-
centration, and the three lines of constant solids throughput, as shown in Figure 16.
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Pipe Velocity Jm Velocity Im Cv Velocity
{meters/sec) (m/m) (metersfsec) (m/m) (Decimal) (meters/sec)

1- Base Scenario/0.65 meters pipe/Cvd =0.15/1000 m-ton per hr 2.1077 0.095 2.1077 0.1186 0.15 2.1077
1- Base Scenario/0.65 meters pipe/Cvd =0.15/1500 m-ton per hr 3.1616 0.0535 3.1616 0.0669 0.15 3.1616
1- Base Scenario/0.65 meters pipe/Cvd =0.15/2000 m-ton per hr 4.2154 0.0416 4.2154 0.052 0.15 4.2154
1- Base Scenario/0.65 meters pipe,t'Cvd =0.15/2500 m-ton per hr 5.2693 0.0402 5.2693 0.0502 0.15 5.2693
1- Base Scenario/0.65 meters pipe/Cvd =0.15/3000 m-ton per hr 6.3232 0.0443 6.3232 0.0553 0.15 6.3232
1- Base Scenario/0.65 meters pipe/Cvd =0.15/3500 m-ton per hr 7.377 0.0519 7.377 0.0648 0.15 7.377
1- Base Scenario/0.65 meters pipe/Cvd =0.15/4000 m-ton per hr 8.4309 0.0622 8.4309 0.0777 0.15 8.4309
1- Base Scenario/0.65 meters pipe/Cvd =0.15/4500 m-ton per hr 9.4847 0.0749 9.4847 0.0935 015 9.4847
1- Base Scenario/0.65 meters pipe/Cvd =0.15/5000 m-ton per hr 10.5386 0.0896 10.5386 0.1119 0.15 10.5386
1- Base Scenario/0.65 meters pipe/Cvd =0.15/5500 m-ton per hr 11.5925 0.1063 11.5925 0.1328 0.15 11.5925
1- Base Scenario/0.65 meters pipe,t'Cvd =0.15/6000 m-ton per hr 12.6463 0.1243 12.6463 0.1559 0.15 12.6463
1- Base Scenario/0.65 meters pipe,t'Cvd =0.15/6500 m-ton per hr 13.7002 0.1452 13.7002 0.1814 0.15 13.7002
1 - Base Scenario/0.65 meters pipe/Cvd =0.15/7000 m-ton per hr 14.754 0.1673 14.754 0.209 0.15 14.754
1- Base Scenario/0.65 meters pipe/Cvd =0.15/7500 m-ton per hr 15.8079 0.1912 15.8079 0.2389 0.15 15.8079
1- Base Scenario/0.65 meters pipe/Cvd =0.15/8000 m-ton per hr 16.8617 0.2169 16.8617 0.2709 0.15 16.8617
1- Base Scenario/0.65 meters pipe,t'Cvd =0.15/8500 m-ton per hr 17.9156 0.2442 17.9156 0.305 0.15 17.9156
1- Base Scenario/0.65 meters pipe,t'Cvd =0.15/9000 m-ton per hr 18.9695 0.2733 18.9695 0.3413 0.15 18.9695
1- Base Scenario/0.65 meters pipe/Cvd =0.15/9500 m-ton per hr 20.0233 0.304 20.0233 0.37938 0.15 20.0233
1- Base Scenario/0.65 meters pipe/Cvd =0.15/10000 m-ton per hr 21.0772 0.3365 21.0772 0.4203 0.15 21.0772
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/1000 m-ton per hr 1.5808 0.1887 1.5808 0.2512 0.2 1.5808
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/1500 m-ton per hr 2.3712 0.0978 2.3712 0.1302 0.2 2.3712
1- Base Scenario/0.65 meters pipe/Cvd =0.20/2000 m-ton per hr 3.1616 0.0646 3.1616 0.086 0.2 3.1616
1- Base Scenario/0.65 meters pipe/Cvd =0.20/2500 m-ton per hr 3.952 0.0504 3.952 0.0671 0.2 3.952
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/3000 m-ton per hr 4.7424 0.0448 4.7424 0.0596 0.2 4.7424
1 - Base Scenario/0.65 meters pipe,r’Cvd =0.20/3500 m-ton per hr 5.5328 0.0439 5.5328 0.0584 0.2 5.5328
1- Base Scenario/0.65 meters pipe/Cvd =0.20/4000 m-ton per hr 6.3232 0.046 6.3232 0.0612 0.2 6.3232
1- Base Scenario/0.65 meters pipe/Cvd =0.20/4500 m-ton per hr 7.1135 0.0503 7.1135 0.0669 0.2 7.1135
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/5000 m-ton per hr 7.9039 0.0563 7.9039 0.0749 0.2 7.903%
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/5500 m-ton per hr 8.6943 0.0637 8.6943 0.0849 0.2 8.6943
1- Base Scenario/0.65 meters pipe/Cvd =0.20/6000 m-ton per hr 9.4847 0.0725 9.4847 0.0965 0.2 9.4847
1- Base Scenario/0.65 meters pipe/Cvd =0.20/6500 m-ton per hr 10.2751 0.0824 10.2751 0.1097 0.2 10.2751
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/7000 m-ton per hr 11.0655 0.0934 11.0655 0.1243 0.2 11.0655
1- Base Scenario/0.65 meters pipe,r’Cvd =0.20/7500 m-ton per hr 11.8559 0.1054 11.8558 0.1404 0.2 11.8559
1- Base Scenario/0.65 meters pipe/Cvd =0.20/8000 m-ton per hr 12.6463 0.1185 12.6463 0.1577 0.2 12.6463
1- Base Scenario/0.65 meters pipe/Cvd =0.20/8500 m-ton per hr 13.4367 0.1325 13.4367 0.1764 0.2 13.4367

Figure 15: The Slurry results table in the Output window can be copied and pasted into a spreadsheet applic-
ation in order to utilize the graphing features of the spreadsheet to generate the slurry system curves

Step 13. Analyze the Results

The results are shown in Figure 16. The solid lines refer to the constant solids concentration cases, and
the broken lines refer to the constant throughput cases.
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Jm vs. Velocity (D=650 mm)
0.10
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Figure 16: Slurry system curves for Slurry System Feasibility Study example

The arrows on the graph indicate the proposed operating conditions for the system on the 4000 m-ton/hr
constant throughput line.

It is evident from the system characteristics that the proposed operating point Condition B, with the lower
specific energy consumption, does not represent a feasible operating point for this slurry system. The
system characteristics show the Jm decreasing as the mean velocity increases, so the operation would
be unstable.

Even the first proposed operating condition, Condition A, is marginal. If the pump has a variable speed
drive, and the solids concentration of the system does not fluctuate very much, this operating point could
be used. However, as Figure 16 shows, if the concentrations vary from 3500 m-ton/hr to 4500 m-ton/hr,
then the system operation is close to unstable for Condition A as well.

In order to allow for fluctuations in solids concentrations during system operations, and still maintain
stable operation, it would be better to operate closer to the standard velocity. The standard velocity point
is also shown in Figure 14 at about 7.5 m/s.

For this case, if operability is also considered, lower slurry concentrations, and higher energy con-
sumption should be used to ensure system stability. Further, as discussed in the original reference, a dif-
ferent diameter pipe can be considered. The original reference suggests 0.55 m pipe as a better option
than 0.65 m pipe because of operation closer to the standard velocity and lower capital cost.
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The examples below utilize the Automated Network Sizing module.

Fathom ANS Examples

tem

Example Complexity Fluid Pipes Pumps Description
Learn the basics of the ANS
Beginner - module such as defining all
Three-Reser- Beginner Water 3 0 panels in the Sizing window to
voir Model achieve a minimum flow
volume objective
Learn how to use the ANS
Control Valve Beginner Water 2 0 mpdule and how Commqn .
—_— Size Groups work to minimize
the pipe weight of a system.
Learn how to build cost lib-
raries and engineering lib-
raries for use with the ANS
Cooling Sys- module. See how to use Scale
tem, Creating Intermediate Water 21 2 Tables for defining pump or
Libraries bend costs, how to specify
material versus installation
costs, and how to define costs
for pipes.
Learn how to use the ANS
module to minimize monetary
cost based on initial cost and
recurring costs. See how to
Cooling System | Intermediate Water 21 2 use the Assign Cost Libraries
panel and the Sizing Summary
panel. Explore how the system
life and the sizing objective
impacts the optimal pipe sizes.
Learn how to use the ANS
Cooling Sys- module to define and size a
tem, Multiple Intermediate Water 21 2 system based on a dependent
Design Cases design configuration, called a
Dependent Design Case.
Learn how to use the ANS
HotWater Sys- | |\ cdiate | Water 24 3 module to define a system with

multiple specific design
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Example

Complexity

Fluid

Pipes

Pumps

Description

requirements and minimize ini-
tial and recurring costs. See
how to use a Dependent
Design Case to see how a sys-
tem configuration affects the
system sizing.

Variable Drive

Intermediate

Lube Oil

23

Learn how to use the ANS
module to see the life cycle
cost savings in a sized system
using a Variable Frequency
Drive instead of a Control
Valve.

Housing Project

Advanced

Water

25

Learn how to use the ANS
module to size a system with
more than one Dependent
Design Case with unique
design requirements for each
dependent case.

Beginner - Three Reservoir Problem - ANS

Summary

The objective of this example is to familiarize the user with the panels in the ANS module. We will apply
automated sizing to determine the ideal pipe sizes from our previously built three-reservoir model to
reduce costs while meeting certain requirements.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

*  Minimizing the flow volume to minimize cost

* Specifying Pipe Design Requirements

* Choosing Candidate Sets

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
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watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Beginner - Three Reservoir.fth
* Metric - Beginner - Three Reservoir - ANS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Beginner - Three Reservoir Problem.fth example file and save it as a new file.

We will be using the Base Scenario to compare the original results without Sizing to the results with Siz-
ing. Create a child scenario named Sized.

The workspace should look like Figure 1 below:
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Figure 1: Layout of Three Reservoir Model in Workspace

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).

Figure 2 below shows the Analysis menu options when ANS is activated.
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File Edit View | Analysis| Tools Library Arrange Window Help

= B B Analysis Setup... e
— . B ]
" Workspace Automated Sizing Mot Used ﬂ
o i System Properties.., v Metwork
P RunModel... Ctrl+R

Figure 2: Activating Network Sizing from the Analysis menu

Step 4. Configure Sizing Settings

Here we will pursue a brief introduction to some of the sizing capabilities in the ANS module. A more
complete discussion is given in the AFT Fathom Help file.

The Sizing window is comprised of multiple panels which can be accessed using the buttons on the Siz-
ing Navigation panel along the bottom of the window, as shown in Figure 3. The sizing panels can be
accessed in any order, though it is easiest to enter the information by navigating the panels from left to
right, since the input on panels such as the Sizing Objective and Sizing Assignments panels will affect
the options available on later panels. Depending on the type of sizing being done, some panels may be
disabled or unused.

Each panel button contains either a green checkmark or red circle which denotes the completion status
of that panel. If the minimum required information is present to run the model, the symbol will be green,
whereas the red symbol represents incomplete input. The amount of information required will vary based
on whether the Sizing Level Status (located on the Sizing Objective panel) is set to Perform Sizing, Cal-
culate Costs, or Do Not Size. A detailed summary of the items which have been completed and the items
which are stillincomplete can be seen in the Sizing Status panel, opened from the Sizing Toolbar.

Note that some panels will always be shown as complete since the model can be run without any addi-
tional information entered on them, such as with the Design Requirements panel. However, in order to
find the best system design it will often be necessary to enter more than the minimum information
required by the solver.

The Lock Panel toggle located on the Sizing Toolbar prevents changes to the current panel when it is
enabled. This is primarily useful to prevent editing once a scenario has been run, since any changes that
are made to a scenario which has output will cause all output to be erased. By default, the ANS module
will lock all panels after a sizing run is completed, requiring panels to be unlocked before any changes
can be made. This setting can be changed on the Sizing Objective panel. All panels can be locked or
unlocked simultaneously by using the Lock/Unlock All Panels buttons on the Sizing Toolbar.
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Figure 3: Sizing Window showing common sizing panel features

A. Sizing Objective

The Sizing Objective panel is used to set the Sizing Option, which is the type of calculation that will be
performed, and to select an Objective which will be used in the sizing process.

For the Sizing Option, Perform Sizing should generally be selected, since this is the primary function of
the ANS module. However, the other two options may be used for troubleshooting or informational pur-
poses. For example, the Calculate Cost, Do Not Size option may be useful to calculate an initial cost for
the system, or to verify your cost libraries. The Do Not Size option allows the model to be run normally in
AFT Fathom without requiring any cost or sizing information. This is useful to preserve the information
already entered in the Sizing window.

»Select Perform Sizing (if not already selected) to begin configuring the sizing settings.

Note: The Sizing Option can always be seen on the box on the left of the Sizing Navigation panel.
Clicking this box will bring you to the Sizing Objective panel, where this status can be changed.

The easiest way to size the system is to set the objective to a non-monetary value such as pipe weight or
flow volume rather than directly analyzing monetary cost. Here we will minimize flow volume. The flow
volume is merely the sum of the internal volumes of all sized pipes. As the flow volume is minimized, the
pipe material, and therefore cost, is minimized along with it. Typically it is recommended to use the pipe

-324 -



Automated Network Sizing (ANS) Examples

weight option, as this will have the best correlation to cost. However, certain systems, such as ducts may
be better sized using flow volume.

Although we will not do so here, the ANS module can also minimize the monetary cost of the system.
This is more powerful than sizing for flow volume, but also requires more time investment in setting up
cost libraries.

»For the Objective, choose Flow Volume, and make sure Minimize is selected from the drop-down
list. The Sizing Objective panel should now appear as shown in Figure 4.
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Sizing
Assignmens
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Figure 4: Sizing Objective set to minimize flow volume

B. Sizing Assignments

On the Sizing Navigation panel at the bottom of the window select the Sizing Assignments button. The
Sizing Assignments panel allows the user to define what objects will be sized in the model, and what will
be included in the cost calculation without being sized. Common Size Groups for pipes, or Maximum
Cost Groups for pumps/control valves can be created on this panel as well when appropriate.

Let's consider the Sizing Assignments for the pipes, which should be displayed by default when we open
this panel.

In the Sizing and Volume Options table there are several options under the categories to Automatically
Size, or Do Not Size the pipe.

If an Automatically Size option is selected, the ANS module will treat the pipe diameter as a variable and
vary it according to certain criteria that will be discussed shortly.
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For a new system, typically all pipes will be desired to be sized and included in the cost, which is being
calculated in terms of volume in this case. If you are instead analyzing the possible replacement of exist-
ing pipes, it may be better to size the pipes, but only include the cost if the size changes from that which
exists.

If Do Not Size is selected, the pipe will retain the settings currently set in the Workspace. Why would one
choose to not size a pipe? There could be a number of reasons, but one good reason is that the pipe rep-
resents a pipe in an existing system and the design does not allow the replacement of that pipe with a
new one. Therefore its diameter is fixed, and sizing the pipe would serve no purpose.

Another reason may be if a certain size is necessary for the design due to certain requirements, in which
case the pipe cost can be included without sizing the pipe by choosing Include in Cost.

This model is a new system, so all pipes will be sized and included in the cost.
»Select Always Include in Volume for all three pipes (Figure 5).

Since we want to size the pipes independently in this model, we do not need to make any changes to the
Pipe Grouping section of the table, so this panel is complete.

Note: For models which have junctions that can be sized, a Junctions button at the top of this panel
will be available to set the Junctions Sizing Assignments. In this case we have chosen to ana-
lyze flow volume. While this value can easily be calculated for the pipes, Fathom does not have
enough information to calculate a flow volume for the branch or the reservoirs, which means
that they cannot be sized using this method, and the Junctions tab is unavailable. This same lim-
itation exists when using other non-monetary objectives as well, such as pipe weight. If the size
of a junction will have a large impact on the system cost, such as a pump, Monetary Cost should
be used as the Objective.

/*Workspoce | - Sizing | [ Model Data | [ Output | 2 Graph Results | ® Visual Report
W Undo - o LockPanel | () Lock All Panels 5" Unlock All Panels | 5[ Show Status Panel
&3 Pipes
e
o >
Move te N & - x - 2
Hew.. Rename Delete fove T
Famr e T e = Ermrens
~ Fipes Automatically Size Do Not Size Mot
Avays Tnclude in Volume Tnclude Do Not Group
Include in Volume if ize Changes inVolume Inglude in Volume
Pl ® [@] ®
P2 ® O @] ®
P3 ® @] O ®
Al_|[ None || lnvent || Workspace || Specal Number of Independent Fipe Sizes: 3
Selected: 0 of 3
Sizing ‘Candidate
Objective  Assignmers Sets Requiremeris

Figure 5: Sizing Assignments panel for Three Reservoir model

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.
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Since commercial piping is limited to certain sizes, the ANS module needs a list of possible sizes from
which to choose. This list is called a Candidate Set.

So as not to limit the sizing unnecessarily, the candidate sets should include both smaller and larger
pipes than your anticipated final size. If you make the candidate set too small, you may limit the ability of
the ANS module to find the best sizing. Itis better to make the candidate set too large than too small.
Experience applying the ANS module to actual systems will help you choose appropriate candidate sets.
If after obtaining a solution you find that one or more of the sized pipes is at the extreme of the candidate
set a warning will appear, and it is recommended to expand the defined candidate set.

To create a Candidate Set, do the following:

Under Define Candidate Sets, click New.
Give the set the name All STD and click OK.
From the drop down list choose Steel - ANSI if it is not already selected.

At the bottom of the Select Pipe Sizes window, make sure the Sort option selection is Type,
Schedule, Class.

5. Inthe Available Material Sizes and Types list on the left, select (not expand) STD so that the
schedule name is now highlighted.

6. Click Add to add all STD pipe sizes to the list on the right.
7. Click OK.

oD~

The All STD set will now appear.

We will apply the All STD set shortly. First, let’s take a moment to understand what we have just done.
We have created a candidate set that includes all pipe sizes in the library that are Steel - ANSI STD. At
the low end this includes 1/8 inch pipe, and at the high end 48 inch pipe. This candidate set contains pipe
sizes from a library of steel ANSI pipe, and not just specific pipes from the model. After we apply this can-
didate set to a specific pipe in the model and the sizing is run, the ANS module will select the best pipe
size from this set of pipe sizes to achieve the objective.

We now need to define which pipes will use this Candidate Set during the sizing calculation. Each pipe
that is being sized must have a Candidate Set assigned to it. Under Assign Candidate Sets to Pipes, set
each pipe in the model to use All STD by selecting the radio button under this candidate set for each
of the pipes. The Candidate Sets should now be fully defined and assigned to the appropriate pipes, as
can be seen in Figure 6.
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Figure 6: Candidate Sets window fully defined for the Three Reservoir model

D. Design Requirements

Select the Design Requirements button. If we do not define any design requirements for the model, the
ANS module will automatically choose the smallest pipe size in the Candidate Set, since it has the smal-
lest flow volume. Along with the smallest pipes we may get unacceptably low flow rates, or unacceptably
high velocities and pressure drops. To maintain acceptable system operating conditions, we need to set
design requirements.

We are going to define two design requirements for this case. Before adding any requirements, let’s look
more closely at the results of the model we are starting with. All pipe diameters are nominal 8 inch, and
the results show that the water flows from reservoir J1 to reservoirs J2 and J3. The flowrate out of J1 is
542.3 m3/hr, and the flowrates to J2 and J3 are 171.3 and 371.0 m3/hr, respectively. Let’'s assume that
there is a requirement to draw a minimum of 600 m3/hr from J1, and to deliver at least 150 m3/hr each to
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J2 and J3. What is the combination of pipe sizes which achieve the desired objective while still meeting
these demands? In our case, we are defining the objective as minimizing the internal volume of the pipes
(i.e., length times internal cross-sectional area).

We need to create two Design Requirements that represent the flow requirements at the reservoirs in
order to answer this question. We will do this by defining Design Requirements for the inlet/outlet
flowrates of the pipes where they connect to each of the Reservoirs. To do this:

Make sure that the Pipes button is selected.
Click New under Define Design Requirements.
Enter a name when prompted: Min Flow Supply. Click OK.

A new row will appear in the Pipe Design Requirements table. In this row, select Volumetric Flow
Rate as the Parameter.

Choose Minimum for Max/Min.
Enter 600 m3/hr.

7. Now repeat the above process to define Min Flow Delivery with a Volumetric Flow Rate Min-
imum of 150 m3/hr.

oD~

o o

To be functional, we need to apply these Design Requirements to the correct pipes. There are no limits to
the number of Design Requirements that can be defined and applied.

In the Assign Design Requirements to Pipes section, expand the pipe list. Select the check box for Min
Flow Supply next to pipe P1, and Min Flow Delivery next to pipes P2 and P3. This will set the minimum
flow rate coming out of Reservoir J1 and going into Reservoirs J2 and J3 as described above. The fully
defined and assigned Design Requirements are shown in Figure 7.
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Figure 7: Design Requirements window with the minimum flow requirements defined

E. Assign Cost Libraries

When the Sizing Objective has been defined as Monetary Cost, it is necessary to create and assign cost
libraries for the automated sizing, which can be done in the Assign Cost Libraries panel. Since we have
defined the objective as Pipe Flow Volume, we will not need to assign any cost libraries, and this button is
grayed out.

F. Sizing Method

Select the Sizing Method button to go to the Sizing Method panel.

The Sizing Method panel is used to set up the calculation methods for sizing the system. You can select
whether discrete or continuous sizing will be used, and which method will be applied.

If Continuous Sizing is selected, the ANS module will ignore the defined Candidate Sets and report the
ideal hydraulic diameter for the pipes being sized, which will likely not match any of the possible chosen
commercial sizes. While this is not useful as a final solution, this may be helpful as a baseline to check
the final solution using the provided discrete methods. Discrete Sizing will typically perform a continuous
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sizing calculation as a basis, after which multiple discrete sizes above and below this solution will be eval-
uated to find the ideal sizing based on the provided Candidate Set.

>For this model, use Discrete Sizing.

For the Search Method, the ideal method will often change based on the number of independent pipe
sizes (shown in the Sizing Assignments panel on the bottom right), number of Design Requirements, and
feasibility of the initial system design. The Help file provides more information on the strengths and weak-
nesses of each method. It is generally recommended to run the sizing with more than one method, as itis
often not obvious which method will be most effective for each system. The suggest Method button can
be used as a guide for which method to start with.

For a simple model such as this one, the MMFD or SQP method should be appropriate since there are
only a few Design Requirements, and only three pipes are being varied.

»Choose the default Modified Method of Feasible Directions (MMFD).

Step 5. Run the Model

Select Run from the Analysis menu. While the model is running, the Solution Progress window shows the
Sizing Calls to Solver. This is how many times a complete hydraulic analysis was run.

The solver also displays the Current Cost and Best Feasible Cost, which will display the last calculated
value for the cost, as well as the Best Feasible Cost which has been found so far (Figure 8). The solver
will continue to iterate using the defined method until it finds the ideal sizing. For the selected method, the
solver will first perform a continuous sizing to find a starting point, then test discrete solutions close to this
continuous solution to find the final, discrete solution.

Note: At any time during the run, the user can pause the solution and use the Other Actions button to
accept the currently displayed Best Feasible Cost as the final solution. For this example the solu-
tion is found and displayed quickly, but for larger systems with many pipes being sized, it may
be more productive to pause the solution and accept the current solution in order to save time,
especially if the displayed cost does not appear to be decreasing much further.
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Figure 8: Solution Progress Window showing the progress of the sizing calculation

Step 6. Review the Sized Results

Click the View Output button to see the results. The General section shows the Cost Report, which indic-
ates the volumes for the final solution. As shown in Figure 9, the minimum total volume identified by the
ANS module was 55 meters3. In the Pipes section of the output on the Sizing tab, the final pipe sizes of
10, 6, and 8 inches are shown (Figure 9).

Now switch to the Pipe Design Requirements tab in the Pipe section (Figure 10). We can confirm that the
calculated design is feasible, since all of the Design Requirements were met. That is, the flow from J1 (as
shown in pipe P1) exceeded 600 m3/hr, and the flows to J2 and J3 exceeded 150 m3/hr. Notice that
some of the Design Requirements are highlighted, indicating that they were active. An active design
requirement is defined as a requirement that had an impact on the solution. If an active design require-
ment were disabled, a different solution would be found. Yellow highlights indicate that the design
requirement was active in the final solution, while blue highlights indicate that the requirement was active
when the continuous sizing was performed, but became inactive when the solver switched to discrete siz-
ing.

You can also display the adjusted pipe sizes and resulting flow rates in the Visual Report.
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Figure 9: Output Window with Cost Report and Pipe Sizes for Three Reservoir Model
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Figure 10: Design Requirements results for Three Reservoir Model

Transferring Sized Results

When performing sizing, the Transfer Results to Initial Guesses feature on the Output window Edit menu
takes on new meaning. When used in a non-sizing context, this feature takes the solved hydraulic results
(i.e., pressures, flows rates, etc.) and assigns them to the initial guess values for the pipes and junctions.

When you select Transfer Results to Initial Guesses after automated sizing, you will see a dialog window
appear like that shown in Figure 11. The ANS module allows you to transfer the hydraulic results, the
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sized pipe diameters, or both. If you transfer the sized pipe diameters, each pipe's input diameter (back
on the Workspace) will become the sized diameter.

This feature allows the sizing results to be saved to the model for use in further analysis as needed.

Transfer which data?

(@ Both Calculated Pipe Sizes and Calculated Results
() Calculated Pipe Sizes Only
() Calculated Results only

o 0K B Cancel 2 Help

Figure 11: After sizing, the Transfer Results to Initial Guesses feature transfers both the hydraulic results and
sized pipe size results

Conclusion

You have now used performed a network sizing to minimize flow volume with the ANS module.
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Summary

This example will show how to use the ANS module to size a system based on pipe weight. For many
systems the necessary cost data is not available to directly minimize cost, so minimizing system para-
meters such as weight or flow volume is useful. By minimizing parameters such as these we minimize
pipe diameter, which directly correlates to minimizing pipe costs.

We will create a system that feeds water from an elevated reservoir to a lower reservoir at a specified
flow rate. A control valve will be used to control the flow rate and can be placed anywhere within the line.
We will need to determine what size of piping to use in order to achieve a minimum pressure drop of 82
kPa across the control valve.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Sizing using pipe weight
* Creating a Common Size Group
* Defining Control Valve Design Requirements

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Three-Reservoir - ANS
example, and is familiar with the basics of ANS analysis.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Control Valve - ANS - Initial.fth
* Metric - Control Valve - ANS - Final.fth
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Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Control Valve - ANS - Initial.fth example file. The workspace should look like Figure
1 below:
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Figure 1: Control Valve System Layout

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).
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Step 4. Configure Sizing Settings

In this model we are going to perform sizing to minimize the pipe weight (therefore minimizing cost), while
maintaining a minimum pressure drop of 82 kPa across the control valve.

To do this, first go to the Sizing window by clicking on the Sizing tab, or from the Windows menu.

A. Sizing Objective

The Sizing Objective panel should be selected by default from the Sizing Navigation Panel along the bot-
tom of the window. Input the following:

1.  Sizing Option = Perform Sizing

2.  Objective = Pipe Weight
3. Option = Minimize

B. Sizing Assignments

On the Sizing Navigation Panel at the bottom of the window select the Sizing Assignments button.
In this case we are sizing a new pipeline, so we want to size all pipes in the model.
»Under Automatically Size select Always Include in Weight next to both pipes.

For this system it is required that both pipes be the same size. We will need to add both pipes to a Com-
mon Size Group to specify this. Do the following:

1. Click New above Pipe Grouping

2. Enter the a name Main Pipes and click OK. A new section will now appear with the Main Pipes
group listed under Common Size Groups.

3. Add both pipes to this group by clicking the corresponding radio buttons (Figure 2).

Note that as many Common Size Groups as necessary can be created. Selection tools are available at
the bottom of the window to help assign multiple pipes to a Common Size Group for larger models. Addi-
tionally, pipes can only be assigned to a group once they are set to be included in sizing.
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7" Workspace | o Sizing | £ Model Data | 1 Output | |2 Graph Results | ®> Visual Report
&' Lock Panel | (@ Lock All Panels %" Unlock All Panels | B Show Status Panel
&3 Pipes
Sizing Assignments
az 5
Move t il e |, w o, @
New Rename Delete fove To
Sizing and Weight Options Fipe Grouping
~ Pipes Automatically Size Do Not Size . Commen Size Groups
Ahviays Include in Weight Include Do Hot Group —
Include in Weight if Size Changes in Wleight Include in Weight A=
Pi ® O O [@] [@] ®
P2 ® O O @] @] ®
Al |[ None || Invert || Workspace || Specl Number of Independent Ppe Sizes: 1
Selected: 0 of 2
[¥] Description and Help
DN &
A=
@ % = ) a2 =
E Sizing Sizing Candidate Design Sizing
Objective  Assignments Sets Requirements o < summary

Figure 2: Pipes P1 and P2 settings in the Sizing Assignments window

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.

1. Under Define Candidate Sets, click New.

2. Give the setthe name STD Pipes and click OK.

In the Select Pipe Sizes window, choose Steel - ANSI from the drop-down menu if not already
selected.

Make sure the Sort selection is for Type, Schedule, Class at the bottom of the window.

In the Available Material Sizes and Types on the left, expand the STD pipe sizes list.
Double-click each of the sizes from 1 inch to 12 inch to add them to the list on the right.

Now click OK.

w

N o oA

The STD Pipes set will now appear as a Candidate Set at the top.
We now need to define which pipes will use this Candidate Set during the sizing calculation.

»Under Assign Candidate Sets to Pipes, set the Main Pipes Common Size Group to use the STD
Pipes Candidate Set. The Candidate Sets are now fully defined and assigned to the appropriate pipes,
as can be seen in Figure 3.

Figure 3: Candidate Sets panel fully defined for the Control Valve model

D. Design Requirements

Select the Design Requirements button.

For this model we only have one Design Requirement, which is for the minimum pressure drop across
the Control Valve. To define this requirement:
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Select the Control Valves button at the top of the window.

Click New under Define Control Valve Design Requirements.

When prompted, enter the name Min Pressure Drop.

Next to Min Pressure Drop in the table, select Pressure Drop Static as the Parameter.
Choose Minimum as the Max/Min option.

Enter 82 kPa.

AN

Now we need to apply the defined Design Requirement to the Junction.

»Check the box next to the Control Valve J2 in the Assign Design Requirements to Control Valves
section.

Note: Control valves must always have a design requirement specified for the minimum pressure
drop/head, or the maximum Cv/percent open at the valve to ensure that reasonable operating
conditions exist at the control valve. If no Design Requirements are applied, the ANS module
will allow the control valve to control to any pressure required to meet the control setpoint, even
if this requires the control valve to add pressure to the system. To avoid this in the final solution,
a Design Requirement should be applied.

E. Assign Cost Libraries

When the Sizing Objective has been defined as Monetary Cost, it is necessary to create and assign cost
libraries for the automated sizing, which can be done in the Assign Cost Libraries panel. Since we have
defined the objective as Pipe Weight, we will not need to assign any cost libraries, and this button is
grayed out.

F. Sizing Method

Select the Sizing Method button to go to the corresponding panel.
Make sure Discrete Sizing is selected, since we are sizing based on commercial pipe sizes.

For the Search Method in a simple model such as this one, the MMFD or SQP method should be appro-
priate since there is only one Design Requirement, and only one pipe size is being varied. Choose the
default Modified Method of Feasible Directions (MMFD).

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 6. Review the Sized Results

The output is shown below in Figure 4. We have shown all three sections of the output window with the
General, Pipes, and Junctions sections. In the General Section, the Cost Report tab shows the min-
imized pipe weight for each of the pipes that were sized based on the design requirements.

In the pipe section, the Sizing tab is selected to show the final pipe sizes that were chosen. The ideal pipe
size was found to be 6 inch pipe for this case. In the Junction section, the CV Design Requirements tab is
shown. It can be seen that the Control Valve Design Requirement was met. The Design Requirement is
colored blue, indicating that it was active in the final solution.

# | General ‘Warnings | Designflerts | Cost Report | Valve Summary = Rese L
Table Units: Fipe
kg Type | Name | yeighy
Total of All Shown Costs 1.694
ltems In Sizing 1.694
Items Mot In Sizing 0
Pipe Subtotal 1.694
P1 Fipe  Pips 47
F2 Fipe  Pips 47
o3 Fipes Sizing
Mame Sized - Sized - Sized - Sized - Hyd.
Pipe Material Nominal Size | Type/Schedule Diameter
(cm)
1 |PFipe Steel - ANS|I & inch STD (schedule 40) 15.41
2 |Pipe Steel - ANSI & inch STD (schedule 40) 15.41

£ Al Junctions | CV Deszign Reguirements

Pressure Drop Static Minimum

Jot > 82 kPa
[Min Pressure Drop]
2 | 85,53 |

Contral Valve

Reservor

Figure 4: Output window for Control Valve Sizing

Step 7. Change the Control Valve Location

Now we would like to try something to further improve the system. For the first cut, we assumed that the
control valve was in the middle of the pipe and that the pipes had to be the same size. If the pipes do not
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have to be the same length or size, we can further minimize the pipe weight and theoretically the cost of
the piping.

To do this we will create another scenario.

1.

In the Scenario Manager, create a child from the Base Scenario and name it Unequal Pipes.
There should now be a check mark icon next to the scenario name to show that it is active.

On the Workspace open the Pipe Properties window for pipe P1 and change the length to 45
meters.

Open the Pipe Properties window for pipe P2 and change the length to 15 meters.
Go to the Sizing tab and click the Sizing Assignments button in the Sizing Navigation panel.

In the Pipe Grouping section of the table set both pipes to Not in Group. This will allow their sizes
to be varied separately.

The scenario is now complete.

Step 8. Run New Scenario and Review Results

Now, we will run this scenario and see if we have minimized the pipe weight further. Select Run from the
Analysis menu and allow the ANS module to size the system. When the analysis is complete, select Out-
put to view the results.

The output window is shown below in Figure 5. We can see that pipe 1 was now chosen as 5 inch but
pipe 2 was still chosen as 6 inch. Since pipe 1 was smaller the pressure drop across the pipe was
greater, so the pressure drop across the valve was reduced from 85.53 to 82.22 kPa. The pipe weight
was reduced from 1,694 to 1,402 kg.
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® | General | Wamings | DesignMerts | Cost Report | Valve Summary = Rese L

Table Units: T N
kg ¥pe 3ME | Yafeight

Total of All Shown Costs

ltems In Sizing

Items Not In Sizing

Pipe Subtoisl

P1 Pipe  Pipe
P2

# | Pipes | Sizing
Mame Sized - Sized - Sized - Sized - Hyd.
Pipe Material Nominal Size | Type/Schedule Diameter
(cm)
1 |[Pipe  Steel- ANSI  Sinch 5STD (schedule 40) 12.82
2 |Pipe  Steel-ANSI Einch 5STD (schedule 40) 1541

£ Al Junctions | CV Design Reguirements | Control Valve = Reservoir

Pressure Drop Static Minimum
Jet =82 kPa
[Min Pressure Dirop]
2 8222

Figure 5: Output window for Unequal Pipes Scenario

Conclusion

This example has demonstrated how simple it is to perform an automated sizing to design a system for a
set of requirements. Pipe weight may not be directly proportional to pipe cost but it can be implemented
very quickly when cost data is not available.
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Summary

This example focuses on creating Engineering and Cost Libraries for a system, then connecting the lib-
raries to the model in order to obtain accurate results based on the cost data.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Using external libraries
* Building engineering and cost libraries
* Using Scale Tables for cost

* Connecting and using existing engineering and cost libraries

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

This example is an addendum to the Cooling System - ANS example, but can be worked separately from
the example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Cooling System.fth

* Metric - Cooling System Libraries - ANS.fth

* Creating Libraries - Cost Templates.xlIsx - template file for building cost libraries
* Creating Libraries.dat - completed engineering library

* Creating Libraries Costs.cst- completed cost library for Creating Libraries.dat
* Steel - ANSI Pipe Costs.cst - completed cost library for Steel - ANSI pipes
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Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Cooling System.fth example file and save it as a new file. We will not need the exist-
ing child scenarios for this example: right click on the Base Scenario in the Scenario Manager and select
Delete All Children.

For the analysis we will be creating the library files for a completed model file to focus solely on using lib-
raries as part of the costing and/or sizing process.

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).

Step 4. Creating an Engineering Library

If it is desired to size any of the junctions in the system, such as the pumps or elbows, the first step is to
create an engineering library containing information for each of the junctions that will be sized. This engin-
eering library can later be used to attach a cost library for the junctions. Engineering libraries can also be
connected to future models to reuse any of the junctions in future systems.

Note: This step is not required if it is only desired to include pipe costs for the pipe material information
included in Fathom, since the cost libraries for the pipes can be built off of the default Fathom
Pipe Material Libraries.

To add a junction to an engineering library:

1.  Define the junction in the workspace.
2. Select the junction, go to the Library menu, and choose Add Junction to Library.
3. Give the junction a meaningful name and add it to the desired library by selecting it from the list.

For the purpose of this example the model has already been fully defined, so we will just need to add the
junctions to the library which we will be calculating the cost for. Follow the steps above to add Pump J4
and Bend J3 to the LOCAL USER LIBRARY. Give the pump the name Sizing 680 m3/hr and the bend the
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name STD Bend. In this case only one of each junction needs to be added to the library, since each of
the pumps and bends in the model are identical. If we had multiple pump models, bend types, etc. then
we might need to add multiple pumps, bends, etc.

The local user library is the default location where user junctions are placed for the local machine. If the
junctions are stored in the local user library, it is possible to run all of the calculations, and attach a cost
library for the junctions. However, this restricts the use of the saved data, as the local user library cannot
be shared with other users or be moved to different machines. This is why it is often preferred to place the
junctions into an external library. Follow the steps below to move the junctions:

1.
2.

Go to the Library menu and open the Library Manager.

At the bottom, select Create New Library, and give it the flename Creating Libraries. It is import-
ant to use a descriptive filename to avoid confusion later if the library needs to be reconnected, or
sent to someone else.

Enter a Library Description. This is the name that will be displayed within the Library Manager
itself. The description may be different from the file name, but it is typically recommended to make
these the same to avoid confusion later. Use the name Creating Libraries for the description.

In the LOCAL USER LIBRARY, expand the Junctions option. The window should appear similar
to Figure 1.

For both junctions that we added earlier, right-click the name, then click Move Content. In the
Select Library window, click Creating Libraries and then click Select. This moves the junction from
the local user library to the new external library. The pump and bend should now be visible within
their respective sections on the right side of the window.

Select Close to complete the process. If you open the folder where the library was created in Step
4, the library file should now be available.

We are now ready to enter the cost data for the junctions in the model.
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Library Manager

Library Browser Library B

Edit Junclions

Edit Fluids Search: | IS | Y Selected Content Type Information

it Fpe Materals #- AFT INTERNAL LIBRARY Number of Junctions = 2
Edit Insulations £/ LOCAL USER LIBRARY Sizing 680 m3/hr

=] Junctions STO Bend

- Sizing 680 m3/hr
STO Bend

[ Copper Pipe - ASTM
] Copper Tubing - ASTM
Ductile Iron - ANSI

Edit Fittings & Losses

Duct - AFT G ¥
Stainless Steel - ANSI

Stainless Tubing - AFT Customary
Steel - AFT Customary

Steel - ANSI

[] Steel - DIN 23911

Steel - DIN 2458

Steel - EN 10216-1 (s1)

Steel - EN 102162 (s1)

Steel - EN 10217-1 (s1)

Steel - EN 10217-2 (s1)

Steel - EN 102174 (s1)

Steel - EN 10217-5 (s1)

Steel - EN 102176 (s1)

= MNote: checked library content can
Bl [l | Other Actons_ + be used inthe cument scenario

Create New Library... Add Existing Library ... Add Existing Cost Library... User Default Set as Default

AFT Intemal Librar 0]
Read Only Library P Hep ® Cose

Figure 1: Edit Library tab in the Library Manager with a new external library created for the junctions to be
added to
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Library Manager
Library Browser
Edit Junciions

Edit Fluids

Edit Fipe Materials
Edit Insulations

Edit Fittings & Losses

Library Browser

Search:‘ | 3 Y

Selected Content Type Information

#- AFT INTERNAL LIBRARY
i LOCAL USER LIBRARY
Creating Libraries
Junctions

i Sizing 680 m3/hr
fornne STD Bend

+[] Copper Pipe - ASTM
Copper Tubing - ASTM
Ductile lron - ANSI

Steel - ANSI
Steel - DIN 2391-1
Steel - DIN 2458

Steel - EN 10216-1 (s1)
Steel - EN 10216-2 (s1)
Steel - EN 10217-1 (s1)
Steel - EN 10217-2 (s1)
Steel - EN 102174 (s1)
Steel - EN 102175 (s1)
+-f] Steel - EN 102176 (s1)

- [+

=

£y

:

MNote: checked library content can

B Bl | OtherActions +| 30 the cument scenano

Create New Library...

AFT Intemal Library
Read Only Library

Add Existing Library ...

Number of Junctions = 2
Sizing 680 m3/hr
5TD Bend

Add Existing Cost Library...

User Default Set as Default

# Help @ Close

Figure 2: Library Manager showing the junctions moved to the new external library from the local user library

Step 5. Creating a Cost Library for the Equipment

Go to the Library menu and select Cost Library to open the Edit Cost Library window, which is used to
create and view cost libraries. This window can also be accessed from the Sizing window on the Assign
Cost Libraries panel. In this case we need to enter new cost data that we have obtained, so click New.

The list of Available Libraries should now be displayed as shown in Figure 3. Every cost library must be
built off of an existing engineering or pipe material library. Browse to the newly created library, Creating
Libraries. You may need to use the Browse button to find it if the library is not shown in the list. After you

click the library to highlight it, click Select.
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Select Library

Awailable Engineering Libraries

AFT INTERMAL LIBRARY ~ v
Copper Pipe - ASTM % Select

Copper Tubing - ASTM

B3 Cancel
Ductile Iron - ANSI
Fiberglass - Green Thread P Help
HOPE - AFT Customary ——
LOCAL USER LIBRARY
PWC - ASTM

PWVDF - AFT Customary .j
Rectangular Duct - AFT Customarny Browse...
Stainless Steel - ANSI

Stainless Tubing - AFT Customary

Steel - AFT Customary

Steel - ANSI

Steel - DIM 2351-1

Steel - DIN 2458

Steel - EMN 10216-1 (=1)

Steel - EMN 10216-2 (s1) v

Filename: CAAFT Products®AFT Fathom 13%Examples‘Creating Libraries.dat

The Cost librany must be associated with an Engineering library of components and materials. Please
choose a engineering library to which this new cost library should be associated.

Figure 3: The Available Engineering Libraries list which can be used to build a cost library

From here we will be brought to the General tab. The description field is used as the name displayed
within the Library Manager, similar to with the engineering library.

The Notes field can be used to provide information on references, or other details which may be useful
for tracking purposes. Notes can be seen when reviewing library contents later using Browse Library Con-
tents.

The other item of note is the Multipliers table. This can be useful to apply multipliers to account for infla-
tion or uncertainty, without needing to calculate the costs directly. Note that multipliers can also be
applied within the Assign Cost Libraries panel, so be cautious to avoid duplicate multipliers.

»>In the Description field enter Creating Libraries Costs, as seen in Figure 4. Now let's move on to
entering cost data. Click the Junctions tab to view the Junctions overview.
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Edit Cost Library

General Junctions Tables Summary
Cost Library Filename: MNone
Engineering Library Filename: CAAFT Products'AFT Fathom 13%ExamplesCreating Libraries dat

Engineering Library Description: Creating Libraries

Muttipliers on Cost tems:

Cost ltems Material | Installation | Maintenance
Cost Type: @ Monstary Fipe Materials 1 1 1
Monetary Unit: | LIS Dollars ~ Junctions 1 1 1
Fittings/Losses 1 1 1

Description: Creating Libraries Costs
Set All Multipliers to One

Notes:

AFT Intemal Library (Read-Only) {MR) = Nonrecumring Costs, (R) = Recuming Costs % Open Available. H Save
Extemal Library (Read-Only)
Local User Library 5 )_| New... j COpen Any... Bl Save hs.. ® Close

Y Help

Figure 4: The General tab within the Edit Cost Library window

Within the Junctions tab each individual library item can be viewed under each Junction type. First
expand the Pump section by clicking the +, and select the Sizing 680 m3/hr junction that was added
earlier.

»Click New Cost to add an item to the table. By default, a cost item will be added that is configured for
cost entry per item. Costs can be categorized as Material, Installation or Maintenance Cost Type. This
categorization becomes useful if it is desired to exclude certain costs from the calculation or the sizing,
but otherwise does not impact how the costs are calculated.

Separately open up the Excel spreadsheet titled Creating Libraries - Cost Templates.xIsx found in the
Examples folder, and go to the Junction Costs (Metric) tab. The cost data for the pumps and bends can
be seen here, categorized by cost type.

In this case we are sizing the pump, so rather than having a cost for a specific pump model, we have a

range of costs specified based on the power requirement for the pump. We will need to enter this data

into the Tables tab first before we can define the cost item on the Junctions tab. Back in AFT Fathom in
the Edit Cost Library window, click on the Tables tab at the top of the window.

»Click New Table to begin defining the data table, and name it Metric - Pump Material. Multiple Table
Types are offered as the dependent variables for the table, which can either be plotted against a set of
multipliers which will be applied to a specific data point, or directly against cost, as can be seen in Figure
5.

The data we have available is the cost for pumps over a range of different power requirements, so
choose Power and Cost as shown below, then click OK.
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Mew Scale Table
Scale Table Mame: |Metric - Pump Material
Table Type Table Format
() Diameter i) Muttiplier
() Time (@) Cost
(® Power
() Cw
0K Ed cancel 2 Help

Figure 5: Table type and formatting options when creating a cost library

The new table name will now appear in the Tables list, and an entry section for Power vs Cost will

become available. Copy the data in the Excel spreadsheet for Pump Material, then click the Edit Table
button and choose Paste. Make sure that the table Units have been set to kW. Repeat this process of cre-
ating a new table for the pump installation costs using the data from the spreadsheet.

Now that the data tables have been created, we must assign them to the pump junction in the Junctions
tab. Click on the Junctions tab and make sure that the Sizing 680 m3/hr pump model has been selec-
ted, then enter the cost information as follows:

1. Description = Purchase
* This row is optional, but can be useful to provide clarification on the source of the entered
cost.
2. Cost Type = Material (NR)
* Note that NR denotes a non-recurring cost type, while R denotes a recurring cost type.
3. Use Size Table = Table of Costs
4. Multiplier =1
5. Size Scaling Table = Metric - Pump Material

Click New Cost to create a second cost item for the pump and enter the cost information as follows

Description = Installation

Cost Type = Installation (NR)

Use Size Table = Table of Costs

Multiplier = 1

Size Scaling Table = Metric - Pump Installation

ok oD~

We have specified the cost types for each of the pump data tables, and have assigned them to our Sizing
680 m3/hr model contained in the engineering library. However, we still need to input the data for the
Bends.
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On the Tables tab, follow the same process as outlined above to create two more tables containing the
cost information for the bends contained in the spreadsheet. Both tables will use cost for the Table
Format, with Diameter as the Table Type. Be careful when filling in the table data to be sure that the cor-
rect units are applied for each table. When you are finished there should be four tables total, as shown
below in Figure 7.

To assign the tables, return to the Junctions tab. Select the Bend and add two cost items, one apply-
ing the material costs table, and one for the installation costs table. When you are done the Bend should
have two costs, as shown in Figure 8.

Edit Cost Library
General Junctions Tables Summary
: [E M5
Junction Components: EIEE — Import from Excel...
% Bend Show Engineering Data...
=N Pump Export to Excel..

i Sizing 680 m3/hr

Cument: Pump, Sizing 680 m3/hr
New Cost

Cost #1 Cost #2
Description Purchasze Installation
Cost Type Material (NR) |~ Installation (MR) |+
Use Size Table Table of Costs |« Table of Costs |«

Cest (S, Dollrs) | N
Cost Per ]
cestPernis |

Multiplier 1 1
Size Scaling Table Metric - Pump Material |~ | Metric - Fump Installation |«

AFT Intemal Librany (Read-Only) {NR) = Nonrecurring Costs, (R) = Recuring Costs # Open Availzble B sae D hep
Extemal Library (Read-Only)
Local User Library E )_| MNew... j Cpen Any... E! Save As...

Figure 6: Pump Material and Installation costs assigned using cost tables
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Edit Cost Library
General Junctions Tables Summary
Tables: Table Units:  |inches ~ |73 Edit Table -
Diameter Cost ~
Table Type Fomat linches) (LS. Dollars)
Metric - Pump Material Power Cost 1 1028 705
Metric - Pump Installation Power Cost .
Bend Material Diameter Cost 2 |13 i'05
Bend Installation Diameter Cost 3 e 7.08
4 |2.067 7.05
5 | 2463 9.3
6 |3.068 109
7 |3548 1429
8 |4026 1855
- — .
MNew Table... Delete Table Rename Table... Select Size From Library..
AFT Intemal Library (Read-Only) {MR) = Nonrecumring Costs, (R) = Recuming Costs % Open Available. H Save D Hep
Extemal Library (Read-Only)
Local User Library 5 )_| New... j COpen Any... Bl SaveAs.

Figure 7: Complete tables list with material and installation cost tables for each of the junctions being ana-

lyzed
Edit Cost Library

General Junctions Tables Summary

Junction Components: B — Import from Excel
Bend Show Engineering Data...
. 1-5TD Bend Export to Excel..
+- Pump
Curent: Bend, STD Bend
New Cost
Cost #1 Cost #2

Description Purchase Installation
Cost Type Material (NR) |~ Installation (NR) |«
Use Size Table Table of Costs |~ Table of Costs |

Cost U5 ol | I
core [ N

Multiplier 1 1
Size Scaling Table Bend Material |~ Bend Installation |+

AFT Intemal Librany (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs

' Open Available... | | Save 2 Help
Extemal Library (Read-Only)
Local User Library 5 )_| New... j COpen Any... Bl Save As.. ® Close

Figure 8: Completed cost items for the bend material and installation costs
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Click Save, and give the cost library a name. We will use Creating Libraries Costs.cstin this case. Itis
often useful to give the cost library a similar name to the engineering library to make transferring and
reconnecting the library faster. Once you have finished saving the library, click Close.

Step 6. Create Cost Library for Pipes

We now have costs for the equipment, but we still need costs for the pipes. In the Sizing tab in the model,
go to the Candidate Sets panel by clicking the button. By expanding the existing Candidate set, it can be
seen (as stated in the name) that we will need cost information for all STD Steel — ANSI pipe sizes from 1
inch to 36 inches.

1. Return to the Edit Cost Library window by going to the Library menu and selecting Cost Library,
then click New.

2. From the Available Engineering Libraries list, click Steel - ANSI, which is the default AFT Steel-
ANSI pipe materials library.

3. Click Select to choose this library. You should now be on the General tab of the Edit Cost Library
window.

4, In Description, give the new pipe cost library the name Steel - ANS/ Pipe Costs.

5. Gotothe Pipe Materials tab. In the list section, we will be able to view all of the sizes and types
for the Steel - ANSI material. Under Sort choose Material, Type or Schedule, Nominal Size so
that they will be sorted by type rather than size.

6. Expand the Steel - ANSI list, then expand the STD list (Figure 9).

Edit Cost Library
General Fipe Materials Tables Summary
Pipe Materials, Sizes and Types: El B E
=3 Stesl - ANSI a|  Sot ———
—@ STD (O Material, Nominal Size, Type or Schedule sl S

@ 1/8inch (®) Material, Type or Schedule, Nominal Size Export to Excel...
™ 1/4inch

™ 3/8inch
™ 1/2 inch

Cument: Steel - ANSI, all sizes, all types
Iﬂ 1-1/4inch Y] New Cost

Diescription

Cost Type

Cost (U.S. Dollars)
Cost Per

Cost Per Units
Cost Per Units #2
Time Scaling Table

AFT Intemal Library (Read-Only) {MR) = Nonrecurring Costs, (R) = Recuring Costs # Open Available... B save 2 Help
Extemal Library (Read-Only)
Local User Library i Mew.. = Open Any... Bl savess. ® Close

Figure 9: Pipe Materials tab in the Cost Library window showing the available STD sizes

-353 -



Cooling System - Creating Libraries - ANS

If a size from the list is selected, the hydraulic diameter is displayed, along with a summary of the mater-
ial, size, and type. The New Cost button will also become active (Figure 9). There are a few methods
available when adding the pipe costs. We could individually add the Material and Installation costs for
each pipe size by selecting each size from the pipe materials list, then using the New Cost button to add
these costs to the table individually. Alternatively, the pipe costs can be entered into a template in Excel,
then imported to the Cost Library all at once.

In this case, we have the Pipe costs available in a spreadsheet, so we will use the Excel import/export
option. To do this we will first export a template for the desired pipe sizes, then we will enter the cost
information in the template and import the updated file as detailed below.

1.

5.

Make sure that the STD pipe material type is highlighted in the list, then click Export to Excel on
the right side of the window. The Excel Export window should be shown as in Figure 10, with all
Steel-ANSI STD pipe sizes displayed.

Click Export, name the sheet, and save it to an easy to find location. The name does not matter,
but we will need to be able to find this spreadsheet later to import back into the cost library.

When Fathom has finished the export a message will be displayed notifying the user of a suc-
cessful transfer. Click OK, then browse to the exported worksheet and open it. The exported work-
sheet should contain a list of the selected pipe sizes, with empty columns where the cost per unit
length can be entered for each cost type, as shown in Figure 11.

Open the Creating Libraries - Cost Template.xIsx spreadsheet with the costs for this example.
Navigate to the Pipe Costs tab, and copy the Material and Installation costs for the 1 inch to 36
inch pipe sizes into the worksheet that we just exported. Ensure that data is entered for material
and installation for each of the sizes from 1 to 36 inch, and that the length units are listed as feet in
the worksheet, since these were the length units used by the manufacturer for their pricing.

Save and close the worksheet.

Note: The length units used for the spreadsheet are taken from the default model units, which can be

changed from User Options in the Tools menu.
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Excel Export

Material Name
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI
Steel - ANSI

Size Type |Material |Installation | Maintenance ~

1/8 inch 5TD

1/4 inch 5TD

A8 inch 5TD

1/2 inch STD

X4 inch STD

1 inch STD

1-14inch STD

1-1/2inch 5TD

Zinch STD

2-1iZinch STD

Jinch STD

31/2inch STD

4inch STD

Sinch STD

& inch STD

8 inch STD

10inch STD

12 inch STD

14 inch 5TD

16 inch STD ”
"85 Export Cancel

Figure 10: Excel Export window showing pipe items that will be included in the Excel sheet

A B
1
2 |Cost Units: U.5. Dollars
3 |Length Units:  feet
4
5 |Material Name Size
& |Steel- ANSI 1/8 inch
7 |Steel - ANSI 1/4inch
& |steel- &NSI 3/8inch
g |Steel- ANSI 1/2 inch
10 |5teel - ANSI 3/4inch

======CO0S5T PER UNIT LENGTH ======
Type Material Installation Maintenance
5TD
5TD
5TD
5TD
5TD

Figure 11: Initial Excel sheet after exporting template for the STD Steel-ANSI pipe sizes

Back in Fathom in the Cost Library window, click the Import from Excel button, then browse to the work-
sheet we just updated and open it. When the Import has finished click OK on the notification from
Fathom, then click the 1 inch pipe size under the Steel - ANSI STD pipe type. The Material and Install-
ation costs should now be filled in, as shown in Figure 12. Click Save to save the cost library with a
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unique file name Steel - ANSI Pipe Costs.cst, select Yes to make the library connected, then close the
window.

Note: When using the Export/Import features for the cost library, it is not required to enter information
for every size that was exported in order to import the worksheet. It is important to not delete any
headings or descriptive information for the pipe data that was included in the template. Work-
sheets can be exported /imported as many times as desired, but whatever data is in the spread-
sheet will overwrite anything existing in the library, meaning that if the costs are left blank for a
size, any cost information will be deleted for that pipe size in the library. Due to this fact it is
recommended to export the current information in the library first before importing any change
information so that an accidental overwrite does not occur.

In the Library Manager, the new cost library should now be shown for the Steel - ANSI pipes, as shown in
Figure 13, indicating that the pipe cost library was automatically connected.

General Pipe Materials Tables Summary
Pipe Materials, Sizes and Types: EIENE
=3 Steel - ANSI a|  Sot
: Import from Excel..

’ @ STD (O) Material, Nominal Size, Type or Schedule

-0 1/8inch (® Matenal, Type or Schedule, Nominal Size Export to Excel...
™M 1/4inch

™ 3/8 inch

E 1ﬁ ::z: Diameter = 1.04% inches

0 1inch Cument: Steel - ANSI, 1inch, STD {schedule 40)

- 1-1/4inch W New Cost
Cost #1 Cost #2

Diescription
Cost Type Material (NR) |~ Installation (NR) |+
Cost (U.5. Dollars) 22 7.2
Cost Per Length |~ Length |~
Cost Per Units feet |« fest | v

AFT Intemal Library (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs # Open Available. H sae D Hebp
Extemal Library (Read-Onby)
Local User Library I =_| New _} COpen Any Bl Save As @ Close

Figure 12: The Pipe Materials tab in the Cost Library window, showing the data recently imported
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Library Manager

Library Browser

Library Browser
Edit Junclions
Edit Fluids Search: \ | .Y Selected Content Type Information
= als - AFT INTERNAL LIBRARY A Number of Cost Libraries = 1
Edit Insulations i~ LOCAL USER LIBRARY Steel - ANSI Pipe Costs

Edit Fitfings & Losses Junctions

Sizing 680 m3/hr

i Creating Libraries Costs
Copper Pipe - ASTM
Copper Tubing - ASTM
Ductile Iron - ANSI

1 R Duct - AFT G ¥
[] Stainless Steel - ANSI
Stainless Tubing - AFT Customary
[] Steel - AFT Customary
-] Steel - ANSI
Pipe Materials
Cost
.-[7] Steel - ANSI Pipe Costs
Steel - DIN 2391-1
Steel - DIN 2458
Steel - EN 10216-1 (s1)
Steel - EN 10216-2 (s1)
Steel - EN 102171 (s1)
Steel - EN 10217-2 (s1)
Steel - EN 102174 (s1)
i - Steel - EN 102175 (s1) v

3
+
¥
¥
:

MNote: checked library content can
be used inthe cument scenario

El| | E[ | Other Actions  ~

Create New Library... Add Existing Library ... Add Existing Cost Library... User Default Set as Default

AFT Intemal Librar 3
Read Only Library P Hep ® Cose

Figure 13: Library Manager after creating a engineering and cost libraries

Step 7. Define the Sizing window

To make use of the newly creating engineering and cost libraries, a few inputs are required in the Sizing
window. Go to this window now.

A. Sizing Objective

By default, you should be on the Sizing Objective panel. For the Objective, select Monetary Cost. Then
select Calculate Cost, Do Not Size.

B. Size/Cost Assignments

On the Size/Cost Assignments panel, make sure the Pipes button is selected at the top. Click All on the
bottom left then click Always Include in Cost at the top to add all pipes to the Include in Cost list.
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Click the Pumps button at the top to go to the pump size/cost assignments page. Select the radio button
for both Pump 4 and 5 to Include in Cost Report Only.

Finally, go to the General Junctions button and add all four bends to the Include in Cost Report Only
list.

C. Assign Cost Libraries

Go to the Assign Cost Libraries panel. All 22 pipes should assigned to the Steel - ANSI Pipe Costs lib-
rary, as shown in Figure 14. Check the Pumps and General Junctions pages as well to confirm that
those junctions are connected to the Creating Libraries Costs, as shown in Figure 15
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I J* Workspace | ¢ Sizing | @ Model Data | F1Output | [ Graph Results | ® Visual Report |

& Lock Panel | (5 Lock All Panels 5" Unlock All Panels | B Show Status Panel

I i Pipes & Pumps | T General Junctions |
Assign Cost Libraries to Candidate Sets |

Library Eager. . Edit Cost%(an’es. .

Pipes

g
]

Steel - ANSI Pipe Costs

P1

P2
P4

B|a|3|R| &

P10
P11
P12
P13
P14
P15
P16
P17
P18
P13

olejololejoleslojolelololololololololololele. g

CRORCRONOROROROCRORORCRORCRONORONONORORONORO! =
IR AR R RE R E R R R E R R R R REEEE]

Cost
Assignmenis Requiremenis Cost Libraries Summary

Figure 14: The Assign Cost Libraries panel with the new pipe cost library applied
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I . Workspace & Sizing | 14 Model Data | FH Output | [ Graph Results | & Visual Report |

& Lock Panel | (5 Lock All Panels 5" Unlock All Panels | B Show Status Panel

i Pipes ” <F Pumps TF General Jundionsl

Assign Cost Libraries to Pumps |
Library I‘Elﬁager. . Edit Cost%raries. .
Cost Library
Pumps
Al
®
®

Description and Help

Sizing Size/Cost Design Assign Sizing
Objective Assignments Requiremenis Cost Libraries Summary

2 Graph Results | &> Visual Report |
& Lock Panel | (0 Lock All Panels 5 Unlock All Panels | B Show Status Panel

i Pipes | +7 Pumps ” TF General Junctions

[~] Assign Cost Libraries to Junctions |

Library I‘Eﬁmger. " Edit Costﬁraries. "

Cost Library
Junctions Junction Type
All ‘ Selected | Creating Libranes Costs
43 Bend ® O
i3 Bend O] O
J10 Bend ® O
Bend O] O

Description and Help

Design Assign
Requiremenis Cost Libraries Summary

Figure 15: Applying the newly built cost library for the pumps and bends on the Assign Cost Libraries panel

In order to link our libraries to specific junctions in the model, we will need to apply the Engineering
Library to the junctions in the Workspace. Open each of the pump junctions and select the Sizing 680
m3/hr item from the Library Jct list. Repeat this process for the four bend junctions in the model. Note
that in this case the only thing that should change in the properties windows will be the name of the item
from the Library list, since we created the library junctions based off of the junctions already defined in
this model.

- 360 -



Cooling System - Creating Libraries - ANS

As a quick summary, we first connected the new libraries using the Library Manager. We then connected
the junctions to the Engineering Library by using the Library Jct selection in each of the properties win-
dows. In the Sizing tab we used the Assign Cost Libraries panel to select the corresponding Cost Library
for each pipe and junction. The Assign Cost Libraries section is now complete.

Step 8. Run the Model and Check Output

Click Run from the toolbar or Analysis menu. Before the solver runs, the Model Diagnostics window will
appear. Because there was no design requirements specified for the control valves, the control valves
will add pressure if necessary. Typically, these messages should not be ignored. However, we will see
from the output that the control valves will not add pressure. Therefore click Close on this message to dis-
miss it.

When the solver finishes, go to the Output window. On the Cost Report tab, the total cost should be
$35,261. In the Library Sources tab in the Junction section, each of the Bends and Pumps should list the
Creating Libraries Costs as their library source as shown in Figure 16. The Library Sources in the Pipes
section should similarly show the pipe cost library Steel - ANSI Pipe Costs for both Material and Install-
ation.

#  General Warnings DesignAlerts | Cost Report | Pump Summary = Valve Summary = Heat Exchanger Summary = Reservoir Summary

E_Eg_l%gﬁ“;rss: Type | Name | Material | Installation Nog;lﬂbql_coutrarllng TOTAL ~

TOTAL OF ALL MODEL COSTS 35.261

Total of All Shown Costs 17.262 17.999% 35.261 35.261

Items In Sizing 0 0 0 0

Items Not In Sizing 17.262 17.999 35.261 35,261

Pipe Subtotal 11.048 16.010 27.0658  27.058

P1 Pipe Pips 463 673 1136 1136

P2 Pipe Pipe 44 62 107 107 v

# | Pipes  Sizing | Library Sources

X Fipe Fipe Pipe -
Fipe | Name Material Installati Mai
1 [PFipe Steel - ANSI Pipe Costs Steel - ANS| Fipe Costs
2 |Pipe Steel - ANS| Pipe Costs ~ Steel - ANS| Pipe Costs
3 [PFipe Steel - ANS| Pipe Costs ~ Steel - ANS| Pipe Costs
4 |Pipe Steel - ANS| Pipe Costs ~ Steel - ANS| Pipe Costs
5 |Pipe Steel - ANS| Pipe Costs ~ Steel - ANS| Pipe Costs
& |[PFipe Steel - ANS| Pipe Costs ~ Steel - ANS| Pipe Costs
7 |PFipe Steel - ANS| Pipe Costs ~ Steel - ANS| Pipe Costs
8 [Pioe Steel - ANS| Pine Costs ~ Steel - ANS| Pioe Costs Y

# | AllJunctions | Library Sources |Bend = Branch = Control Valve = Heat Exchanger Pump = Reservoir

Jet Name Type Material Installation Mai Operation/Energy -
3 |Bend Eend Creating Libraries Costs  Creating Libraries Costs

4 |Pump Pump Creating Libraries Costs  Creating Libraries Costs

5 [Pump Pump Creating Libraries Costs ~ Creating Libraries Costs

& |Bend Eend Creating Libraries Costs  Creating Libraries Costs

7 | Branch Branch

& |Branch EBranch

9 |Branch Branch

10 |Bend Eend Creating Libraries Costs  Creating Libraries Costs

11 M mmbenl Vialem M mmbeal Vialoem h

Figure 16: Output tab showing the current Library sources used in the model calculations
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Summary

This example focuses on a closed loop cooling system that demonstrates some key features in using
ANS to size a piping system. An existing model is used to investigate four potential sizing cases:

Size system for initial cost with a 10-year operating period
Size system for life cycle cost with a 10-year operating period
Size system for life cycle cost with an initial cost limit for a 10-year operating period

Size system for life cycle cost using a manufacturer's pump curve and with a 10-year oper-
ating period

Pobdb=

The existing model was used to demonstrate AFT Fathom's capabilities for modeling closed-loop sys-
tems, pump curves, heat exchanger resistance curves, and fixed pressure drop control valves. This
example will demonstrate how a system like the one built before can be seamlessly scaled up, meet
design requirements, and minimize cost. For instance, the flow rate through the system will increase from
200 in the original model and system to 1,360 m3/hr. The pipes must be sized and their costs minimized
accordingly.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Connecting and using existing engineering and cost libraries
* Sizing for initial or life cycle cost

* Using an initial cost limit with life cycle cost sizing

* Sizing a pump and sizing piping for the chosen pump

* Interpreting Cost Reports

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Three-Reservoir - ANS
example, and is familiar with the basics of ANS analysis.

Model Files
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This example uses the following files, which are installed in the Examples folder as part of the AFT

Fathom installation:

* Metric - Cooling System.fth
* Metric - Cooling System - ANS.fth

Step 1. Start AFT Fathom

Cooling System.dat - engineering library

Cooling System Costs.cst - cost library for Cooling System.dat
* Steel - ANSI Pipe Costs.cst - cost library for Steel - ANSI pipes

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Cooling System.fth example file and save it as a new file. We will not need the exist-
ing child scenarios for this example: right click on the Base Scenario in the Scenario Manager and select

Delete All Children.

Although the model is fully defined, a few alterations are necessary for this example to scale up the sys-
tem. First make sure that the Workspace looks like Figure 1 below:
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Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).

Step 4. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 5. Define the Pipes and Junctions Group

As an initial guess to the scaled up system, we will change all pipe sizes to 36 inch. This should satisfy all
Design Requirements and be a feasible solution, therefore it should be an acceptable initial guess for the
system. Similar the junctions will be updated for the scaled up system.

Pipe Properties

Make the following changes to all pipes

1. Pipe Model tab
a. Size=36inch
b. Type=STD

Junction Properties

Make the following changes to these junctions.

1. J1 Reservoir
a. Liquid Surface Elevation =9 meters
b. Liquid Surface Pressure = 0 barG (0 kPa (g))
c. Pipe Elevation = 0 meters

2. J11 & J12 Control Valves
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a. Valve Type = Flow Control (FCV)
b. Control Setpoint = Volumetric Flow Rate
c. Flow Setpoint =450 m3/hr
d. Always Control (Never Fail) = Unchecked
3. J13 Control Valve
a. Valve Type = Constant Pressure Drop (PDCV)
b. Control Setpoint = Pressure Loss
c. Pressure Drop = 0.345 bar (34.5 kPa)

4. J14-J16 Heat Exchangers

a. Enter Curve Data =

Volumetric Pressure
m3/hr bar
0 0
450 3.45
900 13.8

Step 6. Overview of Sizing Systems with Pumps

A centrifugal pump can be modeled with either the Pump Curve or Sizing Analysis Type. Generally if a
specific pump has been identified the Pump Curve type would be chosen, whereas the Sizing option is
useful during the selection stage in order to identify the pumping requirements for the system. In some
cases even though the specific pump has not been chosen several candidate pumps are available. For
this third case it would be best to model each candidate pump as a pump curve using separate scenarios
for each pump.

Sizing a Pump

The pumps in our cooling water case are being sized, so the Sizing Analysis Type was used with
assigned flows of 680 m3/hr. In order to allow the pumps to be defined as fixed flows the flow control
valve at J17 has been defined at a fixed pressure drop of 0.345 bar to ensure that the minimum pressure
drop requirement for this valve is met during the sizing stage. This model thus represents a first cut
model where, based on the results, the two pumps will become actual pumps with pump curves, and con-
trol valve J17 will become a flow control valve controlling to 680 m3/hr, similar to control valves J9 and
J13.

As already stated, when a pump is modeled as an assigned flow, it is not a specific pump from a specific
manufacturer. Thus, the costs for the pump can only be approximated. To a first approximation, it should
be possible to estimate the non-recurring cost (i.e., material and installation cost) for the pump as a func-
tion of power requirements. For instance, a typical one horsepower pump may cost $2000, and a ten
horsepower may cost $4000. Other typical costs for different power requirements can be approximated.
The actual cost for the pump will, of course, highly depend on the application. Pumps for special
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applications such as corrosive fluids or high temperatures may have different cost structures, but a reas-
onable approximation of cost for various power usage levels should be possible. These costs are entered
into a cost library, and are accessed by the solver. As ANS evaluates different combinations of pipe
sizes, each combination will require a certain power from the pump. With a cost assigned to this power,
ANS can obtain a cost to enter into the objective function that it minimizes. Later in this example, we will
look at the costs for the pumps.

In addition to non-recurring costs, recurring costs can also be estimated. Specifically, the cost of the
power used by the pump over a period of time can be determined. All ANS needs is an overall pump effi-
ciency to determine an actual power from the ideal power. Again, since we do not have a specific pump
selected yet, the efficiency can only be approximated. ANS calls this the Nominal Efficiency. In addition,
users can provide a Nominal NPSHR.

One may ask how important it is to choose appropriate values at this level. It depends. If the model only
sizes for non-recurring costs, then the nominal efficiency will affect the actual power requirement of the
pump, and hence the cost obtained from the cost library. If the cost of the pump is large compared to the
cost of the piping, the specified nominal efficiency will likely play a significant role in the system selection.

In addition, for models that include energy costs in the objective, the energy cost may be a minor or major
portion of the overall system cost. If it is a major portion, the results of the sizing will likely be very sens-
itive to the specified nominal efficiency.

Therefore, it is recognized that at this first cut phase the values for nominal efficiency and nominal
NPSHR are imprecise and users may need to go through a few iterations to arrive at satisfactory results.

Modeling Pumps with a Pump Curve

When one is modeling a pump curve, accurate NPSHR and efficiency (or power) requirements can be
specified for the pump. The cost data for that pump can also be accurately specified. During the auto-
mated sizing run the impact of the pump on the system sizing will be in the area of energy costs and in
the requirement to satisfy the pump's design requirements.

First, let's discuss the issue of recurring cost. The non-recurring costs for the pump will be fixed, and will
therefore not impact the sizing process. However, energy costs will vary with the power required for the
pump. Thus including energy cost in the sizing will influence the pipe size selection.

Second, the specific pump has certain design requirements. For example, the sized network will be of no
value if the NPSHR s violated. Thus, the pipes have to be selected by ANS in such a way as to satisfy
all pump design requirements.

Since a specific pump is not input for our cooling water model (yet), no specific pump selection can hap-
pen at this point. It may frequently be the case that, based on the results of modeling the pump as an
assigned flow pump, several candidate pumps may exist. The best approach is to create a scenario for
each of these pumps, and rerun the sizing for each candidate pump. This will yield an ideal candidate
pipe system for each candidate pump, from which an educated choice can be made for the system
design. All else being equal, the selection would be the candidate pipe system that offers the lowest cost.
When approached in this manner, one is selecting the pump and the piping system as an entire system,
which offers improved matching of the pump to the system, and also offers significant opportunity for cost
reduction.

Summarizing the Pump Selection Process
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Based on the preceding discussion, we can outline a process for selecting a pump that offers a matched
pump and piping system at the lowest possible cost. This discussion is an extension of the discussion in
the Fathom Help file regarding sizing pumps and pipes concurrently. Here, we will augment that dis-
cussion with the considerations that are relevant to sizing.

1.  Phase 1: Size the pump

a.

Model the pump (or pumps) as assigned flow pumps using the Sizing Analysis Type. If flow
control valves exist, select the one that offers the lowest pressure drop margin (as dis-
cussed in the AFT Fathom Help file), and set that one to a pressure drop control valve at
the minimum required pressure drop.

The largest uncertainty at this point is the cost of the pumps. Based on actual pump cost
data, specify the approximate cost of pumps of different power levels for different flow
rates. This is entered into a cost library.

Along with the design flow rate, specify a nominal efficiency that is consistent with the
application and your experience. If you are unsure, take a guess and, after completing
Phase 1, return to this step and improve your guess.

If you have a reasonable idea of what the NPSHR will be, specify that in the nominal
NPSHR. If you are unsure, ignore nominal NPSHR and proceed. After completing Phase
1, check the NPSHA and make sure that pumps are available at the head requirements
obtained from the ANS results that have sufficient NPSHR margin.

Determine whether the design goal is to minimize initial cost or life cycle cost, and select
the appropriate objective in the Sizing Objective panel.

Run the model and review the results. Take note of the relative cost difference between the
piping and the pump(s). If the pump costs are a significant percentage, then continued iter-
ation on Phase 1 will likely be worthwhile. Continued iteration would involve obtaining more
precise cost information for pump(s) at the flow, head and power usage levels obtained
from the Phase 1 results. It would also involve obtaining more precise information on nom-
inal efficiency and nominal NPSHR.

2. Phase 2: Selecta pump

a.

Phase 1 worked with approximate cost and engineering data for your pump. With that
information ANS sized the network for an optimal pipe and pump system combination. At
this point, that optimal system should be viewed as preliminary. Based on the pump oper-
ating point from Phase 1, identify some candidate pumps that match the requirements.

Change any flow control valves set to pressure drop control valves (as specified in Phase
1a) back to flow control valves.

Identify the operational requirements for the flow control valves, such as minimum pressure
drop, and enter those as Control Valve Design Requirements.

For each candidate pump, create a child scenario. Each child scenario should be created
below the scenario that has the flow control valves as discussed in Phase 2a and 2b.

Enter the pump head, NPSHR and efficiency (or power) curve. Enter the actual pump cost
as well into a cost library.

Run each scenario. All else being equal, the scenario with lowest cost will be the preferred
design. The pipe sizes obtained from this final solution may differ slightly from those
obtained Phase 1. If there are significant pipe size differences between Phase 1 and Phase
2, it may indicate that the actual pump was not matched very well to the Phase 1 require-
ments. It could also mean that there was an error somewhere in the process.
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g. InPhase 2f, it may not be true that all else is equal. For example, even if one design offers
lower cost, you may prefer a higher cost system because your experience suggests the
pump is more reliable. On another note, if it is possible to quantify the cost reliability, this
can be included in the cost of the junction and the automated sizing process.

For this example, we will be completing the pump selection process above considering the objective of
minimizing initial cost, then minimizing life cycle cost.

Step 7. Configure Sizing Settings

Load the Base Scenario. The hydraulic model is already defined for a regular Fathom run, but we need to
complete the sizing settings before running the analysis. Navigate to the Sizing window by clicking the
Sizing tab at the top.

A. Sizing Objective

The Sizing Objective window should be selected by default from the Sizing Navigation panel along the
bottom. For this analysis, we are interested in sizing the system considering the monetary cost for the ini-
tial costs only.

Sizing Option = Perform Sizing

Objective = Monetary Cost

Option = Minimize

Options to Minimize Monetary Cost = Size for Initial Cost, Show Energy Costs

Ao bNh =

* This will update the cost table to include both initial costs in the sizing calculation, and
moves the Energy costs to be included in the Cost Report so that we can later compare the
costs in this scenario to one where the Energy costs are included for the sizing. We do not
have any information on Maintenance cost, so we will leave this cost in Ignore Cost.

5. System Life = 10 years
6. Energy Cost=0.11U.S. Dollars Per kW-hr

« Note this assumes the pump will run all day, every day, for the entire 10 years. Alternatively,
we could have created an Energy Cost Library, which would be connected in the Assign Cost
Libraries section. An Energy Cost Library allows variable energy costs to be used to account
for varying prices during different times of day, different seasons, etc. For now, we are sim-
plifying the input by using a fixed cost.

The Sizing Objective window should now appear as shown in Figure 2.
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Sets

.
Size/Cost
Assignmenis

Sizing
Objective

Reguirements

2
Sizing
Summarny

\
Assign

Cost Libraries Method

Figure 2: Sizing Objective panel setup for the initial cost analysis

B. Size/Cost Assignments

On the Sizing Navigation panel select the Size/Cost Assignments button. For this example we are sizing
both the pipes and pumps for a new system, so we will need to calculate and minimize cost for all related

objects in the model.
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»Click All under the table to select all of the pipes, then click the Always Include in Cost button next to
Move to. This will move all of the pipe selections to the corresponding column to be sized.

To decrease the run time and reduce complexity, as well as to enforce some design uniformity, it is useful
to create Common Size Groups to link the pipes in different sections of the model.

For example, if all the 22 pipes are selected to be Not In Group, then 22 unique pipe sizes will be selected
by the automatic sizing engine. That could potentially mean, for example, different suction pipe dia-
meters in pipes 1 and 2. A similar thing would happen for discharge pipe diameters. If one wanted the
suction pipes 1 and 2 to be sized to the same diameter, one would group them into a Common Size
Group. To see how this works, in this model all suction and discharge piping for both pumps will be put
into a Common Size Group. What this means is that there will be one unique diameter chosen for this
group of pipes, rather than potentially six different diameters.

For this system we will define five groups to be sized in this model. To set the groups, it is standard to
select pipes which must have the same size due to their placement relative to other pipes and junctions,

such as pipes at the entrance and exit of valves. In Figure 3 we have identified the five sections of the
model to group the pipes.

| 7" Workspace | o Sizing | {E|Model Doto | E5 Output | 1R Graph Results | ® Visual Report
P e - e @ Ih e - A A %

B ¥ B, Show All Objects

B Section A
& .
P22

b J4 a7 it J1 J14
aF P3 P4 P P11 P12 P13

% bl P2 Section B Pg Saction C
Pump Station P7 Header 1 P21

J5 J12 J15

- g J3 J6

o b J13 J16

P17 P19

J10

Section E
Cooler Piping

Base Scenario M | Q100 | 2 { | +) By | =22 | @19

Figure 3: Workspace with separate sections identified to create Common Size Groups

First let’s create a Main size group for pipes 1 and 22, which are red in Section A. We would expect these
lines to be sized the same, as the inlet and outlet for the cooling reservoir.

Note: If desired, the coloring and annotations in Figure 3 and in the completed model file can be recre-
ated using Workspace Layers.

»Click New above the Pipe Grouping section to create the group, and name it Main. Select the radio
buttons under Main next to 1 and 22 to add them to the group. Alternatively, both pipes could be selected
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in the Workspace, then be added to a new group by right-clicking the Workspace and choosing Add Pipe
(s) to Common Size Group.

Now let’s repeat this process for the piping in Section B around the pumps and control valves. Since this
section contains identical pumps operating in parallel, we would expect the pipes in this section to have a
common size. Similar to above, create a new group called Pump Station, and add pipes 2-7 as shown in
orange in Figure 3 in section B to the new group by selecting them in the Workspace, or using the radio
buttons.

Next, let’'s consider Section C-E, the piping near the coolers. In this case we have three coolers in par-
allel, with several segments of pipe connecting the cooler piping segments. We would expect the pipes
directly connected to the coolers to have a common size, but the header piping (9, 10, 20, 21) would
likely need to be larger, so we will group them separately. Create three Common Size Groups as follows:

1. Header 1 with 9 and 21 (Section C, lime green)
2. Header 2 with 10 and 20 (Section D, magenta)
3. Cooler Piping with 11-19 (Section E, blue)

The completed Size/Cost Assignments can be seen in Figure 4. Note that pipe 8 should be the only pipe
not included in a group. This leaves six different pipe sizes that the ANS module will independently solve
for during the automated sizing, one for each of the groups, and one for pipe 8. This is indicated in the bot-
tom right of the Size/Cost Assignments panel, which shows that six independent pipe sizes exist for this
configuration.

Note: Pipes in the Size/Cost Assignments table can be sorted by Common Size Group instead of sort-
ing by number by clicking on the Pipe Grouping header. Clicking on the header for a particular
group will sort the pipes in that specific group to the top of the window.
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=
e | | | | L e [ [

~Fipes Automatica lly Size Do Not Size Common Size Groups

S

= @
oz
g

00®000000000®O00000000 é

Cooler Piping

A
I8

P1
2
3
Pe
P5
3
P
P8
e
Fi0
Pit
P2
P13
Pie
Pi5
Pi6
P17
Pig
Pis
P20
P21
P2
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Al |[ None || invert || Workspace || Specia Number of Independent Pipe Sizes: &
Selected: 00f 22

[ Description and Help

Figure 4: Size/Cost Assignments panel with Common Size Groups defined as outlined above
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»Click the Pumps button to switch to view the Pump Size and Cost Assignments. Select the option to
Include in Cost Report and Sizing for both pumps so that the ANS module will size the pumps along with
the pipes as shown in Figure 5.

Similar to the Common Size Groups for pipes, Pumps can be placed into Maximum Cost Groups based
on monetary cost. If pump costs are added to a Maximum Cost Group, the ANS module will determine
the pump in the group with the maximum costs, and set all pumps in the group to use the largest cost. In
this case we will allow the pumps to be sized independently, so no groups need to be created.

We also want to include the Bends in the sizing for this model.

»Click the General Junctions button and change each of the Bends (3, 6, 10, and 19) to Include in
Cost Report and Sizing (Figure 6)

7 Workspace | 7 Sizing | {#Model Data | E5lOutput | [ Graph Results | ® Visual Report
& Undo ~ & Lock Panel | (3 Lock All Panels 5" Unlock Al Panels | B Show Status Panel

i Fipes |[<7 Pumps #8 Control Valves | & General dunclions |

Size/Cost Assignments
fe
Move to: py . w .
New... Rename Delete
Cost Options Maximum Cost Groups
~ .
Pumes | jnclude in Cost Include in Do Not hEEE
Report and Sizing Cost Report Only Include Cost 3 3 3
Mot in Group Not in Group Not in Group

44 ® (@] O O] O] O]
15 ® @] @) O] O] O]

Al Mone || Invert || Workspace || Special... Mumber of Pump Max Cost Groups: 0

Selected: 0 of 2

Description and Help

]
@ % B X 1y Bg

E Sizing Size/Cost Candidate Design Assign Sizing Sizing
Objective Assignmenis Sets Reguiremenis Cost Libraries Method Summary

Figure 5: Size/Cost Assignments panel defined for the pumps
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Figure 6: Size/Cost Assignments panel defined for the General Junctions

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.

Click New under Define Candidate Sets and name it STD Steel 1"-36". In the Select Pipe Sizes window,
select Steel - ANSI from the dropdown menu, expand the STD group (make sure the Sort selection on
the bottom is Type, Schedule, Class), then add all pipes from 1 inch to 36 inch to the Candidate Set list
on the right. Click OK to close the Select Pipe Sizes window.

In the bottom section of the window, assign each of the Common Size Groups and pipe P8 to the STD
Steel 1"-36" Candidate Set. The window should appear as shown in the figure below.
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Figure 7: Candidate Sets panel fully defined for the model

D. Design Requirements
Select the Design Requirements button from the Sizing Navigation Panel.
For this model we have multiple requirements for the system:

1. Max Velocity: All pipes have a maximum velocity of 3.66 meters/sec
2. Min Pressure: All pipes have a minimum static pressure requirement of 1 bar
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3. NPSH Margin: All pumps must have a minimum NPSH Margin of 3 meters (for this system the
nominal NPSHR is 15 meters)

4. Design DP: All control valves must have a minimum static pressure drop of 0.345 bar
5.  All heat exchangers must receive a minimum flow of 430 m3/hr

Define and assign the first two requirements listed above as Pipe Design Requirements as shown in Fig-
ure 8, and item 3 as a Pump Design Requirement as shown in Figure 9. Notice that we have accounted
for the minimum flow requirement in this system by using flow control valves at each of the heat
exchangers. By using assigned flow pumps and flow control valves at the heat exchangers (we will do
this later) we will incorporate the necessary flow rate as a boundary condition, so we do not need to apply
a Design Requirement to account for this item.

For Control Valves 11 and 12 define and apply the minimum pressure drop requirement in the Control
Valves section as shown in Figure 10. Note that for pump sizing purposes as discussed earlier Control
Valve 13 has been defined as a Constant Pressure Drop valve, so the pressure drop Design Require-
ment does not need to be applied to this valve.

Sizing o x
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Figure 8: Design Requirements panel for pipes
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Figure 9: Design Requirements panel defined for the pumps
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Figure 10: Design Requirements panel defined for the control valves

E. Assign Cost Libraries

Select the Assign Cost Libraries button. For this model the engineering and cost libraries have already
been created, but we will need to connect and apply them.

Note: The Cooling System, Creating Libraries - ANS example provides instructions on how to build
the libraries for the first part of this example, and may be completed later for practice with cre-
ating libraries. The provided pre-built libraries will be needed to obtain the pump curve data for
Step 16 of this example.

»Open the Library Manager by opening the Library menu and selecting Library Manager. The AFT
INTERNAL LIBRARY, LOCAL USER LIBRARY, and the pipe material libraries should be available and
connected by default. Available libraries will be shown based on libraries that Fathom has identified on
your machine. The default connected libraries will be visible here, and additional libraries may be visible
from other example files or from libraries previously built and used on your machine.

This example uses one user-defined engineering library Cooling System.dat, which contains the data
for the pumps and bends. There are also two cost libraries, Cooling System Costs.cst and Steel -
ANSI Pipe Costs.cst, which contain the cost data for the junctions and the pipe materials, respectively.
Cooling System Costs.cst was built off of the engineering library Cooling System.dat, and Steel -
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ANSI Pipe Costs.cst was built off of the Steel - ANSI Pipe Material Library. To connect these libraries,
do the following:

1. Click Add Existing Library.

2. Browse to the Fathom 13 Examples folder (located by default in C:\AFT Products\AFT Fathom
13\Examples\), and open the file titled Cooling System.dat.

3. Repeat the above steps, but choose Add Existing Cost Library to browse for Cooling System
Costs.cst, then Steel - ANSI Pipe Costs.cst.

Note that it may be possible that the model file already has the cooling system libraries connected, in
which case you will be notified that the library you are trying to add is already available. If the libraries are
available, you will simply need to make sure they are connected by ensuring a checkmark is next to the
name. There should be a library titled Cooling System with two sub libraries: Junctions and Cost (Cost
should have a cost file titled Cooling System Costs beneath it. Additionally a Cost sub library should
appear subordinate to the Steel - ANSI, the library Steel - ANSI Pipe Costs should appear beneath it.

Note: When a library is selected in the Library Manager, the filename and location can be viewed in
the Selected Content Information section.

Once you have confirmed that the necessary libraries are connected, click Close to exit the Library Man-
ager.
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Figure 11: Library Manager with Cooling System junction libraries connected
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Since we are connecting a pre-built engineering library, we will need to take an additional step to confirm
that the junctions in the Workspace are linked to the Cooling System engineering library that we added.

1.  Go to the Workspace, and open Pump J4

2. Fromthe Library Jct list, select Pump 680 m3/hr. The pump input should change, and Fathom will
recognize that this junction is connected to the engineering and cost library for this pump. Click
OK.

3. Repeat step 2 for Pump J5.

4. Open each of the Bends (junctions 3, 6, 10, and 19), and select STD Elbow for each from the
Library Jct list, and click OK.

We have now re-connected the junctions that will be considered for the Cost Report and Sizing Cal-
culations to the engineering library. This is important, since a junction must be connected to an engin-
eering library before a cost can be assigned for it. Let's now return to the Sizing tab.

Back in the Assign Cost Libraries panel for the Pipes, All should be selected for the STD Steel 1"-36" inch
Candidate Set with only the Steel - ANSI Pipe Costs library shown. The user can create and connect as
many cost libraries as desired, which can be useful to easily update the cost of individual objects, rather
than having to keep all of the costs in one large library. If multiple cost libraries are assigned to a Can-
didate Set, then the costs will be stacked to find a cumulative cost.

»Click on the Pumps button to view the cost library assignments for the Pumps. The only visible lib-
rary should be the Cooling System Costs library, as this was the only cost library connected for the asso-
ciated engineering library. Make sure that the checkboxes are selected under the library name so that the
cost data will be applied for each of the pumps. To review the cost data for the Bends click the General
Junctions button to verify that the Cooling System Costs are being applied to each of the bends.

F. Sizing Method

Select the Sizing Method button to go to the Sizing Method panel.

»Choose Discrete Sizing, if not already selected, since it is desired to select discrete sizes for each of
the pipes in the model.

For this model we have six independent pipe sizes as mentioned earlier (five Common Size Groups and
pipe 8), and 48 design requirements (2 pipe design requirements applied to all of the pipes, the pump
NPSH requirement, and the minimum pressure drop for control valves). Due to the number of inde-
pendently sized pipes, it would be recommended to try the MMFD or SQP search method.

Select Sequential Quadratic Programming (SQP) for the sizing method.

Note: Search Methods can give different results in certain cases. It may be prudent to try several meth-
ods and to proceed with the one that yields optimal results.

G. Sizing Summary

From the Sizing Navigation Panel select the Sizing Summary button.

The Sizing Summary panel allows the user to view all of the sizing input for the model in a tree view lay-
out, which is shown in Figure 12. ltems can be organized by sizing parameters (Design Requirements,
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Candidate Sets, etc.), or information can be viewed based off an individual pipe. For clarity these cat-
egories can be shown/hidden using the check boxes at the top of the panel.

Each tree node can be expanded/collapsed individually by using the ‘+’ and ‘-* buttons on the node.
Alternatively, the buttons on the bottom of the panel can be used to collapse/expand all items. Right-click-
ing on the nodes provides additional options to collapse/expand items, view related nodes, or to copy

information to the clipboard. The Sizing Summary panel can be printed from the printer button at the bot-
tom of the panel.

;" Workspace | &Sizing | ﬂModel Data | [ Output | IﬁGraph Results | & Visual Report |
@ Lock All Panels @ Unlock All Panels | B Show Status Panel

Show Categories: (@ Sizing/Cost Assignments (@ Candidate Sets (@ Design Requirements (@ Assigned Cost Libraries (] Pipes (Reverse View)

2] General Information 2
Sizing Type Discrete Sizing
Sizing Method : ial G ic P
Objective : Minimize Monetary Cost
* Material
* Installation
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/4 Size/Cost Assignments - #4 Sizing and Cost Options (4) +
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§ Maximum Cost Groups/Pumps (3) +
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<x» Design Requirements +
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sizing SizefCost Sizing Sizing
Objective Assignmenis Requiremenis Cost Libraries Method Summary

Figure 12: Sizing Summary panel layout with the Size/Cost Assignments expanded. The number of children
nodes for each item can be seen in parentheses.

Step 8. Set up the Scenario Manager

To compare the four potential sizing cases, child scenarios will be set up in the Scenario Manager. Go to
the Scenario Manager now and create the following child scenarios based on Figure 13 below. These will
include the Not Sized scenario and the four potential sizing cases: Initial Cost, Life Cycle Cost, Initial
Cost Limit, and Actual Pump Curve.
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Figure 13: Scenario Manager showing the child cases for the Cooling System ANS example

Step 9. Set up the Not Sized scenario

Load the Not Sized scenario by double-clicking on it in the Scenario Manager.

Navigate to the Sizing window and go to the Sizing Objective panel. Select Calculate Cost, Do Not
Size. In the Options to Minimize Monetary Cost, the selection should be User Specified. Make sure that
the radio buttons for Material, Installation, and Energy are selected for Cost Report Only, while Main-
tenance should have Ignore Cost selected.

This will calculate the life cycle cost of the system before any sizing is performed. This cost will be used
as a comparison to the sized scenarios.

Step 10. Run the Model

Select Run Model in the Analysis menu or click Run Model in the Common Toolbar. This will open the
Solution Progress window. This window allows you to watch as the Fathom Solver and ANS module con-
verge on a solution.

After the run has been completed, the results can be reviewed clicking the Output button at the bottom of
the solution progress window.
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Step 11. Review the Not Sized results

The Cost Report is shown in the General Section of the Output window (see Figure 14). No sizing was
performed, so all cost values will appear in the ltems Not In Sizing row. The total cost for this system is
$2,491,404. This includes all costs over 10 years. The initial cost is the total of the material and install-
ation cost: $436,603. The energy cost for the system is $2,054,800.

&  General Wamings DesignAlerts

Table Units:

Cost Report | Pump Summary | Val

ve Summary = Heat Exchanger Summary =~ Reservoir Summary

MNon-Recurring Recurring

U.S. Dollars Type  Mame | Material | Installation Sub Total Maintenance | Operation/Energy Sub Total TOTAL

TOTAL OF ALL MODEL COSTS 2.491.404

Total of All Shown Costs 334783 101.820 436.603 0 2.054800 2054800 2491404

Items In Sizing 0 0 0 0 0 0 0

Items Not In Sizing 334,783 101.820 436.603 0 2.054.800 2.054.800 2.491.404

Pipe Subtotal 280.662 79.853 360,516 0 0 0 360.515
o [P1 Fipe Fips 10.795 307 13.866 o 0 o 13.866|
o P2 Pipe  Pipe 1,799 512 231 ] 0 ] 231
o [F3 Fipe Fips 2683 768 3466 o 0 o 3466
o (P4 Fipe Fipe 2693 768 3,466 o 0 o 3466
o [PFE Fipe Fips 2683 768 3466 o 0 o 3466
o [FE Fipe Fipe 2693 768 3,466 o 0 o 3466
o [F7 Fipe Fips 1799 512 231 o 0 o 231
o [F2 Fipe Fipe 107,947 0713 138,660 o 0 o 138,660
o (P8 Fipe Fips 1799 512 231 o 0 o 231
o [F10 Fipe Fipe 1799 512 231 o 0 o 23
o [F11 Fipe Fips 5397 1536 £.933 o 0 o 6.933
o [F12 Fipe Fipe 2893 768 3466 o 0 o 3486
o (P13 Fipe Fips 2683 768 3466 o 0 o 3466
o [F14 Fipe Fipe 5397 1536 6,933 o 0 o 6933
o (P15 Fipe Fips 2858 768 3466 o 0 o 3486
o [F18 Fipe Fipe 2893 768 3466 o 0 o 3486
o (P17 Fipe Fips 5397 1536 £.933 o 0 o £.933
o [F18 Fipe Fipe 2893 768 3466 o 0 o 3486
o (P13 Pipe  Pips 2639 768 3466 ] 0 ] 3466
o [F20 Fipe Fipe 1799 512 231 o 0 o 23
o P21 Pipe  Pips 1799 512 231 ] 0 ] 2
o [F22 Fipe Fips 107,947 30,713 138,660 0 0 0 138,660

Bend Subtotal 9.884 7.58% 17.473 0 '] 0 17.473
o [J3 Bend  Bend 247 1,897 4368 o 0 o 4368
o [JE Bend  Bend 2471 1.897 4362 ] 0 ] 4368
o [J10 Bend  Bend 247 1,897 4368 o 0 o 4368
o |J19 Bend  Bend 2471 1,897 43628 0 0 0 4368

Pump Subtotal 44,237 14.378 58.616 0 2,064,800 2.054.800 2.113416
o [J4 Pump  Pump 22117 7189 23,308 ] 1027356  1027.356  1.056.662
o [J5 Pump  Pump 22120 7,190 23,310 0 1027444 1027444 1,056,754

Figure 14: The Cost Report in the Output window shows the total and individual costs (in U.S. Dollars) for the

sized system

With this basis, we will move on to the Initial Cost scenario.

Step 12. Run the Initial Cost scenario and review the results

Load the Initial Cost scenario using the Scenario Manager. This scenario should have all the inputs
already specified, so no action is required besides running the model.

Click Run Model on the toolbar or from the Analysis menu. When finished, view the results by clicking the
Output button at the bottom of the Solution Progress window.

Go to the Cost Report, as shown in Figure 15. ANS shows all costs in the Cost Report, including those
that were not used in the automated sizing. The total cost for this system is $2,365,110. This includes all
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costs over 10 years. The initial cost, which was the basis for the automated sizing, was the total of the
material and installation ($161,251). This total is listed as the total for the Items in Sizing row, since it was
specified to only include the Initial Cost for material and installation on the Sizing Objective section. Indi-
vidual items that were included in the automated sizing have their costs highlighted in green.

Other costs that are displayed in the Cost Report are Items Not in Sizing. These are items that have costs
associated with them, but were not included in the automated sizing.

Note that the Items Not in Sizing total to $2,203,859. Looking across at the subtotal one can see that all

of this cost is in Operation/Energy (i.e., pump power costs). The TOTAL cost is the sum of the Non-Recur-
ring Sub Total and the Recurring Sub Total. For the next scenario this operation/energy cost will be
included in the automated sizing.

& | General  Warnings | DesignAlerts | Cost Report | Pump Summary | Valve Summary | Heat Exchanger Summary = Reservoir Summary
Eag‘%gﬂét’i Type | Mame Matenzl | Installation Ncg;lﬂbe_lg‘l;trar‘mg Maintenance | Operation/Energy Eﬁgg&? TOTAL

TOTAL OF ALL MODEL COSTS 2,365,110

Total of All Shown Costs 107.158 54.093 161.251 0 2.203.859 2.203.859 2.365.110

Items In Sizing 107,158 54,093 161,251 1] 0 0 161,251

Items Not In Sizing 0 0 0 0 2.203.859 2.203.855 2.203.859

Pipe Subtotal 57,234 36,348 93,582 '] 0 0 93.582
o [P1 Pipe  Fipe 2437 1484 3.5 0 0 0 383
o P2 Pipe  Pipe 248 135 443 0 0 0 443
o (P23 Pipe  Fipe n 282 664 0 0 0 664
o (P4 Pipe  Pipe 372 252 564 0 0 0 664
o |P5 Pipe  Fipe n 282 664 0 0 0 664
o |P6 Pipe  Pipe 372 252 564 0 0 0 664
o [F7 Fipe  Fipe 248 195 443 0 0 0 443
o P8 Pipe  Pipe 24372 14,537 33309 0 0 0 39,309
o[PS Fipe  Fipe 248 195 443 0 0 0 443
o P10 Pipe  Pipe 179 152 330 0 0 0 330
o [P Fipe  Fipe 536 455 981 0 0 0 951
o |P12 Pips  Pipe 268 227 486 0 0 0 456
o P13 Fipe  Fipe 268 277 456 0 0 0 456
o [P14 Pipe  Pipe 536 455 931 0 0 0 551
o [P15 Fipe  Fipe 268 227 496 0 0 0 436
o P16 Pipe  Pipe 268 227 486 0 0 0 456
o [P17 Fipe  Fipe 536 455 931 0 0 0 991
o P18 Pipe  Pipe 268 227 486 0 0 0 456
o [P19 Fipe  Fipe 268 227 496 0 0 0 436
o P20 Pips  Pipe 179 152 330 0 0 0 330
o (P21 Fipe  Fipe 248 195 443 0 0 0 443
o (P22 Pipe  PFipe 24,372 14,537 38.209 0 0 0 35.308

Bend Subtotal 736 1.662 2,298 '] o 0 2,298
o [J3 Bend  Bend 217 426 643 0 0 0 643
o [J6 Bend  Bend 217 426 643 0 0 0 643
o [J10 Bend  Bend 151 355 506 0 0 0 506
o [J19 Bend  Bend 151 355 506 0 0 0 506

Pump Subtotal 49.188 16.183 65.370 '] 2.203.859 2.203.859 2.269.229
o [J4 Pump  Pump 24,468 8,045 32513 0 1,098,129 1,098,129 1,130642
o |5 Pump  Pump 24720 8137 32.857 0 1106729 1105728  1.138.587

Figure 15: The Cost Report in the Output window shows the total and individual costs (in U.S. Dollars) for the
sized system

In the Pipes section of the Output window the final pipe sizes from the automated sizing can be seen,
along with the Design Requirements status. For this model, the final system used pipe sizes varying from
10 to 16 inches, as seen in Figure 16. The information for the pumps can be seen in the Pump Summary
tab in the General Section, which is also shown in Figure 16.

When a monetary cost objective is selected, additional tabs are available that display the Library Sources
used for the Cost Report for each of the pipes/junctions. In this case both the Pipe Material and Pipe
Installation costs for all of the pipes came from the Steel - ANSI Pipe Costs library which was connected
earlier. Information for the Pumps and Bends came from the Cooling System Costs library. If multiple
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cost libraries are used for a category they will all be listed separated by commas. The Library Sources for
the Pipes can be seen in Figure 17.

ModelData | [ Output | [ Graph Results | ® Visual Report
EE
# | General Wamings DesignAlerts CostReport | Pump Summary | Valve Summary = Heat Exchanger Summary | Resenvoir Summary
Name | Vol Mass dP dH Overall Speed | Overall | BEP %of NPSHA | NPSHR
Jot m Flow | Flow Efficiency Power BEP
(m3hr) | (kgisec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3/hr) | (Percent) | (meters) | (meters)
| 4 | Show @ Pump 620.0 1886 4226 4315 70.00 MA 1140 A MiA 18.46 10.00
Show @ Pump 680.0 1886 4255 4345 70.00 MA 1147 A MIA 1831 10.00
& | Pipes | Sizing |Pipe Design Reguirements = Library Sources
Name Sized - Sized - Sized -
Fipe Material Nominal Size | Type/Schedule

1 |Pipe  Steel-ANSI 16inch STD (schedule 30)

2 |Fipe  Steel- ANSI 12inch STD

3 |PFipe  Steel- ANSI 12inch STD

4 |Fips  Steel- ANSI  12inch STD

5 |Pipe  Steel- ANSI 12Zinch STD

& |Pipe Steel - ANSI 12inch STD

7 |PFipe  Steel- ANSI 12Zinch STD

8 |Fipe  Steel- ANSI  16inch STD (schedule 30)

9 |PFipe  Steel- ANSI 12Zinch STD

10 [Pipe  Steel-ANSI  10inch STD (schedule 40)

11 |[Pipe  Steel-ANSI 10inch STD (schedule 40)

12 |Pipe  Steel-ANSI  10inch STD (schedule 40)

13 [Pipe  Steel-ANSI 10inch STD (schedule 40)

14 |[Pipe  Steel-ANSI 10inch STD (schedule 40)

15 |[Pipe  Steel-ANSI 10inch STD (schedule 40)

16 |Pipe  Steel-ANSI  10inch STD (schedule 40)

17 |Pipe Steel - ANSI 10inch STD (schedule 40)

18 |[Pipe  Steel-ANSI 10inch STD (schedule 40)

13 |[Pipe  Steel-ANSI  10inch STD (schedule 40)

20 |Pipe  Steel-ANSI  10inch STD (schedule 40)

21 |Pipe  Steel-ANSI 12inch STD

22 |Pipe  Steel- ANS|  16inch STD (schedule 30)

Figure 16: Pump and Pipe Sizes after automated sizing is performed
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o

2 | Pipes Sizing Pipe Design Requirements | Library Sources

] Pipe Fipe Fipe
Pipe | Name Material Installation Maintenance
1 |Pipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
2 |Fips Steel - AMNSI Pipe Costs  Steel - ANS| Pipe Costs
3 |Pipe Steel - ANS| Pipe Costs  Steel - ANS| Pipe Costs
4 |Fipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
5 |Pipe Steel - AMSI Pipe Costs  Steel - ANS| Pipe Costs
& |Pipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
7 |Pipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
g |Pipe Steel - AMS| Pipe Costs  Steel - ANS| Pipe Costs
% |Pipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
10 |Fipe Steel - AMNSI Pipe Costs  Steel - ANS| Pipe Costs
11 |Fipe Steel - ANS| Pipe Costs  Steel - ANS| Pipe Costs
12 |Fipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
13 |Fipe Steel - AMSI Pipe Costs  Steel - ANS| Pipe Costs
14 |Fipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
15 |Fipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
16 |Fipe Steel - AMS| Pipe Costs  Steel - ANS| Pipe Costs
17 |Fipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
18 |Fipe Steel - AMNSI Pipe Costs  Steel - ANS| Pipe Costs
19 |Fipe Steel - ANS| Pipe Costs  Steel - ANS| Pipe Costs
20 |Pipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs
21 |Pipe Steel - AMSI Pipe Costs  Steel - ANS| Pipe Costs
22 |Pipe Steel - ANSI Pipe Costs  Steel - ANS| Pipe Costs

Figure 17: Library Sources for the Pipes in the Cost Report

Within the General tab of the Output window at the bottom of the report, the initial cost of the items
included in the sizing can be seen, which was $436,603 for this design, showing that the initial costs
changed to $161,251, a 63% reduction! We can also see that the initial design was feasible, meaning all
of the design requirements were met (Figure 18). The ANS module both kept all design requirements sat-
isfied, as well as minimized the initial cost, all in under 3 seconds.

Although there was a 63% reduction in initial costs, the total cost decreased by 5%. Next, we will see how
much more the total cost can be reduced by doing a life cycle system sizing.
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A | General |Warnings Designflerts  Cost Report | Pump Summary | Valve Summary | Heat [ »

Sizing Type = Discrete Sizing
Sizing Method = Sequential Guadratic Programming
Perturbation Derivative Method = Forward Difference
Objective = Minimize Monetary Cost
Material
Installation
System Life = 10 years
Mumber of Independent Pipe Sizes =6
Mumber of Design Reguirements = 48

Fixed Energy Cost = 0.11 U.5. Dollars per k\W-hr

The following cost libraries were used:
Steel - ANSI Pipe Costs  (CAAFT Products* AFT Fathom 13'\Examples'Steel - ANS| Pipe Costs.cat)
Cooling System Costs  ({CMAFT Products\AFT Fathom 13'Examples‘Cooling System Costs cst)

Initial design was feasible.

Tatal Cost OF kems In Sizing (Initial Design) = 436,603 1.5, Daollars
Tatal Cost OF kems In Sizing (Continuous) = 155,213 1.5, Dollars
Tatal Cost OF kems In Sizing = 161,251 1.5, Daollars

Tatal Cost Of kems Mot In Sizing = 2,203,859 U.S. Dollars

Total of All Model Costs = 2,365,110 U.S. Dollars

Figure 18: General section of Output window showing initial status of Items in Sizing

Step 13. Size System for Life Cycle Cost over 10 Years

Load the Life Cycle Cost scenario from the Scenario Manager. Go to the Sizing window, and make sure
that the Sizing Objective panel is opened. Under Options to Minimize Monetary Cost, choose Size for Ini-
tial and Recurring Costs. This will move the Energy costs selection to Include in Sizing Objective. The
scenario is now complete.

»Click Run from the Analysis menu to run the automated sizing. When the calculations have finished,
click Output to view the results.

Step 14. Compare the Sizing Results

After viewing the Cost Report, it can be seen that the total cost is now $2,295,100. The ltems Not in Siz-
ing row now has zero values, and the Energy columns are highlighted green, reflecting the changes
made to include these costs in the objective to minimize monetary cost. The Cost Report is shown in Fig-
ure 19.

Taken on its own, this new cost represents a savings of $196,304 (8%) compared to the Not Sized scen-
ario. Compared to the Initial Cost scenario, which was sized to minimize initial cost only, this new scen-
ario represents a savings of $70,010. This represents a total 3% cost reduction. In the Initial Cost
scenario, the non-recurring cost was $161,251, while the overall cost was $2,365,110. Now the non-
recurring cost is $199,356 while the overall cost is $2,295,100. The initial cost thus increased by $38,105
in order to reduce the operating cost from $2,203,859 to $2,095,743 (a reduction of $108,116). The
source of the operating cost is the cost of power for the pumps. To reduce pump power usage, it makes
sense to increase the pipe size and thus reduce frictional losses. The larger pipe sizes can be reviewed
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by looking at the Sizing tab in the Pipe Output section. From the Pump Summary tab it can be seen that
the pump power usage decreased slightly from 114 kW to 109 kW at each of the pumps, which is approx-
imately a 5% power requirement decrease at each pump. The Pump Summary and final pipe sizes can
be seen in Figure 20.

Considering this cost breakdown between the scenarios highlights the importance of choosing to include
the energy costs in the initial cost scenario. If they were not in the Cost Report of the initial cost scenario,
the total cost would be $161,251. Since the life cycle cost scenario total cost is nearly ten times larger, it
would appear (at first glance) to be a significant cost increase. However, this would be misleading, since
the energy costs still exist in both scenarios, though they are only being minimized in one case. To geta
clear comparison between designing for initial cost and life cycle cost one needs to make an apples-to-
apples comparison, including all relevant costs in each case, as is done for this example.

By performing both analyses the designer has quantitative data on the impact of initial cost design on
operational costs of the system, and can make an informed design choice.

%  General ‘Warnings DesignAlerts | Cost Report | Pump Summary | Valve Summary = Heat Exchanger Summary = Reservoir Summary
Eagl%glrllét; Type | Mame | Material | Installation Nogll;ﬂ)e_lg‘;ltrar‘mg Maintenance | Operation/Energy gﬁg'{m‘”ﬂ? TOTAL

TOTAL OF ALL MODEL COSTS 2,295,100

Taotal of All Shown Costs 135.64 63.723 199.356 0 2.095.743 2.095.743 2.295.100

ltems In Sizing 135634 63.723 199.356 0 2.095743 2095743 2295100

Items Not In Sizing 0 0 0 0 0 0 0

Pipe Subtotal 88.162 45.758 133.821 0 0 0 133.82
o |P1 Pipe Pipe 3637 1.832 5469 o (1] o 5469
o |FZ Fipe Fipe 501 27 w9 o 1] o 7
o |P3 Fipe  Fips 752 416 1,168 ] ] ] 1,168
o |P4 Pipe Pipe 752 416 1.168 o (1] o 1,168
o |P5 Fipe Fipe 752 416 1168 o 1] o 1,168
o |P& Fipe  PFipe 752 416 1.168 ] 0 ] 1,168
o |P7 Pipe Pipe 501 27 ) o (1] o 7
o |P8 Pipe  Pipe 36,366 18319 54,685 ] ] ] 54,685
o |P3 Fipe  Fipe 501 n 79 ] 0 ] 7
o |P10 Pips Fips 501 277 7 o (1] o 7
o |P11 Pipe  Pipe 963 660 1,623 ] ] ] 1623
o |P12 Fipe  Fipe 482 330 812 ] 0 ] 81z
o P13 Pipe Fipe 482 330 812 o 1] o a12
o |P14 Pipe  Pipe 963 660 1,623 ] ] ] 1623
o |P15 Fipe  Fipe 482 330 812 ] ] ] 812
o |P16 Pipe Fipe 482 330 812 o 1] o a12
o |P17 Fipe  Fips 963 660 1623 ] ] ] 1623
o P18 Fipe Fipe 482 330 812 o (1] o 812
o |P19 Pipe Fipe 482 330 812 o 1] o a12
o |P20 Fipe  Fips 501 g 779 ] ] ] ]
o |F21 Fipe Fipe 501 ) 7 o (1] o 77
o |PZ2 Fipe Fipe 36,366 18319 54,685 0 0 0 54,685/

Bend Subtotal 1.874 3.050 4.964 0 0 0 4.964
o [J3 Bend  Bend 525 852 1377 o (1] o 1377
o |J6 Bend  Bend 525 852 1377 o 1] o 1377
o |[J10 Bend  Bend 525 252 1377 ] ] ] 1317
o |J19 Bend  Bend 239 534 833 0 0 0 833

Pump Subtotal 45,697 14,874 60.471 0 2095743 2,095,743 2.,156.215
o |J4 Pump  Pump 2.m 7427 30,198 ] 1,047,048  1.047.043 1077242
o |J5 Pump  Pump 22,826 7447 30273 0 1.048634 1048634 1078967

Figure 19: Cost Report for the network after sizing for life cycle cost
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#  General Warnings DesignAlerts Cost Report | Pump Summary | V: Summary = Heat Exchanger Summary | Reservoir Summary
Name | Vol Mass dP dH Overall Speed | Overall | BEP % of NPSHA | MNPSHR
Jot | Results Flow Flow Efficiency Power BEP
Diagram (mdhr) | (ko/sec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3/hr) | (Percent) | (meters) | (meters)
4 Show l—_] Pump 620.0 1886 4030 4114 70.00 WA 1087 & MIA 1858

h Show l:-]F'un‘p 620.0 1886 4036 41.21 WA 1088 /A MiA 1852

& | Pipes | Sizing | Pipe Design Reguirements = Library Sources

Name Sized - Sized - Sized - Sized - Hyd.
Fipe Material Nominal Size | Type/Schedule Diameter
(cm)
1 |Pipe  Steel- ANSI  20inch STD (schedule 20) 4850
2 |Fipe  Steel-ANSI 18inch STD 4381
3 |Fipe  Steel- ANSI 18inch STD 4381
4 |PFipe  Steel-ANSI 18inch STD 4381
5 |Pipe  Steel- ANSI 18inch STD 4381
E |Pipe  Steel- ANSI 18inch STD 4381
7 |Pipe  Steel- ANSI 18inch STD 4381
8 |Pipe  Steel- ANSI 20inch STD (schedule 20) 4850
9 |[Pipe  Steel- ANSI 18inch STD 4381
10 |Fipe  Steel- ANSI 18inch STD 4381
11 |Fipe  Steel- ANSI 14inch STD (schedule 30) 3366
12 |Fipe  Steel- ANSI 14inch STD (schedule 30) 3366
13 |Fipe  Steel- ANSI 14inch STD (schedule 30) 3366
14 |Pipe  Steel- ANSI 14 inch STD (schedule 30) 3366
15 |Pipe  Steel- ANSI 14inch STD (schedule 30) 3366
16 |Fipe  Steel- ANSI 14inch STD (schedule 30) 3366
17 |Pipe Steel - ANSI 14 inch STD (schedule 30) 3366
18 |Pipe  Steel- ANSI 14inch STD (schedule 30) 3366
19 |Fipe  Steel- ANSI 14inch STD (schedule 30) 3366
20 |Pipe  Steel-ANSI 18inch STD 4381
21 |Pipe  Steel-ANSI  1Binch STD 4381
22 |Pipe  Steel-ANS|I 20inch STD (schedule 20) 4850

Figure 20: Pump and Pipe Sizes after automated sizing is performed for life cycle cost

Step 15. Size System for Life Cycle Cost with Initial Cost Limit

While the energy cost savings from life cycle cost sizing are desirable, the budget for the project may not
support the higher initial cost that is required. In that case, we can apply an initial cost limit to the life cycle
cost sizing.

Load the Initial Cost Limit scenario from the Scenario Manager.

»Return to the Sizing Objective panel and select the option for Size for Initial and Recurring Costs
and check the box next to Initial Cost Limit. We will set the limit as $175,000, which is slightly more than
the initial cost of the scenario that minimized initial cost at the expense of an increased life cycle cost.
Run the model and go to the Output tab.

A summary of the results with the initial cost limit compared to each of the initial and life cycle cost sizing
scenarios for a 10 year life cycle can be seen in Table 1. Notice that while the material and installation
costs were limited to $175,000, the total costs over a 10 year lifetime are decreased by about $48,392
compared to the Initial Cost scenario. The initial cost increased from $161,251 to $175,158: a $13,907
increase. Therefore, a $13,907 initial cost increase leads to a life cycle decrease of $48,392. This sav-
ings comes from the reduction pump energy costs. These reduced energy costs were achieved by
increasing the Main pipes (P1 & P22), pipe P8, and the Header pipes while decreasing the pipes in
Cooler Piping.
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Figure 21 shows a comparison of the pipe sizes throughout the system for the Initial Cost scenario, the
Life Cycle Cost scenario, and the Life Cycle Cost with Initial Cost Limit scenario. Note that this diagram
was generated outside of AFT Fathom, but sized results can be shown for each scenario individually

using Workspace Layers.

Table 1: Cost Summary of Sizing Runs for Cooling System

Non-Recur-
Scenario | Material | Installation ring Sub | Operation/Energy TOTAL Reduction
Total
Not Sized 334,783 101,820 436,603 2,054,800 2,491,404 -
Initial Cost | 107,158 54,093 161,251 2,203,859 2,365,110 126,294
L'f‘égg’tc'e 135,634 | 63,723 199,356 2,095,743 2,295,100 | 196,304
Initial
. 117,815 57,343 175,158 2,141,559 2,316,718 174,686
Cost Limit
,:gj P22
P1 16 inch
16 inch P3 P4 P8 20 inch
20 inch 12inch 12 inch 16inch 18 inch
18 inch 18 inch 18 inch 20inch
12 inch 12 inch 18inch
S, i ay
P11 P12 P13 P21
12 0ch S 14 nch, 14 nch 14 nch, 12inch
12 :EFE 15 :QEE 15 :ggp 10 inch 10 inch 10 inch 18 m-clr:
12 inch 16 inch b
0 &3 il izl
12inch 12inch P10 mmh 15?:ch 10?; P20
18 inch 18 inch 10 inch 14 inch 14 inch 14 inch 10 inch
12 inch 12 inch 18inch 10 inch 10 inch 10inch 18 inch
14 inch 14 inch
= i1 T il
LEGEND P17 P18 P19
e - S
_— 10 inch 10 inch 10 inch

Figure 21: Pipe sizes selected by the ANS module for the life cycle cost and life cycle cost with an initial cost
limit compared to sizing for initial cost only

Step 16. Automated Sizing with Pump Curve Data

As discussed in the section Summarizing the pump selection process, once the pump is sized then
actual pumps can be modeled. The actual pump should closely match the sizing results in the following
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areas: generated head at the design flow, efficiency at the design flow, and cost. We will apply a pump
curve for the case that was sized for life cycle cost to complete the pump selection process.

Reviewing the results for the life cycle cost scenario one can see that the sized system calls for a pump of
about 109 kW that generates about 41 meters of head at 680 m3/hr. The nominal efficiency used in the
sizing part of the analysis was 70%. The material cost for such a pump was about $22,800 and the install-
ation cost was about $7,400. Note that if no actual pump can be found that reflects these requirements,
then the phase 1 of the pump selection process described above should be repeated with better per-
formance and/or cost data for the pump.

Based on the sizing analysis, we will choose a pump from the (fictitious) PowerFlow Pump Company. Its
model JW120 is a close match for the requirements of a 10-year life cycle design. The model JW120 has
the following characteristics: at 680 m3/hr its head is 45 meters and efficiency is 70%. Its material cost is
$25,000 and installation cost is $8,000. To set up a new scenario for the system with the candidate pump
data:

1. Load the Actual Pump Curve scenario and go to the Output window. Currently it should be
identical to the parent scenario Life Cycle Cost. Run the scenario.

2. Open the Edit menu and select Transfer Results to Initial Guesses. When the Transfer Results
Options window appears, select Calculated Pipe Sizes Only and hit OK.

Note: The pipe sizes in Model Data are now equal to the pipe sizes selected by ANS for the Life
Cycle Cost scenario. Starting from a more optimal solution can aid convergence and in
this case will improve solver execution time.

3. Go back to the Workspace. In the properties window for each of the pumps select PowerFlow
Pump JW120 from the Library Jct list to import the pump data from the library as shown in Figure
22, then click OK.

4. Inthe Control Valve properties window for J13, change the Valve Type to Flow Control (FCV),
and enter a Flow Setpoint of 450 m3/hr. Uncheck Always Control (Never Fail), Now that we have
changed the control valve model, we will need to add a new Design Requirement in order to
account for the minimum pressure drop.

5. Go to the Sizing window, navigate to the Design Requirements panel, select the Control
Valves button at the top of the window, and apply the Design DP design requirement to J13.
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Pump Properties

® = Pump Curve O {;’Sizing

[ impeller Madifications

[] Submerged Pump

[] Check Valve at Discharge (Mo Backflow Allowed)
[] Interstage Bleed, Takeoff Flow

Head Rise

Number: Upstream Pipe: 3 e’ OK
Downstream Pipe: 4
Name: |Pump ~ - Cancel
Library Jet PowerFlow Pump JW120 Blevation
rary N owerl e
Inlet: 0.5 meters v Jump..
Copy Data From Jct v NPSH
Outlet Sameas Inlet  Reference: D Hep
Pump Model | Variable Speed | Opfional | DesignAlerts | Notes | Status
Pump Curve
‘ -6 Enter Curve Data...
Centrifugal Positive Pump As
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Figure 22: Pump Properties window with the PowerFlow Pump JW120 selected

The necessary changes are now complete to size the system with the updated pump and flow control

valve data.

»Select Run from the Analysis menu to perform the automated sizing - this may take some time.

When the solver has finished, click Output to review the results. The overall cost for the system is about
$2,476,563. Clicking the Pump Summary tab shows that the operating point with the actual pump curve

is similar to the sizing scenario.

Now we have sized the system for use with an actual pump.
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A | General ‘Warnings = DesignAlerts | Cost Report | Pump Summary | Valve Summary = Heat Exchanger Summary = Reservoir Summary
Eagl%gﬁ:; Type | Name | Material | Installation Neg;ﬂbeirc‘;rarlw " | Maintenance | O peration/Energy gﬁg#&rﬁ TOTAL

TOTALOF ALL MODEL COSTS 2.476 563

Total of All Shown Costs 107.911 53.910 161.881 0 2314682 2314682 2476563

Items In Sizing 107.9711 53.910 161.881 0 2314682 2314682 2476563

Items Mot In Sizing 0 0 0 0 0 0 0

Pipe Subtolal 57.234 36.348 93.582 0 0 0 93.582
o |F1 Pipe Fipe 2437 1454 3531 0 0 0 3531
o (P2 Pipe Fipe 248 195 443 0 0 0 443
o |F3 Fipe Fipe a2 292 GEd 0 0 0 GEd
o P4 Pipe Pipe 72 232 664 0 0 0 664
o |F5 Pipe Fipe k7] 292 664 0 0 0 664
o |FE Pipe Fipe 3n2 252 gE4 0 0 0 gE4
o [P7 Pipe Fipe 248 195 443 0 0 0 443
o |F8 Fipe Fipe 24372 14.537 35.309 0 0 0 35.309|
o [P3 Pipe Pipe 248 195 443 0 0 0 443
o |P10 Pipe Fipe 179 152 3310 0 0 0 3310
o (P11 Pipe Fipe 536 455 931 0 0 0 931
o (P12 Pipe Fipe 268 227 436 0 0 0 436
o |P13 Fipe Fipe 268 227 456 0 0 0 456
o (P14 Pipe Pipe 536 455 931 0 0 0 931
o |P15 Pipe Fipe 268 227 456 0 0 0 456
o (P16 Pipe Fipe 268 227 436 0 0 0 436
o (P17 Pipe Fipe 536 455 991 0 0 0 991
o |P18 Fipe Fipe 268 227 456 0 0 0 456
o (P13 Pipe Pipe 268 227 436 0 0 0 436
o |P20 Pipe Fipe 179 152 3310 0 0 0 3310
o [F21 Pipe Fipe 248 195 443 0 0 0 443
o [P22 Pipe Fipe 24372 14,937 39,309 0 0 0 39,309

Bend Subtotal 736 1.562 2.298 0 0 1] 2.298
o [J3 Bend Bend 217 426 643 0 0 0 643
o |6 Bend Bend 27 426 643 0 0 0 643
o [J10 Bend Bend 151 355 506 0 0 0 506
o [J19 Bend Bend 151 385 506 0 0 0 506

Pump Subtotal 50.000 16.000 66.000 0 2314682 2.314682 2.380.682)
o [J4 Pump  Pump 25,000 8,000 33,000 0 1,159,983 1159383 1,192982

J5 Pump  Pump 25,000 8.000 33.000 0 1154639 1154659 1187659

Figure 23: Cost Report for system with actual Pump and FCV data sized for 10 year life cycle cost
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Summary

Some pipe system designs have multiple operating conditions to satisfy. For instance, the cooling water
example discussed in the previous example may have a requirement that it operate with one of the

pumps turned off. This can be modeled in the ANS module by taking advantage of its ability to model mul-
tiple systems concurrently.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Defining dependent Design Cases
* Using Duplicate Special to create Dependent Designs
* Specifying fractional pump costs with Dependent Design Cases

* Using multiple Dependent Design Cases

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Three-Reservoir - ANS
example, and is familiar with the basics of ANS analysis.

Since this example is a continuation of the Cooling System - ANS example, it is recommended to com-
plete that example first before beginning this example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Cooling System - ANS.fth

* Metric - Cooling System Multiple Design Cases - ANS.fth

* Cooling System.dat - engineering library

* Cooling System Costs.cst - cost library for Cooling System.dat
* Steel - ANSI Pipe Costs.cst - cost library for Steel - ANSI pipes
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Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Cooling System - ANS.fth example file and save it as a new file. Delete the annota-
tions and hide the layers for Section A through E. The Workspace should look like Figure 1 below.

Browse to the Life Cycle Cost scenario in Scenario Manager. Create a child scenario from this called
Dependent Design Cases to work in for this example.

/" Workspace ‘ §3 Model Dsta | [ Output | [ Graph Results | &> Visual Report |

Pl - @ ki ae -8R - e WO E H ¢

J4 J7 J8 Jn 414

P3 P4 P8 P11 P12 P13
T > 2 ! I3 T "

P21

= ED P5 ® P& P14 2 P15 e P16
T P 6 n 4

P10 P20
o

J13 J16
@& ap

10 & F17 @q F18 - P19 ﬂ 118

v
>

Base Scenario G 100% | O 1) ) +22| 019

Figure 1: Workspace for Cooling System model

Step 3. Enable Dependent Design

When modeling multiple design cases, the different cases need to be broken up into a primary design
case, of which there is one, and dependent design cases, of which there can be any number.

The primary design case can be any of the design cases that are being addressed in your model. Typ-
ically, it will represent the primary operating condition of the pipe system. The dependent design cases
represent the same physical operating system, but are used to represent differing operating conditions. If
it is not clear which case should be the primary case, just pick any of the cases and call that the primary
one. Design cases other than the primary case are referred to as dependent design cases. The reason
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why we choose a primary case and refer to the other cases as dependent cases will become clearer as
we progress through this topic.

For this example the primary design case is the system running with all pumps turned on. We want to
also consider the case where only one pump is running. The one pump running case will be created as a
dependent design case.

Dependent design case modeling is enabled in the Sizing Objective panel.

»In the Dependent Design Case scenario go to the Sizing window and to the Sizing Objective
panel. Check the box next to Enable Dependent Design Cases. A new button will now be available for
the Dependent Design Cases panel in the Sizing Navigation Panel as shown in Figure 2.

I /" Workspace | < Sizing | ¥ Model Date | [ Output | [ Graph Results | ® Visual Report |
&l Lock Panel | () Lock All Panels n.‘_,% Unlock All Panels | B[l Show Status Panel
Sizing Lock Options

[ Lock Al Sizing Windows After Fun | ?

| $ | | $ | 1@1 Load Defautt Set As Default

Perform Calculate Do Mot Size Muttiple Operating Cases

Sizin
° EJDD?'SES Enable Dependent Design Cases ?

Chjective
() Pipe Weight
(O Pipe and Fluid Weight
(7} Fow Volume
() Pipe Inner Suface Area
(®) Monetary Cost

Minimize ~

Description and Help

= =
GYIL = X § . ER >
E Sizing SizefCost i Design Assign Sizing Dependent Sizing
Objective Assignments Requirements CostLibraries Method DesignCases Summary

Figure 2: The Dependent Design Cases panel is enabled from the Sizing Objective panel

Step 4. Setting up the Dependent Design Case

A. Using Duplicate Special

The easiest way to set up a dependent design case once it has been enabled is to use Duplicate Special,
which will allow us to make an exact duplicate of the model in order to setup the additional operating
cases. Note that you should fully define the model and all the sizing settings for the primary case before
creating the dependent cases, as has been done in this model.

To create the dependent cases:
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A A

o

Make sure that the scenario where the dependent cases will be created is loaded. In this case,
you should have the Dependent Design Cases scenario loaded.

Go to the Workspace.

Go to the Edit menu and choose Select All.

Go to the Edit menu again and choose Duplicate Special (see Figure 3).

Choose an increment for the pipe and junction numbers. The number should be large enough to
avoid conflicts with numbers used for other pipes and junctions in this and all other scenarios. In
this case use 100.

Select the Make Dependent Design Case check box.

Click OK and move the duplicated version of the primary design case to an open area in the Work-
space. The model should now appear similar to Figure 4.

Note that Duplicate Special also allows you to do the following:

Create a group for the dependent design case. This can simplify managing the pipe and junction
objects in the design case.

Hide the pipe and junction in the output. You may want to do this for reasons to be discussed later
in this topic.

Copy Layer Style Settings From Original Objects. If the visibility of the Section A through E layers
is toggled back on, they will apply the same colors to both the duplicate and original model if this
option was checked while creating the duplicate.

Keep Common Size Groups. This feature is useful when using Duplicate Special for reasons other
than dependent case creation, and can't be used when making a dependent design case.

Clear the Design Requirements. For reasons to be discussed, frequently dependent design cases
will employ different design requirements than the primary design case. This option allows you to
clear all the current requirements, so new ones can be assigned.

Duplicate Special

Increment Selected Pipe and Junction Numbers By:

[] Create Group

[] Hide in Output

Copy Layer Style Settings From Original Objects
Make Dependent Design Case

[] Clear Design Requirements

«f 0K B3 Cancel 2 Help

Figure 3: Duplicate Special simplifies creation of dependent design cases
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7 Workspace | 4 Sizing | §@Model Data | EXICutput | |2 Groph Results | 4> Visual Report |
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Figure 4: Workspace with the Dependent Design Case created for the Cooling System model

B. Apply the Dependent Design Operating Conditions

The dependent design case capability takes advantage of the ANS module's ability to run multiple mod-
els in the same Workspace. The pipes and junctions in Figure 4 that are numbered greater than 100 (i.e.,
the dependent design case) represent the same pipes and junctions as those numbered less than 100
(i.e., the primary design case). It is therefore critically important that only certain data in the dependent
case is changed.

Frequently the Design Requirements or Special Conditions on the pipes or junctions will be changed.
However, data such as a pipe's length or pump's performance should never change. The reason is that
once this kind of data is changed, the pipe or junction is no longer the same pipe or junction, and thus the
purpose of the dependent link is invalidated. The ANS module does not prevent changing data that
should not be changed, but when the model is run it will check to make sure all data that should be the
same actually is the same.
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In this example we are analyzing the case where one pump in the system is shut off, so we will use Spe-
cial Conditions on the pump. With one pump shutoff we will not have enough flow to supply all three heat
exchangers, so we will also close one of the heat exchangers as well as a control valve.

»Change the Special Conditions of J105 to Pump Off No Flow.
»Change the Special Conditions of J111 to Closed.

Selecting these junctions on the Workspace and using the F4 keyboard shortcut is an option for applying
these special conditions quickly. The dependent case should now appear as shown in Figure 5.

Jm
P12z

M
P101
| |
i nm J1os K 14
P103 P104 P108 P112 P113
fa |
“GZC_/ 2, [ - T— u— () 1
P i P108
P07 APi21

105 Ji2 115

110 &,mﬂﬁ,@k ....... PIE ] 108 10§ P I3 g N L e

P10 Lriz

4113 J118

a5 34 P8 . P11 ] e

Figure 5: Flow off for Pump 105 and Control Valve 111 in the Dependent Design Case

We will now need to adjust the Design Requirements for the model. Go to the Design Requirements
panel on the Sizing window.

Currently it can be seen that Duplicate Special maintained all of the same design requirement applic-
ations from the primary case in the dependent case. While most of the design requirements used in the
primary case still apply, we will need to remove the Design Requirements from the closed sections of the
model. If the model were run without making any changes, the ANS module would not be able to find a
feasible system, since it is impossible to achieve a minimum flow of 450 m3/hr in Heat Exchanger 114
now that it has been forced closed. A similar problem exists with the minimum NPSH margin being
applied to Pump 105, which is also closed.

The flow requirements for Heat Exchanger 115 and 116 will also need to be reconsidered. Since there is
only one pump running a lower supply flow rate is expected, so the minimum flow rate required by the
coolers should be lowered to 340 m3/hr.

The pressure drop across the control valves still needs to be a minimum of 0.345 bar. For J112, this is
accomplished by using a Design Requirement whereas J113 is defined as a constant pressure drop con-
trol valve (PDCV) with the required pressure drop.

Apply the changes as follows:

1.  Click the Pumps button to go to the pump Design Requirements

2. Uncheck the box next to J105 to remove the NPSH requirement from Pump 105 in the dependent
case (Figure 6).
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5.
6.

Click the Control Valves button to go to the control valve Design Requirements.

Uncheck the box next to J111 to remove the pressure drop requirement from the closed control
valve (Figure 7).

Return to the Workspace and open the Control Valve Properties window for J112.
Change the Flow Setpoint to 340 m3/hr(Figure 8).

No other changes are needed, so the Dependent Design Case scenario is now complete.

»Select Run from the Analysis menu to perform the automated sizing, and go to the Output window
once the run is complete to view the results.

I " Workspace | ¢ Sizing

& Lock Panel | (@ Lock All Panels 5 Unlock All Panels | BE| Show Status Panel

3 Pipes ” <7 Pumps 1l Cortrol Valves | T General Junctions |

Define Pump Design Requirements

Meadel Data | [ Output | [ Graph Results &> \isual Report

o 2% »* & . : ) ” ) .
Ne... Duplicate... L Delete Delete Al Mote: The Design Requirement definitions on this panel are cr
Name | Parameter | Location | Max/Min | Value | Units

NFSH Margin ~ NPSH Margin | | NiA Minimum

Assign Design Requirements to Pumps

NPSH Margin
Pumps (> 3meters)

47 Showing: 4 of 4 Pumps (All) Mote: The Design Requirement assig

Description and Help

Candidate Dresign sign izing epe Sizing
Sets Requirements CostLibraries Method £si 5 Summary

Figure 6: Pump Design Requirements for the dependent design case
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FWorkspace ySizing | Model Data | = Output | [ Graph Results | “® Visual Report
& LockPanel | (3 Lock All Panels 5" Unlock All Panels | 8 Show Status Panel

= Fipesl = PUI'TIDS” % Cortrol Valves T General Junctionsl

Define Control Valve Design Requirements

E (o & . . . .
N.. Duplii%ﬁte. . Ren::"n'lt#e... De>|e<1e Ddﬁ Al Mate: The Design Requirement definitions on this panel are
Name | Parameter | Location | Maoc/Min Value

De=ign OF

Pressure Drop Static /A . Minimum
Assign Design Requirements to Control Valves

pf Showing: 6 of 6 Control Valves (All)

Description and Help

Cost Candidate Design Assign
gnmenis Sets Requirements Cost Libraries

Figure 7: Control Valve Design Requirements for the dependent design case
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Control Valve Properties

Number: Upstream Pipe: 114 o OK
Mame: |Contr0| Valve ~ ‘ Dawnstream Fipe: 115 Cancel
Library Jt Elevation

rary Jet: ~ =

Inlet: |0.5 meters ~ o dump...
Copy Data From Jet... ~
Outtlet: Same as Inlet 2 Help

Control Valve Model | Optional | DesignAlerts | Motes | Status

Valve Type Control Setpaint

() Pressure Reducing (PRV) ® Volumetric Flow Rate

(O Pressure Sustaining (P5V) O Mass Flow Rate

(® Flow Cortrol (FCV) Flow Setpoint:

(C) Constant Pressure Drop (PDCV) m3/hr e

Action f Setpoint Not Achievable Loss When Fully Open

?
[] Mways Cortrol (Never Fail) | Set As Default (® None
Use Default Actions O tv
Action I Insufficient Pressure 8 e
K Factor
(® Open Fully

Figure 8: Flow Setpoint adjusted in the dependent design case for FCV J112

Summary

The cost report for the Dependent Design Case scenario can be seen in Figure 9 below.

Note that the pipes and junctions in the dependent case are separate entities for modeling purposes, but
represent the same pipes and junctions as the primary case. Thus when performing automated sizing,
we only count the cost of the pipes and junctions once. This occurs in the primary design case, which in
our model is the two pumps running case. This is why only the primary design case pipes are shown in
the cost report.

With one exception, it is not possible for a model that includes a dependent design case to yield a better
design than the primary case alone. At best, it can yield the same design, such as in this scenario. This is
due to the fact that the dependent design case imposes additional restrictions on the solution by adding
additional design requirements. If the design for the primary design case is not sufficient for the depend-
ent design case, then the design must be changed, which will increase costin some manner.

Turning off Pump 105 in this scenario required no adjustments in the pipe sizes, so the initial sizing res-
ults remained unchanged.
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A | General  Warnings | DesignAlerts | Cost Report | Pump Summary | Valve Summary = Heat Exchanger Summary = Reservoir Summary
-Urésb_lenglr‘";; Type | Name | Material | Installation No;—RoircoutrarI\ " | Maintenance | O peration/Energy éﬁg#&rﬁ TOTAL
TOTALOF ALL MODEL COSTS 2.295.100
Taotal of All Shown Cosis 136,634 63.723 199,366 0 2,095,743 2095743 2,295,100
Hems In Sizing 135.634 63.723 199.356 0 2.095.743 2.095.743 2.295.100
Hems Not In Sizing 0 0 0 0 0 0 0
Pipe Subtotal 88.162 45.759 133.821 0 0 0 133.921
o [P1 Pipe  Pipe 3637 1832 5,469 0 ] 0 5,469
o [F2 Pipe  Pipe 501 n 779 0 ] 0 79
o [P3 Pipe  Pipe 752 416 1,168 0 ] 0 1,168
o [P4 Fipe  Pipe 752 416 1168 0 ] 0 1,168
o [P5 Pipe  Pipe 752 416 1,168 0 ] 0 1,168
o P& Fipe  Pipe 752 416 1168 0 ] 0 1,168
o [P7 Fipe  Pipe 501 ) 779 0 ] 0 79
o P8 Fipe  Pipe 36,366 18,319 54,685 0 ] 0 54,685
o[PS Pipe  Pipe 501 n 77 0 ] 0 79
o (P10 Pipe  Pipe 501 n 779 0 ] 0 79
o |P11 Pipe  Pipe 963 660 1623 0 ] 0 1623
o [P12 Pipe  Pipe 482 330 a1z 0 ] 0 812
o (P13 Pipe  Pipe 482 330 a1z 0 ] 0 a12
o [P14 Pipe  Pipe 963 660 1623 0 ] 0 1623
o [P15 Fipe  Pipe 482 330 g1z 0 ] 0 g12
o [P16 Fipe  Pipe 482 330 812 0 ] 0 812
o [P17 Fipe  Pipe 963 660 1623 0 ] 0 1623
o [P18 Pipe  Pipe 482 330 g1z 0 ] 0 a12
o [P19 Fipe  Pipe 482 330 812 0 ] 0
o |P20 Pipe  Pipe 501 n 779 0 ] 0
o |P21 Pipe  Pipe 501 n 779 0 ] 0
o [F22 Pipe  Pipe 36,366 18,319 54,685 0 0 0
Bend Subtotal 1.874 3.0%0 4.964 0 0 0
o [J3 Bend  Bend 525 852 1377 0 ] 0
o [J6 Bend  Bend 525 252 13717 0 ] 0
o [J10 Bend  Bend 525 852 1377 0 ] 0
o [J13 Bend  Bend 299 534 833 0 0 0
Pump Subtotal 45,597 14,874 60.471 0 2,095,743 2,095,743 2.156.215
o [J4 Pump  Pump 27 7427 30188 0 1.047.045 1.047.049 1 48
o [J5 Pump  Pump 22,826 7447 30,273 0 1,048,694 1,048,694

Figure 9: Cost Report for the Dependent Design Case scenario
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Summary

This example will take an existing hot water system design, scale it up, and size the pipes to meet a set of
system requirements at a minimal cost. The system cost is included to demonstrate the need for sizing.
The system must meet the following requirements:

*  Minimum 0.7 bar (70 kPa) drop across flow control valves in all cases

* Maximum 2.5 meters/sec velocity in all pipes in all cases

* No NPSH violations

* All pumps must operate between 80% to 100% of the BEP (Best Efficiency Point)
* System must also function with Pump A turned off with no BEP restrictions

* The flow rate through the heat exchangers is controlled by FCV's set to 680 m3/hr.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Defining pump Design Requirements
* Sizing the system to minimize initial costs
* Using Dependent Design Cases

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Three-Reservoir- ANS
example, and is familiar with the basics of ANS analysis.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Hot Water System.fth
*  Metric - Hot Water System - ANS.fth
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* Hot Water System.dat - engineering library
* Hot Water System Costs.cst - cost library for Hot Water System.dat
* Steel - ANSI Pipe Costs.cst - cost library for Steel - ANSI pipes

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Hot Water System.fth example file and save it as a new file. We will not need the
existing child scenarios for this example: right click on the Base Scenario in the Scenario Manager and
select Delete All Children.

Although the model is fully defined, a few alterations are necessary for this example to scale up the sys-
tem. Open the Workspace Layers tab in the Quick Access Panel and load the Layer Preset ANS Sizing
Group View to display the sizing group colors. The Workspace should now appear as shown in Figure 1
below. Colors for each sizing group can be toggled individually by toggling their respective layer.

“Workspace | 7 Sizing | 5% Model Data | £0utput | [ Graph Results | @® Visual Report
@ Ik & -8 A A fa B @ [ show Al Objects

”~

[H

-

O [jl J17

J18
J16 FCvB Heat ExchangerB J19
P21 P22 P23

i amy
=5

il = o i
FCV A Heat ExchangerA
% P18 - P19
b 3 il i 20
)
= I P16

J10 4
o a1 PumpC Ja Topping Tank

Q o e 5 P15 P10 @ Pg - ,:!:‘

B db P2

J7
Pump B
P8 P7 P1

J4
Pump A

s E P6 @ P5 P4 &9 P3 ﬁ 121

J3 J2

Base Scenario Hd | &) 100% | & { + B +o0| Do

Figure 1: Workspace for the hot water system model with Common Size Groups indicated by color
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Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).

Step 4. Define the Pipes and Junctions Group

For this example, the existing system is being scaled up. As an initial design, set all pipe diameters to 20
inches and increase the flow setpoints of the control valves to 680 m3/hr.

Make the following changes to these pipes junctions

1. All Pipes

a. Size=20inch

b. Type = STD (schedule 20)
2. J14 & J17 Control Valves

a. Flow Setpoint =680 m3/hr

Step 5. Configure Sizing Settings

We will need to define the sizing settings to account for the three given Design Requirements while min-
imizing the initial costs for the system. To do this, we will follow the Sizing steps as outlined below.

A. Sizing Objective

The Sizing Objective panel should be selected by default in the Sizing Navigation panel.
Select Perform Sizing.

For the Objective, make sure that Monetary Cost is selected, and Minimize is chosen from the drop-
down.

We will also need to specify which types of monetary cost we want to size for. Choose Size for Initial
and Recurring Costs, if not selected already, to move the Material and Installation costs to the column
to be sized.

Set the System Life to 10 years.
Under Energy Cost, select Use This Energy Cost Information and enter 0.12 U.S. Dollars Per kW-hr.

B. Size/Cost Assignments
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On the toolbar at the bottom of the window select the Size/Cost Assignments button. The Size/Cost
Assignments window allows the user to define what will be sized in the model.

To increase the analysis speed and reduce complexity, it is useful to create Common Size Groups to
group the pipes in different sections of the model. For this system we have defined 5 groups to be sized,
as can be seen in Figure 2. We do not want to size pipe P1, but we will include it in the cost calculation for
the sake of comparison later.

»Create the Common Size Groups shown in Figure 1 and Figure 2 in the model by either using the
radio buttons in the table, or by selecting the pipes in the Workspace and adding them to groups from the
right click menu.
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Figure 2: Size/Cost Assignments using Common Size Groups to simplify calculations

Besides the pipes, it is also desired to include the pumps in the sizing.

»Select the Pumps button then set each of the pumps to be included in the Cost Report and Sizing.

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.

Click New under Define Candidate Sets and name it STD Steel 1"-36". In the Select Pipe Sizes window,
select Steel - ANSI from the dropdown menu, expand the STD group (make sure the Sort selection on
the bottom is Type, Schedule, Class), then add all pipes from 1 inch to 36 inch to the Candidate Set list
on the right. Click OK to close the Select Pipe Sizes window.

In the bottom section of the window, check that each of the Common Size Groups have been assigned to
use the existing Candidate Set.

D. Design Requirements

- 406 -



Hot Water System - ANS

Select the Design Requirements button.

For this model we only have three given Design Requirements which will need to be applied for the pipes,
control valves, and pumps. We will start with the pipes:

Ensure the Pipes button at the top of the window is selected.
Click the New button under Define Pipe Design Requirements.
Enter a name when prompted: Max Pipe Velocity.

In the table, select Velocity as the Parameter.

Choose Maximum for Max/Min, and enter 2.5 meters/sec.

o kw0~

Now that the requirement is defined, make sure that it has been applied to all pipes in the model by check-
ing the box next to each of the Common Size Groups in the bottom section of the window, as shown in
Figure 3.

Repeat the same process as above by clicking the Pumps, then Control Valves button to apply the
Design Requirements for the Pumps and Control Valves as follows, and as is shown in Figure 5 and Fig-
ure 4 respectively.

*  All of the Pumps must have a minimum % Flow of BEP of 80% and a maximum % Flow of BEP of
100%

* Both Control Valves must have a minimum stagnation pressure drop of 0.7 bar (70 kPa)

Note: The Design Requirements are not enforced when the model is not being sized. Instead, the
design requirements are treated as Design Alerts, which is useful to assess the feasibility of the
initial design.

- 407 -



Hot Water System - ANS
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Figure 3: Pipe Design Requirements
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Figure 4: Pump Design Requirements
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Figure 5: Control Valve Design Requirements

E. Assign Cost Libraries

Select the Assign Cost Libraries button. For this model the engineering and cost libraries have already
been created, but we will need to check that they have been connected and applied properly.

»O0Open the Library Manager by clicking the Library Manager button to see which libraries are con-
nected. The AFT INTERNAL LIBRARY and LOCAL USER LIBRARY should be available and connected.
The AFT internal library also has a cost library associated with it. This example uses the engineering lib-
rary Hot Water System.dat and two cost libraries, Hot Water System Costs.cstand Steel - ANSI
Pipe Costs.cst which are linked with the Hot Water System engineering library and the pipe material lib-
rary for Steel - ANSI, respectively. If the libraries are connected, there will be a check in the box next to
their name, as shown in Figure 6.

If they are not in the available library list, add them from the Examples folder in the AFT Fathom 13 folder.
Click Add Existing Library to navigate to and select the library Hot Water System.dat. Next, click Add
Existing Cost Library and add Hot Water System Costs.cst and Steel - ANSI Pipe Costs.cst.

The Metric - ANS Hot Water Heat Exchanger junction will only be used for the heat exchanger resistance
curve. The Metric - ANS Hot Water Pump junction will be used for the three pumps. These are the only
junctions in this library that will be used in this example.
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Once they have been added to the list, check to see that they are also connected. If they are not auto-

matically connected, click the check box next to their name to connect them as seen in Figure 6. Click
Close.

Library Manager

Library Browser Lt B

Edit Junchions

Edit Fluids Search: ‘ | .| Y Selected Content Type Information
s als #- AFT INTERNAL LIBRARY ~ Number of Junctions = &

Edit Insulations i LOCAL USER LIBRARY US - Hot Water Heat Exchanger

Hot Water System Metric - Hot Water Heat Exchanger

Edit Fitfings & Losses Junctions US - ANS Hot Water Heat Exchanger

. Metric - AMS Hot Water Heat Exchanger
- LS - Hot Water Heat Exchanger US - Hot Water Pump with Multiple Configs
- Metric - Hot Water Heat Exchanger Metric - Hot Water Pump with Muttiple Configs
B P
US - ANS Hot Water Heat Exchanger US - ANS Pot Water Pump

Metric - ANS Hot Water P
- Metric - ANS Hot Water Heat Exchanger e Srrume

- US - Hot Water Pump with Muttiple Configs
Metric - Hot Water Pump with Multiple Configs
-UUS - ANS Hot Water Pump

- Metric - ANS Hot Water Pump

..[#] Hot Water System Costs
1114 Copper Pipe - ASTM
Copper Tubing - ASTM
Ductile Iron - ANSI
FRberglass - Green Thread
HDPE - AFT Customary
PVC - ASTM
PVDF - AFT Customary
Re lar Duct - AFT G ¥
Stainless Steel - ANSI

| L[] Steel - ANSI Pipe Costs
+ 1] Steel - DIN 2391-1
Steel - DIN 2458

4
f N

b= Note: checked library content can
L Bl | OtherActions  +| | _in the cument scenario

Create Mew Library Add Existing Library Add Existing Cost Library User Default Set as Default

AFT Intemal Librar 3
Read Only Library P Help ® Close

Figure 6: Library Manager with Hot Water Pumps connected

Back in the Assign Cost Libraries window for the Pipes, the STD Steel Pipe 1"-36" Candidate Set
should now show the Steel - ANSI Pipe Costs library applied to it.

Navigate to the Workspace and connect all three pump junctions to the Metric - ANS Hot Water Pump
library junction by opening the pump properties window and selecting Metric - ANS Hot Water Pump

from the Library Jct list. Do the same for both Heat Exchanger junctions, selecting Metric - ANS Hot
Water Heat Exchanger.

Back in the Sizing window on the Assign Cost Libraries panel, click on the Pumps button to view the cost
library assignments for the Pumps. Similar to the Pipes, the Hot Water System Costs library should be
selected for Pumps 4, 7, and 10, showing that it is being applied.

F. Sizing Method

Select the Sizing Method button from the Sizing Navigation panel.

Make sure that Discrete Sizing is selected for the Sizing Type.
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For this model both the Modified Method of Feasible Directions (MMFD) and the Sequential Quad-
ratic Programming (SQP) methods will produce the same results, but MMFD is much faster. Select
MMFD for the Search Method.

I ;‘Workspace ‘ ySizing ‘ial\-"lodel Data | A output | [ Graph Results |’.§“Vi5ualRepor‘c |
&' Lock Panel | @ Lock All Panels @UHIDCI{AHPEHEB 8 Show Status Panel

izi ~
s Sizing Control Parameters
(O) Continuous Sizing

(®) Discrete Sizing

Search Method:

Genetic Algorithm (GA

Modified Method of Feasible Directions (MMFD’
Sequential Quadratic Programming (SQF)
Sequential Unconstrained (SU)

Suggest Best Method

< >

Description and Help

Sizing Size/Cost I Sizing Sizing
Objective Assignmenis Requiremenis Cost Libraries Method Summary

Figure 7: Sizing Method Settings to discretely size the system

Step 6. Create Scenarios

For this system we would like to get a baseline cost for the current design to compare against the sizing
results.

In the Scenario Manager in the Quick Access Panel create two scenarios and name them Before Sizing
and After Sizing.

Load the Before Sizing scenario if it is not already active by double-clicking the scenario name in the
Scenario Manager. We need to set this scenario to calculate costs without sizing the system.

In the Sizing window go to the Sizing Objective panel, then select Calculate Cost, Do Not Size.

Step 7. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 8. Review the Results

The Cost Report for the initial design can be seen in Figure 8. The total cost comes out to $2,132,398. In
the pipe output section there is a Pipe Design Requirements tab and in the junction output section there
is a Pump Design Requirements and Control Valve Design Requirements tab. These tabs will show if the
current model fulfills the Design Requirements. We can investigate the design requirement tabs and see
that the initial system meets all of the Design Requirements, meaning that it is a feasible solution;
however, a lower cost system can likely be found by sizing the system.

#  General Warnings Design Alerts | Cost Report | Pump Summary ~ Valve Summary | Heat Exchanger Summary = Reservoir Summary
Ea&l%gnl;rss Type MName Matenal | Instzllation Nog;ie-;—:;gf " | Maintenznce | O peration/Energy gﬁg\#g{‘j TOTAL

TOTAL OF ALL MODEL COSTS 2.132.398

Total of All Shown Costs 393.463 192,33 585,794 0 1,546,604 1,546,604 2,132398

Items In Sizing ] ] ] 0 ] 0 0

Items Not In Sizing 393.463 192,331 585,754 0 1,546,604 1.546.604 2,132,338

Pipe Subtotal 366.692 184.716 551.408 0 0 0 551.408

P1 Pipe  Pipe 18,183 9,159 27,343 ] ] 0 27343
o [P2 Pipe  Pipe 54,549 27478 82,028 ] ] 0 82,028
o [P3 Pipe  Pipe 8,082 4580 13671 ] ] 0 13671
o [P4 Pipe  Pipe 18,183 9,159 27343 ] ] 0 27343
o[PS Pipe  Pipe 18183 5.159 27343 ] ] 0 27343
o |PE Pipe  Pipe 9,092 4,580 13671 ] 0 0 13671
o |P7 Pipe  Pipe 18,183 9,159 27,343 ] ] 0 27343
o [P8 Pipe  Pipe 8,082 4580 13671 ] ] 0 13671
o [P9 Pipe  Pipe 18183 9.159 27.343 0 ] 0 27343
o P10 Pipe  Pipe 9,082 4,580 13.671 ] ] 0 13671
o P11 Pipe  Pipe 6,061 3,083 9,114 ] 0 0 9,114
o [P12 Pipe  Pipe 6,061 3,083 9,114 ] ] 0 9,114
o [P13 Pipe  Pipe 6,061 3,053 9114 ] ] 0 5114
o P14 Pipe  Pipe 6.061 3.063 9114 ] ] 0 9114
o P15 Pipe  Pipe 5,082 4,580 13671 ] ] 0 13671
o P16 Pipe  Pipe 18,183 9,159 27,343 ] 0 0 27343
o [P17 Pipe  Pipe 18,183 9,159 27343 ] ] 0 27343
o [P18 Pipe  Pipe 5,082 4580 13671 ] ] 0 13671
o P18 Pipe  Pipe 30,305 15,266 45,571 ] ] 0 45571
o P20 Pipe  Pipe 9,092 4,580 13671 ] 0 0 13671
o |P21 Pipe  Pipe 18,183 9,159 27,343 ] ] 0 27343
o P22 Pipe  Pipe 8,082 4580 13671 ] ] 0 13671
o P23 Pipe  Pipe 30,305 15,266 45,571 0 ] 0 45571
o |P24 Pipe  Pipe 9,082 4,580 13.671 0 0 0 13671

Pump Subtotal 26,71 7.616 34.386 0 1,546,604 1,546,604 1,580,930
o |44 Pump  Pump & 8,929 2,540 11,470 ] 516,056 516,056 527526
o [J7 Pump  PumpB 8512 2535 11,447 ] 514,481 514,431 525,838
o [J10 Pump  Pump C 8,929 2,540 11.470 0 516,056 516,056 527.526

Figure 8: Cost Report for the initial system design before sizing

Step 9. Run the Model and View Results

Switch to the After Sizing scenario in the Scenario Manager. This scenario should already be fully
defined for sizing.

Select Run from the Analysis menu to perform the automated sizing calculations. Using the
MMFD method, the automated sizing takes about 2 minutes, depending on your machine. When the run
has completed click Output to view the results, as shown in Figure 9.

The automated sizing has given us savings of about $183,000 overall on material, installation, and oper-
ation costs over the lifespan of the system. This is a 9% reduction.
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#  General Warnings Design Alerts | Cost Report | Pump Summary ~ Valve Summary | Heat Exchanger Summary = Reservoir Summary
E_ash_l%gﬁgfs Type Name Material | Installation Nﬂgllie-?;gl‘ " | Maintenance | O peration/Energy gﬁg%ﬁ TOTAL

TOTAL OF ALL MODEL COSTS 1,949,264

Total of All Shown Costs 252,323 150,2% 402,620 0 1,546,644 1,546,644 1,949,264

Items In Sizing 234,140 141137 375217 0 1.546.644 1546644 1.921.921

Items Not In Sizing 18.183 9.159 27.343 0 0 0 27.343

Pipe Subtotal 225,552 142.680 368.233 0 0 0 368.23

P1 Pipe  Pipe 18,183 9,159 27,343 ] 0 0 27343
o [P2 Pipe  Pipe 45112 24963 70,075 ] ] 0 70,075
o [P3 Pipe  Pipe 7519 4,160 11,678 ] ] 0 11,679
o [P4 Pipe  Pipe 15037 8321 23,358 ] 0 0 23,358
o [P5 Pipe  Pipe 743 5,846 13,278 ] ] 0 13278
o [Ps Pipe  Pipe e 2923 6639 ] ] 0 6,639
o [P7 Pipe  Pipe 7431 5846 13,278 ] ] 0 13278
o [P8 Pipe  Pipe 376 2523 6639 ] ] 0 6639
o[PS Pipe  Pipe 7431 5,846 13.278 ] ] 0 13278
o P10 Pipe  Pipe 376 2923 6639 ] ] 0 6,639
o [P Pipe  Pipe 4,062 2,490 6,552 ] ] 0 6,552
o [P12 Pipe  Pipe 2477 1,543 4426 ] ] 0 4476
o P13 Pipe  Pipe 2477 1.549 4426 0 ] 0 4426
o P14 Pipe  Pipe 4062 2490 5552 ] ] 0 6,552
o P15 Pipe  Pipe 7519 4,160 11,679 ] ] 0 11,679
o P16 Pipe  Pipe 15,037 8321 23,358 ] ] 0 23,358
o [P17 Pipe  Pipe 9631 6,601 16,232 ] ] 0 16,232
o P18 Pipe  Pipe 4815 3.301 8116 ] 0 0 3116
o P19 Pipe  Pipe 16,052 11,002 27,054 ] ] 0 27054
o P20 Pipe  Pipe 4815 330 8116 ] ] 0 8,116
o |P21 Pipe  Pipe 9631 6,601 16,232 ] ] 0 16,232
o P22 Pipe  Pipe 4215 330 3116 ] ] 0 2118
o P23 Pipe  Pipe 16,052 11,002 27.054 ] ] 0 27054
o |P24 Pipe  Pipe 4,815 3,301 8,116 0 0 0 8,116

Pump Subtotal 26,771 7.616 34.387 0 1,546,644 1.546.644 1,581.031
o [J4 Pump  Pump & 8899 2531 11,430 ] 513362 513,362 524732
o [J7 Pump  PumpB 8973 2554 11.527 0 519,921 519,921 531.448
o [J10 Pump  Pump C 8,899 2531 11.430 0 513,362 513,362 524,752

Figure 9: Sizing output based on the initial cost of the system with all pumps operating

Step 10. Create Dependent Design Case

We also want the system to function with one pump turned off. To size a system with two different oper-
ating cases, we can create a Dependent Design Case that has the exact same pipes and junctions as the
primary design but has a different set of requirements.

Create a new child of the After Sizing scenario in the Scenario Manager, and name it Sizing with Pump A

off.

Here are the steps to create this Dependent Design Case:

1.

Go to the Sizing Objective panel and check the box next to Enable Dependent Design Cases
option.

Go to the Dependent Design Cases panel. You should now see instructions displayed to create
the Dependent Design Case, along with a summary table of dependent design settings. Now go to
the Workspace and choose Select All from the Edit menu.

Open Duplicate Special from Edit menu, enter an increment of 100 and select Make Depend-
ent Design Case.

Click OK, then paste the duplicated model so that it does not overlap the original.
When the Workspace has been duplicated, select the Pump A from the Dependent Design Case
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(J104). In the Pump Properties window select the Optional tab and check the Pump Off No
Flow radio button under Special Conditions. This will turn Pump A off.

We have now made all of the changes required in the Workspace. We will also need to make some
adjustments to the Design Requirements for our Dependent Design Case. With Pump A turned off we no
longer require any of the pumps to operate between 80% and 100% of BEP. We will therefore need to
remove the Pump Design Requirements.

»Go to the Design Requirements panel and select the Pumps button. In the Assign Design Require-
ments to Pumps section, remove the Design Requirements for all of the dependent design pumps by
unchecking the boxes as is shown in Figure 10.

Once this is done run the model again and go to the Output window.

I " Workspace | 4 Sizing | §3 Model Data | [ Qutput | [ Graph Results | & fisual Report

&' Lock Panel ff, Lock All Panels -.‘_,@“ Unlock All Panels | 8E| Show Status Panel

P ] Pipes Q Pumps {b@ Control Valves | I+ General Junctions |

[#] Define Pump Design Requirements

2y 8 * & Note: The Design Requirement definiti thi |
Mew. .. 1 DE|Ete A" ote: e Design Requiremen ennrons on IS panel are .

Name Parameter | Location Maox/Min Value Units
1 [Min % BEP % Flow of BEP |~ | NIA ~ | Mimimum |~ 80 Percent |~
2 |Max % BEF % Flow of BEP |~ | NIA ~ | Maximum | v 100 Percent |~

[~] Assign Design Requirements to Pumps

P Min % BEP Max % BEP
umps (> 80 Percent) (< 100 Percent)
14 (Pump A)
J7 (Pump B}
J10 (Pump C)
Dependeant Design Case
J104 (Pump &) O O
J107 (Pump B) [l O
J110 (Pump C) O O
B E 7 Showing: & of & Pumps (All) Note: The Design Requirement assig
[+] Description and Help
9
s
E Sizing Size/Cost Candidate Dresign Assign Sizing Dependent Sizing

Objective Assignmenis Sets Requiremenis Cost Libraries Method DesignCases Summary

Figure 10: Pump Design Requirements defined for the Dependent Design Case pumps

Summary

Table 1 compares the results for each of the scenarios. The final design is the lowest cost that meets all
the requirements. It can be seen that in order to meet the system requirements for the case where Pump
A is turned off, slightly larger pipe sizes are used, resulting in a higher system cost.

The Final Design provides a $165,412 (8%) cost reduction from the Initial Design while still meeting all
design requirements.
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Table 1: Summary of costs for Hot Water System scenarios

Design Stage Initial Design Design Final Design

. Before Siz- . Sizing with
Scenario ing After Sizing Pump A off
Meets all Require- Yes Yes Yes
ments
Material 393,463 252,323 265,590
Installation 192,331 150,296 154,765
Non-Recurring Sub | 5a5 794 402,620 420,355

Total

Operation/Energy 1,546,604 1,546,644 1,546,631

TOTAL 2,132,398 1,949,264 1,966,986
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Summary

As seen in other examples, the ANS module can be used to size a system for life cycle cost. The ANS
module will size the complete system, pumps and pipes to minimize the total cost of operating the system
for the life of the system. Often sizing the pumps and pipes is not enough because the control system is
often a large portion of the initial cost and the method of control, flow control valves (FCV) or variable fre-
quency drives (VFD), can have a large impact on the system energy usage. This example will demon-
strate how to size pumps and control valves in parallel and then will investigate the savings of using a
VFD to control flow instead ofa FCV.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Using Scenarios to size a system for two different sets of system requirements

* Using Common Size Groups and observing their effect on how well the ANS module can size a
system

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Three-Reservoir - ANS
example, and is familiar with the basics of ANS analysis.

Since this example employs many concepts from the Cooling System - ANS example, it is recom-
mended to complete that example first before beginning this example.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

*  Metric - Variable Drive - ANS.fth
* Variable Drive.dat - engineering library
* Variable Drive - Pump Costs.cst - cost library for Variable Drive.dat
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* Variable Drive - VFD Costs.cst - cost library for Variable Drive.dat
* Variable Drive - Pipe Costs.cst - cost library for Steel - ANSI pipes

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Set up Library Manager

This example uses engineering and cost libraries. It is important that these libraries are added and con-
nected to Fathom for defining the pipes and junction.

Go to the Library menu and open Library Manager. Click Add Existing Library and navigate to the

AFT Fathom 13 Examples folder. Select the library Variable Drive.dat and click Open. Make sure that
the Variable Drive engineering library in Library Manager has a check mark next to it. The cost libraries
will be added later during the Sizing steps.

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).

Step 4. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:

a. Fluid Library = User Specified Fluid

b. Name = Lube QOil

c. Density=0.7 S.G. water

d. Dynamic Viscosity = 0.29 kg/sec-m

Step 5. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
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fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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Figure 1: Layout of Generator Lube Oil System

Pipe Properties

1.  Pipe Model tab

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=6inch
d. Type =schedule 40
e. Friction Model Data Set = Standard
f. Lengths=
Pipe Length (meters)
1 6
2-4 3
5-6 2
7 1
8 5
9-14 3
15-22 6
23 15

Junction Properties
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J1 Reservoir

a.
b.
c.
d.

J2Va

e o oo

e.

Name = Lube Oil Supply Tank
Liquid Surface Elevation = 6 meters
Liquid Surface Pressure = 1 atm
Pipe Depth = 3 meters

Ive
Name = Isolation Valve
Inlet Elevation = 0 meters
Valve Data Source = User Specified
Loss Model = K Factor
K=0.15

All Branches

a.

Elevation = 0 meters

J4 & J5 Pumps

© o o0 oo

J7 Co

e o0 oo

e.
J11 &
1.
2.
3.

J4 Name = Primary Pump
J5 Name = Auxiliary Pump
Library Jct = Pump 450 m3/hr Sizing
Inlet Elevation = 0 meters
J5 Special Condition = Pump Off No Flow
ntrol Valve
Name =450 m3/hr Control
Inlet Elevation = 0 meters
Valve Type = Constant Pressure Drop (PDCV)
Control Setpoint = Pressure Loss
Pressure Drop = 70 kPa
J19 Bend
Inlet Elevation = 0 meters
Type = Standard Elbow (knee, threaded)
Angle =90 Degrees

J12-J15 General Components

b
C.
d.
e
f.
J20R
a
b
Cc

d.

J12 Name = Generator #1

J13 Name = Generator #2

J14 Name = Generator #3

J15 Name = Generator #4

Library Jct = Metric - Generator

Inlet Elevation = 0 meters
eservoir

Name = Return Tank

Liquid Surface Elevation = 5 meters

Liquid Surface Pressure = 1 atm

Pipe Depth = 5 meters
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The system supplies lube oil to a bank of four generators. Each generator requires a flow rate of 115
m3/hr. The auxiliary pump will not be turned on but the material and installation pump costs will be
included in the cost report and automated sizing.

The system uses the following specifications:

Minimum 70 kPa drop across the flow control valve

Flow rate at each generator must be between 100 and 125 m3/hr

The cost of the auxiliary pump and piping must be included in the sizing.

The pump is expected to be about 80% efficient.

The system uses lube oil with a specific gravity of 0.7 and viscosity of 0.29 kg/s-m.

ok wbd =~

Step 6. Configure Sizing Settings

We want to first size our system to determine the required pump parameters, which will then be used to
choose a pump model and perform a final sizing calculation.

To start, set up the model to size the pump system for life cycle cost. Select the Sizing tab.

A. Sizing Objective

The Sizing Objective panel should be selected by default from the navigation panel. Choose the settings
as follows:

For the Sizing Option choose Perform Sizing.
For the Objective, choose Monetary Cost, and select the Minimize option from the drop-down list.

Under Options to Minimize Monetary Cost, choose Size for Initial and Recurring Costs. This should
automatically configure the Cost Objective table to include the material, installation, and energy costs in
the sizing.

Define a 10 year System Life.

For the Energy Cost area choose Use This Energy Cost Information, with a cost of 0.12 U.S. Dollars
Per kW-hr.

B. Size/Cost Assignments

On the Sizing Navigation panel go to the Size/Cost Assignments panel.
We are designing a new system, so we want to include all of the pipes in the model for sizing.

»Select the All button at the bottom of the panel to select all pipes, then click Always Include in Cost
at the top of the table to move all pipes to be included in the sizing calculation.

To decrease the analysis speed and reduce complexity, it is useful to create Common Size Groups to
group the pipes in different sections of the model. For this system we want to create six groups to be
sized, as can be seen in Figure 2 based on the pipe coloring, and Figure 3 based on the table. The
groups were chosen by considering sections of pipe which would logically have similar demands due to
the flow capacity and connected junctions.
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Create each of the groups by selecting the appropriate pipes in the Workspace, then right-clicking on the
Workspace and choosing Add Pipes to Common Size Group -> New Group and giving the group a name.
Alternatively the groups can be created on the Sizing window by clicking New to create and name the
group, then adding pipes to the group using the radio buttons. The Size/Cost Assignments panel should
appear as shown in Figure 3.

7" Workspace | 7 Sizing | £#|Model Data | I Qutput | [ Graph Results | ® Visual Report ||
Pl -~ @ N -AAa2 B b SR =Bt B¢ B, Show Al Obiects
,.
— ) 2 5 n % 7 » 2 16 20
[~} Lube 01l Supply Tark Isolation Vave Branch Primary Punp Branch 2000 galimin Contol Branch Generator#1 Branch Return Tark
. P P2 P5 T e P7 Po Pi5 P16 Pz
op © : : < @
b @ ' "
'
=9 m
i Senerators2
4 P17 P1e
< o I
- Bran
=
P10
b o
e
[m =l Benerator s
Pio F20
410 o3
= a3 Brana
Ay —
Pit
B "
5
Seneratorst
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Figure 2: Workspace showing pipe groups by color
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A None || iver || Wakspace | Speal Norber of independent Pe Sizes: &

Selected: 0023

[ Descripton and Help

Figure 3: Size/Cost Assignments using Common Size Groups to simplify calculations

»Click the Pumps button at the top of the panel to switch to the Pump Size and Cost Assignments. As
stated earlier, we want to size both pumps, even though the Auxiliary Pump is not in use, so select
Include in Cost Report and Sizing for each of the Pump junctions. Since the pumps are in parallel in
this model, it is desired for the pumps to be the same size. This means that they will have the same mater-
ial and installation costs, though the maintenance cost will be different since the Auxiliary Pump is not reg-
ularly used, unlike the Primary Pump. To account for this we will need to create a Maximum Cost Group,
which will set both pumps to use the cost information for the most expensive pump in the group. If a Max-
imum Cost Group is not used, then the Auxiliary Pump will have its material and installation costs set to
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the lowest possible cost. (The cost at the pump is estimated using power, and the power at the Auxiliary
Pump is set at zero since it is not in use during normal operation.)

»Create a New Maximum Cost Group named Pumps, and add the Material and Installation costs to it
for each of the pumps, but under Maintenance, make sure to leave both pumps in the Not in Group
column. The Pumps Size/Cost Assignments should appear as shown in Figure 4.

7" Workspace | o Siring | [ Model Data | EOutput | 12 Graph Results | ® Visual Report

w Undo ~ & Lock Panel | @ Lock Al Panels & Unlock All Panels | §[J Show Status Panel

3 Pipes |[ € Pumps % Cortrol Valves | =+ General dunctions

Size/Cost Assignments
o EHE I
s Rename Delete

Cost Options

Move to:

Maximum Cost Groups

Material Installation Maintenance

A Pumps

Include in Cost
Reportand Sizing

G
| J4 (Primary Pump) ® [e] [e] O
U5 (Auiliary Pump)| (O] O (o] O

Include in Do ot
CostReportOnly | Include Cost
NotinGrovp |

Pumps
[O]
{0}

Al_|[ None || invert || Workspace || Specil Number of Pump Max Cost Groups: 3

Selected: 00f 2
[¥] Description andHelp

=
@ OO

E Si Size/Cost Candidate
e Sets

3 & (m

Design Assign Sizing
Requiremerts  Costlibraries  Method

ing
Objective  Assigrme

Figure 4: Pump Size/Cost Assignments with Maximum Cost Groups assigned

C. Candidate Sets

Go to the Candidate Sets panel.
For this system we will consider a range of Steel-ANSI schedule 40 pipes as candidates. To define this in
Fathom, create a new Candidate set as follows:

1. Create a new set by clicking New, and name the set Galvanized Steel Pipe 1-18in.

2. Select Steel - ANSI as the material from the drop-down list
3. Inthe Available Material Sizes and Types, expand the sizes for schedule 40, then add each of the
sizes from 1 inch to 18 inch by double clicking the names or selecting them and clicking Add>>.

4. Click OK to finish editing the set.

In the bottom section of the panel, assign each of the Common Size Groups to the Galvanized Steel Pipe
1-18 in Candidate Set. The panel should appear as shown in Figure 5.
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B

=

Model Data | [ output | [ Graph Results &> Visual Report |

I {-'* Workspace ySizing

& Lock Panel | [ Lock All Panels 5 Unlock All Panels | B Show Status Panel

[#] Define Candidate Sets |

S fem

X
MEW. ., Edit... Rename. .. Delete Sau\.:e Loa% .

Mote: The Candidate 5

Set Name Pipe Material

Sizes in Set:

1inch, schedule 40
1-1/4 inch, schedule 40
1-1/2 inch, schedule 40
2inch, schedule 40

2-1/2 inch, schedule 40

[~] Assign Candidate Sets to Pipes
£

Assign To

Pipes Candidate Sets
=1 C Size Groups i Galvanized Steel Pipe 1-18 in

Main Lines
Headers
Gen 1
Gen 2
Gen 3
Gen 4

OOOOOO;?

OJOJORORONO)!

| All || None ||1nvert| Workspace || Special... | Selected: D of 6 Mote: The Candidate

Description and Help

Sizimg
Summary

Sizing Size/Cost Candidate Dresign Assign
Objective Assignmenis Sets Requiremenis Cost Libraries Method

Figure 5: Candidate Sets panel fully defined for the model

D. Design Requirements

Go to the Design Requirements panel.

As can be seen above, this model has three given Design Requirements which need to be applied for the
generators and control valve. Since we are not able to directly apply a flow rate design requirement on
the generators, we will instead apply the flow rate requirements for the generators to the pipes adjacent
to the generators. To do this:

1. Make sure the Pipes button at the top of the window is selected.
2.  Click New under Define Pipe Design Requirements.
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Enter the name Maximum Generator Flow.
In the table for Parameter, select Volumetric Flow Rate.
For Max/Min, choose Maximum, and enter 125 m3/hr.

Repeat the process from steps 1-5 to define a Design Requirement for a Minimum generator flow
rate of 100 m3/hr.

o 0k w

Now that the generator flow rate requirements are defined, apply them to the common size groups for the
generator piping (Gen 1, Gen 2, Gen 3 and Gen 4) by checking the appropriate boxes in the Assign
Design Requirements to Pipes section.

Click on the Control Valves button and create a New requirement named Minimum Pressure Drop to set
the Pressure Drop Stagnation parameter to a Minimum of 70 kPa. Apply the Design Requirement to
Control Valve J7.

E. Assign Cost Libraries

Go to the Assign Cost Libraries panel. For this model, the engineering and cost libraries have already
been created, but we will need to check that they have been connected and applied properly.

»0Open the Library Manager, and check that the engineering library Variable Drive is connected, indic-
ated by a check mark next to its name. If it is not connected, then check the box next to its name.

Next, connect to the three cost libraries. Click Add Existing Cost Library and navigate to the AFT Fathom
13 Examples folder and add the cost libraries Variable Drive - Pump Costs.cst, Variable Drive - VFD
Costs.cst, and Variable Drive - Pipe Costs.cst. The two cost libraries, Variable Drive - Pump Costs
and Variable Drive - VFD Costs should be shown indented below the engineering library Variable Drive,
and the Variable Drive - Pipe Costs library should be indented below Steel - ANSI. Once all of the neces-
sary libraries have been connected, click OK.

In the Assign Cost Libraries panel for the Pipes, All should be selected for the Galvanized Steel Pipe 1-18
in Candidate Set, with the Variable Drive - Pipe Costs library being applied.

»Click on the Pumps button to view the cost library assignments for the Pumps. We will only be using
Variable Drive - Pump Costs for this scenario, so check the box for this cost library for both J4 and J5 to
make sure that we are not applying any extra costs.

F. Sizing Method

Select the Sizing Method button to go to the corresponding panel.
»Choose Discrete Sizing, since it is desired to select discrete sizes for each of the pipes in the model.

This model contains six design variables and 18 design requirements, so the best methods to choose
from will be the MMFD or SQP method.

»>Select the default method, Modified Method of Feasible Directions (MMFD).
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Step 7. Create Scenarios

Before running the model, create two child scenarios, one named Calculate Costs, Do Not Size and the
other named Flow Control Valve Initial Cost Sizing. This will provide a comparison of the initial cost of the
model without sizing, to the cost of the sized system.

Load the Calculate Costs, Do Not Size scenario and go to the Sizing window, then to the Sizing Objective
panel. Select Calculate Costs, Do Not Size. We will run this scenario first.

Step 8. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Step 9. Review the Not Sized and Initial Cost Sizing results

With all the pipes set to 6 inches the design requirements are met and the system is in a reasonable
state. Navigate to the Cost Report tab and note that the total cost is $790,488.

Now load the Flow Control Valve Initial Cost Sizing scenario and go to the Sizing window to the Siz-
ing Objective panel. Under Options to Minimize Monetary Cost, choose Size for Initial Cost, Show
Energy Costs. The scenario is now ready to be run.

Run the model, then click the Output button once the automated sizing is completed.

After sizing the model for Initial Cost, the total cost over 10 years is now calculated as $728,970. The new
pipe sizes and cost totals can be seen in Figure 6 below.

Although this sized system uses larger pipe sizes, and therefore increased material and installation cost,
than the initial design (4-8 inch versus only 6 inch), the savings comes from a the sized pump requiring
much less power to operate. In one short simulation, the system was sized to meet all design require-
ments and reduce the cost by close to $60,000.
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A  General

Wwarnings = DesignAlerts

Table Units:

Cost Report | Pump Summary

Valve Summary

Reservoir Summary

Non-Recurring

Recurring

U3 Dol Type Name Material | Installation | "G qel | Maintenance | Operation/Energy | G oty | TOTAL
TOTAL OF ALL MODEL COSTS 728.970
Total of All Shown Costs 33148 12,698 45,846 0 683,124  683.124 728,970
ltems In Sizing 33.148 12.698 45.846 0 0 0 45846
Items Not In Sizing 0 0 0 0 683.124  683.124 6B83.124
Pipe Subtotal 11,522 6.440 17,962 '] 0 0 17,962

o |P1 Pipe Pipe 1,004 432 1456 0 o o 1496
o |P2 Pipe Pipe 502 246 748 0 o o 748
o |P3 Pipe  Pipe 502 246 748 0 o o 748
o |P4 Pipe Pipe 502 246 T4R 0 0 0 742
o |P5 Pipe Pipe 3B 184 499 0 0 0 493
o |P& Pipe Pipe 335 164 439 0 o o 493
o |PT Fipe  Pipe 167 82 249 0 o o 243
A | Pipes | Sizing = Pipe Design Requirements = Library Sources
Mame | Vol Flow Velocity PStatic | P Slatic | Elevation | Elevation | dP Stag dP Static dP dH PStatic | P Static | P Stag. | P Stag
Pips Rate ax Min Inlet Outlet Total Total Gravity In Out In Out
(m3thr) | (meters/sec) (bar) (bar) (meters) | (meters) (bar) (bar) (bar) (meters) (bar) (bar) (bar) (bar)
1 |Fipe 480.0 3873 1.320 1.167 3.000 0 -01853290 -0.1532%0 -02088  0.7651 1.167 1320 1218 1372
2 |Pipe 450.0 3873 1312 1286 0.000 0 0026232 0026238 00000 03825 1312 1286 1364 1338
3 |Pipe 0.0 0.000 1.338 1.338 0.000 0 0000000 0.000000 0Q.0000 Q0000 1338 1338 1338 133
4 |Pips 0.0 0.000 5.465 5.465 0.000 0 0000000 0.000000 0.0000 Q0000 5465 5465 5465 5465
5 |Fipe 480.0 3873 1286 1268 0.000 0 0017492 0017452 00000  0.2850 1.286 1268 1338 13
6 |Fipe 450.0 3873 5430 5413 0.000 0 0017492 0017452 00000 02550 5430 5413 5433 5465
7 |Pipe 450.0 3873 5413 5404 0.000 0 0008746 0008746 00000 01275 5413 5.404 5465 5456
8 |Pips 450.0 3873 4704 4660 0.000 0 0043723 0043729 00000 06376 4704 4660 4756 4713
9 |Fipe 3238 4975 4626 4568 0.000 0 0058262 0.058362 00000  0.8509 4626 4.568 4713 4654
10 |Pipe 2199 3277 4617 4572 0.000 0 0038447 0033447 00000  0.5605 4817 4578 4654 4616
11 |Pipe 1075 3636 4570 4473 0.000 0 0096802 00%68208 00000 14114 4570 4473 4616 4518

Figure 6: Pipe Sizes based on automated sizing for Initial Costs

Step 10. Size the system based on lifetime cost

In the Scenario Manager on the Quick Access Panel, make a child scenario from the Base Scenario
named Flow Control Valve Life Cycle Sizing. Load then run this scenario.

On the Output tab in the Cost Report, it can be seen that the total cost for this case is $613,160 using
pipe sizes ranging from 8 inches to 12 inches, as can be seen in Figure 7. Though not shown, the Pump
section of the Cost Report shows that the two pumps have been set to the same Material and Installation
costs due to the Maximum Cost Group that was defined on the Size/Cost Assignments panel. Since the
Initial Cost sizing results in a lifetime cost increase of about $50,000, the Life Cycle sizing results will be

used for the pump configuration information to choose a pump from a manufacturer.
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»
-

Cost Report | Pump Summary

Reservoir Summary

-Ur_agt:_l%g”l;rss: Material | Installation Noghﬂbe_lggtrarllng Operation/Energy | TOTAL
TOTALOF ALL MODEL COSTS 336,280
Total of All Shown Costs 43.2% 15,863 59.100 277.180 336.280
Items In Sizing 43237 15.863 59,100 277180 336.280
ltems Not In Sizing 0 0 0 0 0
Pipe Subtotal 24514 10.612 35.026 0 35026
o |P1 1.870 738 2,608 0 2,608
o |P2 935 369 1.304 0 1.304
o |P3 623 246 269 0 269
o |P4 623 246 269 0 869
o |P5 935 369 1.304 0 1.304
o |P& 935 365 1.304 0 1.304
o |F7 31z 123 435 0 435
o |PB 1,558 615 2174 0 2174
o |P3 4675 1.845 6.5 0 6521
o |P10 753 290 1.043 0 1.043
o |P11 753 290 1.043 0 1.043
o |P12 753 250 1.043 0 1.043
o |P13 753 290 1.043 0 1.043
A  Pipes | Sizing | Pipe Design Reguirements = Library Sources
[ame Sized - Sized - Sized - Sized - Hyd.
Pipe Material Nominal Size | Type/Schedule | Diameter
(inches)
1 |PFipe Steel - ANSI 12 inch schedule 40 11.938
2 |Pipe Steel - ANSI 12 inch schedule 40 11.938
3 |Pipe Steel - ANSI  12Zinch schedule 40 11.938
4 |Pipe Steel - ANSI 12 inch schedule 40 11.938
5 |Pipe Steel - ANSI 12 inch schedule 40 11.938
& |Pipe Steel - ANSI  12Zinch schedule 40 11.938
7 |Pipe Steel - ANSI 12 inch schedule 40 11.938
& |Pipe Steel - ANSI 12 inch schedule 40 11.938
9 |Pipe Steel - ANSI  12Zinch schedule 40 11.938
10 |Pipe Steel - ANSI  10inch schedule 40 10.020
11 |Pipe Steel - ANSI  10inch schedule 40 10.020
12 |Pipe Steel - ANSI  10inch schedule 40 10.020
13 |Pipe Steel - ANSI  10inch schedule 40 10.020
14 |Pipe Steel - ANSI  Binch schedule 40 7.581
15 |Pipe Steel - ANSI  Binch schedule 40 7581
1ic [ =R Chmnl ARSI Lo mebedods AN T Qo1

Figure 7: Pipe Sizes based on automated sizing for Life Cycle Costs

Step 11. Choose an Actual Pump for the System

Create a child scenario from the Flow Control Valve Life Cycle Sizing scenario, and name the new scen-
ario Flow Control Valve Real Pump. We will now need to update the Pumps and Control Valve with the
settings for the proposed system. Load the new Flow Control Valve Real Pump scenario using the Scen-

ario Manager, then make the following changes:
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1. Foreach of the pumps open the Pump Properties window and select Pump 450 m3/hr Real from
the Library Jct list. This will copy the Pump Curve data into the pump. Click OK. Make sure to do

the same for the second pump.

2. Open the Control Valve and change the Valve Type to Flow Control (FCV) with a Volumetric

Flow Rate of 450 m3/hr. Click OK

The model should now be ready for analysis. Run the model once more and go to the Output window to
review the results, as can be seen in Figure 8 and Figure 9. Note that this scenario does take a bit longer
to run than the sizing scenario. With data for the actual pump, the automated sizing finds a slightly more
efficient design for the Life Cycle cost analysis by using 6 inch lines at some of the generators rather than
8 inch lines, which provides approximately $20,000 reduction in cost from the sizing scenario. Note that
the Overall Efficiency is 83% for the real pump compared to the assumed 80% of the original sizing

pump.
#  General  Warnings Designdlerts = Cost Report | Pump Summary | Valve Summary = Reservoir Summary
Name Vol Mass dP dH Civerall Speed COverall BEFP % of MNPSHA | NPSHR
Jet Results Flow Flow Efficiency Power BEP
Diagram (m3hr) | (kg'sec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3/hr) | (Percent) | (meters) | (meters)

4 Show D Primary Pump 450.0 8743 3361 45.00 8315 1000 504% 44437 101.3 NIA 1.700
X5 | Show D Auziliary Pump 0.0 0.00 NIA T/A MIA 0.0 MIA NiA T/A A WA
Figure 8: Pump Summary for operation of actual pump

£ | General | Warnings = DesignAlerts | CostReport | Pump Summary | Valve Summary = Reservoir Summary
e Type Name Material | Installstion | MNOTRECUNG | yinycnance | OperstionEnergy | octind | 1oraL [
TOTAL OF ALL MODEL COSTS 592,908
Total of All Shown Costs 46.109 16.073 62,182 ] 530,726 530,726 592,908
Items In Sizing 46.109 16.073 62.182 0 530.726  530.726 592.908
Items Not In Sizing 0 0 0 0 0 0 0
Pipe Subtotal 26.108 11.073 37182 0 0 0 37.182
o |P1 Pipe Pipe 1870 738 2,508 0 0 0 2,608
o |P2 Fipe  Pipe 935 369 1304 0 0 0 1,304
o |P3 Fipe  Pipe 935 369 1.304 0 0 0 1304
o (P4 Fipe  Fipe 935 369 1.304 0 0 0 1.304
o |P5 Pipe Pipe 623 246 869 0 0 0 869
o |P6 Pipe Pipe 623 245 869 0 0 0 869
o [P7 Fipe  Pipe 312 123 435 0 0 0 4350 v
A | Pipes | Sizing | Pipe Design Requirements | Library Sources
Name | Sized- Sized - Sized- | Sized- Hyd ~
Pipe Materizl Mominal Size | Type/Schedule Diameter
(inches)
1 |Pipe Steel - ANSI 12inch schedule 4 11.938
2 |Pipe Steel - ANSI 12inch schedule 41 11.938
3 |Fipe Steel - ANSI 12inch schedule 41 11.838
4 |Pipe Steel - ANSI  12inch schedule 40 11538
5 |Fipe Steel - ANSI 12 inch schedule 40 11938
& |Pipe Steel - ANSI 12inch schedule 40 11.938
7 |Pipe Steel - ANSI 12inch schedule 40 11.938
& |Fipe Steel - ANSI 12inch schedule 40 11.838
9 |Fipe Steel - ANSI  12inch schedule 40 11538
10 |Pipe Steel - ANSI 12 inch schedule 40 11938
11 |PFipe  Steel-ANSI Binch schedule 40 7.981 w

Figure 9: Output for automated sizing with actual pump curve entered
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Step 12. Compare Cost Using a VFD Pump

As a final step we will compare an alternate VFD model for the pump to analyze the cost savings which
can be achieved by using a VFD instead of using a flow control valve. To start, make an additional child
scenario from the FCV Life Cycle Sizing scenario, and name it VFD Pump. Complete the following steps
to update the model:

1. Go to the Workspace. For each of the pumps, open the Pump Properties window and choose the
Pump 450 m3/hr VFD Real pump from the Library Jct list. Click OK

2. Open the Control Valve Properties window. On the Optional tab set the Special Condition to Fully
Open - No Control. Click OK.

3. Go to the Sizing window, and go to the Design Requirements panel. For the Control Valve
uncheck the box for the minimum pressure drop requirement, since the control valve is not active.

4. Navigate to the Assign Cost Libraries panel. We will need to represent the additional Mater-
ial/Installation costs for the VF D, so change the Libraries to All so that all libraries will be applied
for each of the pumps.

The changes for this scenario should now be complete. Run the model once more and go to the Output
window to review the results. With the VFD Pump being used, the sizing for the pipes is actually the
same as the FCV Life Cycle Sizing scenario. However, the cost is significantly decreased to $485,016.
This is primarily due to the decreased speed of the pump, as can be seen in Figure 10.

#  General Warnings Designflerts Cost Report | Pump Summary | Valve Summary = Reservoir Summary
Name Vol Mass dP dH Overall Speed Overall EEFP % of NPSHA | NPSHR
Jet | fesults Flow Flow Efficiency Power BEF
Diagram (m3/hr) | (kg/sec) | (bar) | (meters) | (Percent) | (Percent) | (kW) | (m3hr) | (Percent) | (meters) | (meters)
4 Show D Primary Pump 450.0 8743 2677 3804 827 9175 4043 4075 1104 /A 1458
X5 | Show D Auxiliary Pump 0.0 0.00 N/A N/A NiA 0.00 N/A /A N/A /A /A

Figure 10: Pump summary for operation of VFD pump

Summary

A summary of the total costs for each of the scenarios can be seen in Table 1. It can be seen from the
table that this particular system over its 10 year life span is heavily weighted towards operational costs;
as the operational costs are further decreased the overall cost for the system decreases, even though
the initial costs may be increased.
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Table 1: Summary of Automated Sizing Results for Lube Oil System in thousands of dollars

Life Cycle
Cost (U.S.
Dollars)

Feasible?

Material

Installation

Total Non-
Recurring

Operation/Energy

Total
Life
Cycle

Calculate
Costs, Do
Not Size

Yes

34,598

14,148

48,746

741,742

790,488

Flow Con-
trol Valve Ini-
tial Cost
Sizing

Yes

33,148

12,698

45,846

683,124

728,970

Flow Con-

trol Valve

Life Cycle
Sizing

Yes

44,778

16,407

61,185

551,975

613,160

Flow Con-
trol Valve
Real Pump

Yes

46,190

16,073

62,182

530,726

592,908

Variable Fre-
quency
Drive Pump

Yes

46,190

16,073

62,182

422,834

485,016

- 431 -




Housing Project - ANS

Summary

This example will size the pipes for a water supply system to a housing development. This example has
three operating states. These states are the following:

1. Nofire hydrants open, supply to each house is 2.5 m3/hr with a minimum pressure of 4.0 barG
(400 kPa(qg)).

2. North Hydrant open with 20 m3/hr at 6.2 barG (620 kPa(g)), supply to each house is 0.5 m3/hr, no
minimum pressure.

3. South Hydrant open with 20 m3/hr at 6.2 barG (620 kPa(g)), supply to each house is 0.5 m3/hr, no
minimum pressure.

For this example, we will evaluate all three conditions. First, we will use the ANS module to size the sys-
tem assuming a requirement to use only one pipe size throughout. After this we will size the pipes assum-
ing the pipes can be three different sizes.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Using Dependent Design Cases to satisfy multiple operating modes for a system
* Using the Scenario Manager to size a system for multiple sets of system requirements
* Understanding the effects of Common Size groups on sizing

Required Knowledge

This example assumes the user has already worked through the Walk-Through Examples section, and
has a level of knowledge consistent with the topics covered there. If this is not the case, please review
the Walk-Through Examples, beginning with the Beginner - Three Reservoir example. You can also
watch the AFT Fathom Quick Start Video Tutorial Series on the AFT website, as it covers the majority of
the topics discussed in the Three-Reservoir Model example.

In addition, it is assumed that the user has worked through the Beginner - Three-Reservoir - ANS
example, and is familiar with the basics of ANS analysis.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:
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* Metric - Housing Project.fth
* Metric - Housing Project - ANS.fth
* Housing Project Costs.cst - cost library for PVC - ASTM pipes

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Open the model

Open the Metric - Housing Project.fth example file and save it as a new file. We will not need the exist-
ing child scenarios for this example: right click on the Base Scenario in the Scenario Manager and select
Delete All Children. Make sure that the Workspace looks like Figure 1 below:

@-

[AS]
- = n J107

P106

I%l |>_)<| J101

“Workspace | {8 Model Data | [E10utput | [ Graph Results | %> Visual Report

West Lake Browns

J104

P101

(%] J201

gty Hydrant

P104

P199

J204

P201

P206

J207

Base Scenario

Norths

Figure 1: Model layout for normal system operation

This example consists of a reservoir that supplies water to 10 houses and two fire hydrants. All the pipes
in the system are Schedule 40 PVC pipe. The supply line to each house is set to 1 inch PVC. The auto-
mated sizing of this system will only be used to size the supply line from the reservoir, the neighborhood

mains and hydrants.

P204

P208

J209
Coles

B8 0% | ©

XJ199
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As mentioned in the introduction, the supply to each house with no fire hydrants open (i.e., the Normal
Flow case) is 2.5 m3/hr with a minimum pressure of 4.0 barG (400 kPa(g)). The model can be setup in
two ways;

1. Each house could be represented as an assigned flow with a minimum pressure constraint placed
on the supply pipe to each house (as done here), or,

2. Each house can be represented as an assigned pressure with a minimum flow constraint placed
on the pipe.

The first option was chosen because with either fire hydrant open, there is still an assigned flow on each
house but there is no minimum pressure.

Step 3. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate ANS and select Network to enable the ANS module for use. A
new group will appear in Analysis Setup titled Automatic Sizing. Click OK to save the changes and exit
Analysis Setup. A new Primary Window tab will appear between Workspace and Model Data titled Siz-
ing. Open the Analysis menu to see the new option called Automatic Sizing. From here you can quickly
toggle between Not Used mode (normal AFT Fathom) and Network (ANS mode).

Step 4. Configure Sizing Settings

For this system we will be sizing the neighborhood mains for three different operating cases, one for nor-
mal operation, and two different cases with hydrants in use. When modeling multiple design cases, the
different cases need to be broken up into a primary design case, of which there is one, and dependent
design cases, of which there can be any number.

The primary design case can be any of the design cases that are being addressed in your model. Typ-
ically, it will represent the primary operating condition of the pipe system. If it is not clear which case
should be the primary case, just pick any of the cases and call that the primary one. Design cases other
than the primary case are referred to as dependent design cases. This naming convention is used since
the dependent design cases are built and defined by duplicating the primary design case, as will be dis-
cussed later. The normal flow case will be used as the primary design case, so we will start setting up the
sizing settings based on the requirements for normal operation.

A. Sizing Objective

Go to the Sizing window and the Sizing Objective panel should open by default. For this analysis, we are
interested in sizing the system considering the monetary cost for the initial costs only.

1. Setthe Sizing Option to Perform Sizing, if not already.

2.  Forthe Objective, choose Monetary Cost, and make sure Minimize is selected from the drop-
down list.
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3. Under Options to Minimize Monetary Cost, choose Size for Initial Cost. This will update the cost
table to include both initial costs in the sizing calculation while ignoring the recurring costs.

The Sizing Objective window should now appear as shown in Figure 2.

I " Workspace & Sizing | §3 Model Data | [ Qutput | 2 Graph Results | &> Visual Report

' Lock Panel | (@ Lock All Panels 65" Unlock All Panels | B Show Status Panel

Sizing Lock Options
= =5 " [ Lock All Sizing Windows After Run | 2
| ‘ | | ‘ | @ Load Default Set As Default
Perfarm Calculate Do Not Size Muttiple Operating Cases

Sizin
d E;;?'SE: [] Enable Dependent Design Cases | ?

Objective

() Pipe Weight

() Pipe and Fluid Weight
() Flow Volume

() Pipe Inner Suface Area
(@) Monetary Cost

Minimize ~

Options to Minimize Monetary Cost

[Sizeforinitial Cost_ |

Size for Initial Cost, Show Energy Costs i years
Size for Initizl and Recurring Costs N o
User Specified nterest Rate 0 _
) - - years
Include in Caost ee milation Rate s
Cost Type Sizing Report
Objective | Only | cost Creroy Cos
Initial Costs Use Energy Cost Libraries
) Use This Energy Cost Information
Material
§ U.5. Dollars
Installation (O] ) O Per: | kW-hr
Recurming Costs ¥ ___ .
Energy G O ®
Imitial Cost Limit
Maintenance O ) (O] ax Initial Cost 1.5. Dollars

Wam When Fittings & Logses Costs are Mizsing

Description and Help

*a £ o0 .
Sizing SizefCost Candidate Design

Assign Sizing
Objective Assignments Sets Requirements Cost Libraries Method Summary

Figure 2: Sizing Objective window setup for an Initial Cost analysis

B. Size/Cost Assignment
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On the toolbar at the bottom of the window select the Size/Cost Assignments. For this scenario we will
size the neighborhood mains, system supply line and hydrant supply lines assuming that they are all the
same size. The supply lines to the houses must be 1" PVC so they will not be sized, but we will still cal-

culate the costs, since we will need to purchase that piping as well.

1.
2.

Go to the Workspace, and select the lines that will be sized as shown in Figure 3.

Right click the Workspace and choose Add Pipe(s) to Common Size Group, and select New
Group. Give the group the name Neighborhood Mains. Click OK on the Information window that

appears.

Return to the Sizing window. The neighborhood mains, supply line, and the hydrant supply lines
should now all be included in the new pipe group, and should be moved to Always Include in Cost

as shown in Figure 4.

Move each of the house supply lines to Do Not Size - Include in Cost. All of the pipes can be
moved at once by using the shift key to highlight all of the rows, then clicking the Include in Cost

button.

We are not considering any of the junctions as part of the sizing, so the Size/Cost Assignments are com-
plete for now.

Note: Though the hydrant supply lines are closed in the primary design case, we need to include them
in the Common Size Group so that they will be sized when we create the dependent design
cases for the open hydrant cases.

*Workspace |  Sizing | {f]Model Data | [l Output | [ Groph Resuts | @ Visual Report |
] % By x@lxifva-A = o @ =B & e E ¢
= n 07 S8 1103 4110
- 25 West Lake Browns Peters Chambers Fords
@ 6 P07 P08 P03
=
aY 14
P ™ P02 Pi03 P4 P05
N
ol B sz 103 . 1105
k % P199
L 3
0oz
P10
(D]
Ay — Pos Hydrant
€ B !
1202 d J204 1208
B3 I P201 P202 P203 P204
1201
(=4 1203
P205 P07 P208 P209
J207 J208 J208 J210
Nerths Stewarts Coles Allens
<
Base Scenario/Two Hydrants Qoo | @

411
Kellys

P110

J106

J211
Burns

v

E) | ==15 Oo

Figure 3: Workspace with pipes selected to add to the Common Size Group
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/" Workspace | 7 Sizing | £ Model Data | [ Output | |2 Greph Results | ® Visual Report
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Description and Help
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Sizing Size/Cost  Candidate Design Assign Sizing Sizing
Objective  Assignmerts Sets Requiremerts  CostLibraries Summary

I

Figure 4: Size/Cost Assignments window with Common Size Groups defined as outlined above

C. Candidate Sets

Click on Candidate Sets to open the Candidate Sets panel. In this case we will be considering schedule
40 PVC pipe within the range of 1" to 10".

Ao bNh =

5.

Select New, and name the candidate set PVC sch 40.
Choose PVC - ASTM from the material list.
At the bottom of the window select to sort by Type, Schedule, Class (if not already selected).

Expand the schedule 40 type, then double click each of the sizes from 1 inch to 10 inch to add
them to the Candidate Set.

Click OK to accept the defined set.

In the bottom section of the window make sure that the Common Size Group is assigned to use the new
PVC sch 40 Candidate Set. The window should appear as shown in Figure 5.
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7 Workspace | ¢” Sizing | I Model Data | [ Output | [ Graph Results | % Visual Report |
& Lock Panel | (@ Lock All Panels 5 Unlock All Panels | BE Show Status Panel

[~] Define Candidate Sets |

=3 ] * %
New... Edit... Rename... Delete Save Load...

Mote: The Candidate

Set Name

Sizes in Set:

1inch, schedule 40
1-1/4 inch, schedule 40
1-1/2 inch, schedule 40
2 inch, schedule 40

2-1/2 inch, schedule 40

Assign Candidate Sets to Pipes
7

Assign To

Pipes
= Size G
MNeighborhood Mains

Description and Help

| All || None ||Invert| Workspace ||| Special... | Selected: Dof1 Mate: The Candidate

Sizing Size/Cost Candidate Design Assign Sizing
Chjective Assignments Sets Requiremens Cost Libraries Method Summary

Figure 5: Candidate Sets window fully defined for the model

D. Define Design Requirements

Select Design Requirements.

For the standard operation scenario the only design requirement is for the minimum supply pressure of
4.0 barG (400 kPa(g)) to each of the houses. With the Pipes button selected click New to add a House
Supply Design Requirement specifying the Pressure Static at the Outlet of the pipe to a Minimum
value of 4.0 barG (400 kPa (g)).

Click New again to create a second Design Requirement named Fire Supply specifying the Pressure
Static at the Outlet of the pipe to a Minimum value of 6.2 barG (620 kPa (g)). We will apply this require-
ment later when the dependent design cases are created.

In the bottom section of the window, make sure that the House Supply Design Requirement is applied to
only the supply lines to the houses and not the Neighborhood Mains, as shown in Figure 6.
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I " Workspace & Sizing § Model Data | [ Output | [ Graph Results | %> Visual Report

& Lock Panel | i Lock All Panels @ Unlock Al Panels | 8 Show Status Panel
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3 =] A7
N.. =) - = Delgt?a Al Maote: The Design Requirement definitions
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1 |House Supply Pressure Static ~ Outlet ~ | Minimum |~ 4 barG |~
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B B Bt &2 showing: 0 of 25 Pipes Mote: The Design

Description and Help

i

Sizing i Design Assign Sizing Sizing
Objective Aszsignmenis Reguiremenis CostLibraries Method Summary

Figure 6: Design Requirements defined for the primary design case

E. Assign Cost Libraries

Select Assign Cost Libraries. For this model the pipe cost library has already been created, but we will
need to connect and apply it.

»0Open the Library Manager by clicking the Library Manager button to see which libraries are con-
nected.

This example uses a pre-built cost library for the pipes containing the PVC material costs. To connect the
library do the following:

1. Click Add Existing Cost Library.

2. Browse to the Fathom 13 Examples folder (located by default in C:\AFT Products\AFT Fathom
13\Examples\), and open the file titlted Housing Project Costs.cst.

The new library should now be visible in the list and be connected to the model, indicated with a box
checked next to the name, as shown in Figure 7. The cost library for the pipes should appear with the
name Housing Project Costs.cst and be indented under the PVC - ASTM library within the standard
pipe material library list.

Once you have confirmed that the library is connected, click Close to exit the Library Manager.
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Figure 7: Library Manager with Housing Project Costs library connected

Back in the Assign Cost Libraries panel for the Pipes, the Housing Project Costs library should be the
only available cost library, and should be selected to show that it is being applied to the candidate set and
to each of the house supply lines.

F. Sizing Method

Select Sizing Method to go to the Sizing Method panel.

Ensure that Discrete Sizing is chosen with the Modified Method of Feasible Directions (MMFD) for
the Search Method.

G. Dependent Design Cases

We have now set up the system to be sized for the primary design case, but we will also need to account
for the cases where either the north or south hydrant are in use. There are a few changes that occur for
each of these cases where a hydrant is in use:

1. The flow rate at each of the houses decreases to 0.5 m3/hr
2. The minimum inlet pressure for each of the hydrants must be 6.2 barG (620 kPa(g))
3.  The minimum pressure for each of the houses is removed
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We will create two dependent design cases to account for the scenarios where the North Hydrant or the
South Hydrant is open. To make the dependent design cases complete the following:

1.

Go to the Sizing Objective panel and click the box next to Enable Dependent Design Case. A
new button will now be available for the Dependent Design Cases panel in the Sizing Navigation
panel.

Navigate to the Dependent Design Case panel. You should now see instructions displayed to cre-
ate Dependent Design Cases, along with a summary table of dependent design settings. We will
now need to use the Duplicate Special feature to create the dependent design cases.

Go to the Workspace and go to the Edit menu and choose Select All.

Go to the Edit menu again and select Duplicate Special, enter an increment of 400 and click the
boxes next to Make Dependent Design Case and Clear Design Requirements (Figure 8). Click
OK.

Move the duplicated pipes and junctions below the original ones on the Workspace to distinguish
them from the Primary Design Case. Click Paste.

Select only the primary design case model and repeat steps 4 and 5 to create a second depend-
ent design case (increment the pipe numbers by 1000 to avoid conflicting pipe numbers). There
should now be two copies of the original model in the Workspace which will be used to represent
the alternate operating cases.

Open the J599 and J1299 hydrants by selecting them and toggling the Special Condition to
None so that the North Hydrant is open in the second case and the South Hydrant is open in the
third case.

Use Global Junction Edit to change all 20 of the Assigned Flow junctions at the Dependent
Design Case homes (junctions 500's, 600's, 1100's, and 1200's) to an Outflow of 0.5 m3/hr (see
Figure 9). Make sure to not change the Assigned Flow junctions that represent the hydrants.

In the Sizing window navigate to the Design Requirements panel. Assign the Fire Supply
Design Requirement created earlier to pipe P599 and P1299 by checking the adjacent boxes.

Return to the Dependent Design Cases panel.

When Duplicate Special was performed with Dependent Design Case (DDC) selected, each of the duplic-
ated pipes was created with a special type of grouping. For example, pipes 401 and 1001 were grouped
with pipe 1 as DDC pipes (see Figure 10). This type of assignment allows the dependent design pipes to
be sized, but to not be counted in the cost so that the cost will not be duplicated.
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Duplicate Special
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Figure 8: Duplicate Special settings to create a dependent design case
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Global Junction Edit
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Figure 9: Global Junction Edit is used to change the flows in the homes for the dependent cases
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Figure 10: Pipes in Dependent Design Cases have a special grouping relationship with pipes in the primary
case

Step 5. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.
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Step 6. Review the Sized Results

After the run finishes, examine the final pipe sizes calculated by the ANS module. The results for pipe
size and overall cost are shown in Figure 11. One can see that the resultant size is 4-inch pipe. The lines
to the houses are listed as N/A on the sizing output since they were not included in the sizing.

The cost for all sized pipes is $63,892. This is the cost for Items in Sizing. Since we did not size the pipes
to the homes (because these were fixed at 1- inch), there is an additional cost of $7,161 for Items Not In

Sizing. The pipes that were sized will be distinguished in the Cost Report by having a green background

color. The total cost is merely the sum of the two: $71,053.

It should be noted that if we did not have monetary cost information for the pipes in this example, we
could get nearly identical sizing results for this system by choosing a non-monetary objective. A mon-
etary cost objective is primarily necessary in order to size equipment like pumps, control valves, etc. with
the pipes.
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2 | General  Warnings | Designers | Cost Report | Reservoir Summary

| ble Units: Material | Installation | TOTAL
TOTAL OF ALL MODEL COSTS 71.053
Total of All Shown Costs 24 bab 46,6508 71,053
Items In Sizing 2260 41220 63892
Items Mot In Sizing 1.873 5 283 7.161
Pipe Subtotal 24,545 46,508 71.063
P1 9.906 128012 27918
P10 1.462 2657 4118

2 | Pipes | Sizing | Pipe Design Fequirements = Library Sources
MName Sized - Sized - Sized - Sized - Hyd.
Pipe Material Nominal Size | Type/Schedule Diameter
(cm)

1 Fipe PVC - ASTM  4inch schedule 40 10.226
10 |Fipe PVC - A5TM  dinch schedule 40 10.226
20 |Pipe PVC - ASTM  4inch schedule 40 10.226
101 |Pipe PYVC - ASTM  dinch schedule 40 10.226
102 |Pipe PVC - ASTM  dinch schedule 40 10.226
103 |Pipe PVC - ASTM  4inch schedule 40 10.226
104 |Pipe PVC - ASTM  4inch schedule 40 10.226
105 |PFipe PVC - ASTM  dinch achedule 40 10.226
106 | MIA MiA i M MiA
107 | MNiA MNiA MIL MiA MNiA
108 | MiA M I Mi& M
109 | MIA MiA MIA MIA MiA
110 | MNIA MiA I MiA MiA
155 |Pipe PVC - ASTM  4inch schedule 40 10.226
201 |Pipe PVC - ASTM  4inch schedule 40 10.226
202 |Pipe PVC - ASTM  dinch achedule 40 10.226
203 |Pipe PVC - ASTM  4inch schedule 40 10.226
204 |Pipe PVC - A5TM  dinch schedule 40 10.226
205 |Pipe PVC - ASTM  4inch schedule 40 10.226
206 | M/A MiA i M MiA
207 | N4 MiA I MiA MiA
208 | MN/A MiA i MiA MiA
209 | MN/A MNiA I MiA MNiA
210 | N4 MiA I MiA MiA
255 |Pipe PVC - ASTM  4inch schedule 40 10.226
401 |Pipe PVC - A5TM  dinch schedule 40 10.226
A1 |1 Pine P - ASTM dinch erhadila AN 1073
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Figure 11: Cost summary and final pipe sizes

Step 7. Increase the Independent Pipe Sizes

To increase savings in the system we can remove some of the pipes from the Common Size Group,
which will allow them to be varied separately and increase the number of Independent Pipe Sizes for the
model.

Let's create a child scenario to see how much savings can be found.

In the Scenario Manager, right-click the Two Hydrants scenario, click Create Child, and name it 3 Pipe
Sizes. Navigate to the Size/Cost Assignments panel in the Sizing window. Unlock the panel if it has
been locked and move pipe P1 to Not in Group. Lastly, create a new Common Size Group by clicking
New, naming it Hydrant Pipes, and moving pipes P199 and P299 to the new group.

Run the scenario and go to the Output to view the results.

The Cost Report and pipe size results for the 3 Pipe Sizes scenario shown in Figure 12. The total cost is
the cost per unit length for material and installation multiplied by the length of each section. The cost data
does not include excavation costs. Even with these rough costs, significant savings can be achieved. If
the developer is willing to use three pipe sizes, the savings will be approximately $2,500 or 3.5% of the
total cost.

With this example, we can see that the limitations placed on the system by Common Size Groups can
impact the sizing results.

In theory, to obtain the best possible sizing results, one can ungroup all the pipes in the neighborhood
and allow each pipe to be sized independently. However, in practice this can result in increased fittings,
installation, and maintenance costs, which is why common size groups are desirable.
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£ | General | Warnings = DesignAlerts | Cost Report | Reservoir Summary
| ble Units: Material | Installation | TOTAL [ °
TOTALOF ALL MODEL COSTS 68,603
Total of All Shown Costs 22997 45 606 63,603
ltems In Sizing 21124 40,318 61.442
Items Not In Sizing 1.873 h 288 7.161
Pipe Subtoial 22997 45,606 68.603
o |F1 9,906 18012 27918 W
#  Pipes | Sizing | Fipe Design Reguirements  Library Sources

Mame Sized - Sized - Sized - Sized - Hyd. ~
Pipe Material Nominal Size | Type/Schedule | Diameter
(cm)

1 |Pipe PFVC-ASTM 4inch schedule 40 10.226

10 |Fipe  PWC-ASTM  3-1/2inch schedule 40 9.012
20 |Fipe  PVC-ASTM  3-1/2inch schedule 40 8.012
101 |Pipe  PWVC-ASTM  3-1/2inch schedule 40 8.012
102 |Pipe  PWVC-ASTM  3-1/2inch schedule 40 5.012
103 |Pipe  PWVC-ASTM  3-1/2inch schedule 40 5.012
104 |Pipe  PWVC-ASTM  3-1/2inch schedule 40 9.012
105 |Pipe  PVC-ASTM  2-1/2inch schedule 40 8.012
106 | NiA MIA /A MIA MIA
107 | MNiA MIA /A MIA MIA
108 | N/A MIA /A MA MIA
109 | N/A MIA /A MIA MIA
110 | NA MIA /A MIA MIA
13% |Pipe  PWVC-ASTM  3-1/2inch schedule 40 5.012
201 [Fipe  PVC-ASTM  3-12inch schedule 40 9.012
202 [Fipe  PVC-ASTM  3-12inch schedule 40 8.012
203 [Fipe  PVC-ASTM  3-172inch schedule 40 5.012
204 [Fipe  PVC-ASTM  3-12inch schedule 40 9.012
205 [Fipe  PVC-ASTM  3-172inch schedule 40 8.012
206 [MN/A MIA /A MIA MIA
207 [MA A A A A
208 [MN/A MIA /A A MIA
209 [NA MIA /A MIA MIA
2100 [MNA M/A /A MA M/A
239 |Fipe  PVC-ASTM  3-1/2inch schedule 40 02

Figure 12: Cost Report and pipe sizes for the system with three independently varied pipe sizes
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The examples below utilize multiple AFT Fathom modules.

Combined Module Examples

Example Complexity Fluid Pipes Pumps Description

Learn how to use the GSC

Fixed Head Suo- module, XTS module, and

v Tank Advanced Water 3 1 cost calculations together to
ply ‘ank model system performance
over time.

Fixed Head Supply Tank - GSC XTS

Summary

Previous examples have illustrated how to use each of the AFT Fathom modules by themselves.
However, AFT Fathom also allows you to use the modules together, in any combination you choose. This
allows even greater flexibility in the types of analyses that can be accomplished using AFT Fathom.

This example shows how the GSC and XTS modules and cost calculations can be performed sim-
ultaneously by examining a fixed head supply tank system.

A process plant requires the delivery of water at a fixed head, regardless of the system demand. This is
accomplished by pumping the water to a supply reservoir, and maintaining a constant fill-level by varying
the supply pump speed as the process demands change. Throughout any 24-hour period the process
demands vary from as little as 115 m3/hr to peak demands of 570 m3/hr.

Use the GSC and XTS modules to analyze the system performance over a 24-hour period. Perform cost
calculations to determine the energy costs for the pump with this daily operation over one year.

Note: This example can only be run if you have licenses for the GSC and XTS modules.

Topics Covered

* Using the GSC and XTS modules and performing cost calculations simultaneously

Required Knowledge

This example assumes the user has already worked through the Beginner - Three Reservoir example, or
has a level of knowledge consistent with that topic. You can also watch the AFT Fathom Quick Start
Video Tutorial Series on the AFT website, as it covers the majority of the topics discussed in the Three-
Reservoir Problem example.
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In addition, it is assumed that the user has worked through the Beginner -Filling a Tank - XTS example,
the Beginner - Heat Transfer in a Pipe - GSC example, and the Beginner - Cost Calculation example and
is familiar with the basics of GSC, XTS module, and cost calculation analyses.

Model Files

This example uses the following files, which are installed in the Examples folder as part of the AFT
Fathom installation:

* Metric - Fixed Head Supply Tank - GSC XTS.fth

Step 1. Start AFT Fathom

From the Start Menu choose the AFT Fathom 13 folder and select AFT Fathom 13.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Fathom settings, unless you are specifically instructed to do otherwise.

Step 2. Define the Modules Panel

Open Analysis Setup from the toolbar or from the Analysis menu. Navigate to the Modules panel. For this
example, check the box next to Activate GSC and Activate XTS. Make sure Use is selected for GSC and
Transient is selected for XTS. Two new groups will appear in Analysis Setup titled Goal Seek and Control
and Transient Control. Click OK to save the changes and exit Analysis Setup. Open the Analysis menu to
see the two new options called Goal Seek & Control and Time Simulation. From here you can quickly
toggle between Ignore (normal AFT Fathom) and Use (GSC mode) for GSC and between Steady Only
(normal AFT Fathom) and Transient (XTS mode).

Step 3. Define the Fluid Properties Group

1. Open Analysis Setup from the toolbar or from the Analysis menu.
2. Open the Fluid panel then define the fluid:
a. Fluid Library = AFT Standard
b.  Fluid = Water (liquid)
i. After selecting, click Add to Model
c. Temperature =21deg.C

Step 4. Define the Pipes and Junctions Group

At this point, the first two groups are completed in Analysis Setup. The next undefined group is the Pipes
and Junctions group. To define this group, the model needs to be assembled with all pipes and junctions
fully defined. Click OK to save and exit Analysis Setup then assemble the model on the workspace as
shown in the figure below.
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P1

b Q100 @

Pipe Properties

1.  Pipe Model tab

Figure 1: Fixed Head Supply Tank model layout

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=5inch
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Lengths=
Pipe Length (meters)

1 9

2 150

3 30

Junction Properties
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1. J1 Reservoir

a. Tank Model = Infinite Reservoir
b. Liquid Surface Elevation = 9 meters
c. Liquid Surface Pressure = 0 barG
d. Pipe Depth =9 meters
2. J2Pump
a. Inlet Elevation = 0 meters
b.  Pump Model = Centrifugal (Rotodynamic)
c. Analysis Type = Pump Curve
d. Enter Curve Data =
Volumetric Head Efficiency
m3/hr meters Percent
0 150 0
280 60
570 145 80
850 70
1135 75 40
e. Curve FitOrder=2

3. J3 Reservoir

SQ - 2 0 T o

j.

Name = Supply Tank

Tank Model = Finite Open Tank

Known Parameters Initially = Both Parameters (Liquid Surface Level & Surface Pressure)
Cross-Sectional Area = Constant, 29 meters2

Liquid Level Specification = Height from Bottom

Liquid Height = 5 meters

Liquid Surface Pressure =0 barG

Tank Height = 6 meters

Pipe Depth = 5 meters

Tank Bottom Elevation = 6 meters

3. J4 Assigned Flow

Poob=

Elevation = 0 meters

Type = Outflow

Flow Specification = Volumetric Flow Rate
Flow Rate = 115 m3/hr
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Step 5. Define the Goal Seek and Control Group

Specify the variables and goals for the model.

Variables Panel

Open the Variables panel in the Goal Seek and Control group in Analysis Setup. For this example, we will
be adding one pump variable: pump speed.

Click New Variable and change the Junction Type to Pump. By default, J2 (Pump) and Variable Speed
will be selected for Object Number and Name and Variable Parameter, respectively. The Variables panel
should look now like Figure 2.

Analysis Setup x

Fo  Modies ~ ‘Vaid:ln

4O  Fluid Properties -

=3 7
A o - New Variable | | Duplicate Variable | | Delete Variable | | Delete Al Variables Parameters to vary in order o reach goals

— Zesly | ObjectType | JunctionType | ObjectMumber | Varsble | LinkTo | LowerBound | UpperBound
D! Transient - and Name Parameter (Optional) (Optional)

| Simulation Duration 1 Junction w | Pump | J2 (Pump) | Speed ~ | (None) |v|0

@ Goal Seckand Contrd ~ ~
| “Varizbles
| “Goals

Numerical Contrals

Steady Solution Conirol

Cost Selfings ~

=
@  Environmental Properfies
0

=]

Miscellancous ~
Note: Upper and lower bounds provide logical extremes for the search. Units for bounds are same as on Propetties window
A Invert
nnnnnn B 1+ Double-click or press right mouse button on the far left column to view the Specfications or inspection window.

Y Erors exist. Click here for details

Collapse All Groups @  Same As Parent P Hep f OK E3 Cancel

Figure 2: Defined Variables panel

Goals Panel

Navigate to the Goals panel. The desired goal is for the net volumetric flow rate into the junction to be
zero, which will keep the water level in the tank constant.

Click New Goal and change the Object Type or Reservoir. By default, Vol. Flow Rate New Into Jct
should be the selected Goal Parameter. Enter 0 as the Goal Value and select J3 (Supply Tank) for the
Object ID. The Goals panel should now look like Figure 3.
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Analysis Setup x
o Modules v ‘ Godls
AD  Fluid Properfies ~
E ™ b e @

D Pipes and Juncions ~ New Goal Duplicate Goal Delete Goal Delete Al Goals Desired gaals in Outout

et Contral s Apply | GoalType | Object Goal Criteria | Goal | Goal Object Object
e Type Parameter Value | Units D Location

! Simulation Duration 1 Pint | Reservair [~ Vol. FlowRate NetlntoJet v/ = 0 m3hr [] J3 (Reservoir) [v | NA |

(@@ Goal Seek and Control ~
& “Varisbles
&, “Goals

Numerical Contrels

ZH Steady Solution Control
B9  Environmental Properties
%0 CostSeliings ~
E®  Miscellaneous ~
Al | None || inver 5 |45/ &) Note: Double-cick o press ight mouse buton on the farleft column to view the Propetis o inspection windaw for 2 pie or junction
Callapse Al Groups = Same As Parent P Hep «f OK B3 cancel

Figure 3: Defined Goals panel

Step 6. Define the Transient Control Group

The XTS module is used to model the process demand changes over the 24-hour analysis period. Nav-
igate to the Simulation Duration panel in the Transient Control group to view the Transient Control set-
tings. Change the Start Time units to hours and enter a Stop Time of 24. For Time Step, changes the
units to minutes and enter 10. The Simulation Duration panel should now look like Figure 4. The tran-
sient analysis is now set to run for a period of 24-hours with a time step of 10 minutes. Click OK to save
and close Analysis Setup.

Analysis Setup X
[7©  Modules e Simulation Duration
&0  Fluid Properies v
Start Time: |0 hours ~
Pipes and Junchions
= L= Stop Time: |24
Transient Control o~ Time Step minutes w
@ “Simulation Duration Total Time Steps: 144
@® Goal Seek and Control A (® Save Output to File Every Time Step
(O) Save Intermediate Output To File Every 2 Time Steps
& “Varizbles
2 Finite Tank Liquid Level Adjustments
: “Goals

(®) Forward Difference
Numerical Controls () Central Difference

Z&H  Steady Solufion Conirol ~
feet
5  Environmentzl Properties
2@ CostSeilings ~
£ Miscellancous ~

Collapse All Groups #  Same As Parent 2 Help of OK m Cancel

Figure 4: Transient Control settings for a 24-hour period
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Step 7. Junction Transient Data

The flow variation in this model is driven by the J4 Assigned Flow junction. Open the J4 Assigned Flow
Properties window and select the Transient tab. The process flow demands are modeled as time-varying
flows. The flow profile over the 24-hour period is defined in the Transient Data table. Use Table 1 below
tofill in the Transient Data table. Then, click Show Graph and make sure the Junction J4 Transient Data
graph matches Figure 5.

Note that the time units are in seconds. Alternatively, you can change the preferred time units in User
Options from seconds to hours to change the units of this table, then enter the values in this table in
hours instead. However, to keep to the default units, this table is provided in time units of seconds.

Table 1: Transient Data table for J4 Assigned Flow

Data Point | Time (seconds) | Vol. Flow (m3/hr)
1 0 115
2 7200 115
3 14400 340
4 25200 450
5 28800 450
6 32400 570
7 43200 230
8 50400 115
9 57600 115
10 64800 340
11 68400 450
12 75600 450
13 82800 230
14 86400 115
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Assigned Flow Properties

Number: Upstream Pipe: 3 of
Name: |Assigned Flow e | m
Bevation
Library Jit: ~ wy
T
Copy Data From Jct ... ~
)
¥
Flow Model | [ Iransient | Optional | Designdlerts | MNotes | Status

Transient Special Condition
(@ None
() lgnore Transient Data

Initiation of Transient

® Time () Dual Event Cyclic
() Single Event () Dual Event Sequential

Transient Data
(® Absolute Values
(O Relative To Steady-State Value

OK
Cancel
Jump...

Help

Data Time Val. Flow

Point | (seconds) (m3'hr)
1 0 115
2 7200 115
3 14400 340
4 25200 450
5 28800 450
6 32400 570
7 43200 230
8 50400 115
9 57600 115
10 64800 340
11 68400 450
12 75600 450

[# EdtTable ~| | Show Graph...

[ Repeat Transient

m Transient
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Graph Parameter
# % By e ®
Format Graph... Copy Data Copy Image Print Graph Close
Junction 14 Transient Data
600
500
£ a0
(i)
E
_% 300
[T
2 200
100
0
0 10000 20000 30000 40000 50000 60000 F0o00 80000
Time (seconds)

Figure 5: Flow demand over 24 hours at the J4 junction

In addition, the J3 Reservoir junction is modeled as a finite reservoir (Figure 6). The J3 Reservoir can

potentially drain and fill, and the varying pump speed (and, hence, flow) is what will keep its liquid level at
15 feet. No further input is required for the Supply Tank.

- 457 -



Combined Modules Examples

Reservoir Properties

Name: |5LIDDh-' Tank ~ Cancel
Library Jct: hd T dump..
Copy Data From Jet... v =

2 Help

Reservoir Model | Pipe Depth & Loss Coefficients | Transient | Optional | DesignAMlerts | Cost | Motes | Status
Tank Model Known Parameters Initially

() Infinite Reservoir Bath Parameters w

(®) Finite Open Tank

() Finite Closed Tank

Liquid Surface Pressure
Cross-Sectional Area

(® Constant () Varable / l:l bar >
meters2

_\ Tank Height:
6 meters ~

Liquid Height: 7
(O Hevation @ Height from Battom O Pipe Bevation @ Pipe Depth
= _

e ==

Same Depth for All Pipes

L

Tank Bottom Elevation:

6 meters i

Reference

Figure 6: J3 Reservoir junction is finite, which means it can drain and fill

Step 8. Cost Settings

For this problem, the pump energy cost for the 24-hour analysis period is entered as a fixed energy cost

on the Cost Settings panel. Open the Cost Settings panel from the Analysis Setup window to view the
energy cost settings.

For Cost Calculation, select Calculate. Under Cost Definitions, check the box for Operation/Energy
because that is the only cost of interest for this example.

Set the Cost Time Period System Life to 1 year. The 24-hour operation is assumed to repeat every day
for this one-year period, and the total energy cost will be calculated assuming the 24-hour operation

repeats non-stop throughout the year. More complicated cost variation is possible when using energy
cost libraries.

For Energy Cost, make sure Use This Energy Cost Information is selected and enter a Cost of 0.12
U.S. Dollars Per kW-hr.

The Cost Setting panel should now look like Figure 7 below.
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Analysis Setup X
[Fo  Modues ~ | Cost Settings
@0  Fhid Properies ¥ Cost Calculation
: ) Caloulates the costs associated with system materias,
i  Pipes and Junclions ~ © Do Net Caleulate () Pump Energy Only @) Calcuiate e e e S
{9 Transient Conirol v Cost Defintions Energy Cost
_ () Use Eneray Cost Librariss
Goal Seckand Control -
e Monel 37,08, ® Use This Energy Cost Irfomation
Z&  Steady Soluion Contrl [ aterial ] Cost: U.5. Dollars e
[ Instalation
#5  Environmental Properies [] Maintenance Per. [kWr s
Operation/Energy Only this fixed energy cost set here wil be used. Al
€@ CostSeltings ~ Eneray Cost settings in the Librany Manager wil be
ignored
Cost Settings
Cost Time Period
£ Miscellancous
» h System Lfe: years v
Intersst Rate: %
R
Iflstion Rate: [0 | %
Aiways Wam for Incomplete Fipe: Subcamponert Costs
Collapse All Groups | Same As Parert P Hep o OK B3 cancel

Figure 7: Cost Settings window applies Operation/Energy cost, can set the energy cost, and specifies the
cost time period

Return to the Workspace and open the properties window for Pump J2. Navigate to the Cost tab and
under Cost Report, select Include Cost in Report. Click OK.

Step 9. Run the Model

Click Run Model on the toolbar or from the Analysis menu. This will open the Solution Progress window.
This window allows you to watch as the AFT Fathom solver converges on the answer. Now view the res-
ults by clicking the Output button at the bottom of the Solution Progress window.

Note: When the GSC and XTS modules are used simultaneously, the GSC module is rerun for each
time step. The GSC module variables are recalculated for the system conditions at each time
step to ensure the specified goals are always met. This will typically result in longer run times,
due to the increase in solution iterations that must be solved for each time step analysis.

Step 10. Examine the Output

When using multiple modules, the goal seek, transient and cost analysis results are shown in the Output
window in the same manner as when they are used individually.

First open Output Control and go to the Format & Action tab. In the Time Simulation Formatting section,
change the units to hours. Now all time units for XTS related output parameters will be shown using time
units of hours.

The GSC variable and goal results in the General Output section can be viewed for each time step by
using the slider bar at the bottom of the Output window, as shown in Figure 8.
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#  General \Wamings  Designdlerts CostReport | Pump Summary = Pump Transient = Reservoir Summary = Reservoir Transient | GSC Variables | GSC Goals
Time: | Object | Object | Parameter | Value | Units
0 Type

Variable

1 Pump J2 Speed

2402 Percent

¥ Pipes
¥ Junctions

Time: 0 seconds

u4>>|'

#  General Designdlerts = Cost Report | Pump Summary = Pump Transient = Reservoir Summary = Reservoir Transient | GSC Vaniables | GSC Goals

\arnings
Time:

12| Object
Varisble| Ty Obiject| Parameter| Value Units
Pump J2 Speed 4316 Percent

¥ Pipes

¥ Junctions

M| f[ k[ '

Figure 8: The slider bar at the bottom of the Output window can be used to view the transient results at any
time step, including the GSC module variable and goal results. The GSC variable results for Time = 0 hours
and Time = 12 hours are shown

Time: 12 hours

Cost data is displayed in the Cost Report in the General Output section, as shown in Figure 9. The one-
year energy cost for the supply pump in this example was $76,457.

% | General  ‘Warnings | Designerts | Cost Report | Pump Summary | Pump Transie L
E?g_l%g”;trss: Type | Name | Operation/Energy | TOTAL
TOTAL OF ALL MODEL COSTS 76.457
Total of All Shown Cosis 76,457 76.4h7
Pump Subtotal 76.457 76 457
J2 Pump Pump 76,457 76,457

Figure 9: The cost data is shown in the Cost Report in the General Output section of the Output window

Figure 10 shows how the GSC module varied the pump's speed over time with the varying process flow
rate.

Figure 11 shows that the water level in the process supply tank changes little over time because the net
volumetric flow is held constant. The pump speed changes to increase and decrease the flow in order to
keep the net flow into the Supply Tank zero. The minor changes in tank level are a result of the Forward
Difference tank level calculation and can be reduced using the Central Difference method and a finer
time step. These can be adjusted within the Transient Control section of Analysis Setup.
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Figure 10: The GSC module varies the supply pump speed as the process flow rate changes over time (top)
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Liquid Height, Net Volumetric Flow vs. Time
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Figure 11: The water level in the process supply tank (left axis) remains relatively constant over time and the
net volumetric flow rate (right axis) remains exactly at zero due to the variation in the pump speed

Summary

Individually, the AFT Fathom modules provide you with powerful analytical tools to assist you in the
design of your pipe systems. The ability to combine the capabilities of these tools provides you with even
greater and more powerful modeling capabilities.
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