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Walk-Through Examples

The AFT Arrow Examples Help System is designed to expose users to a range of applications and

improve their understanding of the AFT Arrow software. If you are new to AFT Arrow, start with the Air
Heating System Example, because it has the most in-depth discussion on how to create and run AFT
Arrow models. After this example, choose an example from the table below that most closely matches

your application.

Example

Complexity

Fluid

Pipes

Fans / Com-
pressors

Description

Beginner: Air
Heating Sys-
tem

Beginner

Air

A new AFT Arrow user
should start here. Get in-
depth instructions of model
building by solving an air
heating system problem.
Learn how to define a fluid
in Analysis Setup, place
pipes and junctions on the
Workspace, define pipes
and junctions, use the
Model Data window, run a
model, use the Output win-
dow, generate graphs in
the Graph Results window,
and view results in the
Visual Report window.

Flow Through
an Orifice

Beginner

Steam

Learn about the CdA value
for sonic choking in the Ori-
fice Properties window.
See how the effective flow
area affects the flow rates
and pressures in the sys-
tem.

Control Valve

Beginner

Steam

Learn how to define the
Convective Heat Transfer
model on the Heat Transfer
tab of the Pipe Properties
window. See how to use a
control valve junction to
determine pipe size. Learn
how to use the Output Con-
trol window to display rel-
evant heat transfer output
parameters.
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. . . Fans / Com- e
Example Complexity Fluid Pipes pressors Description
Learn how to use the Spe-
cified Heat Rate In Con-
stant thermal model in a
Natural Gas Heat Exchanger junction to
B Beginner Methane 16 0 obtain a desired outlet tem-

Burner .

S perature in a system. See
how to specify a resistance
curve as the loss model in
a Heat Exchanger junction.
Learn how to input a com-
pressor curve into a Com-
pressor/Fan junction. See

Compressed . . how to use the Scengrio
_p—Air Svstem Beginner Air 9 1 Manager to create different
Al=ysem system configurations.
Explore how to use the iso-
metric pipe drawing mode
in the Workspace window.
Learn about the Solution
Process Method panel in Analysis
S Intermediate Steam 17 0 Setup to see how the
Steam System
Length March Increment
impacts results.
Learn how to create a mix-
ture using the NIST
Hydrocarbon Intermediate Methane 4 0 REFPRORP fluid library.
Relief System Hydrogen See how and where mul-
tiple choking points occur
in the system.
Learn how to use the NIST
REFPRORP fluid library to
. . Methane §pecify multiple pure fluids
Refinery Relief . in a single system where
Beginner Ethane Pro- 6 0 oo

System pane dynamic mixing occurs.
See how to use Global
Junction Edit to make rapid
changes to junctions.
Learn how blower effi-
ciency affects pressure rise

. . and discharge tem-
Air Blower Siz- | | e rmediate Air 13 1 perature. See how using

ing

heat transfer further
impacts the pressure and
temperature results.
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Example Complexity Fluid Pipes Fans / Com- Description
pressors
Learn the basics of cost cal-
culations such as spe-
cifying material,
Compressed installation, and energy
Air System - Beginner Air 9 1 costs, connecting engin-
Cost eering and cost libraries,
and interpreting the Cost
Report in the Output win-
dow.
Learn how to create cost lib-
raries for pipe materials
and junctions. See how to
Process
Steam System | Intermediate Steam 17 0 use Scale Tables t.o allgw
—Cost costs to scale as pipe dia-

meters change. Learn how
to specify Material costs
versus Installation costs.

Beginner: Air Heating System

Summary

This example is designed to demonstrate the big picture of AFT Arrow’s layout and structure. Some of
the more basic concepts will be used to build a simple air heating system driven by a compressor.

Topics Covered

* Completing Analysis Setup

* Drawing the system with Pipes and Junctions

* Entering Pipe and Junction properties

Required Knowledge

This example assumes the user has not used AFT Arrow previously. It begins with the most basic ele-
ments of laying out the pipes and junctions and solving hydraulic methodology.

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

* Metric - Air Heating System.aro

Step 1. Start AFT Arrow

»>To start AFT Arrow, click Start on the Windows taskbar, choose the AFT Arrow 9 folder, then click
AFT Arrow 9 to launch the application. (This refers to the standard menu items created by setup. You
may have chosen to specify a different menu item during installation.)

After AFT Arrow opens, the Start-Up screen, as shown in Figure 1, appears and provides you with sev-
eral options before you start building a model. Some of the actions available are:

* Openarecent model, browse to a model, or browse to an Example
* Activate an Add-on Module
* Select AFT Standard Air 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 sets and check the box to Set as my Default.
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START A NEW MODEL MODELING PREFERENCES RESOURCES

Activate Modules (license needed) Units & User Setup
[ GSC (Goal Seek & Control) Unt System Check for Latest Release
[ XTS (Time Simulation) ©) US Only @ Both with US Defauits You are Currently Using
[ ANS (Automated Network Sizing) O Wetic Oniy © Beth with Metrc Defautts Version 9
Fitter
Select kaing = @ Al Units Subscribe to Receive Notifications
) Common Orly
g 1Will Select Fluid Later ) Common Plus Selected Industries Quick Start Guides
Use AFT Standard "Air"
O Select A Recently Used Fluid Ducting Compressed Arr
ele ecently Used Flul Pel Open POF Guide (US) (Metric)
. ipeline
AFT: A
& Watch Video (internet)  (US) (Metric)
" Show Sample Units ™" Load Units from CSV/
Help Files
QOpen Help File (US & Metric)

Modeling Preferences OpenExample Help  (US) (Metic)
Pipe Material File with Descriptions

Units: All US and Metric units (US defaults)
Language: English

Interace: 2-D workspace, grid notshown Video Tutorials
Default Pipe Material:

Il None

Show List of Available Online
Video Tutorials (internet)

Nate: For complete preferences, select User Options from the Taoks menu

Start Building Model
Remember My Preferences and Hide Discard and Hide

[] Dant Show This Startup Window Again

Figure 1: AFT Arrow Start-Up window

Click Start Building Model on the Start-Up window, the Workspace window is always the active (large)
window, as seen in Figure 2.The five tabs in the AFT Arrow window represent the five Primary Windows.
Each Primary Window contains its own Toolbar that is displayed directly beneath the Primary Window
tabs.

AFT Arrow supports dual monitor usage. You can click and drag any of the five Primary Window tabs off
of the main AFT Arrow window. Once you drag one of the Primary Windows off of the AFT Arrow window,
you can move it anywhere you like on your screen, including onto a second monitor in a dual monitor con-
figuration. To add the Primary Window back to the main AFT Arrow 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 Arrow 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 far right. It is possible to minimize the Quick Access Panel by clicking
on the thumbtack pin in the upper right corner of the Quick Access Panel in order to allow for greater
Workspace area.

The Workspace takes up the rest of the window.

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 the Annotation tool. The Pipe Drawing tool, on the upper left corner of the
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Walk-Through Examples

Toolbox, is used to draw new pipes on the Workspace. The Annotation tool allows you to create annota-
tions and auxiliary graphics.

Below the two drawing tools are twenty icons that represent the different types of junctions available in
AFT Arrow. Junctions are components that connect pipes and also influence the pressure or flow beha-

vior of the pipe system. The twenty junction icons can be dragged from the Toolbox and dropped onto the
Workspace.

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

A5 AFT Arrow - Untitled (Workspace) - m] x
File Edit View Analysis Tools Library Amange  Window Help
PEH& B OO08 & 07 Search: £ A B3 AnalysisSetup... | iy Run Model

*Workspace | 3 Model Dota | ESlQutput | [ Groph Results | % Visual Report )

EEE % o= -

=E
o) |
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o
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5o :

g b 2a Scenario | [E5] Properties

Notes

Base Scenario B Q 100% @ ® | =0 | Do ||| 0veviewMap = 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 Arrow window. This
opens Analysis Setup (see Figure 3). Analysis Setup contains seven groups(additional groups will be dis-
played if the GSC, XTS, or ANS modules are active). Each group needs to be completed before AFT
Arrow allows you to run the Solver.

Analysis Setup can also be accessed by clicking on the Status Light on the Quick Access Panel. Once
Analysis Setup is complete, the Model Status Light then turns from red to green.
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Analysis Setup X
[2®  Modules ~ | Aud
4! FluidFroperies - Fluids Available in Library
| Fluid ® AFT Standard (O ASME Steam Tables (O Chempak (O NIST REFPROP
2! Pipes and Junctions ~ Name ~
Air
ZH Steady Solufion Contral Ammoria
. . Argon
#9  Environmental Properfies  ~ Benzene
o i Butane
%@  Cost Setfings hd Carbon Dioxide v
£ e & v Addto Model v
Flids in Cument Model
Specific Heat Ratio Source
Equation of State: | Constant Z o oz [ ] ® Lbay O User
Enthalpy Model: | Refersnce ~
Edit Fluid List
Collapse Al Groups T Same As Parent P Hep 0K B3 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 Arrow because there are no modules activated
by default. No further input is required here.

B. Define the Fluid Properties Group

Next is the Fluid Properties group. This group allows you to choose a fluid, select an Equation of State,
and select an Enthalpy Model. Start by clicking on Fluid to open the Fluid panel (see Figure 4).

You can select a fluid from the standard AFT Arrow fluid library (AFT Standard), select ASME Steam
Tables, or select multiple fluids and/or create mixtures using the Chempak library or NIST REFPROP lib-
rary. You can also select a custom fluid, which will be shown in the AFT Standard list. Custom fluids are
created by opening the Library Manager from the AFT Arrow Library menu or by clicking the Edit Fluid
List button at the bottom of the Fluid panel and clicking Add New Fluid...

»>Select AFT Standard, select Air, then click Add to Model (see Figure 4). Leave the Equation of
State model as Redlich-Kwong and the Enthalpy Model as Generalized.

-10 -
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Analysis Setup X
[2®  Modules ~ | Aud
@P  Flud Properies - Fluids Available in Library
© “Fluid ® AFT Standard () ASME Steam Tables (O Chempak (O NIST REFPROP
2! Pipes and Junctions ~ Name ~
Air

ZH Steady Solufion Contral Ammonia
9  Environmenial Properies Benzene
o i Butane
%@  Cost Setfings hd Carbon Dioxide v
£ e & v Addto Model v

Flids in Cument Model

Air

Remove Fluid
Add to Library...
Specific Heat Ratio Source
Equation of State: | Redich-Kweng ~ @ Lbrary O User
Enthalpy Model: | Generalized ~
Edit Fluid List
Collapse Al Groups T Same As Parent P Hep 0K B3 cancel

Figure 4: The Fluid panel lets you select gases for the model and create mixtures

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
recirculating model, you will place five junctions on the Workspace. Then you will connect the junctions
with pipes.

l. Place the tank

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

Objects and ID numbers

Items placed on the Workspace are called objects. All objects are derived directly or indirectly from the
Toolbox. AFT Arrow 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 tank you have created 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.

-11 -
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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. Duplicating, cutting, copying, and pasting are all supported.

“Workspace | {Model Data | [ Output | 22 Groph Results | ® Visual Report |
Pl - @-(Ix[Mha-Aa ) E ¢

Base Scenario B G o100% | ) d | =0 01

Figure 5: Adding a tank junction to the model

Il. Place the other junctions

If the new junction type you want to add already exists on the Workspace, you have the option of duplic-
ating that junction. You do this by selecting the object on the Workspace and then either choosing Duplic-
ate from the Edit menu or pressing Control+D on the keyboard.

Drag a compressor/fan junction from the Toolbox and drop it somewhere to the right of the tank (see Fig-
ure 6). Next drag a branch junction and locate it above the compressor, then drag a heat exchanger junc-
tion and locate it above the tank. Finally, drag another tank junction and place it above the first tank
junction.

Note: The relative location of objects in AFT Arrow is not important. Distances and heights are defined
through Pipe and Junction Property windows. The relative locations on the Workspace establish
the connectivity of the objects, but have no bearing on the actual length or elevation rela-
tionships.

If the icons do not line up exactly, no problems will result. However, your model may have a nicer appear-
ance if the icons line up. You can align the icons by using the align features selected from the Arrange
menu.

Your model should now appear similar to that shown in Figure 6.

-12 -
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Figure 6: Adding additional junctions to the model

»Before continuing, save the work you have done so far. Choose Save As... from the File menu and
enter the file name Air Heating System and AFT Arrow will append the *.aro extension to the file name.

lll. Draw a pipe between J1 and J2

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

»To create a pipe, click the Pipe Drawing Tool icon on the Toolbox. The pointer will change to a cross
hair when you move it over the Workspace. Draw a pipe below the junctions, similar to that shown in Fig-
ure7.

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

-13 -
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Figure 7: Create a Pipe

»To place the pipe between J1 and J2, use the mouse to grab the pipe in the center, drag it so that its
left endpoint falls within the J1 Tank junction, then drop it there (see Figure 8). Next, grab the right end-

point of the pipe and stretch the pipe, dragging it until the endpoint terminates within the J2 Com-
pressor/Fan junction (see Figure 9).

7 Workspace | [ Model Data | [1Output | [ Graph Results | ® Visual Report |
P | - @ (Ivfhae-Al= ma I E ¢
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- i 3
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? [=]

M=
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o e n 2

an o 9

= )

= .
< >

Base Scenario L ~Q1UO§G =) { | & | +1 Os

Figure 8: Connecting pipe P1 to the tank J1
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Reference positive flow direction

On each pipe is an arrow that indicates the reference positive flow direction for the pipe. AFT Arrow
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 Pipe Direction button on the Workspace Toolbar.

The reference positive flow direction is used for reference purposes only and need not be the actual flow
direction.

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.

" Workspace LJ Model Data | [ Output | BGraph Results | &> Visual Report
P e - @k a-&A ) =
— AEE J4 J3
> @
=5
N @
il 54
B o
[ma N v} n J2
s ey o - <
= @
= o .

Base Scenaric B Q100 | = L J | == os

Figure 9: Connecting pipe P1 between two junctions

IV. Draw 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, position the mouse pointer on the J2 compressor/fan, then
press and hold the left mouse button. Stretch the pipe up to the J3 Branch then release the mouse but-
ton. Now draw a third pipe from the J3 Branch to the J4 Heat Exchanger, draw a fourth pipe from the J4
Heat Exchanger to the J5 Tank, and draw a fifth pipe from the J3 Branch to the J5 Tank. Your model
should now look similar to Figure 10.

Tip: Double-click the Pipe Drawing Tool in order to draw multiple pipes at a time, then deactivate the

Pipe Drawing Tool either by pressing the Esc key or single-clicking the Pipe Drawing Tool
again.

-15 -
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Figure 10: Workspace view after drawing remaining pipes

At this point all the objects in the model are graphically connected. Save the model by selecting Save in
the File menu or by clicking on the diskette button on the Toolbar.

Note: Some users find it desirable to lock 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 Workspace 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 in the User Options window from the Tools menu and specify that the pipes
and junctions snap to grid.

V. 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 Arrow's requirements. To see the status of the objects in your model, click the flood
light (Show Object Status) icon on the far right of the Workspace Toolbar (alternatively, you could choose
Show Object Status from the View menu). Each time you click the light, 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 the User Options window from the Tools menu.)

-16 -
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Because you have not yet defined the pipes and junctions in this example, all the objects’ ID numbers 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.

VI. Define Tank J1

To define the first tank, open the J1 Tank Properties window by double-clicking on the J1 icon. The
table on the Loss Coefficients should show you that Pipe 1 is connected to this tank.

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 Workspace Tool-
bar.

»Enter the Pressure as 0 barG (0 kPa (g)). You can assign any unit of pressure found in the adjacent
drop-down list box of units. Enter the Temperature as 40 deg. C and the Elevation as 0 meters.

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

You can give the component a name, if desired, by entering it in the Name field at the top of the window.
By default, the junction’s name indicates the junction type. The name can be displayed on the Work-
space, Visual Report 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 Jct list. The current junction will get the input properties from the library.

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

Using the folder tabs in the Properties windows

The information in the Properties windows is grouped into several categories and are placed on separate
tabs. Click the folder tab to bring its information forward. Figure 11 is an example of a Properties window.

Click the Loss Coefficients tab to show the pipe table. The pipe table allows you to specify entrance and
exit loss factors for each pipe connected to the tank (in this case there is only one). The default selection
is the loss factors specified as zero. To later change the loss factors, click within the pipe table and enter
the loss.

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 and temperature as well as other junction-specific data.

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

-17 -
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The Highlight feature displays all the required information in the Properties window in blue. The highlight
is on by default. You can toggle the highlight off and on by pressing the F2 key. The highlight feature can
also be turned on or off by selecting it on the User Options window. For the remainder of the examples,
we will keep the highlight feature 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.

Tank Properties

Number: o OK
MName: |Tank v| B Cancel
Library Jet: | Blevation ™.
Copy Data From Jct... v I:I meters > "
20 Help
Tank Model | Loss Coefficients | Optional | Designflerts | MNotes | Status
Tank Conditions
Fluid: Air w

Pressure: l:l barz e
Temperature: deg.C ~

[] Balance Energy in Tank

Figure 11: Properties window for Tank 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 the J1 tank icon and hold down the right mouse button. An information box
appears, as shown in Figure 12.

Inspecting is a faster way of examining the input in an object rather than opening the Properties window.

- 18 -
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Figure 12: Inspecting from the Workspace with right mouse button

VII. Define The Other Junctions

»Next, open the properties window for Compressor/Fan J2 (see Figure 13). Six compressor/fan mod-
els are provided. You can enter a compressor curve or you can enter a fixed mass flow rate or volumetric
flow rate. A fixed flow rate will force the specified flow through the system and the resulting pressure rise
will be calculated. A fixed pressure or head rise will apply the specified pressure or head at the com-
pressor/fan and the resulting flow rate will then be calculated. A compressor/fan curve will model the
actual performance of the compressor/fan. The pressure rise from a compressor/fan curve can be selec-
ted as either static or stagnation. The compression process models how the heat of compression affects
the gas temperature, which is important in compressor applications.

For this example, use Centrifugal Compressor and select Compressor Curve as the Compressor Model.
Click Enter Curve Data and enter the following data into the Compressor Configuration window:

Mass Pressure
kg/sec bar
0 0.6
0.45 0.7
0.90 0.5

Click Generate Curve Fit Now and then click OK. Make sure the Added Pressure selection is set to
Stagnation.

-19 -
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Set the Compression Process to Polytropic with a constant of 1.5. Last, enter an elevation of 0 meters.
Then click OK and the compressor/fan should be completely defined. Figure 13 shows the Com-
pressor/Fan Properties window.

Compressor/Fan Properties

Number: Upstream Pipe: 1 o OK
Name: |Cumpressur/Fan \/‘ Downstream Pipe: 2 Erar]
Library Jct Elevation
rary Jot: ~ =
Copy Data From Jet... ~
B Help
Compressor Model | Variable Speed | Optional | DesignAlerts | Motes | Status
Compressor Curve
" Enter Curve Data ..
gerrtrifuga\ Fan Positive
ompressar Displacement
Compressar Max X-Auis Value

Compressor Model

(® = Compressor Curve Oé} Sizing ;:

Added Pressure
(@) Stagnation () Static

Compression Process Thermodynamics 0.2
O Adisbatic o
@) Polytropic Cunstant. o 0.2 0.4 0E 0.8 1 1.2 1.4 18 18 2
() Detemine From Efficiency Data m' (kalsec)
Efficiency data not required and will be ignared.
PressureRise | Efficiency | Parameters and Constants

[7] Check Valve at Discharge (Mo Backflow Allowed)

meters/sec

Figure 13: Properties window for Compressor/Fan J2

»Open the Branch J3 properties window (see Figure 14). In this window, three connecting pipes
should be displayed in the pipe table area. You can associate loss factors with each pipe by clicking
within the pipe table and entering the data. These will be set to zero for this example.

»Enter an elevation of 0 meters for the Branch J3 (an elevation must be defined for all junctions). You
could also click the Optional tab and then specify a flow source or sink at the junction. For this example,
we will not use the Flow Source or Sink option in the Optional tab. Click OK and the branch is now
defined.
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Branch Properties

Number. o oK
Name: |Branch V| B3 Cancel
SR Elevation
rary Jet: ~ =
Jump....
meters ~ :
Copy Data From Jct... ~ ICI -
2 Help
Loss Coefficients | Optional | Designflerts | Motes | Status

K-Flow | K-Flow
Pipe | Dir. | into pipe | out of pipe

2 |In 0 ]
3 |Out 0 0
5 |Out 0 0

Figure 14: Properties window for Branch J3

»Open the Heat Exchanger J4 Properties window. The thermal behavior of the heat exchanger is
specified under the Thermal Data tab.

If you know the heat load for the exchanger, you can choose the Specified Heat Rate In thermal model
and enter the heat rate directly. Adding heat to the system fluid is positive (i.e., heat flows out of the junc-
tion) while cooling is negative (heat flows into the junction).

You also have the option of choosing among a number of common heat exchanger configurations such
as parallel and counter-flow. When you choose one of the other models, you must enter the secondary
fluid conditions, heat exchanger area and heat transfer coefficient data. The secondary fluid can be
either liquid or gas, although the models used to calculate heat transfer will be more accurate for liquids.

Whichever model is selected, the heat is added to or removed from the heat exchanger in accordance
with the input model. The pressure drop through the heat exchanger is based on the Loss Model that is
selected.

For this example, choose the Counter-Flow heat exchanger model with the following characteristics.
Heat Transfer Area = 1 meter2, Overall Heat Transfer Coefficient = 57 W/m2-K, Secondary Fluid Flow
Rate = 0.25 kg/sec, Secondary Fluid Specific Heat = 4 kJ/kg-K, Secondary Fluid Inlet Temperature = 50
deg C.
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The Thermal Data tab should now look like see Figure 15.

»Go to the Loss Model tab and specify the K factor at a value of 2. Enter an elevation of 0 meters,
then click OK and the heat exchanger should be completely defined.

Heat Exchanger Properties

Number: Upstream Fipe: 3 o 0K
MName: |Heat Exchanger v| Downstream Pipe: 4 m Cancel
Library Jct Elevation
rary Jet: ~ =
Jump....
meters w :
Copy Data From Jet w D
P Help
Loss Model | Thermal Data | Optional | Designflerts | Notes | Status
Thermal Model: | Counter-Flow w
KW
deg.C
Heat Transfer Area meters2 ~

Overall Heat Transfer Cosfficient: Wim2-K w

Secondary Fuid Data:

Flow Rate: kassec v
Specific Heat: I:I kdkg-K w
Inlet Temperature: deg.C w

Figure 15: Properties window for Heat Exchanger J4

»O0pen Tank J5 and enter a Pressure of 0.5 barG (50 kPa(g)), a Temperature of 40 deg. C and an Elev-
ation of 0 meters.

»Save the model again before proceeding.

VIIl. Define Pipe P1

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 choose Steel -
ANSI from the Pipe Material drop down menu, 4 inch for Size, STD (schedule 40) for the Type, and a
length of 3 meters.

»>O0n the Heat Transfer tab, select the Convective Heat Transfer model and for the Ambient Condi-
tions, set the Temperature to 5 deg. C, the Fluid Velocity to 25 km/hr, and the Fluid to Air (see Figure 17).
Click OK. Pipe P1 is now defined.
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Pipe Properties
Number: Upstream Junction: 1 o OK
Name: Fipe Downstream Junction: 2 Cancel
Copy Data From Pipe w Jump
2 Help
Pipe Model | Fittings & Logses M Heat Transfer | DesignAlerts | Optional | Notes Status
Size Length
Pipe Material: | Steel - ANSI i meters ~
Pipe Geometry Cylindrical Pipe ~ ] Model As Junction Connectar
Size: 4inch bl
Type: STD (schedule 40) ~
Inner Diameter: 10.22604 cm ~
cm
cm
[1 1D Reduction {Scaling):
Friction Model
Data Set
= Absolute Roughness ~ Load Default
(O User Specfied
0.004572
® [Sandard am z
Figure 16: Properties window for Pipe P1
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 v
Resistance Geometry: Radial ~
Fluid Velocity km/hr ~
Mumber of Insulation Layers: | Mone ~
Fluid
® Ar () Water
Load Default
Resistance ., | Conductivity/Convection :, . HT Area Convection
Type Apply a Source Conductivity Thickness Ratio Coefficient
Units lim-K. | cm ~ Wlim2-K ~
Fluid Internal Correlation ~ 1 Gniglinski ~
Pipe Wall Material Library ~ From Library 0.60198 1
External Correlation v 1 Forced (Churchill-Bernstein) ~

Figure 17: Heat transfer data for Pipe P1

The Pipe Properties window

The Pipe Properties window offers control over all important flow and heat transfer parameters that are
related to pipes.
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The Inspection feature also works within the Pipe Properties window. To Inspect a connected junction,
position 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 the junction properties windows for checking connected pipe properties.

By double-clicking the connected junction number, you can jump directly to the junction's properties
window. Or you can click Jump to jump to any other part of your model.

IX. Define Other Pipes

»Open the Pipe Properties window for pipe P2 and choose pipe P1 from the Copy Data From Pipe
drop-down menu (alternatively you can click the Copy Previous button). Choose all the properties and
click OK. This will copy all pipe P1 input data to pipe P2. Then change the length of pipe P2 to 9 meters.

Open the other three Pipe Property windows and similarly copy all input data from pipe P1. Set the length
of pipe P4 to 1.5 meters. Note that pipes P1, P3, and P5 will all have the same exact input data.

After completing the last pipe, all groups in Analysis Setup should be complete.

X. Check Pipes And Junctions

»Check if all the pipes and junctions are defined. If not, turn on the Show Object Status from the
View menu and open each undefined pipe and junction. The Status tab will indicate what information is
missing.

XI. Check Model Data

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

Reviewing input in the Model Data window

The Model Data window is shown in Figure 18. To change to this window, you can select it from the
Primary Window tabs or the Window menu, or by pressing CTRL+M. The Model Data window provides a
tabular format for your model's input property data. Data in the Model Data window can be selected and
then copied and pasted 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 area is called the General Section, the middle area is
the Pipe Section, and the bottom area is the Junction Section.

The Model Data window allows access to all Properties windows by double-clicking the appropriate 1D
number in the far left column of the table. You may want to try this right now.

-24 -



Walk-Through Examples

Mode! Data o x
Be &®mE

% | General |Notes

Number Of Pipes=5
Number Of Junctions= 5

Length March Solution Method with Mach Number Limits
Segments Per Pipe=2

Mach Number Increment= 0.01

Pressure Tolerance= 0.0001 relative change

Mass Flow Rate Tolerance= 0.0001 relative change >
Enthalr: Tal 010007 ralstive chan

% | Pipes | Pipe Fittings & Losses  Pipe Detail Summary

Pipe | Name | Pipe | Junction | Length | Length | Hydraulic | Hydraulic | Friction | Roughness | Roughness | Losses (K) | Initial Flow | Initi &
Defined | Connector Units | Diameter | Diam. Units | Data Set Units L

1 |Fipe Yes Mo 3 meters 10.22604 cm Standard 0.004572 em 0
2 |Pips Yes Mo 9 meters 1022604 cm Standard 0.004572 em 0
3 |Fipe Yes Mo 3 meters 10.22604 cm Standard 0.004572 cm 0
4 |Pips Yes Mo 15 meters 1022604 cm Standard 0.004572 em 0 v

% | Branch | Compressor/Fan Heat Exchanger Tank

Branch | Wame | Object | Elevation | Elevation | Initial Pressure | Initial Pressure | Library | Special Boundary Flow | Boundary Flow
Units

Defined Units Source | Condition (+=in/- = out) Units
3 Branch fes 0 meters None
< >
Base Scenario g, 100% | =) ) +

Figure 18: The Model Data window shows all input in text form

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, Cost Set-
tings, and Miscellaneous. All seven groups should have a green checkmark next to its name. Click OK.

Step 3. Run The Solver

»Choose Run Model from the Toolbar or Analysis menu. During execution, the Solution Progress win-
dow displays (see Figure 19). You can use this window to pause or cancel the Solver's activity. 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 20). 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 prin-
ted out on the printer.
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Solution Progress - Complete

Maximum herations: 50000 Run Time: |3.12 é

Solution Method: Length March with Mach & Limit - Length Increment = 2, Mach Limit = 0.01

Relaxation: Automatic

Abzolute Tolerance  Relative Tolerance Total kerations
Max Out of Tal. Max Out of Tal.

Pressure: 1.0E-04 Relative Change |3.2'|[|'E—|]’5‘ | |2_1 11E09 | |2DE |
Mot used (Absolute Change bar)

Mass Flow Rate: 1.0E-04 Relative Change |2_171 E05 | |5.1‘IEE—I}5 | 70 |
Mot used (Absolute Change kg/sec)

Enthalpy: 1.0E-D4 Relative Change |5_‘3'|}5E-DE | |'I.14?E—'I 0 | 70 |
Mot used (Absolute Change kd/kg)

Concentration: 1.0E-04 Relative Change | | | | | |
Mot Used (Absolute Change)

Determining connectivity. ..

Initializing model. ..

Checking ff sonic choking exists based on intial guesses...

Running Salver...

Writing output to file....

Calculations complete.

Other [} by [ = =
Actions Cancel Graph Results. .. Visual Report. .. Output...

Figure 19: The Solution Progress window displays the convergence progress
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Output o x
B & LB 5B
% | General |\Warnings = DesignAlerts = Compressor/Fan Summary = Heat Exchanger Summary = Tank Summary
Execution Time= 3.14 seconds ~
Total Number Of Pressure terations= 208
Total Mumber Of Flow fterations= 70
Total Number Of Enthalpy tterations= 70
Mumber Of Pipes= 5
Number Of Junctions= 5
Matrix Method= Gaussian Elimination
Bl B L Cloaio— RA_al_d..al RA— L RL._L__l:_a_ 5
>
& | Fipes | faal Points | Heat Transfer
Name | Mass Flow Vel Wel. Mach Mach dP Stag. P Stag. | PStag. | P Static | P Static T -
Pipe Rate In Out Hin # Out Total In Out In Out Stag.
(ka/sec) | (metersisec) | (meters/sec) (bar) (bar) (bar) (bar) (bar) (deg. C)
1 |Pipe 0.7879 87 8544 024283 025431 0.0223086 1012 05309 05705  0.9474 1.302
2 |Pipe 0.7879 64.76 6518 017011 017335 0.0478237 1569 15210 15376 14835 8.930
Pipe 0.2381 19.43 1906 005154 005106 0.0015160 1621 15185 15182 15167 7178 v
= — - P T I R P P T R -
& | AllJunctions | Branch = Compressor/Fan = Heat Exchanger  Tank
Name Mass Flow Rate | dP Stag P Stag. | PStag. | P Static | P Static dT TStag. | TStag. | TStatic | T Static a
Jct Thru Jct Total In Out In Out Stag. Inlet Outlet In Out
(ka/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deg. C) | (deg.C) | (deg.C) | (deg. C
1 |Tank 0.787% 0000000 10133 1013 10133 1013 0.000 40.00 40.00 40.00 400
2 | Compressor/Fan 07873 -0577838 05%09 1563 05474 1538 -51.931 3870 50.63 34N 83f
3 | Branch N/A 0000000 15210 151 15015 1501 0.000 2164 2164 80.34 80w
< >
Base Scenario Q100% | = H} +)

Figure 20: The Output window displays output in text form

Step 4. Examine 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.

A. Specify Output Control

By default, AFT Arrow 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 Arrow (see Figure 1). A
default title is also assigned in the Output Control.

»Open Output Control from the from the Common Toolbar or Tools menu. (Figure 21 shows the Out-
put Control window). Click the General tab, enter a new title (if you like you can title this Air Heating Sys-
tem), 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 from
the Display Parameters tab. You also can choose the units for the output.
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OQutput Control
Display Parameters | General | Eormat & Action | Show Pipesldcts | JetDeltas | Multi-Scenario

3 Pipes T Junctions | 4 Compressor/Fan | £ Valves | Ay Heat Exchangers | L Tanks | @ Cost Report | @ Heat Transfer

| Filter | Show Qutput in This Order Reorder
Available Output Parameters Parameter Units & |f
Area Flow o 34| Name of Fipe v
Compressibility Factor Average (; 1| Mass Flow Rate kgisec ~
Compressibility Factor Inlet i . .
Compressibility Factor Outlet G| Velocity Inlet metersisec R
Concentration Mass Fraction 3| Velocity Outlet meters/sec w
Concentration Mole Fraction 4| Mach Number Inlet
Conductivity Average 43| Mach Humber fn
Conductivity Inlet ﬁ Mach Number Outlet

Conductivity Outlet

F=T
45
T
Convection Cosf. Extemal Add ;1| Pressure Loss Stag. Total bar ~
Convection Coef. Intemal (3| Pressure Stagnation Inlet bar w
Convection Coef. Overal =
Density Stagnation Average E: ,: Pressure Stagnat\on Dutlet bar i
Density Stagnation Inlet (; 1| Pressure Static Inlet bar ~
Density Stagnation Outlet 3 . )
Density Stafic Average L’: | Pressure Static Outlet . bar
Density Static Inlet ] ;1| Temperature Loss Stagnation deg. C ~
< 3 (23| Temperature Stagnation Inlet deg. C w
118 of 118 parameters shown (unfitered) 34| Temperature Stagnation Outlet deg.C ~l,
al— v e P
. . - . Show
Alphabetical | Categorized Description Remove Clear All Same Lnits Use Prefemed Units
Load Control Format... User Default Amow Default o QK
@ Same As Parent Save Control Format.... Set as Default P Help Cancel

Figure 21: The Display Parameters tab allows you to customize which output data is displayed in AFT Arrow

B. Modify The Output Format

If you selected the default AFT Arrow Output Control, the Pipe Results table will show mass flow rate in
the second column with units of kg/sec.

»Select Output Control from the Tools menu. On the right side of the Display Parameters tab for
Pipes is the list of selected output parameters that will be displayed in the Output window. The left side
shows parameters that are not in the current output report, but can be added at your option. You can view
the list on the left either alphabetically or by categories by clicking the appropriate tab. On the list on the
right, click Mass Flow Rate and change the units by selecting kg/hr from the drop-down menu.

»Click OK to display changes to the current results. You should see the mass flow rate results, still
in the second column, in units of kg/hr. Notice the Velocity Inlet (Vel. In) results in the third column.

»Select Output Control from the Tools menu one more time. Select the Pipes in the Display Para-
meters tab. The parameters can be reordered by clicking the Reorder arrows on the right of the list, or by
dragging the Reorder parameter icon on the left of the Output parameter you would like to reorder.

»Select the Velocity Inlet parameter and 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 Vel. In (Velocity Inlet), the second column now contains the pipe name, and
the third column the mass flow rate. The Output Control window allows you to obtain the parameters,
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units, and order you prefer in your output. This flexibility will help you work with AFT Arrow in the way that
is most meaningful to you, reducing the possibility of errors.

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

C. View The Visual Report

»Change to the Visual Report window by clicking the Visual Report tab or by choosing it from the Win-
dows menu. This window allows you to integrate your text results with the graphic layout of your pipe net-
work.

»Click the Visual Report Control button on the Toolbar (or Tools menu) and open the Visual Report
Control window, shown in Figure 22. The default list of parameters are filtered such that only the para-
meters currently displayed with the Output Control are shown. You can also set the Parameter Filter
such that All Available Parameters will be visible. For now, select Velocity Outlet in the Pipe Results list
and Pressure Static Inlet in the Junction Results list. Click the Show button. The Visual Report window
graphic is generated as shown in Figure 23.

It is common for the text in the Visual Report window to overlap when first generated. You can change
this by selecting smaller fonts or by dragging the text to a new area to increase clarity (this has already
been done in Figure 23). This window can be printed or copied to the clipboard for import into other Win-
dows graphics programs, saved to a file, or printed to an Adobe PDF file.
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Visual Report Control - Qutput Mode

Display Mode

O Input Y

Automatically Refresh Visual Report After Run

Dizplay Farameters General Display Show Selected Pipes/Junctions Color Map

=/ [W]: Pipe Qutput ~ = [W] Commeon Junction Output "
[ Velocity Inlet (meters/sec) [ Mass Flow Rate Through Junction (kg/sec)
[ Mass Flow Rate (kg/sec) [ Pressure Loss Stagnation Total (bar)
Velocity Outlet (meters/sec) [ Pressure Stagnation Inlet (bar)
[0 Mach Number Inlet [0 Pressure Stagnation Outlet (bar)
[ Mach Number Qutlet Pressure Static Inlet (bar)
[ Pressure Loss Stag. Total (bar) [ Pressure Static Outlet (bar)
[ Pressure Stagnation Inlet (bar) [] Temperature Loss Stagnation (deg. C)
[ Pressure Stagnation Outlet (bar) [0 Temperature Stagnation Inlet (deg. C)
[ Pressure Static Inlet (bar) [0 Temperature Stagnation Outlet (deg. C)
[ Pressure Static Outlet (bar) [0 Temperature Static Inlet (deg. C)
[] Temperature Loss Stagnation (deg. C) [ Temperature Static Outlet (deg. C)
[0 Temperature Stagnation Inlet (deg. C) [0 Enthalpy Loss Stagnation (kJ/kg)
[ Temperature Stagnation Outlet (deg. C) [ Enthalpy Stagnation Inlet (kJ/kg)
[0 Temperature Static Inlet (deg. C) [0 Enthalpy Stagnation Outlet (kJ/kg)
[0 Temperature Static Outlet (deg. C) w [ Enthalpy Static Inlet (kJ/kg) w

< > B >
Al | MNone || Invert = 8t Al || None || Invert = &t

The features on this tab are specified for the output mode only.

n Save Options...

=  Same As Parent .j’ Load Options...

W™ Reset Locations

D Help B Cancel

Figure 22: The Visual Report Control window selects content for the Visual Report window
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Visual Report o x

@D EHE AL A BN |-

J4

F3
Fin=15% W Out= 19 n
- Pln=15
PIPE UNITS
Velocity Qutlet (V Qut) = meters/sec
P2
- VOut=65 JUNCTION UNITS
P In=nla Pressure Static Inlet (P In) = bar
=]
W Out= 89
G - U2
a1 P In=0.85
Pin=1.0
< >
Base Scenario e Q 100% | @ I} +)

Figure 23: The Visual Report window integrates results with model Layout

D. Graph The Results

»Change to the Graph Results window by clicking the Graph Results tab, choosing it from the Win-
dows menu, or by pressing CTRL+G. The Graph Results window offers full-featured Windows plot pre-
paration.

The Graph Parameters section will automatically be displayed in the Graph Control tab on the Quick
Access Panel on the far right of the Graph Results window. The Graph Parameters section on the Graph
Control tab is where you can specify which graphs you would like to generate. Multiple types of graphs
can be generated such as Profiles, Compressor/Fan vs. System Curves, System Curves, or Solutions.

Select the Profile Graph tab in the Graph Parameters area in the Graph Control on the Quick Access
Panel. Plot Single Path selected by default, select pipes P1 through P4 from the Pipes list. Choose Pres-
sure Static, if not already selected, from the Parameter drop-down menu. Make sure meters as the
Length Units and bar as the Pressure Static Units. Then click Generate. The Show Junction Locations
feature is located on the Graph Results Toolbar and can be enabled or disabled by clicking the icon (see
Figure 24).

A graph appears showing the static pressure along the flow-path defined by pipes P1 through P4 in Fig-
ure 25.

You can use the other buttons in the Graph Results window to change the graph appearance and to save
and export 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.
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5 AFT Arrow - Metric - Air Heating System.aro (Graph Results) - u] X
File Edit View Analysis Tools Libray Arrange Window Help
BRE& B O08 & [ & | B3 AnalysisSetup.. [P Run Model
7~ Workspace | {3 Model Data | [Output | 2 Graph Results | @ Visual Report | Graph List Manager L
q =] =
=] T, 3 = {2 What Would You Like to Do? + - =
122 My Graphs
[ Parameters = Formattina >
Compressor/Fanvs. System Curve B Frofile
Pipes: Plat Single Path -
N O Fipe 7]
0z Fipe
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e mER
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Muti<cenario... = || Curent Only
Length Units: | feet -
Select Parameter 4 Add - X Remove
Parameter Units DA
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Base Scenario [ Ovenview Map [=] Add-on Medules | Q)

Figure 24: The Graph Parameters section of the Graph Control tab on the Quick Access Panel controls the
Graph Results content

A3 AFT Arrow - Metric - Air Heating System.aro (Graph Results) - m} x
File Edit View Analysis Tools Librayy Amange Window Help
= B s 3 & | B3 Analysis Setup... Run Model
-
=
/" Workspace | {7 Model Data | EfOutput | P2 Graph Results ‘ ® Visual Report | Graph List Manager F)
BBy & B e e =il ] |2 @ £ What Would You Like to Do? | | 4 8
== My Graphs
Pressure Static vs. Flow Length = ra— i rommtin
21 J2 J3| J4 J5,
Compressor/Fanvs. System Curve B3 Ercile
e Pipes: Plot Single Path -
T
0 15 A 1 Pipe
— 2 Ppe
= None 3 Pips
=
nvert
= | L 05  Pes
w Workspace
o Special
=
w
8 o5 Multiscenario .+ | | Current Orly
a Length Units: | fest B
PrESSUre Statlc Select Parameter & Add - Remove
0 Parameter Units DA
0 10 20 0 40 50 60 1 Fressure Sistic ~] bar -0
Flow Length (feet) emErE o
B x e F o~ seuScenario | [ Graph Control
Base Scenario [ Ovenview Map [=] Add-on Modules (@)

Figure 25: The Graph Results window offers full-featured plot generation

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

This example demonstrates a sample calculation to determine the maximum flow through a system
where sonic choking occurs, as well as the sonic pressure and area, and it explores the effect of CdA on
the system flow rate.

Topics Covered

* Determining the maximum flow through a system
* Determining sonic (stagnation) pressure
* Determining sonic area

* Using scenarios

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Orifice Flow.aro

Problem Statement

For this problem, steam flows from one tank to another, through an orifice.

The first pipe from the inlet tank to the orifice is 3 meters long, and the second pipe leading from the ori-
fice to the discharge tank is 6 meters long. Both pipes are 2 inch, STD (schedule 40) pipes, and are well
insulated (adiabatic).

The inlet tank has a pressure of 16 barG (1600 kPa (g)) and a temperature of 260 deg. C. The discharge
tank has a pressure of 0 barG (0 kPa (g)). Set the discharge temperature to 260 deg. C. The discharge
temperature is not important in this case because no fluid is entering the system at the discharge, so the
fluid temperature cannot impact the system temperature. Both tanks are at 0 meters elevation.

The orifice at the end of the first pipe has an area of 20 cm2, and a K Factor of 10.
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Flow Through an Orifice

Determine the following:

1. What is the maximum flow through the system?
2. Whatis the sonic (stagnation) pressure at the system exit?
3. Atthe maximum flow, what is the sonic area at the orifice? At the discharge tank?

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Step 2. Define the Fluid Properties Group

1. Navigate to the Fluid panel in Analysis Setup
2. Define the Fluid panel with the following inputs
a. Fluid Library = AFT Standard
b.  Fluid = Steam
i. After selecting, click Add to Model
c. Equation of State = Redlich-Kwong
Enthalpy Model = Generalized
Specific Heat Ratio Source = Library

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 window showing the model layout for Flow Through an Orifice 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.

Pipe Properties

1. Pipe Model tab

a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=2inch
d. Type=STD (schedule 40)
e. Friction Model Data Set = Standard
f. Lengths=
Pipe Length (meters)
1 3
2 6

Junction Properties

1. J1Tank

a.
b.

Name = Inlet Tank
Elevation = 0 meters
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c. Fluid = Steam
d. Pressure =16 barG (1600 kPa(g))
e. Temperature =260 deg. C
2. J2 Orifice
a. Elevation =0 meters

b. Orifice Type = User Specified
c. Subsonic Loss Model = K Factor
d. Orifice Dimensions = Area
e. Area=20cm2
f. K=10
3. J3Tank
a. Name = Discharge Tank
b. Elevation = 0 meters
c. Fluid = Steam
d. Pressure =0 barG (0 kPa(g))
e. Temperature =260 deg. 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. 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Specify the Output Control

Open the Output Control window by selecting Output Control from the Toolbar or Tools menu.

The Output window (Figure 2) contains all the data that is specified in the Output Control window. The
window starts with a default set of outputs, which is normally sufficient. You can also specify the units for
each output parameter from this window. For this example, change the Pressure Stagnation Inlet units to
barG (after making the change, click Same Units below the Output list, then click OK to change all pres-
sure units to barG. Next, click the Junctions button at the top and change the Sonic Flow Area units to
cma2.

Step 6. Examine the Output

Because this system chokes at the discharge tank, the Sonic Choking tab appears in the General section
of the Output window. This tab will appear when sonic choking occurs in the system, and will contain
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messages pertaining to the sonic choking conditions.

Because the flow is choked at the exit, the mass flow rate shown in the Output reflects the maximum flow
rate through the system for the given conditions. The maximum flow rate through this system is 1.966
kg/sec. The stagnation pressure at the exitis 5.617 barG (561.7 kPa(g)). The output in the junction data
portion of the Output window shows the Sonic Area at the orifice is 8.890 cm2, and the Sonic Area at the
discharge tank is 21.647 cm2.

/" Workspoce | §f|Model Dota | 3 Output | [82 Graph Resuits | ® Visual Report
[l = TR R

A | General | Wamings | Design Alerts | Sonic Choking | Tank Summary

Messages

For an explanation of Wamings, click an item in this list and press F1 or search for Wamings' in the Help system.

A | Pipes | Axial Points = Heat Transfer

Name | Mass Flow Vel Vel Mach Mach | dPStag | PStag. | PStag. | P Static | P Static dT TStag. | TStag | TStatic | T Static dH HStsg | HStz

Pipe ate In Out Zin #0ut Total In Out In Out Stag Inlet Outlet In Out Stag In Out
(kg/sec) | (meters/sec) | (meters/sec) (bar) (barG) | (barG) | (barG) | (barG) | (deg C) | (deg. C) | (deg C) | (deg.C) | (deg C) | (ki’kg) | (kMkg) | (kdk

1 |Pipe 1,966 1289 1346 02402 02507 06790 16000 15321 15406 14700 08822 260.0 2591 2564 2862 0 2930 2!
2 |Fipe 1.966 2281 5080 04239 098%9 35319 9208 5617 8126 2676 80053 2505 2425 2385 1811 0 2,930 2!

>

A | AllJunctions | Orifice  Tank

Name Mass Flow Rate | dP Stag. | P Steg. | PSteg. | PStatic | PStatic | dT | TSteg. | TSwg. | TSwtic | TSmtic | dH | HStag. | HStg. | HSwtic | HSmtic | Sonic

Jot Thru J Total in u In Oui Stg. | Inlet | Ouflet | In Out_ | Stag In Out In Out | Area
(kg'sec) (bar) | (ba) | (ba) | (ba) | (bar) | (deg.C) | (deg.C) | (deg. C) | (deg.C) | (deg.C) | (kika) | (kihkg) | (kihkg) | (kifkg) | (kIikg) | (em2)

1 [Inlet Tank 1966 0000 17013 17013 17013 17013 0000 2600 2600 2600 2600 0 298 2328 2928 2928 8541

2 |Orfice 1966 6112 16334 10222 15713 9140 BE7S 2594 2505 2852 2385 0 293 2330 2321 2804 28%0

3 | Discharge Tank 1966 5817 B3 1013 382 N 17482 2425 2600 2425 2600 0 2973 2873 2873 2873 21847

Base Scenaric

Q 100 | © {} £

Figure 2: Output window showing results for Flow Through an Orifice Example

Step 7. System Modification

Set the CdA (for Sonic Choking - Optional) in the Orifice Properties window to 20% higher than the sonic
area and then 20% lower than the sonic area, and rerun the model for each scenario. How do the results
change for each case?

Note: This is a situation where a user can create two new scenarios using the Scenario Manager to
examine several what-if situations, without disturbing the basic model.

Step 8. Re-evaluate the Model

Setting the orifice CdA higher than the sonic area has no affect on the model because the system is
already choking at the exit. Setting the CdA 20% lower than the sonic area (7.112 cm2) causes the flow
rate to decrease to 1.594 kg/sec, and the exit discharge stagnation pressure to decrease to 4.360 barG
(436.0 kPa(g)). Also, lowering the CdA has caused the system to choke in two places rather than just
one. This can be seen on the Sonic Choking tab in the General section of the Output window.
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Summary

This example will walk you through a simple calculation to calculate a pipe size for a system with a con-
trol valve.

Topics Covered

* Using flow control valves

* Entering and changing pipe size data

* Adding items to the output using Output Control
*  Modifying output using Output Control

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Control Valve.aro

Problem Statement

For this problem, steam flows from one tank to another. The pipe between the tanks is horizontal, and
140 meters long. A control valve is used to control the flow. The control valve must have a pressure drop
of atleast 1.5 bar (150 kPa) to operate correctly. Assume the control valve is in the middle of the pipe.
The ambient temperature is 15 deg. C. The pipe has an ambient air velocity of 25 km/hr, and no insu-
lation. The inlet stagnation pressure and temperature values are 16 barG (1600 kPa(g)) and 220 deg. C,
and the outlet stagnation pressure and temperature values are 9 barG (900 kPa(g)) and 220 deg. C.
Note that the discharge temperature does not have an impact on calculations unless the discharge
boundary happens to be supplying flow. Therefore, an assumed temperature can be used.

The pipe must be sized correctly to allow 2 kg/sec to flow from one reservoir to the other. Consider only
STD (schedule 40) pipes.
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Control Valve

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Step 2. Define the Fluid Properties Group

1. Navigate to the Fluid panel in Analysis Setup
2. Define the Fluid panel with the following inputs
a. Fluid Library = AFT Standard
b.  Fluid = Steam
i. After selecting, click Add to Model
c. Equation of State = Redlich-Kwong
Enthalpy Model = Generalized
Specific Heat Ratio Source = Library

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 | 1= Graph Results | &> Visual Report
P - @- (XM a-A ) = 9

= 2= n 52 53
o, O—*
o ¢
=]
?N
ET
o=
ma o]
D i
>
Fo|, -

Base Scenario B Q100 = 1} d | +—2 | H3

Figure 1: Workspace window showing the model layout for Control Valve 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.

For this example, you need to find the correct pipe size but you are limited to STD (schedule 40) pipe
sizes. You need to use your engineering judgment to take an initial guess at the pipe size for 2
kg/sec. Try 2-'2 inch pipe. Specify the pipes as follows:

Pipe Properties

1.  Pipe Model tab

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe

Size = 2-1/2 inch

Type = STD (schedule 40)

Friction Model Data Set = Standard
f.  Length =70 meters

2. Heat Transfer tab

P Qa0 T o

a. Heat Transfer Model = Convective Heat Transfer
b. Temperature =15deg.C
c. Fluid Velocity = 25 km/hr
d.  Fluid = Air
Pipe Properties
Number. Upstream Junction: 1 o OK
Name: |Piue Downstream Junction: 2 m Cancel
Copy Data From Fipe... ~ | | Copy Previous... Jump
2 Help
Fipe Model | Fittings &Losses | [ HestTransfer | DesignAlerts | Optional | Netes | Status
P S z P Ambient Conditions
= ranster Vioael: onvective ne, ranster v
Temperature: deg.C v 2
Resist, Geometry: Radial ~
s Fluid Velocity km/hr v
Mumber of Insulation Layers: | Mone ~
Fluid
® Ar () Water
Load Default
Resistance ar. | Conductivity/Convection :, . HT Area Convection
Type Apply Data Source Conductivity Thickness Ratio Coefficient
Units lim-K ~ | cm ~ lim2-K ~
Fluid Internal Correlation ~ _— 1 Gniglinski ~
Fipe Wall Material Library | From Library 05155139 1
External Carrelation 5 _— 1 Forced (Churchil-Bernstein) ~

Figure 2: Pipe Heat Transfer Properties window

Junction Properties
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1. J1Tank
a. Elevation =0 meters
b. Fluid = Steam
c. Pressure =16 barG (1600 kPa(qg))
d. Temperature =220 deg. C
2. J2 Control Valve

a. Elevation =0 meters

b. Valve Type = Flow Control (FCV)

c. Control Setpoint = Mass Flow Rate

d. Flow Setpoint = 2 kg/sec

e. Always Control (Never Fail) = Unchecked
3. J3Tank

a. Elevation =0 meters

b.  Fluid = Steam

c. Pressure =9 barG (900 kPa(qg))
d. Temperature =220 deg.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. 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Specify the Output Control

Open the Output Control window by selecting Output Control from the Toolbar or Tools menu.

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

1.  Click the Pipes button in the Display Parameters tab.
2. Inthe list on the left, find the parameter Nominal Size.

3. Select the Nominal Size parameter and then click the Add button, which adds the parameter to the
list of displayed parameters on the right.

4. 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 3).

5. Click OK.
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OQutput Control

Display Parameters | General | Eormat & Action | Show Pipesldcts | JetDeltas | Multi-Scenario

3 Pipes T Junctions | 4 Compressor/Fan | £ Valves | Ay Heat Exchangers | L Tanks | @ Cost Report | @ Heat Transfer

| Filter | Show Output in This Order Reorder

Available Output Parameters Parameter Units AA
Area Flow ~ (1| Name of Fipe v
Compressibility Factor Average "4 Nominal Size
Compressibility Factor Inlet b= .
Compressibility Factor Outlet 4| Mass Flow Rate kg/sec >
Eoncemration malss '.fraction (: 1| Velocity Inlet meters/sec ~

oncentration Mole Fraction Y . .
Conductivity Average | Velocity Outlet meters/sec \/
Conductivity Inlet * (: ,: Mach Number Inlet
Conductivity Outlet e
Convection Coef. Extemal Gk (5| Mach Number Outlet
Convection Coef. Intemal (3| Pressure Loss Stag. Total bar w
Convection Coef. Overal =
Denstty Stagnation Average (. ,: Pressure Stagnation Inlet bar ~
Density Stagnation Inlet L’: 1| Pressure Stagnation Outlet bar ~
Density Stagnation Outlet 3 . )
Density Stafic Average L’: | Pressure Stat!clnlet bar
Density Static Inlet ] (41| Pressure Static Outlet bar ~
< 3 (3| Temperature Loss Stagnation deg. C w
118 of 118 parameters shown (unfitered) | Temperature Stagnation Inlet deg.C ~l,
= A o P
N . - . Show
Alphabetical | Categerized Description Remove Clear Al Same Urits Use Prefered Units
Load Control Format... User Default Amow Default o QK
[ Same As Parent - Save Control Format.... Set as Default k') Help Cancel

Figure 3: Output Control window

Step 6. Examine the Output

The Output window contains all the data that was specified in the Output Control window. The output is
shown in Figure 4. In the General section of the Output window, there is a Warnings tab. Select this tab
and you can see that for this case, the flow control valve was not able to achieve the required flow rate of
2 kg/sec. The pressure drop across the valve is higher than the pressure drop required for the system to
balance, so the valve is unable to maintain control for this size of pipe.

In addition warnings are shown that the fluid is above the saturation pressure line. AFT Arrow cannot cal-
culate the actual behavior of the gas when the saturation line is reached. Instead Arrow will extrapolate
the fluid properties assuming that the fluid would remain in the gas phase, and will warn the user that the
saturation line was exceeded as is seen here.
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B & LB =B
% | General | Warnings | Design Alerts | Valve Summary = Tank Summary

Messages
For an explanation of Wamings. click an item in this list and press F1 or search for Wamings' in the Help system.
- WARNING
FCV could not control flow atJunction 2

+ Fluid is no longerin the
Fipe 1 Outlet,
Fipe 2 Inle
Fipe 2 Outlet,

tual Pressure = 13

al Pressure = 13.7

tual Pressure =

# | Fipes |Aial Points = Heat Transfer

Mame Fipe Mass Flow el Vel. Mach Mach | dPStag. | P Stag. | P Stag. | P Static | P Static [l
Fipe Nominal Size Rate In Out #ln #0ut Total In ut n ut S
(ka/sec) | (meters/sec) | (meters/zec) (bar) (bar) (bar) (bar) (bar) (de
1 |Fipe  2-12inch 1465 60.14 6861 01178 01397 3143 7.0 13.87 1687 13706
2 |Pipe  2-12inch 1465 62.61 8863 01357 (.1882 3.856 1387 10.01 1371 9.799
< >
# | AllJunctions | Control Valve | Tank

Name Mass Flow Rate | dP Stag. P Stag. | PStag. | P Static | P Static dT T Stag. | T Stag. | T Static | T Static

Jot Thru Jet Tatal In Out In Out Stag. Inlet Outlet In Out 4
(ka/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deq.C) | (deg. C) | (deg.C) | (deg.C) | (k
1 [Tank 1465 0.000E+00 7.0 17.01 7.0 7.0 0.00 2200 2200 2200 2200
2 |Control Valve 1465 -4557E-10 1387 1387 137 13N 0.00 1842 1842 1833 1833
Tank 1465  0.000E+00 10.01 10.01 10.01 1001 -6B58 1514 2200 151.4 2200
< >
Base Scenario/2.5 inch Pipe _{ 100% | = | +

Figure 4: Output for Control Valve Example

Step 7. Size Piping Insulation

Itis necessary to evaluate a new pipe size and to address the condensation warnings. Let's first address
the condensation warnings, the pipe size will be addressed in the next step. We will assume that the
necessary insulation thickness will not vary largely with pipe size because the expected change in pipe
size should be relatively small in the next step.

One way to keep the fluid temperature above saturation and prevent condensation, would be to add insu-
lation to the pipe. Assume there are three sizes of insulation available, 1.0 cm, 1.5 cm, and 2.0 cm thick,
each of which has a thermal conductivity of 0.2 W/m-K. Assuming the same insulation for both pipes,
which insulation size would be necessary to prevent condensation in the line?

Because this 2-1/2 inch model is valuable to refer to, keep this scenario by returning to the Workspace
and then creating a new scenario on the Scenario Manager as a Child scenario by right-clicking on the
Base Scenario and selecting Create Child. Name the child scenario With Insulation. Insulation is added
on the Pipe Properties window's Heat Transfer tab. AFT Arrow allows you to specify up to three layers of
insulation. The insulation can be specified as internal insulation, external insulation, or a combination of
the two. Add the insulation to the pipe by changing the Number of Insulation Layers to 1 External, and
then add the insulation thermal data to the table (see Figure 5). For Conductivity, enter 0.2 W/m-K and for
thickness, enter 1.5 cm as an initial guess. Make these changes to both pipes.
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Pipe Properties
Number: Upstream Junction: 1 o OK
Name: |Piue Downstream Junction: 2 Cancel
Copy Data From Pipe w Jump...
2 Help
Pipe Model | Fittings &Losses | W HestTransfer | DesignAlerts | Optionsl | Netes | Status
Ambient Conditions
Heat Transfer Model: Convective Heat Transfer ~ 2
Temperature: deg.C ~
Resistance Geometry: Radial ~
Fluid Velocty m/hr v
Mumber of Insulation Layers: | 1 Extemal ~
Fluid
@ Ar (O Water
Load Default
s - —
Res_llf,t;we Apply Ccnduc‘tmtw%org;ec‘tlon Conductivity Thickness H;;t\‘rfa (:C?)gf?gleﬂ
Units lim-K v | cm e lim2-K v
Fluid Internal Correlation ~ _— 1 Gnielinski
Pipe Wall Mazterial Library ~ | From Library 0.5156199 1 _
Insulation #1 (external) User Specified v 02 15 gy ]
External Correlation - I 1 Forced (Churchill-Bernstein) |~

Figure 5: Insulation data is added on the Heat Transfer tab of the Pipe Properties window

Step 8. Change Pipe Size

Create a child scenario of the With Insulation scenario and name it 3 inch Pipe. From this scenario, select
a new pipe size in the Pipe Properties window for both pipes. By trial and error, you can determine that by
using 3-inch pipe, the minimum 1.5 bar (150 kPa) pressure drop requirement can be satisfied (see Valve
Summary tab in Figure 6). Do the results change if the valve is not in the middle of the pipe?

£ | General  Warnings  Design Alerts | Valve Summary | Tank Summary
Name Valve Mass dP dP P Static K Cv Cv Valve
Jot Type Flow Stag. | Static In Est. State
(ka/sec) | (bar) (bar) (bar)
2 |Contrc| Valve FCV 2000 25095 2534 15.04 2051  MN&  70.8% Open |

Figure 6: Output results for 3 inch Nominal Pipe Size modified Control Valve Example

Conclusion

To meet the system requirements, 3-inch pipe should be used. If the valve were not in the middle of the
pipe, the results would change because there is less pressure drop available as the valve is moved
towards the pipe inlet. To prevent condensation in the line, the 1.5 cm thick insulation would have to be

used.
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Summary

This example will walk you through an example to size a heat exchanger to deliver natural gas at a min-
imum required temperature.

Topics Covered

* Sizing a Heat Exchanger
* Entering a loss curve for a Heat Exchanger
* Specifying heat transfer data for pipes

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Natural Gas Burner.aro

Problem Statement

An underground storage reservoir containing natural gas made up mostly of methane supplies gas to five
burners. The gas is at 34.5 barG (3459 kPa (g)), and 10 deg. C. The gas is supplied to each of the burn-
ers at 6.9 barG (690 kPa (g)). To ensure that the flow rate to each of the burners is equal, each burner
has a control valve that controls the flow to 2.25 kg/sec. The pipes in the system are uninsulated STD
(schedule 40) steel, with standard roughness. The ambient temperature surrounding the pipes is 24 deg.
C, and the pipes have an ambient air velocity of 25 km/hr.

In order to operate at the best efficiency, the gas should be delivered to the burners at a minimum stag-
nation temperature of 38 deg. C. In order to achieve this, the gas flows through a heat exchanger, which
has a 0.7 bar (70 kPa) pressure drop at 11 kg/sec.

How much heat must be added to the heat exchanger to ensure that all of the burners will receive gas at
the specified minimum temperature? (Neglect elevation changes)
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Natural Gas Burner

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Arrow 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 = Methane
i. After selecting, click Add to Model

c. Equation of State = Redlich-Kwong
d. Enthalpy Model = Generalized
e. Specific Heat Ratio Source = Library

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: Model layout for Natural Gas Burner 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.

Pipe Properties

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
Pipe Size Length (meters)
1 4 inch 30
2-6 4 inch 6
7-16 3inch 1.5
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2. Heat Transfer tab
Heat Transfer Model = Convective Heat Transfer
b. Temperature =24 deg. C
¢. Fluid Velocity = 25 km/hr
d. Fluid = Air
Pipe Properties
Number Upstream Junction: 1
Name: |P|pe Downstream Junction: 2
Copy Data From Pipe... | Copy Previous
Fipe Model | Fittings & Logses | W HeatTransfer | DesignAlens | Optional | Notes | Status
Heat Transfer Model: Convective Heat Transfer g [ Conitona
Resistance Geometry: Radial v K o =
Number of Insulation Layers: | None ~ Hl::i:e\ncrty e =
® Ar O Water
Resstance apply | Cenductivity/Comvection Conductivity Thickness | MR e
Units Wim-K vlem v \Wim2-K
Fluid Internal Carrelation v ] 1 Gnielinski
Pipe Wall Material Library | From Library 054264 1
External Carrelation v | ] 1 Forced (Churchill-Bernstein)
Figure 2: Pipe Heat Transfer Data window
Junction Properties
1. All Control Valves
Elevation = 0 meters
b. Valve Type = Flow Control (FCV)
c. Control Setpoint = Mass Flow Rate
d. Flow Set Point =2.25 kg/sec
2. J1Tank
a. Elevation =0 meters
b. Fluid = Methane
c. Pressure =34.5barG (3450 kPa(g))
d. Temperature =10deg.C
3. J13-J17 Tanks
a. Elevation =0 meters
b. Fluid = Methane
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c. Pressure =6.9 barG (690 kPa(g))
d. Temperature = 260 deg. C

4. J3-J7 Branches
a. Elevation =0 meters

5. J2Heat Exchanger
a. Elevation =0 meters
b. Loss Model = Resistance Curve
c. Enter Curve Data =

Mass Pressure
kg/sec bar
0 0
11 0.7
22 2.8

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

To solve this problem, you will have to guess how much heat to add to the heat exchanger, examine the
results, and adjust the heat added until you achieve the desired minimum temperature at the burners. To
do this, select the Heat Transfer tab on the Heat Exchanger Properties window, and for the Thermal

Model, select Specified Heat Rate In Constant. Next, enter a value for Heat Flow Into System. For the
first guess, use 500 kW.
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Heat Exchanger Loss Curve Fit

Junction Data | Junction Graph

Curve Fitting
Raw Data: Fill A= Quadratic Curve Fit Type:
Flow Pressure A | Interpolated X-Y Data
m dP
Parameter | Mass | Pressure
Units | ka'sec ~ | bar i
T 0
2 1 07
3 28 Curve Fit Order
4 2 w
5 )
? I/l Generate Curve Fit Now
2
9
n w | a | 2.77BBRBE-17
b | -2.775558E-17
0 BT - AP = a+bm+cm” +dm’ +em? c| 0005785124

Reference Density | 2
(® No Comection
() User Specified kg/m3

o OK Ed Ccancel T Help

Figure 3: Heat Exchanger Loss Curve Fit

»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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

Examination of the stagnation temperature at the outlets of the pipes discharging to the burners shows
that the lowest temperature is 16.9 deg. C (see Figure 4). This is well below the required minimum tem-
perature of 38 deg. C. The heat added to the system fluid from the heat exchanger must be increased,
and the model ran again to determine the outlet temperature at the value.
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# | Fipes | Awial Points = Heat Transfer

Mame | Mass Flow Vel. Vel Mach Mach dP Stag. | P Stag. | PStag. | P Static | P Static dT T Stag T Stag.
Pipe ate In Out #in #0ut Total In ut In Out Stag. Inlet Qutlet
(kaisec) | (meters/sec) | (meters/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deg.C) | (deg. C)
1 |Pipe 11.250 52738 B572 012576 0.13868 179304 35513 33714 35150 33331 063804 10.00 5.362
2 |Fipe 11.250 £1.74 6254 014501 0.14685 041313 32982 32569 32557 32138 017527 2754 27365
3 |Pipe 4.500 2480 2485 (005818 005829 006555 32569 32503 32501 32435 (0.04785 2755 27.500
4 |Pips 2250 12.41 1242 002910 002912 001647 32503 32487 32486 32470 0.04951 2753 27477
5 |Pipe 4.500 24.80 2485 (005812 005829 006555 32569 32503 32501 32435 (0.04785 2755 27.500
& |Pipe 2.250 1241 1242 002910 002912 001647 32503 32487 32486 32470 0.04951 2753 27477
7 |Pipe 2.250 2140 2141 008018 005021 001657 32487 32470 32436 32419 0.01580 2746 27444
8 |Pipe 2250 2133 2140 005016 005019 001657 32503 32486 32453 32436 001600 2751 27493
5 |Pipe 2250 2138 2136 005007 005009 001654 32569 32552 32519 32502 0.01611 2756 27541
10 |Pipe 2.250 2133 2140 008016 005019 001687 32503 32486 32453 37436 001600 2751 27483
11 _|Pipe 2250 2140 2141 008018 005021 001687 32487 32470 32436 32419 0.01580 2746 27444
12 |Pipe 2.250 2324 5011 020474 020672 0.07302 7586 7513 7774 7638 D.01424 1654 J16.928
13 |Pipe 2250 89.26 5013 020476 020674  0.07303 7.986 7.913 7774 7638 0.01438 1659 J16.974
14 |Pipe 2.250 29.27 5013 020477 020675  0.07303 7586 7913 7774 TESE 001444 17.01  §16.598
15 |Pipe 2250 89.26 5013 020476 020674  0.07303 7986 7.913 7774 7638  0.01438 1659 J16.974
16 |Pipe 2.250 25.24 5011 020474 020672  0.07302 7.586 7.513 7774 7638 0.01424 16.594  16.528
< >

Figure 4: Output window showing results for Natural Gas Burner Example, based on HX Heat Rate of 500 kW

By trial and error, the correct amount of heat that needs to be added to the system fluid from the heat
exchanger to achieve a minimum stagnation temperature of 38 deg. C at each burner is about 1051.6
kW.

Conclusion

Using AFT Arrow, you were able to determine the amount of heat required by the heat exchange to sup-
ply natural gas to the burners at the minimum required temperature.

The goal seeking capabilities in the AFT Arrow GSC Module would allow this problem to be solved dir-
ectly without manual iteration. The variable would be specified as the heat exchanger heat rate, and the
goal would be the minimum discharge pipe exit temperature.
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Summary

This example will demonstrate how to determine the range of outlet temperatures for a system given the
range values for the system parameters.

Topics Covered

* Modeling Compressors with curve data

* Entering heat transfer data for pipes

* Using Scenarios

* Using the Copy Data From Jct... editing feature

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Compressed Air System.aro

Problem Statement

In this example, four machine tools are supplied air for operations. The machine tools are sensitive to
temperature; therefore, the manufacturer needs to know the delivery temperature extremes the tools will
see.

The air is taken from atmospheric conditions outside the building. Atmospheric pressure will remain con-
stant at 0 barG (0 kPa (g)), and the air temperature outside can vary from -18 to 45 deg. C. The tem-
perature inside the building ranges from 21 to 24 deg. C.

The compressor used to drive the system has the following pressure characteristics:
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Compressed Air System

* 0.83bar (83 kPa) at 0 kg/sec
* 0.69bar (69 kPa) at 0.25 kg/sec
* 0.41bar (41 kPa) at 0.5 kg/sec

The compressor efficiency is not known for certain, but it is expected to be between 80% and 90%.

The nozzles at the tools have a pressure drop of 0.55 bar (55 kPa) at 0.1 kg/sec. The nozzles discharge
to atmospheric pressure.

The pipes in the system are uninsulated steel with an ambient air velocity that varies from 1.5 to 25
km/hr. The pipe at the compressor inlet is heavily insulated (adiabatic). All of the components in the sys-
tem are at an elevation of 0 meters.

What are the temperature extremes at the tools that this system could have?

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Arrow 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 = Air
i. After selecting, click Add to Model

c. Equation of State = Redlich-Kwong
d. Enthalpy Model = Generalized
e. Specific Heat Ratio Source = Library

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.

-53 -



Compressed Air System

/" Workspace | {3 Model Data [ Output | 2 Graph Results | & Visual Report
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Figure 1: Model Layout for Compressed Air System Model

For this problem, you are required to determine the temperature extremes at the tools based on the

range of system specifications. To do this, you will use the Scenario Manager to examine the hot and
cold extremes for the system.

The Scenario Manager is a powerful tool for managing variations of a model, referred to as scenarios.

The Scenario Manager allows you to:

Create, name, and organize scenarios
* Select the scenario to appear in the Workspace (the ‘current’ scenario)
Delete, clone, and rename scenarios

Duplicate scenarios and save them as separate models

Review the source of a scenario’s specifications

Pass changes from a parent scenario to its child scenarios
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 Base Scenario will contain all of the basic model data for
the system.

Pipe Properties

1. Pipe Model tab

a. Pipe Material = Steel - ANSI

b. Pipe Geometry = Cylindrical Pipe
c. Size = Use table below

d. Type=STD (schedule 40)
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e. Friction Model Data Set = Standard
f. Lengths = Use table below

Pipe Size Length (meters)
1 2inch 0.3

2-5 2inch 8

6-9 1inch 3

Junction Properties

1. J1Tank
a. Elevation =0 meters
b.  Fluid = Air
c. Pressure =0barG (0 kPa(g))
d. Temperature =45deg.C

2. J2 Compressor/Fan

a. Elevation =0 meters
b. Model Type = Centrifugal Compressor
c. Compressor Model = Compressor Curve
d. Added Pressure = Stagnation
e. Compression Process Thermodynamics = Determine From Efficiency Data
f.  Enter Curve Data =
Mass Pressure Efficiency
kg/sec kPa Percent
0 83 80
0.25 69 80
0.5 41 80

g. CurveFitOrder=2
h. Click Generate Curve Fit Now
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Compressor Configuration

Corfiguration Method
® Simple (O Muttiple

Compressor Data | Configuration Data

Composite Graph

Performance Graph

Efficiency Graph

Curve Fitting
Raw Data: Curve Fit Type:
Polynomial
Flow Head/Pressure | Efficiency/Power |Interpolated X-Y Data
m
Paranj‘eter m\/ Pressure |« | Efficiency w
Units | ka/sec | kPa « | Percent i
1 0 83 80
2 025 69 20 All None Invert
3 05 41 20 Curve Fit Order
4 2 ~
5 r
5 fi Generate Curve Fit Now
2
9
10
1
12
13 EFFICIENCY
14 Yla 80
] 7 3 1 b 0
O EitTable - AP =g+ bm+cm® +dm’ +em . 0
Reference Density | 2
(® No Comection
() User Specified kg/m3
« OK Ed Cancel P Help

Figure 2: Compressor/Fan Configuration window

3. J3-J6 Branches

a. Elevation =0 meters
4. J7Valve
a. Elevation =0 meters
b. Valve Data Source = User Specified
c. Subsonic Loss Model = Resistance Curve
d. Exit Valve (optional) = Checked
e. Exit Pressure =0 barG (0 kPa(g))
f. Exit Temperature =21deg.C
g. Enter Curve Data =

Mass Pressure
kg/sec bar
0.1 0.55

- 56 -




Compressed Air System

h.  Click Fill As Quadratic

i. CurveFitOrder=2

j-  Click Generate Curve Fit Now
5. J8-J10 Valves

a.

Open the Valve Property window, and in the Copy Data From Jct drop-down list at the top,
select J7. This will open the Copy Data From Junction window. Click All at the top. This will
cause all of the properties to be set to the same as the properties for J7 (see Figure

3). Click OK. J8 now has all of the same properties as J7.

Repeat this process for J9 and J10.

Copy Data From Junction 7

Parameters to Change (Select in List):

MNone

Inwert &

-1["] General Data

EIE

-1[] Loss Model

BRI E R E A ERIE]

-I[+| Dptional
Replace With |~
Replace With |~
Replace With |~

[ B P

B E 8

Name
Elevation

Valve Data Source
Variable Loss Type
Constants
Reference Density
Exit Pressure/HGL
Exit Temperature
Base Area

CdA

Show on Workspace
Design Factor

Initial Pressure/HGL
Initial Temperature
Junction lcon
Junction Size
Special Condition
Cpen Percentages

User Specified (Mot Handbook)

Pressure (bar) vs. Mass Flow Rate (kg/sec

4.163336E-16.-1.776357E-14.65
No Correction

0 barG

21deq. C

Upstream Pipe Arez

Unspecifisd

Mumber

1

Unspecifisd

Unspecified

Apply Selected Junction lcon
Default

Mane

Lpply Mew Table

~

Cancel

OK

Figure 3: Copy Data From Junction 7 window for J8

»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. Create the Scenarios

Now you will use the Scenario Manager on the Quick Access Panel to create our temperature extreme
scenarios. Note that you can also use the Scenario Manager from the Tools menu if you prefer.

-57 -



Compressed Air System

From the Quick Access Panel, either right click on the Base Scenario and select Create Child, or select

the Create Child icon 5 Enter the name Hot Case in the Create Child Scenario window, as shown in
Figure 4. Then click OK.

Create Child Scenario

Mew Child Scenaro Name
Hot Case

@ OK Cancel

Figure 4: New scenario named Hot Case in the Create Child Scenario window

Select the Base Scenario in the Quick Access Panel, and then create another child. Enter the name Cold
Case in the Create Child Scenario window and click OK. The Scenario Manager on the Quick Access
Panel should now show two child scenarios below the Base Scenario, as shown in Figure 5.

Scenano Manager n

=% Base Scenario
----- # Hot Case
i @ Cold Case

Notes

aa Scenaric | [EE| Properties
) Overview Map  [=] Add-on Modules )

Figure 5: Scenario Manager with two child scenarios

Step 5. Modify the Hot Case Scenario

Double-click on the Hot Case scenario in the Quick Access Panel to load the Hot Case scenario. Altern-
atively, you can select the Hot Case scenario from the Quick Access Panel and then click on the Load

Scenarioicon = to load the scenario.

In order to simulate the Hot Case such that the tools would experience the highest temperatures, you
must assume the highest inlet and ambient temperatures as well as the worst heat transfer properties of
the piping and lowest compressor efficiency. Make these changes to the following pipes:
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1.  P2-P9 Pipes

a.

The heat transfer properties of the uninsulated pipes should be set to the values as shown

in Figure 6 (the wall thickness for the Pipe Wall will vary, depending on the diameter of the
pipe). Change the Heat Transfer Model to Convective Heat Transfer. Next, enter a Tem-
perature of 24 deg. C and enter a Fluid Velocity of 1.5 km/hr. Doing so will minimize the
heat transfer occurring in the pipe, and result in the highest temperature at the tools. Use
the Global Pipe Edit tool to define the heat transfer information for all pipes at once.

Pipe Properties
« OK
Name: Pipe ~ Cangel
Copy Data From Pipe... ~
P Help
Pipe Model | Fittings & Logses | M Heat Transfer | DesignAlerts | Optional | Motes
Ambiert Conditions
Heat Transfer Model: Convective Heat Transfer ~
Temperature: deg.C e
Resistance Geometry: Radial ~
Fluid Velocity km/hr e
Number of Insulation Layers: | None ~
Fluid
@ Ar () Water
Load Default
Resistance Conductivity/Convection HT Area Convection
Type Apply Data Source Conductivity Thickness Ratio Coefficient
Units wlim-K ~|cm ~ \ilm2-K ~
Fluid Internal Correlation s _— 1 Gnielinski ~
Pipe Wall Material Library ~ | From Library 0.35116 1
External Carrelation ~ 1 Forced (Churchill-Bernstein) ~

Figure 6: Pipe Heat Transfer Data for Hot Case Scenario

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 7. Examine the Output

The Output window contains all the data that was specified in the Output Control window. The output for
the Hot Case Scenario is shown in Figure 7. The valve output window shows the highest static tem-
perature at the tools for the Hot Case is 93.53 deg. C at Tool 1 (T Static In).

-59 -



Compressed Air System

#  AlJunctions  Branch Compressor/Fan  Tank | Valve

Mame | Mass Flow Rate | dP Stag. | P Stag. | P Stag. | P Static | P Static dT TStag. | TStag. | T Static

Valve Thru Jct Total In Qut In Out Stag. Inlet Qutlet In
(kg/zec) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deg.C) | (deg. C) | (deg. C)
7 |Teol 1 0.07431 0.3042 1317 1013 12404 1.013 0.00 95.85 99.85 I 93.53'
8 |[Tool#2 0.06662 0.2444 1.258 1013 1.1943 1.013 0.00 9463 94 63 8328
9  [Tool #3 0.06314 0.2195 1233 1013 11761 1.013 0.00 8778 8778 8299
10 [Tool #4 0.06255 0.2158 1228 1013 11751 1.013 0.00 76.67 7667 7224
£ >

Figure 7: Output window showing the results for Hot Case Scenario

Step 8. Modify the Cold Case Scenario

Open the Scenario Manager again from the Tools menu (or use the Scenario Manager in the Quick
Access Panel). Select the Cold Case scenario in the Scenario Manager, and then click Load As Current
Scenario to open the Cold Case scenario.

In order to simulate the Cold Case such that the tools would experience the lowest temperatures, you
must assume the lowest inlet and ambient temperatures as well as the best heat transfer properties of
the piping and highest compressor efficiency. Make these changes to the following objects:

1. J1Tank
a. Temperature =-18deg. C
2. J2 Compressor

a. The compressor will generate less heat if it is more efficient. Since this is the lower tem-
perature case, you must assume the best feasible efficiency, which is 90%. This data is
entered in the Compressor/Fan Configuration window. Since you used 80% in the table
when you added the compressor information in the Base Scenario (Step 6), change the effi-
ciency in the Raw Data table to 90%, and then click Generate Curve Fit Now to generate a
new compressor curve.

3. Pipes P2-P9

a. Setthe heat transfer properties of the uninsulated pipes after the compressor to the values
that will result in the lowest gas temperatures at the tools. The appropriate ambient tem-
perature to use is the lowest of 21 deg. C. However, it is not clear which convection coef-
ficient should be used. If the heat of compression at the compressor heats the gas to a
temperature higher than 21 deg. C, we should use the highest ambient air velocity of 25
km/hr. This will permit maximum cooling of the gas in the pipe. On the other hand, if the
compressor discharge temperature is less than 21 deg. C, then the lowest ambient air velo-
city of 1.5 km/hr should be used. This will yield the least heating of the gas in the pipes, giv-
ing the lowest possible temperature at the tools. Here we will use the value of 25 km/hr. As
just discussed, in practice one would need to verify the validity of this assumption.

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 Arrow solver converges on the answer. Once the solver has
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converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 10. Examine the Output

The Output window contains all the data that was specified in the Output Control window. The output for
the Cold Case Scenario is shown in Figure 8. The valve output window shows the lowest static tem-
perature at the tools for the Cool Case is 18.49 deg. C at Tool 4 (Tstatic In).

Note that the compressor discharge stagnation temperature is 26.07 deg. C, and thus the assumption of
25 km/hr for the ambient air velocity was appropriate.

A AllJunctions = Branch Compressor/Fan  Tank | Valve

Mame | Mass Flow Rate | dP Stag. | P Stag. | P Stag. | P Static | P Static dr TStag. | TStag. | T Static
Valve Thru Jet Total In Out In Out Stag. Inlet Outlet In
(kag/sec) (bar) (bar) (bar) {bar) (bar) (deg. C) | (deg. C) | (deg. C) | (deg. C)
7 |Valve 0.07831 03377 1.351 1013 12852 1.013 0.00 2442 2442 2020
B8 |Valve 0.07110 0.2783 1282 1013 12354 1.013 0.00 2358 2358 19.83
Valve 0.06770 0.2523 1.266 1013 12139 1.013 0.00 2276 2276 19.25
10 |Valve 0.06677 0.2455 1.259 1013 12088 1.013 0.00 2152 2192 18.45

>

Figure 8: Output window showing results for Cool Case Scenario

Step 11. Use the Isometric Grid

AFT Arrow 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 Arrow includes an Isometric Pipe Drawing Mode for these cases.

The isometric grid has three gridlines that are offset by 60°, representing the x, y, and z axes. Figure 9
shows the compressed air system built on an isometric grid.
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7" Workspace | {# Model Data | [ Qutput | [ Graph Results | ® Visual Report
P - % O Ox@ ke -4 = =] b R = % S

Base Scenaric. | QG 100% | 2 | H | -9 | @10

Figure 9: Compressed air system with isometric grid shown

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

Creating the compressed air system on an isometric grid will demonstrate how to use this feature.

Ao bNh =

Go to the File menu and select New.

From the Arrange menu, Show Grid and choose Isometric under Pipe Drawing Mode.

Place junctions J1-J7 on the Workspace in the positions shown in Figure 9.

You will notice that placing junctions onto the Workspace follows the usual rules, however, the
visual appearance of the icons can be more complex than on a 2D grid. Due to the increased num-
ber of axes, the preferred icon and rotation can be selected to obtain visual consistency. Right

click on J7 and select Customize Icon. Click the Rotate button and select the icon shown in Figure
10.
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Customize lcon >

| o | 2

i Rotate - More...

AFT Arrow Default | User Default | Current Toolbox

o OK E3 Cancel

Figure 10: Right click on the junction to open the Customize Icon window and select the preferred icon and
rotation

5. Copy J7 for the tools, J8-J10, to maintain the preferred icon.
6. Draw P1, as shown in Figure 11

7. Draw P2 from J2 to J3. A red-dashed preview line will show how the pipe will be drawn on the iso-
metric 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 11 shows Pipe 2 being
drawn with the preview line.

7" Workspace | [ Model Data | [ Quiput | [ Graph Results | ® Visual Report |

@ IkMmae -4 =2 Bd BB E ¥

"
o0

o 12 b s
=0 5 7] s

P ™ O 7

5 5 o

= @) 7
J6

(BN =t o

T

> 2

B

Base Scenaric MY | QG 100% | 2 1t | =1 O 10

Figure 11: A preview line shows when drawing or adjusting pipes

Note: You can hold the ALT key while adjusting a pipe by the endpoint to add an additional segment.

This can be used with the arrow key or mouse scroll wheel to change between different preview
line options.
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8. Draw pipes P3-P9, as shown in Figure 12.
9. The grid can be shown or turned off in the Arrange menu.

7" Workspace | [ Model Data | [ Quiput | [ Graph Results | ® Visual Report |

P - w Ux@ [hive -4 = B @ 15 S B ¥

-1

Q J7
o0
> ¢

Base Scenaric MY | QG 100% | 2 1t + | =9 O 10

Figure 12: Compressed air system with isometric grid not shown

Conclusion

By carefully selecting the input parameters from the specified system parameters, you were able to use
AFT Arrow to determine the temperature extremes of the gas being supplied to the tools in the com-

pressed air system. This information can now be sent to the tool manufacturer, who will use it to com-
pensate for the temperature sensitivity of the tools.
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Summary

The objective of this example is to determine the minimum delivery pressure of a process steam supply
system.

Topics Covered
* Determining the minimum delivery pressure of a steam supply system.
* Understanding Solution Control sensitivity

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Process Steam System.aro

Problem Statement

A process steam supply system has two boilers at 20.7 barG (2070 kPa(g)) and 430 deg. C.

All of the pipes in the system have 5 cm of insulation with a thermal conductivity of 0.03 W/m-K, and an
ambient air velocity of 11 km/hr. The ambient temperature is 24 deg. C. The pipes are all Steel - ANSI
STD (schedule 40). All of the elbows in the system are Smooth, with an r/D of 1.5.

All of the tees in the system should be modeled using the Detailed loss model, with sharp edges.

The system has six users with the following peak flow demands:

18,000 kg/hr
23,000 kg/hr
25,000 kg/hr
25,000 kg/hr

Ao bNh =
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5. 18,000 kg/hr
6. 27,000 kg/hr

Determine the following:

*  Whatis the minimum delivery (stagnation) pressure of the system, and at which user?

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Step 2. Define the Fluid Properties Group

1. Navigate to the Fluid panel in Analysis Setup
2. Define the Fluid panel with the following inputs
a. Fluid Library = AFT Standard
b.  Fluid = Steam
i. After selecting, click Add to Model

c. Equation of State = Redlich-Kwong
d. Enthalpy Model = Generalized
e. Specific Heat Ratio Source = Library

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: Model Layout for Process Steam 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.

Pipe Properties

1.  Pipe Model tab
a. Pipe Material = Steel - ANSI

b. Pipe Geometry = Cylindrical Pipe

c. Size =Use table below

d. Type = Use table below

e. Friction Model Data Set = Standard

f. Lengths = Use table below
. o Length

Pipe Size (inch) Type (meters)

1 12 STD 30
2 12 STD 46
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Pipe Size (inch) Type (I::t%tl'I;)
10 12 STD 23
101 8 STaéS:g)ed_ 122
102-103 8 STaésfg)ed- 229
104 8 STaéS:g)ed_ e
105 6 STaésfg)ed- %0
106 6 STaéS:g)ed_ 1
107 6 STaésfg)ed- 2
201 8 STaéS:g)ed_ e
202-204 8 STaésfg)ed- 192
205 & 207 6 STaéS:g)ed_ 1
206 6 STaésfg)ed- 2

2. Heat Transfer tab

-~ ® 2 o T o

Heat Transfer Model = Convective Heat Transfer
Number of Insulation Layers = 1 External
Temperature = 24 deg. C

Fluid Velocity = 11 km/hr

Insulation #1 Conductivity = 0.03 W/m-K
Insulation #1 Thickness =5 cm

Junction Properties

1. J1&J2Tanks

© 20 T Qo

J1 Name = Boiler 1

J2 Name = Boiler 2

Elevation = 0 meters

Pressure = 20.7 barG (2070 kPa(g))
Temperature =430 deg. C
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2. AllBends
a. Elevation =0 meters
b. Type = Smooth Bend (flanged or butt-welded)
c. Angle =90 Degrees
d. r/D=15
3. All Tee/Wye
a. Elevation =0 meters
b. Loss Model = Detailed
c. Type =Tee (Sharp, straight run)
d. Initial Pressure = 7 BarG (on Optional tab)
4. All Assigned Flows
a. Elevation =0 meters
Type = Outflow
J106 Flow Rate = 18,000 kg/hr
J107 Flow Rate = 23,000 kg/hr
J108 Flow Rate = 25,000 kg/hr
J206 Flow Rate = 25,000 kg/hr
J207 Flow Rate = 18,000 kg/hr
J208 Flow Rate = 27,000 kg/hr

© N ok wo

Note: Sometimes adding initial guesses to pipes or junctions can help difficult solutions converge.

»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 Steady Solution Control Group

There is an option available in Solution Control when using one of the marching methods that can some-
times resultin an overall reduction in solution runtime. This option is to first solve the system using the
Lumped Adiabatic method and then use these results as a starting point for the marching solution. Since
the Lumped Adiabatic solution can typically be obtained much faster, this can provide an overall reduc-
tion in runtime for the marching method.

The Steady Solution Control Group is already defined using the default inputs. This means that no user
input is required to run the model. However, the Lumped Adiabatic initialization will be used for this
model.

To activate this option, do the following:

1. Open Analysis Setup
2. Navigate to the Solution Method panel in the Steady Solution Control group

3. Click the box to turn on First Use Lumped Adiabatic Method To Obtain Initial Stating Point For
Marching Solution
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The Steady Solution Control Group is now defined for this model.

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

The pipes output section, shown in Figure 2, indicates the minimum delivery stagnation pressure is 9.689
bar (968.9 kPa) at J108.

® | Al Junctions | Multiple Losses | AssignedFlow | Bend  Tank  Teeor Wye
. MName Mass Flow Rate | dP Stag. | P Stag. | P Stag. | P Static | P Static

Assigned Thru Jet Total In Out In Out
Flow (kg/sec) {bar) (bar) | (bar) (bar) {bar)
106 Assigned Flow 5000 000000 13625 13625 13541 13.541
107 Assigned Flow 632% 000000 170031 10,03 9.842 9842
108 Assigned Flow 6544  0.00000 9629 9685 9.457 9457
206 Assigned Flow 6944 000000 15766 15766 15.626 15,626
207 Assigned Flow 5000 000000 14342 14342 14.263 14.263
208 Assigned Flow 7500 000000 13774 13774 13586 13586

£ >

Figure 2: Output window showing results for Process Steam System example

Step 7. Solution Control Sensitivity

Open Analysis Setup and navigate to the Solution Method panel again. Change the Solution Method to
User Specified with an Initial Number of Segments per Pipe as 10 (see Figure 3). Rerun the model, and
compare the results to the previous run.
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Analysis Setup x
[7@  Modules ~ | Solution Method
/a0 Fhid Properties v
O Recommended (@) User Specified

Pipes and Junctions
&b Pis v Method Type: | Length March With Mach Number Limits v
20  Steady Solution Contrdl ~ ~ Length March Increment

2. Solution Method (® Initial Number of Segments per Pipe:
Tolerance () Segment Length. 10

lterations Mach Number Increment:  |0.01

Pressureand Temperature
Limits First Use Lumped Adisbatic Method To Obtain Initial Starting Point For Marching Solution

&9  Environmental Properies The Length March Method solves the goveming equations by marching down each pipe in increments of constant length. This method offers the best
accuracy for cases where Mach Number changes are small. |t also is the least sensitive to intial conditions

° §

*/@  Cost Settings ™ | When the length of the step resuls in the Maximum Mach Number Increment being exceeded, the solution method changes to the Mach March
method ta ensure that excessive Mach Numbers changes to do not accur across the computing section

E®H Miscellancous v

User Defauit Set as Default Amow Defaut
Collapse All Groups  SameAsPaent - ‘2 Help o OK E3 Cancel

Figure 3: The Solution Method panel can be used to adjust the solution sensitivity

Repeat the run again with 20 segments, and 40 segments. What are the results?

*  With 2 segments, the minimum (stagnation) pressure is 9.689 bar (968.9 kPa) at J108.
*  With 10 segments, the minimum (stagnation) pressure is 9.811 bar (981.1 kPa) at J108.
*  With 20 segments, the minimum (stagnation) pressure is 9.815 bar (981.5 kPa) at J108.
*  With 40 segments, the minimum (stagnation) pressure is 9.816 bar (981.6 kPa) at J108.

This example points out the fact that some models are sensitive to the Solution Method used. While with
most systems changing the solution control will not affect the results, in systems such as this were there
are large pressure changes and high Mach numbers, the Solution Control settings can have a strong
affect on the results. This is something that ALL engineers should be aware of, and keep in mind when
creating computer model solutions.
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Summary

This example will demonstrate how to determine the relief capacity of a system, where sonic choking
occurs, and the pressure drop across a shock wave.

Topics Covered

* Understanding sonic choking
* Observing pressure drop across shock waves
*  Using fluid mixtures

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Hydrocarbon Relief System.aro

Problem Statement

A mixture of 89% methane and 11% hydrogen (by mass) exists at a process facility. There is a plan to
increase the process conditions to 65 barG (6500 kPa(g)) at 40 deg. C. The relief system needs to be re-
evalutated to determine if it will still be adequate under these conditions. Assume that all of the pipes are
well insulated (i.e. adiabatic).

Determine the following:

* Whatis the relief capacity of the system under the new conditions?
*  Where does sonic choking occur in the system, and why?
* Whatis the pressure drop across the shock wave(s)?
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Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Step 2. Define the Fluid Properties Group

For this analysis, you will need to create and use a fluid mixture using the NIST REFPROP fluid library.

No gk~

10.
11.

Open Analysis Setup from the toolbar or from the Analysis menu
Navigate to the Fluid panel

In the Fluids Available in Library section, select NIST REFPROP
Click Create New Mixture and Add to open the Create Mixture window
Enter the name hydrogen/methane in the New Mixture Name field
Select Hydrogen (normal) from the list of Fluids Available In Library

Enter a Mass Fraction of 11% in the Mass Fraction field, then click Add Fluid to Mixture to add
hydrogen to the list components in the mixture

Repeat this process for Methane, with a Mass Fraction of 89%

The Create Mixture window should now appear as shown in Figure 1

Click OK to add the mixture to the Fluids in Current Model on the Fluid panel, as shown in Figure 2
Ensure that Library is selected as the Specific Heat Ratio Source
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Create Mixture

Fluids Available In Library

Name Synonym #1 Synonym H2 ~
MD2ZM Decamethylietrasiloxane MD2M

MD3aMm Dodecamethylpertasiloxans MD3m

MD4M Tetradecamethylhexasiloxane MD4mM

MDM Octamethyltrisiloxane MDM

Methane Methane R-50

Methanol Methanol Methyl alcohal b
£ >

v Add Fuid to Mixure v Mass Fraction: _ i ﬁ Search...

Mixture Properties

New Mixture Name:  |hydrogen/methane

Composition:
Components in Mixture Mass -~ Set ag Remainder
Fraction (%)
1 Hydrogen (normal) 1 Ratio Fractions to Total
2 | Methane L]
3
4 Remove Component
b
: Clear All Components
! v Import Mixture from File...
o
Total Fraction: | 100 % Export Mixture to File...

Figure 1: The Create Mixture window is used to create mixtures of Refprop fluids

Analysis Setup X
[2®  Modules ~ | Aud
@P  Flud Properies - Fluids Available in Library
© Fluid O AFT Standard () ASME Steam Tables (O Chempak  ® NIST REFPROP
&0  Pipes and Junctions . Name Synonym &1 Synonym #2 Fomua A
1.3-Butadiene Buta-1, 3diens Vinylethylene C4HE
eady i ~ -Butyne ut-14mne acetylens -
ZO  Steady Solulion Conirol 1B But-1 Bthylacetyl
. . 1-Pentene Fent-1-ene Fropylethylene -
£%  Environmenial Properiies 22Dmethylbutane  2.2Dimethybutane Neohexane C6H14
i 23Dimethylbutane 2.3 Dimethybutane Butane. 2 3dimethy- C6H14 o
90  Cost Setlings ~ z >
£ e & v Addto Model v Create New Midure and Add Search
Flids in Cument Model Fraction Basis for Midures
hydrogen/methane (mixure) ® Mass O Mole

- Hydrogen nomal) (11%)
Methane (85%)

Edit Auid Micture:

Add to Library..

Specific Heat Ratio Source
Alias Reset ® Lbray O User

Collapse Al Groups @ Same As Parent P Hep B3 Cancel

&
o
=

Figure 2: The Fluid panel in Analysis Setup
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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 | {ZModel Data | [Output | [ Graph Results | ® Visuel Report
D - @- (x| a-a i E

= 2= a o 2 o 3 o " o s
oD Ot —
o> @

=g

?M

Ee

p -

(Y=

o Ay

= &

5 o :

Base Scenario B Qoo & L F | == Os

Figure 3: Model layout for Hydrocarbon Process Relief System 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. Note the following:

The Total K Factor listed for the pipes should be entered as the Total K Factor on the Fittings &
Losses tab in the Pipe Properties window.

The CdA values given for the valves are required for Sonic Choking calculations.

Pipe Properties

1.  Pipe Model tab
a. Pipe Material = Steel - ANSI
Pipe Geometry = Cylindrical Pipe
Size = Use table below
Type = Use table below
Friction Model Data Set = Standard
Lengths = Use table below
Total K Factor = Use table below

@ -0 20 T
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. o Length Total K
Pipe Size (inch) Type (meters) Factor
STD (sched-
1 6 ule 40) 7 4.4
STD (sched-
2 6 ule 40) 6 4.2
STD (sched-
3 10 ule 40) 10 2.1
STD (sched-
4 16 ule 30) 80 8.9
Junction Properties
1. J1Tank
a. Name = Process
b. Elevation =4 meters
c. Fluid = hydrogen/methane (mixture)
d. Pressure =65 barG (6500 kPa(g))
e. Temperature =40deg.C
2. J2Valve
a. Name = Manual Valve
b. Elevation =2 meters
c. Valve Data Source = User Specified
d. Subsonic Loss Model = K Factor
e. K=10
f.  CdA (for Sonic Choking - optional) = 100 cm2
3. J3Branch

a. Name = Header Connection

b. Elevation =4 meters
4. J4Valve
Name = Relief Valve (assumed open)
Elevation = 0 meters
Valve Data Source = User Specified
Subsonic Loss Model = K Factor
K=8.3

f.  CdA (for Sonic Choking - optional) = 300 cm2
5. J5 Assigned Pressure

a. Name = Atmosphere

b. Elevation =7 meters

c. Fluid = hydrogen/methane (mixture)

© 2o o0 oo
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d. Pressure =0 barG (0 kPa(g))
e. Temperature =40deg.C
f.  Pressure Specification = Stagnation

»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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Specify the Output Control

Open the Output Control window by selecting Output Control from the Toolbar or Tools menu.

Set the units for Mass Flow to kg/hr.

Step 6. Examine the Output

The output shows the capacity of the system is 176,038 kg/hr, as shown in Figure 4.

The Sonic Choking tab in the General section of the Output window shows that the system chokes at J3,
the Header Connection, and at J5, the discharge to atmosphere. The system chokes at J3 because of
the expansion from 6-inch (15.4 cm ID) pipe to 10-inch (25.4 cm ID) pipe. The system chokes at J5
because of endpoint choking.

The pressure drop across the choke point is the same as the change in stagnation pressure. This can be
seen in the Junction output section. The pressure drop across the choke point at J3 is 2.503 bar (250.3
kPa), and the pressure drop across the shock wave at J5 is 2.227 bar (222.7 kPa).
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& | General | Wamings = DesignAlerts | Sonic Choking | Valve Summary | Tank Summary

Sonic Choking Exists at Junction 3 (Header Connection)
Sonic Choking Exists at Junction 5 (Atmosphere)

< >
& | Pipes | Axial Points | Heat Transfer = Composition
Name | Mass Flow Wel. Vel. Mach Mach | dPStag. | PStag. | PStag. | P Static | P Static dT T Stag T Stag.
Fipe ate In Out #in #0ut Total In Out In Stag Inlet Outlet
(kghr) (metersisec) | (metersisec) (bar) (bar) (bar) (bar) (deg. C) | (deg.C) | (deg. C)
1 |PFipe 176,038 1159 1331 01823 02109 8465 66012 57544 64481 0.8354 40.00 3810
2 |Pipe 176,038 1847 5654 03136 0.8500 19608 40080 20472 37462 1.4847 37147 3568
3 |PFipe 176,038 185.0 1783 02520 02808 218 175869 15771 17212 0.2667 LR 3385
4 |Fipe 176,038 1374 5500 02244  0.5636 5419 8.660 3241 2371 . 0.1252 2.8 3265
< >
# | AllJunctions | Assigned Pressure | Branch  Tank | Valve
Mame Mass Flow Rate | dP Stag. | PStag. | P Stag. | P Static | P Static dT TStag. | TStag. | T Static | T Static [l
Jet Thru Jct Total In Out In Out Stag. Inlet Outlet In Out 5
(kg/hr) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deg.C) | (deg.C) | (deg. C) | (deg.C) | (ke
1 |Process 176,038 0.000 66.013 66013 66013 0.000 40.00 40.00 40.00 40.00
2 [Manual Valve 176,038 17.464 40080 55778 37462 1534 3310 377 3630 31.39
3 |Header Connection 176,038 2503 17969 11.047 17212 0.000 3568 3568 -1169 217
4 |Relief Valve (zssumed open) 176,038 FALN ] BEED  14.8% 837 1.032 3185 28 2924 012
5 [Atmosphere 176,038 2227 3241 1.013 1.808 WA 7312 3269 4000  -11.06 40.00
< >

Figure 4: Output window showing results for Hydrocarbon Process Relief System example
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Summary

This example will demonstrate how to evaluate an emergency relief system for relief capacity, and mass
and mole fraction of a discharge mixture for an environmental impact assessment.

Topics Covered

* Evaluating Relief Valves
* Using Scenarios
* Using Global Junction Edit Feature

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Refinery Relief System.aro

Problem Statement

A new emergency relief system at an oil refinery is being considered, and the process calculations need
to be evaluated.

The system provides relief to processes for methane, propane, and ethane. Each process is at 13 barG
(1300 kPa(g)) when the relief event occurs.

The relief valve CdA is 100 cm2. Assume K=0 since this system will choke. The elbow is a standard
elbow, and the tees should all be modeled as simple tees. All of the pipes are STD (schedule 40) Steel -
ANSI pipe, with standard roughness, and the flow can be assumed to be adiabatic.

The process engineer has evaluated the relief capacity at the minimum process temperature of 150 deg.
C. Depending on the properties of the crude oil, all three processes can operate at up to 315 deg. C. The
process engineer did not look at this case due to time constraints, but he thinks the higher temperatures
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Refinery Relief System

will not affect the relief capacity. The process engineer also neglected any elevation changes to simplify
the calculations, even though the relief point is 35 meters above the discharge header.

Determine the following:

* The relief capacity (i.e. flow rate) of each process.
* The mass and mole fraction of the discharge mixture for the environmental impact assessment.

* Determine if neglecting the high temperature case and the elevation effects are acceptable.

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Step 2. Define the Steady Solution Control Group

There is an option available in Solution Control when using one of the marching methods that can some-
times resultin an overall reduction in solution runtime. This option is to first solve the system using the
Lumped Adiabatic method and then use these results as a starting point for the marching solution. Since
the Lumped Adiabatic solution can typically be obtained much faster, this can provide an overall reduc-
tion in runtime for the marching method.

The Steady Solution Control Group is already defined using the default inputs. This means that no user
input is required to run the model. However, the Lumped Adiabatic initialization will be used for this
model.

To activate this option, do the following:

1. Open Analysis Setup
2. Navigate to the Solution Method panel in the Steady Solution Control group

3. Click the box to turn on First Use Lumped Adiabatic Method To Obtain Initial Stating Point For
Marching Solution

The Steady Solution Control Group is now defined for this model.

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 = NIST REFPROP
b. Fluid = Methane
i. After selecting, click Add to Model
c. Repeat this to add Ethane and Propane
d. Specific Heat Ratio Source = Library
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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 | {ZModel Data | [Output | [ Graph Results | ® Visuel Report
P e - @- (kM a - A B =

= = 57
o0 ¥
o> @
|
?M
gl B

EJD P1 P2 P3
v

P4 P5

T

@ J4 J5 i "
=
T | v

Base Scenario B Q00 @ i) X +6| BT

41 42 J3

Figure 1: Model layout for Refinery Relief System 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.

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 = Use table below

Pipe Size (inch) | Length (meters)

1-3 3 15
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Pipe Size (inch) | Length (meters)
4 3 10
5 4 10
6 6 45

Junction Properties

1. Al Tanks
J1 Name = Methane Tank
J2 Name = Ethane Tank
J3 Name = Propane Tank
Elevation = 0 meters
J1 Fluid = Methane
J2 Fluid = Ethane
J3 Fluid = Propane
Pressure = 13 barG (1300 kPa(g))
i. Temperature =150deg.C
2. J4Bend
a. Elevation = 0 meters
b. Type = Standard Elbow (knee, threaded)
c. Angle =90 Degrees
3. AllTees
a. Elevation = 0 meters
b. Loss Model =Simple
4. J7Valve
Name = Relief Valve
Elevation = 0 meters
Valve Data Source = User Specified
Subsonic Loss Model = K Factor
K=0
CdA (for Sonic Choking - optional) = 100 cm2
Exit Valve (optional) = Checked
Exit Pressure = 0 barG (0 kPa(g))
Exit Temperature =21 deg. C

SQ -0 2 0 T o

SQ - ® 2 0 T o

»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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Specify the Output Control

Open the Output Control window by selecting Output Control from the Toolbar or Tools menu.

With the Pipes button selected at the top, add Concentration Mass Fraction and Concentration Mole Frac-
tion to the pipe output list by highlighting these parameters (holding CTRL will allow you to select both at
the same time) and then clicking the purple Add arrow.

Step 7. Examine the Output

The Composition tab in the pipes output section displays the component mass flow rate through each of
the pipes, as shown in Figure 2).

The output for this model shows:

* The total relief capacity is 16.236 kg/sec
* 2.930 kg/sec for methane
* 5.382kg/sec for ethane
* 7.924 kg/sec for propane

* The mass fraction at discharge (observed from clicking on the Composition tab): 18.05% meth-
ane, 33.15% ethane, and 48.81% propane

* The mole fraction at discharge from the Composition tab: 33.74% methane, 33.06% ethane, and
33.20% propane

A  Pipes  Axial Points | Heat Transfer | Composition

Name | Mass Flow Rate | Mass Flow Rate | Mass Flow Rate | Mass Flow Rate | Conc. Mass Fraction | Conc. Mass Fraction | Conc. Mass Fraction | Conc. Mole Fraction | Conc. Mole Fraction | Cenc. Mole Fraction
Total Methane Ethane Propane Methane Ethane Propane Methane Ethane ropane:
(kalsec) (kgisec) (kglsec) (klsec) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent)
Fipe 2330
Pipe 5382

Pipe

7924
2520
Pipe 8312
Fipe 16.23

5475 0.00
1805 815 4881 3374

R Er [N
o
b

Figure 2: Output window showing results for Refinery Relief System example
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Step 8. Create a Child Scenario

In order to determine if the process engineer has made good assumptions by neglecting the higher tem-

perature process and the elevation data, it will be necessary to change the model. This can be done eas-
ily using the Scenario Manager on the Quick Access Panel. Note that the Scenario Manager can also be

accessed from the Tools menu.

The Scenario Manager is a powerful tool for managing variations of a model, referred to as scenarios.

The Scenario Manager allows you to:

Create, name and organize scenarios

Select the scenario to appear in the Workspace (the ‘current’ scenario)
Delete, copy and rename scenarios

Duplicate scenarios and save them as separate models

Review the source of a scenario’s specifications

Pass changes from a scenario to its variants

The Scenario Manager should currently appear as shown in Figure 3.

Scenano Manager n
" i:l T

------ L Base Scenario

Notes

aw Scenario | [E5|Properties

(3 Cverview Map | Add-on Modules  J

Figure 3: The Scenario Manager window on the Quick Access Panel is used to create and manage model

scenarios

Create a child scenario by either right-clicking on the Base Scenario and then selecting Create Child.
Enter the name High Inlet Temp in the Create Child Scenario window, as shown if Figure 4. Click OK.
The new High Inlet Temp scenario should now appear in the Scenario Manager on the Quick Access
Panel below the Base Scenario as shown in Figure 5.
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Create Child Scenario

Mew Child Scenaro Name

o OK E3 Cancel

Figure 4: Create Child Scenario window

= @ Base Scenario
L 8@ High Inlet Temp

Notes

o Scenaric | |EE Properties
[ Overview Map | Add-on Modules  J

Figure 5: Scenario Manager on the Quick Access Panel with New Child Scenario

Step 9. Modify the Higher Inlet Temp Scenario with Global Junction Editing

Double-click on the High Inlet Temp scenario in the Scenario Manager on the Quick Access Panel to
make it the active scenario if it is not already.

To check the process engineer's assumption about the 315 deg. C process, the inlet temperature for all
of the process tanks must be changed from 150 to 315 deg. C. These changes could be made by open-
ing the Tank Properties window for each of the tanks and changing the inlet temperatures one at a time.

AFT Arrow has a feature that can be used to change the temperature for all of the tanks at the same time.
This feature is called Global Junction Editing.

Open the Global Junction Edit window by selecting Global Junction Edit | Tanks from the Edit
menu. Select all of the tanks in the Junction List by clicking All at the top (see Figure 6).
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Global Junction Edit

Choose Data From: Click "Select Tank Data..."to Specify Parameters
(® Junction Template | Tank w Select Tank Data...
(O Existing Junction

None || Invert

Junction List: Workspace || Special...
1 Methane Tank

2 Ethane Tank
3 Propane Tank

5 B selected: 30f 3

! Cancel 2 Help

Figure 6: Global Junction Edit window

Click the Select Tank Data button. This will open a Tank Properties window. Enter a temperature of 315
deg. C and click OK to close the Tank Properties window. The Global Junction Edit window now contains
a list of all the parameters that can be changed in the selected junctions. The data in the list is grouped
together by the tab on the Properties window on which the data is entered. Any items that are selected in
this list will be applied to all of the junctions selected in the Junction list. Check the box next to Tem-
perature in the list, which now shows a value of 315 deg. C (see Figure 7). Since this is the only item in
the parameter list that is selected, it is the only parameter that will be changed in the selected tank junc-
tions. Click Apply Selections at the bottom then click OK to close the Global Junction Edit window. The
temperatures for all three of the tanks have now been updated to 315 deg. C. Open the Properties win-
dow for one of the tanks to verify that the change was made.

- 86 -



Refinery Relief System

Global Junction Edit

Choose Data From: Click "Select Tank Data...'to Specify Parameters g
(®) Junction Template | Tank ~ Select Tank Data...
(O Existing Junction

Al None || Invert
Junction List: Workspace || Special... Parameters to Change (Select in List): Al None || Invert
1 Methane Process =[] General Data ~
i Etrl‘;ane PPrDc:ess O fame Tank
T O Elevation 0 meters
=/[®] Tank Model
O Fluid ethane
O Pressure Unspecified
Temperature 315 deg. C
O Energy Balance Off
O Concentration balance OFF
=[] Loss Coefficients
O K Factor Data Lpply New K Factor Data
=[] Optional
[] Replace With |~ | Show on Workspace Mumber
O Design Factor 1
O Junction lcon Apply Selected Junction lcon
O Junction Size Default
=[] Design Aleris
L oY r.ra ~ v
=5 selected: 30f 3 ==t
= Apply Selections Cancel 2 Help

Figure 7: Global Junction Edit window with Temperature Parameter Selected

Step 10. 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 11. Examine the Output

See Figure 8 for the output from this scenario. The output for this model shows:

At 315 deg. C, the relief capacity is reduced to 13.519 kg/sec, a 17% reduction, which is significant. The
original assumption and calculation by the process engineer based on this assumption was not con-
servative, as he assumed.
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A Pipes  Axial Points | Hest Transfer | Compesition

Name | Mass Flow Rate | Mass Flow Rate | Mass Flow Rate | Mass Flow Rate | Conc. Mass Fraction | Conc. Mass Fraction | Conc. Mass Fraction | Conc. Mele Fraction | Cone. Mole Fraction | Conc. Mele Fraction

Pipe Totzl Nethane Ethane Propane ne Propane ane Propane

(kglsec) (kgisez) (kg'sec) (kg/sec) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent)
1| Pipe 2466 2.465 0.000 0.000 100.00 0.00 0.00 100.00 0.00 0.00]
2 |Fipe 4495 0.000 4495 0.000 0.00 100.00 0.00 0.00 100.00 0.00]
3 |Pipe 6.557 0.000 0.000 6557 0.00 0.00 100.00 000 0.00 100.00)
4 |Pipe 2466 2466 0.000 0.000 100.00 0.00 0.00 100.00 0.00 0.00]
5 |Pipe 6.961 2468 4495 0.000 3543 8457 0.00 50.70 4930 0.00]
6 |Pipe 13519 2.466 4495 6558 1824 B25 4851 3401 3308 3291

Figure 8: Output window showing the results for High Inlet Temp Scenario

Step 12. Create and Run a Child Scenario for Elevation Effects

Create a child scenario to the High Inlet Temp scenario to examine the affect including the elevation
information has on the model.

Change the elevation data for the J7 Valve to 35 meters. Rerun the model, and examine the results.

Adding the 35-meter elevation to the relief valve has a negligible effect on the system solution.
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Air Blower Sizing

Summary

The objective of this example is to size a blower for an air distribution system, and evaluate the effect of
different blower efficiencies on the blower size.

Topics Covered

* Sizing a Blower
* Changing Compressor Efficiencies
* Using Design Factors

* Using Scenario Manager

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Air Blower Sizing.aro

Problem Statement

An air distribution system requires a new blower. All of the pipes in the system are STD (schedule 40)
steel, with adiabatic flow. You are to use a design factor of 1.1 on all of the pipe and junction friction
losses. You can neglect elevation changes, and any losses at the branches. All of the pipes leading to
the discharge rooms discharge at atmospheric pressure.

Use Redlich-Kwong for the equation of state model, and Generalized for the enthalpy model.

For the blower, there are three compression process cases to be examined:

* Adiabatic
* Efficiency = 80 Percent (set as Nominal Efficiency)
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Air Blower Sizing

* Efficiency = 60 Percent

For these three cases, determine:

* The size of the blower for both flow and pressure rise to deliver a minimum of 430 sm3/h to each
room.

* How the different compression process models for the blower affect the blower sizing and the dis-
charge temperatures.

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Arrow 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 = Air
i. After selecting, click Add to Model
c. Equation of State = Redlich-Kwong
Enthalpy Model = Generalized
Specific Heat Ratio Source = Library

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: Model layout for Air Blower Sizing 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.

Pipe Properties

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
. o Length
Pipe Size (inch) (meters)
1 6 12
2 6 30
3-5,7-8 4 75
6 4 150
9-13 2 30
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Air Blower Sizing

2. Optional tab
a. Pipe Friction=1.1

Junction Properties

For this example, we need to determine the correct flow through the compressor. Now we need to use
our engineering judgment to take an initial guess at the flow rate through the compressor. Assume 2150
sm3/h to start:

1. J1Tank
a. Elevation =0 meters
b.  Fluid = Air
c. Pressure =0 barG (0 kPa(g))
d. Temperature =21deg.C

2. J2 Compressor/Fan
Elevation = 0 meters
Compressor Type = Centrifugal Compressor
Compressor Model = Sizing
Compression Process Thermodynamics = Adiabatic
Compressor Sizing Parameter = Mass Flow Rate
Fixed Flow Rate = 2150 sm3/h
3. All Assigned Pressures
a. Elevation =0 meters
b. Pressure Model tab
i.  Fluid = Air
i. Pressure=0barG (0 kPa(qg))
iii. Temperature=21deg.C
iv. Pressure Specification = Stagnation
c. Loss Coefficient tab
i. K-Flowinto pipe=1
ii. K-Flow outof pipe=1
d. Optional tab
i. Junction Friction Loss = 1.1
4. AllBranches
a. Elevation =0 meters

-~ ® 2 0o T o

»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. Specify the Output Control

Open the Output Control window by selecting Output Control from the Toolbar or Tools menu.

Select the units sm3/h for the Mass Flow Rate parameter for both Pipes and Junctions output.

Step 5. Create Child Scenarios

Using the Scenario manager, create one child scenario named 2150 sm3h then three child scenarios to
that scenario for the air blower evaluation. Name the first Adiabatic, name the second 80% Efficient, and
name the third 60% Efficient. For the compressor in each scenario, open the Compressor/Fan Properties
window, and set the following:

1. Forthe Adiabatic case, no changes are necessary. The Compression Process Thermodynamics
for the Compressor is already set to Adiabatic and no Nominal Efficiency is entered.

2. Forthe 80% Efficient case, set the Nominal Efficiency to 80 Percent, and set the Compression Pro-
cess Thermodynamics to Determine From Efficiency Data.

3. Forthe 60% Efficient case, set the Nominal Efficiency to 60 Percent, and set the Compression Pro-
cess Thermodynamics to Determine From Efficiency Data.

Step 6. Run the Models

Load the Adiabatic scenario and 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 Arrow solver converges on
the answer. This model runs very quickly. Now view the results by clicking the Output button at the bot-
tom of the Solution Progress window.

Repeat this process for each of the three child scenarios.

Step 7. Examine the Output

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

Based upon the initial flow rate guess for the blower of 2150 sm3/h, not all rooms are receiving a min-
imum flow rate of 430 sm3/h. Therefore, the flow rate at the blower must be increased until each room
receives a minimum flow rate of 430 sm3/h.

Determining the required blower flow rate can be easily accomplished through manual iteration on the
blower flow rate. In order to automate this process of iteration, the AFT Arrow Goal Seek and Control
(GSC) add-on module can assist with this greatly.

Right-click the 1250 scfm scenario and select Clone with Children. Iterate the blower mass flow rate until
the 430 sm3/h is achieved.

The output for each of the scenarios is shown in Figure 2, Figure 3, and Figure 4. This output is based
upon the final required blower flow rate that will deliver a minimum flow rate of 430 sm3/h to each room.
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The results are as follows:

Stagnation Max Static
Total Flow Pressure Discharge

sm3/h bar (kPa) deg.C

. . 0.55748
Adiabatic 2300 (55.748) 58.43

- 0.57339
0,
80% Efficient 2300 (57.339) 69.32

0.60128
o -
60% Efficient 2300 (60.128) 88.60

ngs | DesignAlerts | Compressor/Fan Summary | Tank Summary

Name Mass | Vol dF dP dH Overall | Speed | Oversll | Comp. BEF | EEP %
Jot | Resdlis Flow | Flow | Steg. | Static | Static | Efficiency Power | RafioSteg. | Q Mass BEP
Diagram (kg/sec) | (m3h) | (ber) | (bar) | (meters) | (Fercenl) | (Percent) | (kW) | (Fercenl) | (m3ihr) | (ko/sec) | (Percent)
2 | Show [ CompressorFan 07817 2381 085756 05535 4085 NIA NA 3036 1556 HA NIA Win|
% | Pipes | Axial Points | Hi ransfer
Name | Mass Flow Vel Vel Mach | Mach | dPStag. | PStag. | PStag | PStatic | PStatic | dT | TSwg. | T Smg. | T Sttic | T Static
Fipe Rate In Out #in | #Ow | Total In Out In Out Stag Inlet_ | Outlet In Out
(smIh) | (metersisec) | (metersisec) (bar) | (ba) | (ba) | (ba) | (bar) | (den.C) | (deq.C) | (deg.C) | (deg.C) | (deg.C)

1 |Fipe 23000 /.11 3543 010221 010331 001065 1013 1003 1006 09951 0001898 2100 2100 2038 2037
2 |Pipe 23000 26.80 2613 007055 007146 QD197 1560 1540 1555 15349 0001883 €053 €053 €020 €019
3 |Fipe 13905 .92 4011 009831 010577 015830 1540 1382 1530 12639 0026314 6052 6050 5988 5870
4 |Pipe 2818 2535 2674 006331 007312 007166 1282 1310 1377 13050 0011833 6050 6043 6018 6013
5 |Fipe 4324 12.08 1328 003677 003631 001935 1310 1291 1309 12893 0003188 6049 €048 6040 6038
& |Fipe 9085 2344 2577 008408 007048 013307 1540 1401 1536 13965 0022857 €053 6050 6025 6017
7 |Pipe 3085 25677 2724 007048 007443 Q07801 1401 1326 1386 13212 0012408 €050 €049 6017 €012
2 |Fipe 4260 1233 1354 003644 0D03F0T 002025 1326 1306 1325 13048 0003323 6043 6043 6040 6040
3 |Fipe 5088 56.00 7463 015341 020482 023545 1382 1046 1353 10159 0055882 6050 6044 5834 5767
10 |Fipe 4493 5208 606 014262 018114 027085 1310 1033 1291 10154 0046097 6048 6044 5314
11 |Fipe 4324 50.85 6362 013824 017440 025347 1291 1037 1273 10153 0042148 6048 6044 5920
12 |Fipe 4634 53.06 6810 014533 012676 028561 1326 1041 1307 10155 0047607  €0.49  £0.44  53.08
13 |Pipe 4260 5184 6559 014138 017984 026754 1306 1033 1288 10154 0044521 6048 6044 5315

< >

n | Tank

Mass Flow Rate | dP Stag. | PStag. | PSteg. | P Static | P Static dT TStag. | TStag. | T Static | T Static | dH H Stag. | H Stag
Thru Jct Total In Out I

c IF u n Out | Stg Inlet_ | Outlet In Out_ | Stag In Out
empressortan (sm3ih) fbar) | (bar) | (bar) | (bar) | (bar) | (deg.C) | (dog.C) | (deg.C) | (deg.C) | (dog.C) | (kithg) | (hiikg) | (kilkg
2 [ CompressoriFan 23000 1003 1560  0SSK1 155 3853 2100 6053 2037 6020 3864 4538 492

< >

Figure 2: Output window showing the results for Adiabatic scenario

- 94 -



Air Blower Sizing

2 | General | Warnings | DesignAlerts | Compressor/Fan Summary | Tank Summary
Name Mass | Vol dF dF dH Overall | Speed | Overall | Comp. EEF EEF % of
Jo | Desulis Flow Flow | Stag. | Static = Static | Efficiency Power | Ratio Stag Q Mass BEP
Dizgram (kglsec) | (m3h) | (ber) | (bar) | (meters) | (Fercenl) | (Percent) | (kW) | (Ferceni) | (m3fhr) | (kg/sec) | (Percent)
2 | show [ CompressorFan 07817 2381 05734 05753 4254 80.00 NIA 3965 1572 WA NiA NiA
£ | Pipes | Axial Points | Heat Transfer
Name | Mass Flow Vel Vel Mach | Mach | dPStaq. | PStag. | PStag | PStatic | PStatic |  dT | TSwg. | TSma. | TStatic | T Static
Pipe ale In Out #In #0ut | Totl In Out In Out Stag Inlet_ | Outlet In Out
(sm3h) | (metersisec) | (metersisec) (ber) | (ba) | (Ba) | (ber) | (ber) | (des.C) | (des.C) | (den.C) | (den.C) | (deg.C)
1 |Fipe 23000 .11 3543 010221 010331 001065 1012 1003 1006 09351 000198 2100 2100 2038 2037
2 |Pipe 23000 2639 2673 007101 007194 002016 1576 1556 1570 15502 0003052 7155 7155 7121 7119
2 |Fipe 1,3505 ®BIE 4111 009897 011072 018302 1556 1383 1545 13309 0024857 7155 7152 7083 7062
4 |Pipe 8318 2557 2743 006330 007383 00736 1393 1319 1388 13141 0011182 7182 7161 7119 7114
5 |Pipe 4324 12.42 1362 003611 003667 001992 1319 1299 1318 1290 000021 7151 T1E1 Tié2 714
6 |Fipe 3094 2397 2641 006451 007106 014270 1556 1413 1551 14082 0021706 7155 7153 7126 7118
7 |Fipe 3094 2641 2734 007106 007513 71413 1336 1408 13308 001726 7153 7151 7118 7113
2 |Fipe 4480 1267 1388 003678 003736 133 1315 1335 13139 0003151 7151 TIBl 7142 7142
s |Fipe 5028 57.40 7708 015476 020822 1393 1047 1370 10160 0053001 7152 7147 £9.89 6852
10 |Fipe 4493 53.43 6823 014402 013414 1319 1040 1300 10155 0042824 7151 TI47 7008 6316
11 |Pipe 4324 5213 6571 014084 017728 1293 1038 1281 10153 0040047 7150 7146 7015
12 |Pipe 4634 5443 7032 014672 018984 029464 1336 1041 1316 10156 0045166 7151 7147 7004 6301
13 |Fipe 4460 5215 6774 014337 012280 027585 1315 1033 1267 10155 0042252 7151 7147 7011 6318
< >
# | All Junctions | Assigned Pressure | Branch | Compressor/Fan | Tank
Name Mass Flow Rate | dP Staa. | P Sma. | PSteg. | PSwhic | PSwfic | o | TStag. | TStag. | T Swmbc | 1Smtc | dH | HSea | HStag
CompresseriFan ru Total In Out In Ot | Sta Inlet | Outlet In Ot | Stag In Out
(sm3ih) (bar) | (ber) | (bar) | (ba) | (ban) | (dea.C) | (deq.C) | (deg.C) | (deq.C) | (deq.C) | (khika) | (kiika) | (kikkg
Compressor/Fan 2, - 1003 1576 09951 1570 BOS5 2100 7185 2037 7131 5076 4633 504
< >

Figure 3: Output window showing the results for 80% Efficient scenario

#  General Warnings = DesignMerts | Compresser/Fan Summary | Tank Summary
Name Mass Val. dP dP dH Overall Speed Overall Comp. BEP BEP % of
Jo | Desulis Flow Flow | Stag | Static = Static | Efficiency Power | Ratio Stag Q Mass BEP
Diagram (ka/sec) | (m3hr) | (bar) | (bar) | (meters) (Percenf) | (Percent) | (Kw) | (Percent) | (m3hr) | (ko/s=c) | (Percent)
2 ‘ Show D Compressor/Fan 07817 2381 06012 06030 4,561 60.00 N/A  55.06 160.0 /A NiA NiA
# | Pipes | Axial Points = Heat Transfer
Name | Mass Flow Vel. Vel Mach Mach | dPStag. | PStag. | PStag. | P Static | P Static dT TSteg. | T Stag. | TStatic | T Static
Pipe Rate In Out #In #Out Total In Out In Out Stag. Inlet Outlet In Out
(sm3fh) | (metersisec) | (meters/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) | (deg.C) | (deg.C) | (deg.C) | (deg.C)
1 |Pipe 2,3000 331 01033 0.01065 1013 1.003 1.006 03351 0.001939 21.00 21.00 2038 2037
2 |Pipe 23000 27.40 007273 002102 1604 1583 1598 15770 0.002747 91.06 91.06 90.69 90.68
3 |Pipe 13906 38.19 011230 017020 1583 1413 1572 14003 0022446 91.06 91.03 %033 %013
4 |[Pipe 8s1.8 27.06 0.07715 1413 1336 1408 13303 0.010778 91.03 91.02 9067 s0.82
5 |Pipe 4324 140 0.02091 1336 1315 1334 13133 0.002747 91.02 91.02 9052 9052
6 |Pipe 3094 2450 0.14503 1583 1434 1578 14287 0.019630 91.06 91.04 9075 90.66
7 |Pipe 209.4 27.50 0.08067 1434 1383 1428 13477 0010612 a1.04 91.03 90.66 90.61
8 |Pipe 4480 1426 0.02187 1383 1331 1352 13300 0.002884 91.03 g1.02 2082 e0.82
9 |[Pipe 508.9 59.83 0.36361 1413 1.048 1389 10162 0.048119 91.03 90.98 89.26 8.7
10 |Pipe 4454 55.80 025428 1336 1041 1316 10156 0.038363 91.02 5098 8348 2841
11 [Pipe 4324 5452 027541 1315 1.039 1296 10154 0.036453 91.01 5098 8355
12 |PFipe 4634 56.81 0.31017 1383 1.043 1332 10157 0.041061 91.02 90.58 2943 8225
13 |Pipe 4460 55.54 0.29046 1.331 1.041 1312 1.0156 0.038452 91.02 90.98 89.50 8245
< >

A | AllJunctions | Assigned Pressure | Branch | Compresso

Name Mass Flow Rste | dP Staa. | PStsa. | PSteg. | PSwstic | PSwsfic | o | TStag. | TStag. | T Sttic | TSmtic | dH | HStea. | HStag
B Thru Jet Total In Out In Out | Swg. | Inlet | Outlet In Out_ | Siag In Out
(sm3ih) (ber) | (ber) | (bar) | (ba) | (ba) | (deg.C)| (deg.C) | (deg.C) | (deg.C) | (deg.C) | (klika) | (kiikg) | (klikg
Compressor/Fan 22000 §-060128] 1003 1604 09951 1598 7006 2100 9106 2037 9065 7048 4538 504
< >

Figure 4: Output window showing the results for 60% Efficient scenario

Step 8. Evaluate 60% Efficiency with Heat Transfer

The engineers on the project have realized that the pipes are not insulated, and that the adiabatic
assumption may be overly conservative. One engineer has also expressed concern that the discharge
air could be too hot.
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Create a child scenario to the 2300 sm3/h 60% efficient case named With Heat Transfer. Add heat trans-
fer to the model on all the pipes by selecting Convective Heat Transfer as the Heat Transfer Model. For
the Ambient Conditions, enter a Temperature of 26 deg. C, a Fluid Velocity of 11 km/hr, and Air as the
Fluid. See Figure 5 for this input.

Pipe Properties

Number: Upstream Junction: 1 o OK
Name: |P|pe Downstream Junction: 2z Cancel
Copy Data From Pipe... ~ .
T Help
Pipe Mode| | Fittings & Losses | W Heat Transfer | Designdlerts | o Optional | Notes Status
Ambient Conditions
Heat Transfer Model: Convective Heat Transfer ~ ?
Temperature: deg.C v =
Resistance Geometry: Radial ~
Fluid Velocity km/hr hd
Number of Insulation Layers: | Mone ~
Fluid
@ Ar (O Water
Load Default
Resistance Conductivity/Convection HT Area Convection
Type Apply Data Source Conductivity Thickness Ratio Coefficient
Uniis wlim-K | cm ~ \ilm2-K ~
Fluid Internal Correlation v _— 1 Gniglinski v
Pipe Wall Msterial Library | From Library 07111998 1
External Correlation w 1 Forced (Churchill-Bernstein) W

Figure 5: Pipe heat transfer window

Run the new scenario and determine the following:

* Do the compressor size requirements change significantly?
* How much do the discharge temperatures decrease?

Step 9. Examine the Output for 60% Efficiency with Heat Transfer

The output for this scenario is shown in Figure 6.

The blower stagnation pressure rise decreases from 0.60128 to 0.52391 bar, which is a 13% reduction.
The max discharge temperature decreases to 31.45 deg. C.
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2 | General | Warnings | DesignAlerts | Compressor/Fan Summary | Tank Summary
Name Mass | Vol dF dF dH Overall | Speed | Overall | Comp. EEF EEF % of
Jo | Desulis Flow Flow | Stag. | Static = Static | Efficiency Power | Ratio Stag Q Mass BEP
Dizgram (kglsec) | (m3h) | (ber) | (bar) | (meters) | (Fercenl) | (Percent) | (kW) | (Ferceni) | (m3fhr) | (kg/sec) | (Percent)
2 | Show [ CompressorFan 07817 2335 05233 05255 4040 60.00 NA 4901 1523 WA NiA NiA
£ | Pipes | Axial Points | Heat Transfer
Name | Mass Flow Vel Vel Mach | Mach | dPStaq. | PStag. | PStag | PStatic | PStatic |  dT | TSwg. | TSma. | TStatic | T Static
Pipe Rate In Out #In #0ut | Totl In Out In Out Stag Inlet_ | Outlet In Out
(sm3h) | (metersisec) | (metersisec) (ber) | (ba) | (Ba) | (ber) | (ber) | (des.C) | (des.C) | (den.C) | (den.C) | (deg.C)
1 |Fipe 23000 .11 3555 010221 010341 001067 1012 1003 1006 09351 -054267 2100 2154 2038 2081
2 |Pipe 23000 2823 2743 007467 007415 002083 1526 1506 1521 14338 1423872 8393 6363 8354 693
2 |Fipe 13827 7528 3|EE 010145 010870 015692 1506 1348 1485 13375 2707154 6969 4262 6899 4188
4 |Pipe 8812 2455 2420 008899 007111 Q08708 1349 1282 1344 12770 1269026 4282 2983 4232 2982
5 |Pipe 4320 1218 1219 003486 003514 001766 1282 1264 1280 12628 362942 2993 2630 2986 2623
6 |Fipe 9173 2486 2405 006707 006310 013580 1506 1370 1501 12652 4097233 6363 2872 6333 2843
7 |Fipe 9173 2405 2517 006310 007257 (006360 1270 1300 1365 12954 205678 2872 2666 2843 2635
2 |Fipe 450.1 1233 1248 003652 003600 001863 1300 1282 1289 12804 081133 2666 2605 2653 2588
s |Fipe 5015 53.4% 6773 015053 015361 030604 1348 1043 1327 10157 288262 4262 374 4120
10 |Fipe 4432 4819 5946 013837 017151 024628 1282 1036 1265 10152 227532 2993 2765 2877 2589
11 |Pipe 4330 4562 5718 013465 D16532 022924 1264 1035 1248 10151 021084 2630 2603 2522 2446
12 |Pipe 4672 49.00 6165 014146 017828 026202 1300 1038 1282 10154 041080 2666 2625 2546 2435
13 |Fipe 450.1 4777 5937 013804 017174 024512 1282 1036 1265 10152 00ES00 2605 2588 2481 242
< >
# | All Junctions | Assigned Pressure | Branch | Compressor/Fan | Tank
Name Mass Flow Rate | dP Staa. | P Sma. | PSteg. | PSwhic | PSwfic | o | TStag. | TStag. | T Swmbc | 1Smtc | dH | HSea | HStag
CompresseriFan Total In Out In Ot | Sta Inlet | Outlet In Ot | Stag In Out
(sm3ih) (bar) | (ber) | (bar) | (ba) | (ban) | (dea.C) | (deq.C) | (deg.C) | (deq.C) | (deq.C) | (khika) | (kiika) | (kikkg
Compressor/Fan 2, _ 1003 1526 09951 1521 62389 2154 £353 2091 8354 6273 4543 517
< >

Figure 6: Output window showing the results for 60% Efficiency Scenario with Heat Transfer in Pipes
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Compressed Air System - Cost

Summary

This example demonstrates how to use the cost calculation features in AFT Arrow. All cost calculation
features are included with Arrow.

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: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model Files

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

* Metric - Compressed Air System.aro

* Metric - Compressed Air System Costs.aro

* Compressed Air System.dat - engineering library

* Compressed Air System Costs.cst - cost library for Compressed Air System.dat
* Steel - ANSI Pipe Costs.cst - cost library for Steel - ANSI

Problem Statement

Use the cost calculation features in AFT Arrow to determine the cost of the compressed air system over a
10-year period for both the hot and cold cases. Include material, installation, and energy costs.
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Compressed Air System - Cost

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Important: The GSC module and cost calculations can be used in the same run, but we are not going
to do this here. Before proceeding, make sure to disable GSC by selecting the radio button for
Ignore in the Modules panel in Analysis Setup.

Step 2. Define the Pipes and Junctions Group

Open the Metric - Compressed Air System.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder.

Once the model is opened and saved to a new location, load the Base Scenario. The workspace should
look like Figure 1

“Workspace | {4 ModelData | [ Output | [ Graph Results | % Visual Repert
P - @ Ik e -MA ) B

=1 n o 2 o ) o i o 5 o %
o @

@ @ e Fr P8 P
=5

@ =

E2 = 7 8 18 1o
o

[ =]

T

=3,

S 5

Base Scenaric b Q00 & 1) o Bkl O 10

0

Figure 1: Model Layout for Compressed Air System - Cost Example

Step 3. Define the Steady Solution Control Group

There is an option available in Solution Control when using one of the marching methods that can some-
times result in an overall reduction in solution runtime. This option is to first solve the system using the
Lumped Adiabatic method and then use these results as a starting point for the marching solution. Since
the Lumped Adiabatic solution can typically be obtained much faster, this can provide an overall reduc-
tion in runtime for the marching method.
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The Steady Solution Control Group is already defined using the default inputs. This means that no user
input is required to run the model. However, the Lumped Adiabatic initialization will be used for this
model.

To activate this option, do the following:

1. Open Analysis Setup
2. Navigate to the Solution Method panel in the Steady Solution Control group

3. Click the box to turn on First Use Lumped Adiabatic Method To Obtain Initial Stating Point For
Marching Solution

The Steady Solution Control Group is now defined for this model.

Step 4. Define the Cost Settings Group

To use the cost calculation feature, navigate to the Cost Settings panel in Analysis Setup.

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.

Energy cost data can be specified through an energy cost library, or by directly entering an energy cost in
the Cost Settings window. 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, in the Cost Calculation section at the top, select Calculate. Next, in the Energy Cost
section, enter an energy cost of 0.06 U.S. Dollars Per kW-hr, as shown in Figure 2.

The Cost Definitions section allows you to specify the type of costs to be determined. You may select
from actual monetary costs, including Material, Installation, Maintenance, and Operation/Energy costs.

For this example, include Material, Installation, and Operation/Energy costs by selecting them from the
list of available Monetary Costs, 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 win-
dow by clicking OK.
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Analysis Setup

Modules

Fluid Properiies

Pipes and Junctions
Steady Solution Control

Environmental Properiies

s REENT

Cost Seffings

Cost Setfings

Miscellaneous

Colapse Al Groups

Cost Settings

Cost Calculation

(O Do Not Calculate (O Compressor/Fan Energy Only @) Calculate

Cost Definttions

Monetary Cost v

Installation
(] Maintenance

Operation/Eneray

Cost Time Period
System Life:
Interest Rate:

years -
Infistion Rate: [0 | %

Always Wam for Incomplete Pipe Subcomponent Costs

A SameAsPaent - | P Hep

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

Energy Cost

(O Use Energy Cost Libraries
@ Use This Energy Cost Information

Cost: U5 Dollars v

Per: | kWHhr ~
Qnly this fixed energy cost set here will be used. Al

Encrgy Cost seftings in the Library Manager wil be
ignored

o

F oK

E3 Cancel

Figure 2: The cost calculations are enabled on the Cost Settings window

Step 5. Engineering and Cost Libraries

The actual material and installation costs that the cost calculation feature uses are contained in cost lib-

raries. 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:

Cost information for a pipe system component is accessed from a cost library. Cost library items
are based on corresponding items in an engineering library. (The engineering libraries also

include engineering information such as pipe diameters, hydraulic loss factors, etc.)

items in an engineering library. Moreover, that library must be connected.

makes it easier to manage costs of items.

Add the Engineering and Cost Libraries

Select Library Manager from the Library menu. Add the Compressed Air System.dat engineering lib-
rary file to the list of available libraries by clicking Add Existing Library at the bottom. Browse to the engin-
eering library file in the AFT Arrow 9 Examples folder. The engineering library should now appear in the

list of available libraries.

To access a cost for a particular pipe or junction in a model, that pipe or junction must be based on

There can be multiple cost libraries associated with and connected to an engineering library. This
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Now add the cost libraries by clicking Add Existing Cost, and browsing to the Compressed Air System
Costs.cstand the Steel - ANSI Pipe Costs.cst cost library files.

All the added libraries should be connected automatically. If not connected, connect the newly added
engineering libraries by selecting them in the list of available libraries, and clicking the Add to Con-
nections button.

The Library Manager should appear as shown in Figure 3.

Library Manager

Library Browser Library Browser

Edit Junchions

Edit Fluids Search: | BN 4 Selected Library Information

Edit Pipe Materials =~ AFT INTERNAL LIBRARY ~ Compressed Air System

Edit Insulai LOCAL USER LIBRARY Location: C:\AFT Products\AFT Amow 5\Examples\Compressed Arr System.dat

" Number of Junctions = 7

Compressed Air System Number of Fittings = 0

Junctions Number of Fluids = 0

- Compressed Air System Branch Number of Insulations = 0

US - Compressed Air System Valve mumgerg" SD: Malina‘s =0
umber ers =

- Metnc - Compressed Ar System Vabve e et

~ U35 - 80% Compressed Air System Compressor

US - 90% Compressed Air System Compressor

- Metric - B0% Compressed Air System Compressor

~ Metric - 30% Compressed Air System Compressor

Edit Fittings & Losses
Edit Costs__

Compressed Air System Costs
i[4] Copper Pipe - ASTM
+ Copper Tubing - ASTM

3
G
a3
3
i |4 PVC - ASTM
e
e
o
e

1 [7] Stainless Tubing - AFT Customary

-

pe Materials
ost
[] Steel - ANSI Pipe Costs
Steel - DIN 2391-1
Steel - DIN 2458
Steel - EN 10216-1 {s1) v

JERIE @

i
&
]

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

El El| | Other Actions -
Create New Library Add Existing Library. Add Existing Cost Library User Default Set as Default

AFT Intemal Libra 3
Read Orlly Librar P Help ® Close

Figure 3: The Library Manager window displays all of the available and connected libraries

The engineering libraries associated with these two cost libraries are the Steel - ANSI pipe materials lib-
rary, and an external library called Compressed Air System. 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 engin-
eering 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 tank junction must be modified to use the component data contained in the
engineering library. Do this by opening the Properties window for each junction, and selecting the com-
ponent name displayed in the Library Jct list, as shown in Figure 4 for the Compressor/Fan junction.

Note that there are two compressor junctions in the library. One uses an efficiency of 80% for the Hot
Case scenario, and the other uses an efficiency of 90% for the Cool Case scenario. For this case, select
the Metric 80% efficient compressor.
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Compressor/Fan Properties

Number: Upstream Pipe: 1 o OK
Name: Compressor/Fan “ Downstream Pipe: 2 —
Library Jt Metric - 807 C d Air System C Flevafion
rary Jot: fic - ‘ompressed Air System Com| =
Copy Data From Ject
&
ompressed Air System Compres: # Help

ompressed Air System Compressor
Compressar Model|US - 90% Compressed Air System Compressorierts | €23 Cost | Notes | Status

Compressor Curve
‘ * 6 Enter Curve Data...

Centrifugal Fan Positive
Compressar Displacement

Compressar Wax X-Auis Value:

Compressor Model

(® = Compressor Curve Oé’ Sizing

Added Pressure i
(@) Stagnation () Static %’
Compression Process Thermodynamics ”
(O Adiabatic
() Polytropic o 0.2 03 04 05 08 o7 0.8 08
(®) Determine From Efficiency Data m' (ka/sec)

Efficiency data is required. f efficiency is not

entered it is assumed to be 100%. Pressure Rise | Efficiency | Parameters and Constants

[7] Check Valve at Discharge (Mo Backflow Allowed)

meters/sec

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

Step 6. Include Cost in 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 choosing Include in Cost Report on the Cost tab in the
Properties window 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: 1 o OK
Name: |Piue | Downstream Junction: 2 Cancel
Copy Data From Pipe ~ + Jump...
2 Help
Fipe Model | Fittings & Losses | Heat Transfer | DesignAlerts | Optional | £ Cost | Notes Status

Cost Information:

===COS5T LIBRARIES USED ==:
() Do Met Include Cost in Report All connected cost libraries

(® Include Costin Report

Cost 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 tabs on the pipe and junction Properties windows are used to include the objects in the
Cost Report

Once all the necessary Pipes and Junctions have been set to be included in the Cost Report, load the
Hot Case 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 8. Examine the Output

The Cost Report is displayed in the General 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 Control
window. Figure 6 shows the Cost Report for this example with the Material, Installation, Operation, 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 Wamings DesignAlerts | Cost Report | Compressor/Fan Summary | Valve Summary | Tank Summary
-Ur_ag_l%gﬁ";rss: Material | Installation NogLHbe_lggtrarlmg Operation/Energy | TOTAL

TOTAL OF ALL MODEL CDSTS 103.39%
Total of All Shown Costs 10.156 4.4M 14,650 88,746 103.3%
Pipe Subtotal 856 894 1.750 0 1.760
P1 7 7 13 0 13
P2 178 177 356 0 356
P3 178 177 356 0 356
P4 178 177 356 0 356
P5 178 177 356 0 356
P& M 45 78 0 78
7 M 45 78 0 78
P2 k2 45 78 0 78
P 34 45 78 0 78
Branch Subtotal 600 300 1.500 0 1.500
J3 150 225 375 0 375
J4 150 225 375 0 375
J5 150 225 375 0 375
J6 150 225 375 0 375
Compressor/Fan Subiotal 1.500 500 2.000 B88.746 50.746
J2 1,500 500 2,000 88,746 90,746
Valve Subtotal 7.200 2.200 9.400 0 9.400
J7 1.800 550 2,350 0 2,350
J8 1.800 550 2,350 0 2,350
J9 1.800 550 2.350 0 2.350
J10 1.800 550 2,350 0 2,350

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

Step 9. Set up and Run the Cold Case Scenario

Load the Cold Case scenario. Repeat Step 4 through Step 8 but using the Metric - 90% Compressed Air
System Compressor for J2 instead. The results from the Cold Case scenario are shown in Figure 7.
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A | General Warnings | DesignAlerts | Cost Report | Compressor/Fan Summary |~ Valve Summary | Tank Summary
-lu—?gll%g”gﬁ Material | Installation Noghﬁbqrcgt;rllng Operation/Energy | TOTAL
TOTAL OF ALL MODEL COSTS 80.176
Total of All Shown Costs 10.156 4.4 14,650 65,627 80176
Pipe Subtotal 856 894 1.750 0 1.750
P 7 7 13 ] 13
P2 178 77 356 ] 356
P3 178 77 356 ] 356
P4 178 77 356 ] 356
Ps 178 77 356 ] 356
P& 3 45 78 ] 73
P7 3 45 78 ] 73
Pa 3 45 78 ] 73
P3 3 45 78 0 78
Branch Subtotal 600 300 1.500 0 1.500
J3 150 235 375 ] 375
M 150 235 375 ] 375
J5 150 235 375 ] 375
J& 150 225 375 0 375
Compressor/Fan Sublotal 1.500 500 2.000 65.627 &67.527
J2 1.500 500 2,000 65527  B7527
Valve Subtotal 7.200 2.200 9.400 0 9.400
J7 1,800 L] 2,350 ] 2,380
J8 1,800 L] 2,350 ] 2,380
J9 1,800 L] 2,350 ] 2,380
J10 1,800 L] 2,350 0 2,350

Figure 7: The Cost Report for the Cold Case scenario

Cost Analysis Summary

The cost analysis for the Hot Case scenario shows that the total system cost over 10 years for the com-
pressed air system is $102,856. Of that cost, $10,156 was for Material costs, $4,494 was for Installation
costs, and $88,207 was energy cost over the life of the system.

By contrast the cost analysis for the Cool Case scenario shows that the total system cost over 10 years
for the compressed air system is $80,283. Of that cost, $10,156 was for Material costs, $4,494 was for
Installation costs, and $65,633 was energy cost over the life of the system.
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Summary

This example demonstrates the fundamental concepts of the cost calculation features of AFT Arrow. The
example illustrates how the cost calculation features can be used to calculate costs for a given system
design.

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: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Compressed Air System - Cost
example and is familiar with the basics of cost analysis.

Model Files

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

* Metric - Process Steam System.aro

* Metric - Process Steam System Costs.aro

* Process Steam System.dat - engineering library

* Process Steam System Costs.cst- completed cost library for Process Steam System.dat
* Metric - Process Steam System Pipe Costs.cst- completed cost library for Steel - ANSI

Problem Statement
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Process Steam System - Cost

After designing a process steam plant, it is necessary to calculate the system cost to determine the feas-
ibility of the design. Use the cost calculation features to determine the initial cost of the system. Include
material and installation costs for pipes and fittings.

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Important: The GSC module and cost calculations can be used in the same run, but we are not going
to do this here. Before proceeding, make sure to disable GSC by selecting the radio button for
Ignore in the Modules panel in Analysis Setup.

Step 2. Define the Pipes and Junctions Group

Open the Metric - Process Steam System.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder.

Once the model is opened and saved to a new location, load the Base Scenario. This is the only scenario

needed for this example, so right-click the Base Scenario and select Delete All Children. The workspace
should look like

- 108 -



Process Steam System - Cost
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Figure 1: Model layout for Process Steam System Cost example

Step 3. Define the Cost Settings Group

Open Analysis Setup and go to the Cost Settings panel. Turn on Cost Calculation by selecting the Cal-
culate option at the top.

This example does not have any components for which energy costs can be calculated, so oper-

ational/energy costs will not be included in the Cost Report. For this example, leave the energy cost
blank.

In the Cost Definitions section, select Material and Installation costs. Additionally, because we are only

accounting for material and installation costs, there is no need to enter a system life period for costing pur-
poses.

The Cost Settings panel should now resemble Figure 2
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Analysis Setup X
[Fo  Modules ~ | Cost Seitings
&©  Fluid Properties ~ | Cost Calculation
Calculates the costs associated with system materials,
R ——— _ | O DoNotCaleulate O Compressor/Fan Eneray Orly @ Calculate  aaiation. cntr. ot or exantenance
2  Steady SolionC | CostDefintions Energy Cost
Fr— - O Use Energy Cost Libraries
0 Environmental Properies oneten Lo ® Use This Energy Cost Information
R — ~ | Cost: [ ][US. Dolers 2
Installation b [WR
Gt St [] Mairtenance s " e
] Operation/Energy Only this fixed energy cast set here will be used. Al
£20 Miscellaneous ~ Energy Cost settings in the Library Manager will be
ignored
Cost Time Period
Sywemlfe: [0 ||yeam v
terestRate: 0 | % .
e years v
Infistion Rate: [0 | %
Always Wam for Incomplete Pipe Subcomponent Costs
Collapse Al Groups 7 SameAsParent ~-|| P Hep o OK B3 Cancel

Figure 2: The cost calculations are enabled on the Cost Settings window

Step 4. Connect the Engineering Library

For detailed information on using the Library Manager, consult the AFT Arrow Help System.

Select Library Manager from the Library menu. Add the Process Steam System.dat engineering library
file to the list of available libraries by clicking Add Existing Library at the bottom. Browse to the engin-

eering library file in the AFT Arrow Examples folder. The engineering library should now appear in the list
of available libraries.

Make sure the library is connected to the model - indicated by the check mark next to its name.

The Library Manager should appear as shown in Figure 3.
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Library Manager

Library Browser

P e

Edit Junctions

Edit Fluids Search: | & | Y Selected Library Information

Edit Fipe Matenals -~ AFT INTERNAL LIBRARY Process Steam System

e : 1 LOCAL USER LIBRARY Locaion CAFT Products\AFT Ao 5\Exanples Process San Sy da
S Process Steam System Number of Fitings = 0

E Tl Junctions Number of Fluids = 0

Edit - - Tee for Process Steam System Costs Number of Insulations = D

- Bend for Process Steam System Costs Number of Pipe Materials = 0
Copper Pipe - ASTM Number of Others = 0

eel - DIN 2458
eel - EN 10216-1 (s1)
eel - EN 102162 (s1)
eel - EN 10217-1 (s1)
Steel - EN 102172 {s1)
eel - EN 102174 (s1)
1 Steel - EN 102175 is1)
i [7] Steel - EN 102176 (s1)

= y Mate: checked library content can
Bl [Bl] | Other Actions - | ' e inthe curent scenario

Create New Library ... Add Existing Library.. Add Existing Cost Library... User Defautt Set as Default

AFT Intemal Libra r
Read Only Libra D Help ® Close

Figure 3: The engineering library is connected using the Library Manager

Any pipes and junctions for which costs are to be generated must be associated with an engineering lib-
rary.

The engineering libraries associated with the junctions in this example are the AFT INTERNAL
LIBRARY, and an external library called Process Steam System. The junctions in the model must be
associated with one of these two engineering libraries to be able to access the cost data in the cost lib-
raries we will be creating.

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.

The Bend and Tee junctions must be modified to use the component data contained in the external engin-
eering library. Do this by opening the Properties window for each junction, and selecting the component
name displayed in the Library Jct list. Make this change for all of the Bend and Tee junctions.

Step 5. Create the Cost Libraries

Refer to the AFT Arrow Help System for detailed information regarding creating and using cost libraries.

In order to calculate the material and installation cost for the pipes and fittings, these costs must be
included. This will be accomplished by creating two new cost libraries. The first library will be associated
with the engineering library that contains the pipe material data, and the second library will be associated
with the engineering library that contains the fitting data.
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Create a new cost library for the pipe costs

Create a new cost library for the pipe costs by opening the Cost Library window from the Library menu.
Create a new cost library by clicking on the New button. When you click on the New button, 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 library, so the pipe cost
library will be connected to this library. Select Steel - ANSI from the library list shown in the Select Library
window, then click the Select button.

Note: 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:

1. Cost Type = Monetary

2. Monetary Unit = U.S. Dollars

3. Description = Metric - Process Steam System Pipe Costs

4. Notes = This library is for the Process Steam System Cost Example File

Save the cost library to a file by clicking the Save button. Name the library Metric - Process Steam Sys-
tem Pipe Costs.cst. When prompted, choose to add the new library to the list of available and con-
nected libraries. The information on the General tab should appear as shown in Figure 4. The selected
library file information, cost type and monetary units, a description of the cost library, and any notes you
have added will be displayed.

Note: The library file pathnames may be different than those shown in Figure 4.

For this example, you will enter Pipe Material costs for the pipes.
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Edit Cost Library
General PFipe Materials Tables Summary
Cost Library Filename: CAFT Products'AFT Amow $\Examples‘\Metric - Process Steam System Pipe Costs.cst
Engineering Library Filename: CAAFT Products'AFT Amow 5'\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: Metric - Process Steam System Pipe Costs
Set All Multipliers to One

Notes:

This library is for the Process Steam System Cost Example File

AFT Intemal Librany (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs
Extemal Library (Read-Only)
Local User Library 5 i| New... j COpen Any... ® Close

Figure 4: The Edit Cost Library window is used to enter cost data

' Open Available... | | Save 2 Help

Enter the pipe material costs

After the pipe cost library has been created, select the Pipe Materials tab in the Cost Library window. 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 (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 nominal 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.

To enter a new cost, navigate to the material, nominal size and type combination for which you want to
enter a cost. Click the New Cost button to create a new cost item in the table below. The new cost item
will appear as a new column.

Each pipe size in this example has two non-recurring costs associated with it. The costs to be entered
are the material and installation costs. Figure 5 shows the costs entered for 8-inch STD (schedule 40)
Steel. Enter the non-recurring pipe costs for the pipe in this example, as shown below.

All pipes are STD (schedule 40) Steel - ANSI:
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. Installation
Cost Type | Material (NR)
(NR)
i Cost (U.S. Cost (U.S.
Size (inches) ( (
Dollars) Dollars)
6 28.00 65.50
8 34.50 78.75
12 67.25 169.00
Cost Per Length Length
Cost Per
. meters meters
Units
Edit Cost Library
General Fipe Materials Tables Summary
Pipe Materials, Sizes and Types: EIENE
- 31/2inch a|  Sot
M 4inch (O) Material, Nominal Size, Type or Schedule Eeatiop et
- Sinch (® Matenal, Type or Schedule, Nominal Size Export to Excel...
- 6 inch
E ::g::z: Diameter = 7.981 inches. )
. 14inch Cument: Steel - ANSI, 8inch, STD {schedule 40)
- 16inch v New Cost
Cost #1 Cost #2
Diescription Material Installation
Cost Type Material (NR) |~ Installation (NR) |+
Cost (LS. Dollars) U5 7875
Cost Per Length |~ Length |~
Cost Per Units meters |« meters |«
ot e 2 | N
Tive Sesing T [ N
AFT Intemal Library (Read-Only) {NR) = Nonrecuming Costs, (R) = Recuring Costs # Open Avaiable H sae D Hebp
Extemal Library (Read-Only) -
Local User Library _ =_| New j COpen Any Bl Save As @ Close

Figure 5: Non-recurring pipe costs, such as material and installation costs, are entered on the Pipe Materials
tab

Create a new cost library for the piping components

To enter cost for a pump, or any other junction type, the junction must first be added to an engineering lib-
rary. Cost data is then entered in a cost library associated with that engineering library. The piping com-
ponents (bends and tees) used in this example have been added to an engineering library. Create a new
cost library associated with the Process Steam System.dat engineering library with the following gen-
eral information:

114 -



Process Steam System - Cost

1. Cost Type = Monetary
2. Monetary Unit = U.S. Dollars
3. Description = Process Steam System Costs

Save the cost library to a file by clicking the Save button. Name the library Process Steam System Cost-
s.cst. When prompted, choose to add the new library to the list of available and connected libraries.

Create cost scale tables for the bends

The model contains several 90-degree bend junctions. The cost of these bend fittings can be included in
the cost 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 the bend items.

The first table you will create is the scale table for the 90-degree bend installation costs. Select the
Tables tab, and click the New Table button.

Enter the following data for the scale table on the New Scale Table window:

1. Name = Installation Table
2. Table Type = Diameter
3. Table Format = Cost

The window should appear as shown in Figure 6. After entering the data, click OK.

Mew Scale Table
Scale Table Mame:  |Installation Table
Table Type Table Format
(® Diameter () Muttiplier
) Time (@) Cost
() Power
() Cw
o 0K E3 Cancel 2 Help

Figure 6: Scale tables are created using the New Scale Table window

After the table has been created, enter the cost data for the table. Do this by selecting the table name in
the Table list, then entering the cost values in the table provided. Enter the following installation cost data
into the scale table:
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Diameter (inches) | Cost (U.S. Dollars)
4 85
6 125
8 185.5
12 298
18 446

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 Arrow 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.

Create another scale table for the material costs using the following data:
Name = Material Table

Table Type = Diameter

Table Format = Cost

Diameter (inches) | Cost (U.S. Dollars)
4 30
6 45
8 68
12 151.5
18 262.5

After the scale tables have been created, and the cost data entered, the Tables tab should appear as
shown in Figure 7.
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Edit Cost Library
General Junctions Tables Summary
Tables: Table Units: | inches ~ |73 Edit Table -
Diameter Cost ~
Table Tpe Fomat linches) (LS. Dollars)
Installation Table Diameter Cost N 25
Material Table Diameter Cost 5 g 125
3 |8 1855
4 12 258
5 |18 445
6
7
8
B_ v
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 2 Help
Extemal Library (Read-Only)
Local User Library 5 i| New... j COpen Any... Bl Save As.. ® Close

Figure 7: The Tables tab on the Cost Library window is used to create cost scale tables

Add the costs for the bends

With the cost scale tables for the bends defined, the costs for the bends can be added. Select the Junc-
tions tab. A list of all of the available junctions is displayed in Junction Components list.

The bends in the model are called Bend for Process Steam System Cost Example. Select this junction
and add the material cost by clicking the New Cost button, and entering the following data:

Description = Material

Cost Type = Material (NR)

Use Size Table = Table of Costs
Multiplier = 1

Size Scaling Table = Material Table

ok oD~

Now add the installation cost by clicking the New Cost button, and entering the following data:

Description = Installation

Cost Type = Installation (NR)

Use Size Table = Table of Costs
Multiplier = 1

Size Scaling Table = Installation Table

ok wbd =~
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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 Junctions tab should appear as shown in Figure 8.

Edit Cost Library

General Junctions Tables Summary
- = e
Junction Components: ElEF Impart from Excel ..
= Bend Show Engineening Data...
B Bend for Process Steam System Costs Export to Excel..
= Tee or Wye

i Tee for Process Steam System Costs

Cument: Bend, Bend for Process Steam System Costs
New Cost

Cost #1 Cost #2
Description Material Installation
Cost Type Material (NR) |~ Installation (MR) |~
Use Size Table Table of Costs |~ Table of Costs |+

Cost (Us. Dolers) | I
Cost Per I
Costperinics |

1 1

Multiplier
Size Scaling Table Material Table |~ Installation Table |~

AFT Intemal Library (Read-Only) {NR) = Nonrecurring Costs, {R) = Recuring Costs # Open Available... (= D Hep
Extemal Library (Read-Only)
Local User Library G MNew.. = OpenAny... Bl saves.. ® Close

Figure 8: The Junctions tab on the Edit Cost Library window is used to specify costs junction items

Add the costs for the tees

Add the material cost for the tees by clicking the New Cost button, and entering the following data:

Description = Material
Cost Type = Material (NR)
Use Size Table = (None)
Cost (U.S. Dollars) = 150
Cost Per =Item

ok 0N~

Now add the installation cost for the tees by clicking the New Cost button, and entering the following
data:

Description = Installation
Cost Type = Installation (NR)
Use Size Table = (None)
Cost (U.S. Dollars) = 225
Cost Per =Item

ok 0N~

Save the cost library and click the Close button.
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Connecting the cost libraries

The 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 and ). Refer to the AFT Arrow Help system for information on how to connect libraries using the
Library Manager.

Library Manager
Library Browser Li B
Edit Junctions.
Edit Fluids Search: | [=YRA 4 Selected Library Information
Edit Fipe Materials % AFT INTERNAL LIBRARY A Process Steam System
e ..~ LOCAL USER LIBRARY Location. C:\AFT Procucts\AFT Amow S\Examples' Process Steam System dat
i P Steam System MNumber of Junctions = 2
== Mumber of Fittings = 0
EEE sl Junctions Number of Fluids = 0
Edit . Tee for Process Steam System Costs MNumber of Insulations = 0

Bend for Process Steam System Costs Humber of Pipe Materials = 0
5 st Number of Others = 0

Mumber of Cost Libr =1
= Process Steam System Costs umber ot Lo ranes

Copper Pipe - ASTM

Stainless Steel - ANSI
Stainless Tubing - AFT Customary
Steel - AFT Customary

Steel - ANSI

Metic - Process Steam System Fipe Costs

[ Steel - DIN 2391-1

i-[/] Steel - DIN 2458

-] Steel - EN 102161 (s1)

-] Steel - EN 102162 (s1)

#-[] Steel - EN 102171 (s1)

Steel - EN 102172 (s1)

Steel - EN 102174 (s1)

Steel - EN 10217-5 (s1) v
i) g

b " Note: checked lbrary cortent can
Bl [%] | OthorAdtons = | ¢ e the curent scenario

Create New Library. .. Add Existing Library... Add Existing Cost Library. User Default Set as Default

AFT Intemal Librar 5
Read Orly Libra D Help ® Close

Figure 9: The Library Manager is used to connect engineering and cost libraries

Step 6. Including Items 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 choosing Include in Cost Report on the Cost tab in the
Properties window for each pipe and junction to be included, as shown for Pipe 1 in Figure 10.

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

For this example, we want to include the costs for all pipes, bends and tees.
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Pipe Properties

Number: Upstream Junction: 1 o OK

Name: |Piue | Downstream Junction: 101 Cancel

Copy Data From Fipe ~ | | Copy Previous... Y Jump..
2 Help

Fipe Model | Fittings &Losses | W Hest Transfer | DesignAlerts | Optional | & Cost | Notes Status

Cost Repott Cost Information:
===COS5T LIBRARIES USED ==:
() Do Met Include Cost in Report All connected cost libraries
® include Costin Report ===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 in the properties window 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 8. Examine the Output

The Cost Report is displayed in the General section of the Output window. View the cost report by select-
ing the Cost Report tab. The content of the Cost Report can be controlled from the Output Control win-
dow. Figure 11 shows the Cost Report for this example with the Material, Installation, and Total costs
displayed.

The Cost Report shows the total system cost, as well as the individual totals for the material and install-
ation costs. In addition, the Cost Report displays the detailed cost for each pipe, junction, and fitting that
was included in the report. The items are grouped together by type, and a subtotal for each category is lis-
ted.
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# | General | Warnings | DesignMers | Cost Report | Tank Summary
| ble Lnits: Material | Installation | TOTAL
TOTAL OF ALL MODEL COSTS 172 504
Total of All Shown Costs 52,203 120300 172,604
Pipe Subtotal 51.032 118212 169,243
F1 2018 5,070 7.088
P2 3,004 L 10,868
P10 1.547 3.887 5434
P101 4209 5,608 13.817
P102 7.501 18,034 25534
F103 7.501 18.034 25934
P104 2822 5,585 2607
P105 240 1.965 2,805
F106 420 53 1.403
P107 £44 1.507 2,151
P20 2522 5,985 8607
F202 b.244 11,570 17.214
P203 244 11,570 17,214
F204 5,244 11,570 17.214
F205 420 583 1403
F206 F4d 1.507 2,151
F207 420 53 1.403
Bend Subtotal 271 740 1.011
J102 ] 185 253
J105 ] 185 253
J202 62 185 253
J205 62 185 253
Tee or Wye Subitotal 800 1,350 2.250
J107 150 225 375
J103 150 225 375
J104 150 225 375
J201 150 225 375
J203 150 225 375
J204 150 225 375

Figure 11: The Cost Report in the General Output section shows the results of the cost analysis

Cost analysis summary

The Cost analysis for the Process Steam System shows that the total initial system cost for the process
steam system is $172,504. Of that cost, $52,203 was for Material costs and $120,301 was for Installation
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costs
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Module Walk-Through Examples

Module Walk-Through Examples

The examples in the Arrow Module Help System are designed to get new users trained to use the Arrow
modules correctly in the shortest amount of time.

If this is your first time using Arrow, please start with the Walk-Through Examples to learn how to create
and run Arrow models. Start with the Air Heating System, because it provides the most complete, basic
description on how to set up and run an Arrow 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 Arrow 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.

Arrow GSC Examples

Arrow ANS Examples

Arrow XTS Examples
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Goal Seek and Control (GSC) Examples

The examples below utilize the Goal Seek and Control module.

Arrow GSC Examples

Example Complexity Fluid Pipes Compressors Description
Learn the basics of the
GSC module. See how to
use Analysis Setup to activ-
ate and enable the GSC
Beginner: module and to use the Goal
Heat Transfer Beginner Air 1 0 Seek and Control group to
in a Pipe define variables and goals.
Learn where to find the
GSC Variables and GSC
Goals tabs in the Output
window.
Learn how to use the GSC
Steam Relief : module to achieve a
—— Beginner Steam 6 0 .
System desired mass flow rate by
varying the CdA of a valve.
Learn how to create groups
% Intermediate Methane 16 0 and use the Group Max/Min
- goal with the GSC module.
Learn how to use the GSC
Combressed . . quule to §peC|fy multiple
_p—Air Svstem Beginner Air 9 1 unique variables and goals
All=ysiem to achieve a desired sys-
tem configuration.
Learn how to link GSC vari-
Process Intermediate Steam 17 0 aples together to apply mul-
Steam System tiple variables and goals in
a single simulation.

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.
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Note: This example can only be run if you have a license for the GSC module.

Topics Covered

* Using 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 Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

* Metric - Heat Transfer - GSC.aro

Problem Statement

For this example, we will use the GSC module to determine the flow rate required such that air at the out-
let of a 60-meter section of pipe, with heat transfer, reaches a temperature of 38 deg. C. The initial air
temperature is 150 deg. C at a pressure of 3.5 barG (350 kPa(g)), the ambient temperature is 21 deg. C,
and the ambient air velocity is 25 km/hr.

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Step 2. 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
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Goal Seek and Control (GSC) Examples

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 1.

File Edit View | Analysis | Tools Library Arange Window Help
j' [I@ J_:j f‘f}*@ Analysis Setup...

“a [ .
’* Workspace Goal Seek 8 Control Ignore
5 m System Properties... Vv Use
B Run Model... Ctrl+R

Figure 1: Select Use from the Goal Seek & Control menu item on the Analysis menu to instruct AFT Arrow to
perform goal seeking when it runs

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 = Air
i. After selecting, click Add to Model
c. Equation of State = Redlich-Kwong
Enthalpy Model = Generalized
Specific Heat Ratio Source = Library

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 ;j Medel Data [ Output | 1= Graph Results | &> Visual Report

D~ - @- |kl a-a ) =

= £ i . 2
o O—
o> @

=]

P

EI=

o=

o0

D i

= &

|, 4

Base Scenario

B Q100 = + 1| @32

Figure 2: Model layout for GS C Heat Transfer 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.

Pipe Properties

1.  Pipe Model tab

P a0 T o

f.

Pipe Material = Steel - ANSI

Pipe Geometry = Cylindrical Pipe
Size =4 inch

Type = STD (schedule 40)

Friction Model Data Set = Standard
Length = 60 meters

2. Heat Transfer tab

a.

b.
C.
d

Heat Transfer Model = Convective Heat Transfer
Temperature =21 deg. C

Fluid Velocity = 25 km/hr

Fluid = Air

Junction Properties

1. J1 Assigned Pressure

a.
b.

Elevation = 0 meters
Fluid = Air
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c. Pressure =3.5barG (350 kPa(g))

d. Temperature = 150 deg. C

e. Pressure Specification = Stagnation
2. J2 Assigned Flow

a. Elevation =0 meters

b. Type = Outflow

c. Fluid = Air

d. Flow Rate =0.9 kg/sec

Step 5. Define the Goal Seek and Control Group

The GSC module is controlled through the Goal Seek and Control group in Analysis Setup. The Goal
Seek and Control group has three items: Variables, Goals, and Numerical Controls. Use the Variables
panel to define the variables. Use the Goals panel to define the goals. and use the Numerical Controls
panel to specify the convergence and calculation methods. The default inputs in the Numerical Controls
panel will suffice for the vast majority of models using the GSC module.

Variables Panel

In the GSC module, variables are the parameters that Arrow will modify in order to achieve the specified
goals. In order to help maintain unique answers, there should typically be the same number of goals as
there are variables.

Open the Variables panel. The Variables panel allows users to create and modify the system variables.
The object 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 on the Variables tab.

Click the New Variable button, and enter the following variable data:

Apply = Selected

Object Type = Junction

Junction Type = Assigned Flow

Junction Number and Name = J2 (Assigned Flow)
Variable Parameter = Flow

Link To = (None)

o0k N =

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. Leave these blank for this
example/

After entering the data, the Variable tab should appear as shown in Figure 3:
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o Modies | Variables

=3 ® 7
I - New Variable | | Duplicate Varible | | Delete Variable | | Delete Al Varicbles Parameters to vary in order to reach godls

Variable | LinkTo | LewerBound | Upper Bound
Parameler (Optional) (Optional)

| Variables 1 Junction || Assigned Flow || J2 (Assigned Flow) || Flow <] (None) [w

@1 Goal SeskandContl Apply | ObjectType | Junction Type OfjectNaber

umerical Controls

Steady Solution Control ~

20

5  Environmental Properfies
©© CostSelfings ~
=]

Miscellaneous ~

Note: Upper and lower bounds provide logical extremes for the search. Units for bounds are same as on Propeties window
Al 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 Al Groups 2 Same As Parert 2 Heo o oK B Cancel

Figure 3: The Variables panel is used to specify the variables

Goals Panel

Goals are the parameter values set by the user that Arrow adjusts the variables to achieve. Again, there
should be the same number of system goals as there are system variables.

Select the Goals panel in Analysis Setup. The Goals panel allows users 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 parameter. The user then
selects 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).

Click the New Goal button, and enter the following goal data:

Apply = Selected

Goal Type = Point

Object Type = Pipe

Goal Parameter = Temperature Stagnation
Criteria==

Goal Value = 38

Goal Units =deg. C

Object ID = P1 (Pipe)

Object Location = Outlet

© ©® N Ok WDN =

After entering the data, the Goals tab should appear as shown in Figure 4:
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Analysis Setup ®
[Z®  Modules ~ | Goals
AO  Fluid Properties ~
). “df I &

D  Pipes and Juncions w New Goal Duplicate Goal Delete Goal Delete Al Goals Desired goals In Otput

Seek and Control fpply | GoalType | Object Goal Crteria | Goal | Goal Object Object
LD E=e=e - | | ‘ | Type Farameler Valee | Units D Location

& “Varizbles Pipe || Temperature Stagnation FEET) deg C |~ P1(Fipe) v Outlet

. “Goals

Numerical Controls
20  Steady Soluion Control
5  Environmental Properfies
©© CostSelfings ~

E® Miscellaneous ~

[ 3] Mote: Double-lc o pressight mewse buton on he arlet caumn 0 view th Propetes or mspection wincow fora ppe orunctin

v o |[Boen

Figure 4: GSC Manager Goals tab is used to specify the goals

As variables and goals are added to a model, AFT Arrow will display symbols beside the pipes and junc-
tions 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 5:

;'Workspace |gModelDa‘la |E0ulput |EGraph Results |®\ﬁsual Report -
Pe-~- 3B Ox@Me-Al= acg@lk (kA ES B

Toolbox ~

J1 Va2

G GP1 [

_
.
551@'( )V
Base Scenario [H Q1w (@ ——}— ®| +1| m2|

Figure 5: Workspace with Goal and Variable symbols displayed
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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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 7. Examine the Output

The Output window contains all the data that was specified in the Output Control window. Figure 6 shows
the Output window.

£ | General | Wamings | Design Alerts | GSC Variables | GSC Goal
Evection Tme= 155 seconds ~
Total Number Of Pressure erations= 0

Total Number Of Flow herations= 170

Total Number Cf Enthalpy terations= 168

Number Of Pipes= 1

Number Of Junctions= 2

Matrix Method= Gaussian Elimination

Length March Solution Method with Mach Number Limits
Segments Per Pipe=2

<

2 | Pipes | Axial Points = Heat Transfer

Name | Mass Flow Vel Vel Mach Mach dPStag. | PStag. | PStag. | P Static | P Static dT TStag. | TStag. | T Static | T Static
Fipe Rate In Out #In #0ut Total In Out In Out Stag Inlet Outlet In Out
(kgisec) | (meters/sec) | (meters/sec) (bar) (bar) (bar) (bar) (bar) | (deg.C) | (deg.C) | (deg.C) | (deg. C) | (deg.C)
1 |Pipe 0.2240 7.344 5400 001786 001529 9237E-03 4513 4504 4512 4503 112.0 150.0 33.00 150.0 3799
<

>
# | AllJunctions | Assigned Flow = Assigned Pressure

Name Mass Flow Rate | dP Stag. | PSteg. | P Stag. | P Static | P Static dT TSiag. | TStag. | T Static | T Static | dH HStag. | HStag. | H Static
Jct Thru Jet Total In Out In Out Stag Inlet Outlet In Out Stag. In Out In
(kg/sec) (bar) (bar) (bar) (bar) (bar) | (deg.C) | (deg. C) | (deg.C) | (deg.C) | (deg. C) | (kikg) | (kdikg) | (kdkg) | (kdikg)
1 |Assigned Pressure 02240 0 4513 4513 4512 4512 0 15000 15000 15000 15000 o 5839 5839 583.
2 | Assigned Flow 02240 0 4504 4504 4503 4503 0 38.00 38.00 37.99 3799 o 4701 4701 470,
<

>

Figure 6: The Output window contains all the data that was specified in the Output Control window

The results of the GSC analysis are shown in the General Output section. The GSC Variables tab

shows the final value for the variable parameter, as shown in Figure 7. The GSC Goals tab shows the
final value achieved for the goal, as shown in Figure 8.

# | Wamings | DesignMerts | G5C Variables | GSC Goals | 1
. Object Object | Parameter | Value | Units
Variable Type
1 Assigned Flow  J2 Flow 02240 ko/sec |

Figure 7: GSC Variable Results are displayed in the General section of the Output window
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% | General Warnings DesignAlerts GSC Variables | GSC Goals
Goal | Object | ObjectID | Object Parameter User Goal | Actual Goal | Units
Goal Type | Type Location Walue Walue
1 Point  Fipe F1 (Fipe] Outlet Temperature Stagnation 32 38.00 deg. C |

Figure 8: GSC Goal Results are displayed in the General section of the Output window

The GSC module analysis determined that a mass flow rate of 0.2240 kg/sec results in a pipe outlet tem-
perature of 38.00 deg. C. In order to achieve the desired temperature, the assigned flow rate was varied
from the initial value of 0.9 kg/sec, to the final value of 0.2240 kg/sec. In addition to the GSC module 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 objective of this example is to demonstrate how goals and variables are used in the GSC module to
achieve an objective.

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 Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System 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 Arrow
installation:

* Metric - Refinery Relief System.aro
* Metric - Refinery Relief System - GSC.aro

Problem Statement

For this example, we will use the GSC module to determine the relief valve CdA value required such that
the capacity of a steam relief system is a minimum of 13 kg/sec.

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.
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Steam Relief System - GSC

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

Open the Metric - Refinery Relief System.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder. This is the only

scenario needed for this example, so right-click the Base Scenario and select Delete All Children. The
workspace should look like Figure 1

7*Workspace | i Model Date | [ Output | |2 Graph Results | ® Visual Report
@ (x| e - M B = ¢
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=
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Figure 1: Model layout for GSC Steam Relief System example

Step 2. Define the Fluid Properties Group

1. Navigate to the Fluid panel in Analysis Setup
2. Define the Fluid panel with the following inputs
a. Fluid Library = AFT Standard
b.  Fluid = Steam
i. After selecting, click Add to Model
c. Equation of State = Redlich-Kwong
Enthalpy Model = Generalized
Specific Heat Ratio Source = Library

Step 3. Define the Pipes and Junctions Group

All pipes and junctions should already be defined. However, a few changes need to be made to adapt the
model to this example. Make the following changes:

Junction Properties
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1. J1Tank

a. Name = Steam Process 1

b. Fluid = Steam

c. Temperature =205deg.C
2. J2Tank

a. Name = Steam Process 2

b. Fluid = Steam

c. Temperature =205deg.C
3. J3Tank

a. Name = Steam Process 3

b. Fluid = Steam

c. Temperature =205deg.C

Step 4. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. 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 using the Goal Seek and Control group in Analysis Setup.

Variables Panel

Open the Variables panel, click New Variable, and enter the following variable data:

Apply = Selected

Object Type = Junction

Junction Type = Valve

Junction Number and Name = J7 (Relief Valve)
Variable Parameter = CdA

Link To = (None)

Lower Bound (Optional) =0

Upper Bound (Optional) = 180

© N ok =

Note: The units used for the Lower and Upper Bound are the same as what is specified in the junction
properties window: cmz2 in this case.

Goals Panel

Open the Goals panel, click New Goal, and enter the following goal data:
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Apply = Selected

Goal Type = Point

Object Type = Pipe

Goal Parameter = Mass Flow Rate
Criteria==

Goal Value =13

Goal Units = kg/sec

Object ID = P6 (Pipe)

Object Location = NA

© ©® N Ok WDN =

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 7. Examine the Output

The results of the GSC analysis are shown in the General section of the Output window. The GSC Vari-
ables tab shows the final value for the variable parameter, as shown in Figure 2. The GSC Goals tab
shows the final value achieved for the goal, as shown in Figure 3.

The GSC module analysis determined that a relief valve CdA value of 142.9 cm2 will result in a relief
capacity of 13.00 kg/sec.

rs

# | Tank Summary | GSC Varisbles | GSCGoals | 4

1]

) Object | Object | Parameter | Value | Units
Variable | Type
1 Jvave 44 caa 1429 cm2 |

Figure 2: GSC Variable results are displayed in the General section of the Output window

£ | Sonic Choking = Valve Summary | Tank Summary = GSC Variables | GSC Goals L

Goal | Object | Object ID | Object Parameter User Goal | Actual Goal | Units
Geal | Type | Type Location Walue Walue

1 |F'oint Fipe P& (Pipe) MIA Mass Flow Rate 13 13.00 ka/sec

Figure 3: 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 multiple goals and variables are used inthe GSC
module to achieve an objective.

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

* Using Group Max/Min Goals

* Understanding Goal Seek and Control output

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System 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 Arrow
installation:

* Metric - Natural Gas Burner.aro
* Metric - Natural Gas Burner - GSC.aro

Problem Statement

An underground storage reservoir containing natural gas made up mostly of methane supplies gas to five
burners. The gas is at 34.5 barG (3450 kPa(g)), and 10 deg. C. The gas is supplied to each of the burners
at 6.9 barG (690 kPa(g)). To assure that the flow to each of the burners is equal, each burner has a con-
trol valve that controls the flow to 2.25 kg/sec. The pipes in the system are uninsulated STD (schedule
40) Steel - ANSI, with standard roughness. The ambient temperature surrounding the pipes is 24 deg. C,
and the pipes have an ambient air velocity of 25 km/hr.
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Natural Gas Burner - GSC

In order to operate at the best efficiency, the gas should be delivered to the burners at a minimum stag-
nation temperature of 38 deg. C. In order to achieve this, the gas flows through a heat exchanger, which
has a 0.70 bar (70 kPa) pressure drop at 11 kg/sec.

How much heat must be added to the heat exchanger to ensure that all of the burners will receive gas at
the specified minimum temperature? (Neglect elevation changes)

Use GSC to size the heat exchanger.

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Natural Gas Burner.aro example file listed above, which is located in the Examples
folder in the AFT Arrow application folder. Save the file to a different folder. This is the only scenario

needed for this example, so right-click the Base Scenario and select Delete All Children. The workspace
should look like

/" Workspace | %_J Model Data [ Output | BGraph Results | &> Visual Report
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~
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% o P7 P8 P3 P10 FPH
o
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T a
3 i 415 16 "
v
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Base Scenario O Qwoos o it * | +16 | @17

Figure 1: Model layout for GSC Natural Gas Burner example

Step 2. Define the Steady Solution Control Group

There is an option available in Solution Control when using one of the marching methods that can some-
times resultin an overall reduction in solution runtime. This option is to first solve the system using the
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Lumped Adiabatic method and then use these results as a starting point for the marching solution. Since
the Lumped Adiabatic solution can typically be obtained much faster, this can provide an overall reduc-
tion in runtime for the marching method.

The Steady Solution Control Group is already defined using the default inputs. This means that no user
input is required to run the model. However, the Lumped Adiabatic initialization will be used for this
model.

To activate this option, do the following:

1. Open Analysis Setup
2. Navigate to the Solution Method panel in the Steady Solution Control group

3. Click the box to turn on First Use Lumped Adiabatic Method To Obtain Initial Stating Point For
Marching Solution

The Steady Solution Control Group is now defined for this model.

Step 3. Create a Group

In order to use the Group Max/Min goal type, the junctions or pipes included in the goal must be added to
a group. To create a group, select the pipes and/or junctions for the desired group, then select the
Groups | Create option from the Edit menu. In this case, only the pipes that are directly connected to the
burners will be selected (i.e., Pipes P12-P16).

When prompted, give the new group the name Burner Discharge Pipes, and click OK. After naming the
new group, the Group Manager will be displayed. Select the new group name from the list, and confirm
all of the burner discharge pipes from the pipe list are selected, as shown in Figure 2. Click OK to return
to the Workspace.
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Group Manager *
Existing Groups
Bumer Discharge Fipes Create Group FErEIRE
(®) All Fiters Change Together
Rename Group... () Fitters Work Independently
Delete Group
Pipes in Group Junctions in Group Subgroups in Group
1 Fipe 11 Tank ~
]2 Fipe 12 Heat Exchanger
13 Fipe 13 Branch
4 Pipe 14 Branch
15 Fipe 15 Branch
16 Fipe 16 Branch
17 Fipe 7 Branch
] Fipe 18 Control Valve
19 Fipe 19 Control Valve
[]10 Fipe []10 Control Valve
] 11 Fipe ] 11 Control Valve
[ 12 Fipe 112 Control Valve
[+ 13 Pipe 113 Tank
[ 14 Fipe []14 Tank
[ 15 Fipe []15 Tank
[~ 16 Fipe 116 Tank v
Al | None | Invert | Workspace | Special Al || Mone | Invert | Workspace | Special... Al || Mone | Invert
H| Selected: 5 f 16 H| Selected: 0of 17 B Selected: 0 0
o 0K Cancel 2 Help

Figure 2: Groups are displayed in the Group Manager window

Step 4. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. 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 using the Goal Seek and Control group in Analysis Setup.

Variables Panel

Open the Variables panel, click New Variable, and enter the following variable data (Figure 3):

Apply = Selected

Object Type = Junction

Junction Type = Heat Exchanger

Junction Number and Name = J2 (Heat Exchanger)
Variable Parameter = Heat Rate

Link To = (None)

o0k N =
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7. LowerBound (Optional) = 0
8. Upper Bound (Optional) = 2000

Note: The units used for the Lower and Upper Bound are the same as what is specified in the junction
properties window: kW in this case.

Analysis Setup x
[7®  Modules ~ | Variables
/4®  Fhid Properiies -
= x 7

B Pipcs ond Juncions o New Varisble | | Duplicate Variable | | Delete Variable | | Delete Al Variables Parameters to vary in arder o reach godls
p N T | s || e Object Number Varisble | LinkTo | LowerBound | Upper Bound
©1 Goal Sesk and Contrel and Name Parameter (Optional) (Optional

| Variables | Junction || Heat Exchanger || J2 (Heat Exchanger) || HeatRate || (None) [ 0 2000

! Goals
Mumerical Controls

Steady Solution Conirol

=

£ Environmentdl Properiies
€0  CostSofings -
D

Miscellancous ~

Note: Upper and lower bounds provide logical extremes forthe search. Uins for bound are same as on Properties window,
| Bz | G B [#1$] poeao or press ight mouse button on the far left column to view the Specfications or inspaction window

! Erors exist. Click here for detals.

Collapse All Groups @  Same As Parent D Hep </ oK Cancel

Figure 3: Variables are set on the Variables panel in Analysis Setup

Goals Panel

For this example, we will be using a Group Max/Min goal. This type of goal allows a single goal to be
applied to a group of objects. Arrow 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 our example, a
Group Max/Min goal will be applied to ensure the minimum gas discharge temperature out of all of the
burner discharge pipes is at least 38 deg. C.

Open the Goals panel, click New Goal, and enter the following goal data:

Apply = Selected

Goal Type = Group

Object Type = Group Max/Min

Goal Parameter = Temperature Stagnation
Criteria = >=

Goal Value = 38

Goal Units =deg. C

Object ID = Burner Discharge Pipes
Object Location = Outlet

© © N Ok WD
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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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 7. Examine the Output

The results of the GSC analysis are shown in the General section of the Output window. The GSC Vari-
ables tab shows the final value for the variable parameter, as shown in Figure 4. The GSC Goals tab
shows the final value achieved for the goal, as shown in Figure 5.

The GSC module analysis determined the required heat rate to ensure a minimum gas delivery tem-
perature of 38 deg. C is 1052 kW. This is the same result that was obtained in the Natural Gas Burner
example where the iterations to determine the heat rate were performed manually.

% | Tank Summary | GSC Variables | G5C Goals 4
: Object Object | Parameter | Value | Units
Wanable Type

1 Heat Exchanger J2Z Heat Rate 1.052 kw |

Figure 4: GSC Variable Results are displayed in the General section of the Output window

#  General Warnings DesignAlerts = Valve Summary = Heat Exchanger Summary = Tank Summary = GSC Variables | GSC Goals
Goal Object Object ID Object Parameter User Goal | Actual Geal | Units | Object Used
Goal Type Type Location Value Value for Group Goal
1 | Group Group Max/Min  Burner Discharge Pipes  N/A Temperature Stagnation 8 38.00 deg. C P12 (Pipe) |

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 demonstrate how multiple goals and variables are used inthe GSC
module to achieve an objective.

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

* Applying multiple Variables and Goals

* Interpreting Goal Seek and Control Output

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System 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 Arrow
installation:

* Metric - Compressed Air System.aro
* Metric - Compressed Air System - GSC.aro
Problem Statement

For this example, we will use the GSC module to determine the valve K-factors required to achieve a spe-
cified flow of 55 gram/sec to all four tools.
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Compressed Air System - GSC

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Compressed Air System.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder. This is the only
scenario needed for this example, so right-click the Base Scenario and select Delete All Children. The
workspace should look like Figure 1

/" Workspace | 1 Model Dsta | [ Output | [ Graph Results | &> Visual Report
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Figure 1: Model Layout for GSC Compressed Air System Example

Step 2. Define the Steady Solution Control Group

There is an option available in Solution Control when using one of the marching methods that can some-
times resultin an overall reduction in solution runtime. This option is to first solve the system using the
Lumped Adiabatic method and then use these results as a starting point for the marching solution. Since
the Lumped Adiabatic solution can typically be obtained much faster, this can provide an overall reduc-
tion in runtime for the marching method.

The Steady Solution Control Group is already defined using the default inputs. This means that no user
input is required to run the model. However, the Lumped Adiabatic initialization will be used for this
model.

To activate this option, do the following:

1. Open Analysis Setup
2. Navigate to the Solution Method panel in the Steady Solution Control group
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3. Click the box to turn on First Use Lumped Adiabatic Method To Obtain Initial Stating Point For
Marching Solution

The Steady Solution Control Group is now defined for this model.

Step 3. Define the Pipes and Junctions Group

Make the following changes to these junctions:

1. J7-J10 Valves
1.  Subsonic Loss Model = K Factor
2. K=10

Step 4. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. 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 using the Goal Seek and Control group in Analysis Setup.

Variables Panel

Open the Variables panel, click New Variable, and enter the following variable data:

1. J7 Valve

Apply = Selected

Object Type = Junction

Junction Type = Valve

Junction Number and Name = J7 (Valve)
Variable Parameter = Loss Value

Link To = (None)

Lower Bound =0

. Upper Bound = Leave blank

2. J8Valve

Apply = Selected

Object Type = Junction

Junction Type = Valve

Junction Number and Name = J8 (Valve)

Qe -0 20 T

e o oo
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Variable Parameter = Loss Value
Link To = (None)
Lower Bound =0
. Upper Bound = Leave blank
3. J9Valve
Apply = Selected
Object Type = Junction
Junction Type = Valve
Junction Number and Name = J9 (Valve)
Variable Parameter = Loss Value
Link To = (None)
Lower Bound =0
Upper Bound = Leave blank
Valve
Apply = Selected
Object Type = Junction
Junction Type = Valve
Junction Number and Name = J10 (Valve)
Variable Parameter = Loss Value
Link To = (None)
Lower Bound =0
Upper Bound = Leave blank

SQ -0

SQ -0 Q0 0O

N
o
N
o

Q@ -0 20 00

After entering the data, the Variables tab should appear as shown in Figure 2.

Analysis Setup x
I Variables
[2@  Modules ~
A0  Fluid Properties ~
= s x &z
&D  Pipes and Juncions © New Variable | | Duplicate Varizble | | Delete Varisble | | Delete Al Variables | [ Parameters to vary in orderto reach goals
s Contrdl Apply | ObjectType | JunctionType | ObjectNumber | Variable | LinkTo | LowerBound | Upper Bound

©! Goal Seckand - ‘ and Name Parameter (Optional) (Optional)

1 Varizbles & Junction [+ valve

1 Goals Junction || Valve

) Junction

Numerical Controls Junction

20 Steady Soluion Conirdl
9 Environmental Properties
©© CostSelfings ~

E®  Miscellaneous ~

Note: Upper and lower bounds provide logical extremes for the search. Units for bounds are same as on Properies window
R R e e e S e

| Erors exist. Click here for details

Collapse Al Groups Same As Parent - oK

Figure 2: Goal Seek and Control group, Variables panel is used to specify the variables
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Goals Panel

Open the Goals panel, click New Goal, and enter the following goal data:

1. Pipe P6
Apply = Selected
Goal Type = Point
Object Type = Pipe
Goal Parameter = Mass Flow Rate
Criteria==
Goal Value =55
Goal Units = gram/sec
Object ID = P6 (Pipe)
i. ObjectLocation = NA
2. PipeP7
Apply = Selected
Goal Type = Point
Object Type = Pipe
Goal Parameter = Mass Flow Rate
Criteria==
Goal Value =55
Goal Units = gram/sec
Object ID = P7 (Pipe)
i. ObjectLocation = NA
3. Pipe P8
a. Apply = Selected

SQ -0 2 0 T o

SQ -0 2 0 T o

Goal Units = gram/sec
Object ID = P8 (Pipe)
i. ObjectLocation = NA
4. Pipe P9
Apply = Selected
Goal Type = Point
Object Type = Pipe
Goal Parameter = Mass Flow Rate
Criteria==
Goal Value =55

b. Goal Type = Point

c. Object Type = Pipe

d. Goal Parameter = Mass Flow Rate
e. Criteria==

f. Goal Value =55

g.

h.

-~ ® 2 0o T o
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g. Goal Units = gram/sec
h.  Object ID = P9 (Pipe)
i. Object Location = NA

After entering the data, the Goals tab should appear as shown in Figure 3.

Analysis Setup x

Modules ~ ‘ Goals

Fluid Properties -

‘| x &
Pipes and Junclions ~ Hew Goal Duplicate Goal Delete Goal Delete All Goals Desired goals in Output

PRI

Goal Seek and Control ~ Apply | Goal Type | Object Goal Criteria Goal Goal Object Object
Type - Valve Units D Location

. “Varizbles
& “Goals

MNumerical Controls

w | Pipe |v | Mass FlowRate |v

o

KEEE

oint
oint
oint

int

e
o
EICICRE

o

oi

Stoady Soluion Control
Environmental Properies

Cost Seltings ~

vsee®

Miscellaneous ~

Al None | Invert B [#3 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.

Colapse Al Groups @ Same s Parert 2 Hep oK B Cancel

Figure 3: Use 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 7. Examine the Output

The results of the GSC 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 GSC Goals tab shows the
final value achieved for the goal, as shown in Figure 5.

The GSC module analysis determined the following valve K-factors would result in the desired flow of 55
gram/sec to each valve:

Object Value

J7 13.98

J8 11.48
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Object Value

J9 10.38
J10 10.08

# | Tank Summary | GSC Vanables | GSC Goals | 4

. Object | Object| Parameter | Walue | Units
Variable | Type

Walee J7 Loss Value 1258 N/A
Valve J3 Loss Value 1148 N/A
Walee J3 Loss Value 1038 N/A
Walve J10 Loss Value 1008 N/A

d= | R =

Figure 4: GSC Variable Results are displayed in the General section of the Output window

# | Valve Summary  Tank Summary GSC Variables | G5C Goals 1

Goal | Object | Object |D | Object FParameter User Goal | Actual Goal Units
Goal Type | Type Location Walue Value
1 Paint  Pipe P& (Pipe) MN/A Mass Flow Rate L B5.02 gramisec
2 |Point Pipe F7 (Fipe) MN/A Maszs Flow Rate i B5.00 gramisec
3 |Point Fipe F2& (Fipe) MN/A Maszs Flow Rate i b4 98 gramisec
4 |Point Pipe F3 (Fipe) MN/A Maszs Flow Rate i b4 9% gramisec

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 demonstrate how multiple goals and variables are used inthe GSC
module to achieve an objective.

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

* Using Group Max/Min Goals

* Linking Variables

* Interpreting Goal Seek and Control output

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System 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 Arrow
installation:

* Metric - Process Steam System.aro
* Metric - Process Steam System - GSC.aro

Problem Statement

For this example, we will use the GSC module to determine the supply pressure necessary to meet a
minimum delivery pressure of 7 barG (700 kPa(g)) at each discharge location for the specified flows.
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Process Steam System - GSC

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Process Steam System.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder. This is the only
scenario needed for this example, so right-click the Base Scenario and select Delete All Children. The
workspace should look like Figure 1:

7" Workspace | £ Model Data | E= Output | [ Graph Results | ®> Visual Report
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Figure 1: Model layout for GSC Process Steam System example

Step 2. Create a Group

In order to use the Group Max/Min goal type, the junctions or pipes included in the goal must be added to
a group. To create a group, select the Groups | Create option from the Edit menu. When prompted, give
the new group the name Users and click OK. After naming the new group, the Group Manager will be dis-
played. Select the new group name from the list, and then select all of the assigned flow junctions from
the junction list, as shown in Figure 2. After choosing the assigned flow junctions, click OK on the Group
Manager window.
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Group Manager *
Existing Gi
e Fiter Options
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(®) All Fiters Change Together
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H| Selected: 0o 17 B Selected: 6of 18 B Selected: 07 0

Figure 2: Groups are created using the Group Manager window

Step 3. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. 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 using the Goal Seek and Control group in Analysis Setup.

Variables Panel

For this example, we want to find the supply pressures that will give us a specific minimum discharge
pressure. We will define the delivery pressures as a single Group Max/Min goal. But that gives us only
one goal for two variables. To solve this issue, we will use variable linking. Variable linking allows you to
tie multiple variables together, forcing them to be the same. To accomplish this, we will add a constraint
to the problem that both of the boiler supply pressures must be the same.

To implement variable linking, add both tank junctions pressures as variables. Then link them together by
specifying Boiler 1 (J1) in the Link To column of the Boiler 2 (J2) variable. Enter the data as shown below.

Open the Variables panel, click New Variable, and enter the following variable data:
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1. J1Boiler1
a. Apply = Selected
b.  Object Type = Junction
c. Junction Type = Tank
d. Junction Number and Name = J1 (Boiler 1)
e. Variable Parameter = Pressure
f.  Link To: (None)
g. LowerBound: Leave blank
h. Upper Bound: Leave blank
2. Boiler2(J2)
Apply = Selected
b. Object Type = Junction
c. Junction Type = Tank
d. Junction Number and Name = J2 (Boiler 2)
e. Variable Parameter = Pressure
f
9
h

o

Link To = J1 (Boiler 1)
Lower Bound: Leave blank
Upper Bound: Leave blank

After entering the variable data, the Variables tab in the Goal Seek and Control manager should appear
as shown in Figure 3.

Analysis Setup x

[2®  Modules | Variables
AO  Fluid Properties ~
@ S x &7
D  Pipes and Juncions © New Variable | | Dupicate Vanzble | | Delete Varisble | | Delete Al Variables | [ Parameters to vary in orderto reach goals
Apply | ObjectType | Junction Type i LowerBound | Upper Bound
@ ! Goal Seek and Control ~ Par: (Optional) (Optional)

1 Varizbles

! Goals

Numerical Controls
20  Steady Soluion Control
5  Environmental Properfies
90 CostSelings ~

[E®  Miscellancous ~

4| & Mote: Upper and lower bounds provide logical exremes for the search. Units for bounds are same as on Propedies window.
Double-click or press right mouse button on the farleft colum to view the Speciications or inspection window.

1 Erors exit. Clik here for detals

v o |[Boen

Figure 3: Variable solutions can be linked together using the Link To option

Goals Panel

For this example, we will be using a Group Max/Min goal. This type of goal allows a single goal to be
applied to a group of objects. Arrow applies a Group Max/Min goal by ensuring the final goal value is
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either greater than or equal to (Min) or less then or equal to (Max) the specified value. For our example, a
Group Max/Min goal will be applied to ensure the minimum discharge pressure at all of the assigned flow
junctions is at least 7 barG (700 kPa(g)).

Open the Goals panel, click New Goal, and enter the following goal data:

Apply = Selected

Goal Type = Group

Object Type = Group Max/Min

Goal Parameter = Pressure Stagnation
Criteria=>=

Goal Value =7

Goal Units = barG

Object ID = Users

Object Location = NA

© © N Ok WD

As variables and goals are added to a model, AFT Arrow will display symbols beside the pipes and junc-
tions 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, so you will see only the V dis-
played on the Workspace for this example.

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

The results of the GSC analysis are shown in the General section of the Output window. The GSC Vari-
ables tab shows the final value for the variable parameter, as shown in Figure 4. The GSC Goals tab
shows the final value achieved for the goal, as shown in .

The GSC module analysis determined the supply pressure required to ensure a minimum delivery pres-
sure of 7 barG (700 kPa(g)) at the users is 20.06 barG (2006 kPa(g)).

# | Tank Summary | GSC Variables | GSC Goals 1
. Object Object Parameter | Value | Units
Wanable Type

1 Tank  J1 (Boiler 1) Pressure 20,06 barG
2 Tank  J2 (Boiler 2] Pressure 20,06 barz

Figure 4: GSC Variable Results are displayed in the General section of the Output window
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# | General Warnings DesignAlerts Tank Summary  GSC Variables | GSC Goals
Goal Object Object ID | Object Parameter User Goal | Actual Goal | Units Object Used
Goal Type Type Location Walue Walue for Group Goal
1 |Group Group Max/Min  Users TJA Pressure Stagnation 7 7.000 barG J108 (Assigned Flow) |

Figure 5: GSC Goal Results are displayed in the General section of the Output window
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The examples below utilize the Automated Network Sizing module.

Arrow ANS Examples

fer

Example Complexity Fluid Pipes Compressors Description
Bedinner- Learn the basics of the ANS
=SJINNer. module such as defining all
Three Tank . . .. .
Steam Svs- Beginner Steam 3 0 panels in the Sizing window
2eam oys to achieve a minimum pipe
tem . L
S weight objective
Learn how to use the ANS
module and how Common
Control Valve Beginner Steam 2 0 Size Groups work to min-
imize the pipe weight of a
system.
Learn how to build cost lib-
raries and engineering lib-
N raries for use with the ANS

Air Dis-

tribution module. See how to use

W Intermediate Air 18 1 Scale Tables for defining

%g_ compressor costs, how to

Libraries . .

EEE— specify material versus
installation costs, and how
to define costs for pipes.
Learn how to use the ANS
module to minimize mon-
etary cost based on initial
cost and recurring costs.

Air Dis- See how to use the Assign

——— Intermediate Air 18 1 Cost Libraries panel and the

tribution ..

- Sizing Summary panel.
Explore how the system life
and the sizing objective
impacts the optimal pipe
sizes.

Air Dis- Learn how to use the ANS
tribution, Mul- . . module to minimize mon-
—  ~ . | Intermediate Air 18 1 .

tiple Design etary cost using a Depend-

Cases ent Design Case.

i - Learn how to use the ANS
Helium Trans Beginner Helium 3 0

module to minimize the pipe
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Example Complexity Fluid Pipes Compressors Description
weight of a system based on
a dependent design con-
figuration, called a Depend-
ent Design Case.
Learn how to use the ANS
module to minimize the mon-
etary cost using a Depend-
Natural Gas Intermediate Methane 16 0 ent Des.|gn Case then
Burner comparing the results to the
same system but with an
objective to minimize pipe
weight.
Process Learn how to use the ANS
Steam Sys- Intermediate Steam 17 0 module and how the Search
tem Method impacts results

Beginner: Three Tank Steam System - ANS

Summary

The objective of this example is to familiarize the user with the components of 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 pipe weight to minimize cost

* Defining Pipe Design Requirements

* Choosing Candidate Sets

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:

Air Heating System example.

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

* Metric - Three Tank System - ANS Initial.aro
* Metric - Three Tank System - ANS Final.aro

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Three Tank System - ANS Initial.aro example file listed above, which is located in
the Examples folder in the AFT Arrow application folder. Save the file to a different folder. This is the only

scenario needed for this example, so right-click the Base Scenario and select Delete All Children. The
workspace should look like Figure 1:

" Workspace | LJ Model Data | [ Output | BGraph Results | &> Visual Report
P [~ - @ Ik a -4 ) =

- = it 12
c 0

@6 P1 F2
=g

?N

il 52

= P3

o

T

= ) )

o, :

Base Scenario B Q100 { J B || 3 [ B4

Figure 1: Layout of Three Tank System model in Workspace

Step 2. Define the Modules Group

The ANS module is controlled through the Sizing window which is activated and enabled through Ana-
lysis Setup. Open Analysis Setup, and navigate to the Modules panel. Check the box next to Activate
ANS. The Network option should automatically be selected, making ANS enabled for use. Alternatively,
ANS can be enabled from the Analysis menu by going to the Automated Sizing option and selecting Net-
work, as shown in Figure 2.
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File Edit View | Analysis | Tools Library Arrange  Window  Help

= k2 & BB Analysis Setup.. h:
Automated Sizing r Mot Used
D |~ - dm  System Properties... v Network
P Run Model... Ctrl+R

Figure 2: Activating Network Sizing from the Analysis menu

Step 3. Define the Automatic Sizing Group

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 Arrow 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.

Similar to Analysis Setup, 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 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 itis
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. This setting
can be changed on the Sizing Objective panel, as can be seen in Figure 3.
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I ;" Workspace ‘ &Sizing | QMDEIEI Data | =2 Output | [ Graph Results & Visual Report
&' Lock Panel u_.ﬁf,LockAIIPanels @Un'DCkJ’:\”pEHEB 8l Show Status Panel

Sizing Lock Options
! d e ol Lian Pl
- . " [ Lock Al Sizing Windows After Run | ?
If@al Iﬁul @] Load Defaut Set As Default
P;,-[F.rm Qi!:;ﬁe Do Mot Size Multiple Operating Cases
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. Dg_ND’E [] Enable Dependent Design Cases | ?
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Objective
(®) Pipe Weight
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(") Aow Vaolume

(") Pipe Inner Surface Area
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Description and Help

Sizing Sizing i Design Assign Sizing Sizing
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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 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 Arrow without requiring any cost or sizing information. This is useful to preserve the information
already entered in the Sizing window while running the model normally.

»Select Perform Sizing to begin configuring the sizing settings.

Note: The Sizing Level Status, which shows the type of calculation being performed, 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 next step is to set a Sizing Objective, which can be monetary cost, or a non-monetary cost such as
pipe weight or flow volume. It is easier to perform a non-monetary sizing, since all of the geometry and
material information necessary to calculate the pipe weight/volume is already contained in the pipe mater-
ial libraries. A monetary cost objective would require cost information to be obtained and entered into
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cost libraries. For many systems, sizing the system using one of the simpler non-monetary objective
options provides a sufficient approximation for minimized cost. In this case, we will be performing a min-
imization for pipe weight.

»For the Objective, choose Pipe Weight, and select the Minimize option from the drop-down list if not
already selected, as shown in Figure 3 above.

The other option available in the Sizing Objective panel is to configure the Sizing Lock Options as men-
tioned previously. This option will be left as the default.

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 compressors/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 this case since the Sizing Objective is Pipe Weight we will discuss all costs in terms of
weight.

In the Sizing and Weight 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.

For a new system, typically all pipes will be desired to be sized and included in the weight calculation by
choosing Always Include in Weight. If you are instead analyzing the possible replacement of existing
pipes, it may be better to size the pipes, but only include the weight if the size changes from that which
exists by choosing Include in Weight if Size Changes.

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 be unrealistic.

Another reason may be if a certain size is necessary for the design due to certain requirements, in which
case the pipe weight can be included without sizing the pipe by choosing Include in Weight.

This model is a new system, so all pipes will be sized and included in the weight calculation.
»Select Always Include in Weight under Automatically Size for all three pipes (Figure 4).

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.
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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 pipe weight. While this value can easily be calculated for the pipes, Arrow does not have
enough information to calculate a weight for the branch or the reservoirs, which means that they
cannot be sized using this method, and the Junctions tab is unavailable. This same limitation
exists when using other non-monetary objectives as well, such as flow volume. If the size of a
junction will have a large impact on the system cost, such as a compressor, Monetary Cost
should be used as the Objective.

/* Workspace | o Sizing | §{Model Date | 5 Output [ 52 Graph Results | ®> Visual Report

W Undo - & Lock Panel | @ Lock All Panels & Unlock All Panels | BE Show Status Panel

3 Pipes
Sizing Assignments
ar 5
Move to e L] X L] 2
New Rename Delete fove To
Sizing and \weight Options Pipe Grouping
“ Pipes Automatically Size Do Not Size Netin
Always Incluge in Vieight Include Do Not Group
Include in \weight if Si nges in Wleight Include in \weight
P1 ® [} (@] ®
P2 ® O 0] @®
o] @] @

Number of Independent Pipe Sizes: 3

Candidate
Sets

Design
Requiremerts

Sizing
Summary

Objective  Assignmerts

Figure 4: Sizing Assignments panel for Three Tank model

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.

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. It is 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 STD Steel and click OK.

From the drop down list choose Steel - ANSI.

In the bottom of the Select Pipe Sizes window, click the Sort option Type, Schedule, Class ifitis
not already selected.

Ao bNh =
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5. Inthe Available Material Sizes and Types list on the left, select STD so that the schedule name is
now highlighted.

6. Click the Add button to add all STD pipe sizes to the list on the right (Figure 5).
7. Inthe Select Pipe Sizes window, click the OK button.

The STD Steel set will now appear in the Define Candidate Sets section.

We will apply the STD Steel 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 STD Steel - ANSI. At
the low end this includes 1/8th 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 candidate 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 STD Steel 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.

Select Pipe Sizes

Candidate Set Mame: STD Steel Materal:  Stesl - ANSI
Steel - ANSI w
Available Material Sizes and Types EUEE Use These Sizes and Types in Candidate Set
=-5TD ~ 1/8inch, STD (schedule 40) ~
.. 1/8inch 1/4inch, STD {schedule 40)
- 1/dinch 3/Binch, STD {schedule 40)
I 1/2inch, STD {schedule 40)
- 3/Binch 3/4inch, STD (schedule 40)
- 142 inch Tinch, STD (schedule 40)
. YA inch 1-1/4inch, STD {schedule 40)
- 1inch 1-1/2inch, STD {schedule 400)
: T Add >> Zinch. STD (schedule 40)
- 1-1/4inch 2-1/2inch, STD fschedule 40)
- 1-1/2inch Jinch, STD (schedule 40)
- 2inch 31/2inch, STD (schedule 40)
- 2-1/2inch 4inch, 5TD (schedule 40)

Sinch, STD (schedule 40)

- 3inch Binch, STD {schedule 40)

- 31/2inch 8inch, STD (schedule 40)

. dinch v 10inch, STD (schedule 40) Y
Sort Al Mone || Invert || Delete
() Standard

(® Type. Schedule, Class

o 0K Cancel T Help

Figure 5: Select Pipe Sizes window for defining a new Candidate Set
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Figure 6: Candidate Sets window fully defined for the Three Tank model

D. Design Requirements

Select the Design Requirements button. If we do not define any design requirements for this model, the
ANS module will choose the smallest pipe size in the Candidate Set, since it has the smallest pipe
weight. Along with the smallest pipes we may get unacceptably low flowrates, or unacceptably high velo-
cities and pressure drops. To maintain acceptable system operating conditions, we need to set Design
Requirements.

We are going to define one Design Requirement for this case. Before adding any requirements, let’s look
more closely at the results of the model we are starting with. Pipe 1 is 14 inch, and the other two are 12
inch. The results show that the steam flows from tank J1 to tanks J2 and J3. The mass flow rate out of J1
is 68.30 kg/sec, and the mass flow rates to J2 and J3 are 21.82 and 46.49 kg/sec, respectively. Let's
assume that there is a requirement to deliver at least 13 kg/hr to each J2 and J3.
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We need to create a Design Requirement that represents the flow requirement. To do this:

Make sure that the Pipes button is selected.
Click New under Define Design Requirements.
Enter the name Min Flow.

A new row will appear in the Pipe Design Requirements table. In this row, select Mass Flow Rate
as the Parameter.

5. Choose Minimum for Max/Min, and enter 13 kg/sec

Pobdb=

We now need to apply this Design Requirement to the pipes. In the Assign Design Requirements to
Pipes section select the check box for Min Flow next to pipes P2 and P3. This will set the minimum flow
rate going into Tanks J2 and J3 as described above. The fully defined and assigned Design Require-
ments are shown in Figure 7.

I 7" Workspace | 4 Sizing | {7 Model Data | [ Output | |2 Graph Results | % Visual Report
& Lock Panel | @ Lock All Panels u{_,'%“' Unlock Al Panels | BE Show Status Panel

& Pipes T General Junctions

Define Pipe Design Requirements

[m] &
i 3 x Ve . : - o
N.. ¥ ; Delete Al MNote: The Design Requirement definitions
Name | Parameter | Location | Max/Min | Value Units I
1 | Min Flow Mass Flow Rate |~ N/A ~ | Minimum |~ 13 kgisec |v |

Assign Design Requiremenits to Pipes

Common Size Min Flow
Groups (> 13ka/sec)
=iNotin Group (]
Mmoo O
P2
P3
BE B8t & showing: 3 of 3 Pipes (All) Note: The Desigi

Description and Help

7] =
(©) DS e

E Sizing Sizing i Design Assign Sizing Sizing
Objective Assignments Requirements Cost aries Method Summary

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 Library 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.
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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. The User has
the option to select whether discrete or continuous sizing will be used, and which method will be applied.

If Continuous Sizing is selected, the ANS module will use the maximum and minimum pipe sizes from
the Candidate Sets as bounds, and report the ideal hydraulic diameter for the pipes between those
bounds. This would result in pipe sizes which would not match any of the possible chosen commercial
sizes. While this is not useful as a final solution, this can be helpful as a baseline to check the final dis-
crete sizing solution. Discrete Sizing will typically perform a continuous sizing calculation as a basis, after
which multiple discrete sizes above and below this solution will be evaluated to find the ideal sizing based
on the provided Candidate Set.

»For this model, select Discrete Sizing if it is not already selected.

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 Best 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 two Design Requirements (the minimum flow at the two delivery pipes), and only three pipe sizes
are being varied.

»Choose the default Modified Method of Feasible Directions (MMFD) (Figure 8).
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I _;‘ Workspace é?Sizing | ﬁl\-"lodel Data | [ Output | |2 Graph Results > Visual Report

&' Lock Panel | (% Lock All Panels 5" Unlock All Panels | 8 Show Status Panel

izi - A
o Sizing Control Parameters
() Continuous Sizing

(@) Discrete Sizing
Search Method:

Genetic Algarithm (GA
MDdiﬁBd Method of Feasible Directions (MMFD) |

Sequential Quadratic Programming [(SGF)
Seguential Unconstrained (SU)

Suggest Best Method

Description and Help

:

: \ \ v
Sizing Candidate Design Sizing Sizing
Objective Assignmeniz Sets Requiremens Method Summary

o £ o

Figure 8: Sizing Method panel defined for Three Tank model

Step 4. Run the Model

Select Run from the Toolbar or 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 9). 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.
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Solution Progress - Discrete Sizing Complete

Maximum ferations: 1000000 Run Time: |1.07.09 &
Solution Method: Length March with Mach & Limit - Length Increment = 2, Mach Limit = 0.01
Relaxation: Automatic
Sizing Method: Modfied Method of Feasible Directions
Sizing Goal: Discrete - Objective Costs Include: Pipe Weight
Abzolute Tolerance  Relative Tolerance Total kerations
Max Out of Tal. Max Out of Tal.
Pressure: 1.0E-04 Relative Change |2.252E—|}E | |'|.?5'DE—D? | |-|4242 |

Mot used (Absolute Change bar)

Mass Flow Rate: 1.0E-04 Relative Change |4.155E—D5 | |2.DESE—I}E | |2535 |
Mot used (Absolute Change kg/sec)

Enthalpy: 1.0E-04 Relative Change 2.703E-06 | [8.221E-10 | [2938 |
Mot used (Absolute Change kd/kg)
Concentration: 1.0E-04 Relative Change | | | | | |
Mot Used (Absolute Change)
Sizing Calls To Solver: {Objective Units - lbm) Best Feasible Cost Currert Cost
[36.558 | [36.558 | [481 |
Initializing model... -

Checking if sonic choking exists based on initial guesses...

Running Salver...

Initial design is feasible. Cost of initial design is 51,247 (bm) ...

Performing continuous sizing...

Cortinuous cost was... 30,798 (bm) (Solver Calls = 137, Time = 20.74) ...
Performing discrete sizing...

Discrete sizing calculations complete. W
Other o ] * [ ® =
Actions Cancel Graph Results. .. Visual Report. .. Output...

Figure 9: Solution Progress Window showing the progress of the sizing calculation

Step 5. Examine the Output

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 10, the minimum total pipe weight identified by
the ANS module was 16,853 kg. In the Pipes section of the output on the Sizing tab, the final pipe sizes
of 12, 8, and 6 inches are shown (Figure 10).

Now switch to the Pipe Design Requirements tab in the Pipe section (Figure 11). 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 the difference between the discrete and continuous solu-
tions was outside of a pre-defined tolerance.

You can also display the adjusted pipe sizes and resulting flow rates in the Visual Report. Options are
available in the Visual Report Control which would allow the user to compare parameters such as the
final pipe sizes to the original pipe sizes.
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# | General  Wamings @ DesignMers | Cost Report | Tank Summary
Ta blié_lmts: el Dheme ".*Jl'jeli[;eht
Total of All Shown Costs 16.583
Items In Sizing 16,683
Items Not In Sizing 0
Pipe Subtotal 16.583
P1 Pipe  Pipe 11,064
F2 Fipe  Pipe 3.824
P3 Pipe  Pipe 1.694

¥

Pipes | fxiasl Points = Heat Transfer | Sizing | Pipe Design Reguirements

MName Sized - Sized - Sized - Sized - Hyd.
Fipe Material Nominal Size | Type/Schedule Diameter
(inches)
1 |Fipe  Steel- ANSI 12 inch STD 12.000
Fipe  Steel-ANSI  Binch STD (schedule 40) 7.981
3 |Fipe  Steel- ANSI Ginch STD (schedule 400) 6.065

Figure 10: Output window with Cost Report and Pipe Sizes for Three Tank Model

# | Pipe Design Reguirements | 4

Mass Flow Rate Minimum

Fipe = 13 kglsec
[Min Flonw]
2 2016
3 1355

Figure 11: Design Requirements results for Three Tank 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 12. The ANS module allows you to transfer the hydraulic results, the
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.
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Transfer Results Options

Transfer which data?

(@) Both Calculated Pipe Sizes and Calculated Results
() Calculated Pipe Sizes Only
() Caleulated Results only

«f  OK E3 Cancel 2 Help

Figure 12: 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 pipe weight with the ANS module.

- 171 -



Control Valve - ANS

Summary

This example will show how to use AFT Arrow 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
parameters such as weight or flow volume is useful. By minimizing parameters such as these we min-
imize 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 140
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 Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
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 Arrow
installation:

*  Metric - Control Valve.aro
* Metric - Control Valve - ANS.aro
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Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Control Valve.aro example file listed above, which is located in the Examples folder
in the AFT Arrow application folder. Save the file to a different folder.

Make sure the "With Insulation" scenario is the active scenario by double clicking on that scenario in the
Scenario Manager. The workspace should look like Figure 1

7 Workspace | £ Mogel Data | EQutput | [ Graph Results | ® Visual Report | L
@ v ae - /A % ek | B H =i
|| = Base Scenariv

25inch Pipe

EE 3 5 & With Insulation
P1

O [] G %' D ¢ 3inch Pipe
o ¢

=5

op ™

21~

h: =)

E::G = Notes

T

=g

T ae

<

-

"“ i
i
=
e
I~}

v
> TuScenario | |£5| Properties

Base Scenario/2.5 inch Pipe/With Insulation B 100% | S { } 4 +2| O3 | [D0vewiewMap [ Add-onModules @)

Figure 1: Control Valve System Layout

Step 2. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. Check the box next to Activate ANS. The Network
option should automatically be selected, making ANS enabled for use.

Step 3. Define the Automatic Sizing Group

In this model we are going to perform sizing to minimize the pipe weight (therefore minimizing cost), while
maintaining a minimum pressure drop of 140 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
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The Sizing Objective panel should be selected by default from the Sizing Navigation Panel along the bot-
tom of the window.

Set the Sizing Option as Perform Sizing.

For the Objective, choose Pipe Weight, and select the Minimize option from the drop-down list if it is not
already selected.

B. Sizing Assignments

On the toolbar 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 each of the 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. To do this:

1. Click New above Pipe Grouping, and give it new Common Size Group the name Main Pipes

2. Anew section will now appear with the Main Pipes group listed under Common Size Groups. 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.

/* Workspace | 4 Sizing | § Model Data | FEOutput | [ Graph Results | ® Visual Report |
W= Undo ~ &' Lock Panel | @ Lock All Panels G5 Unlock All Panels | B Show Status Panel
3 Ppes
Sizing Assignments
ar =
Move to: & N |, x| I
New... Renzme Delete fove To
Sizing and Weight Options Fipe Grouping
Fipes Automatically Size Da Not Size Tefn Common Size Groups
Always Include in Weight Include Do Not Group ——
Include in Weight if Size Changes in Weight Incluce in Weight Tl
Pl ® QO ®
P2 O] O @] @] @] ®

Al None || Invert || Workspace || Special... Number of Independent Pipe Sizes: 1

Selected: 0 of 2

% B ip
(©)R) < g g
E Candidate Design

Objective  Assignmernts Sets Requiremens o s 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.

To select a discrete pipe size, ANS needs a list of candidates from which to choose. This listis called a
Candidate Set. To create a Candidate Set, do the following:
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Under Define Candidate Sets, click the New button.

Give the set the name STD Pipes and click OK.

From the drop down list choose Steel - ANSI.

In the Available Material Sizes and Types on the left, expand the STD pipe sizes list.
Double-click each of the sizes from 1 to 10 inches to add them to the list on the right.
In the Select Pipe Sizes window, click the OK button.

o0k w0d =~

The STD Pipes set will now appear, and will be automatically defined as a Discrete set.
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.

" Workspace 47 Sizing | £ Model Data | = Output | [ Graph Results | > Visual Report |
& Lock Panel | (5 Lock All Panels 5" Unlock All Panels | 3E] Show Status Panel

[~] Define Candidate Sets |

=3 = X , .
Mew, .. Edit... Rename. .. Delete Save Lo% - Note: The Candidat

Set Name Pipe Material

Sizes in Set: | 1 inch, STD (schedule 40)
1-1/4 inch, 5TD {schedule 40)
1-1/2 inch, STD {schedule 40)
2 inch, STD (schedule 40)

2-1f2 inch, STD {schedule 40)

Assign Candidate Sets to Pipes
&F
Assign To
Pipes Candidate Seis
= Commaon Size Groups No Set | STD Fipes
Main Pipes O ®

| All ” None || Invertl Workspace

Spedal...  Selected: 0of 1 Mote: The Candida

Description and Help

Sizing
Objective

Sizing Candidate Design
Assignmenis Sets Requiremenis Method Summary

Figure 3: Candidate Sets panel fully defined for the Control Valve model

D. Design Requirements
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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:

o0k N =

Select the Control Valves button at the top of the window.

Click the New button under Define Control Valve Design Requirements.
Enter the name Min Pressure Drop.

For the Parameter, select Pressure Drop Static.

For the Max/Min, select Minimum

For the Value and Units, select 140 kPa.

Now we need to apply the defined Design Requirement to the Junction.

»Check the box next to the Control Valve Junction J2 in the Assign Design Requirements to Con-
trol Valves section.

Note: It is strongly recommended that flow control valves have a Design Requirement specified for the

minimum pressure drop/head, or the maximum Cv/percent open at the valve. If no Design
Requirements are applied, the ANS module will allow the control valve to control to any pres-
sure required to meet the control setpoint, even if this requires the control valve to add pressure
to the system for design purposes. To avoid this behavior in the final solution, a Design Require-
ment 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 Library panel. Since we have
defined the objective as Pipe Weight, we will not need to assign any cost libraries, and this button is dis-

abled.

F. Sizing Method

Select the Sizing Method button to go to the corresponding panel.

Select Discrete Sizing, 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 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.
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Step 5. Examine the Output

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, we have selected the Cost Report tab
that shows the variable that was sized for this run. The pipe weight in each pipe was minimized.

In the pipe section, we have selected the Sizing tab that shows the final pipe sizes chosen. We can see
that the ideal pipe size was found to be 3 inch pipe. In the Junction section, we have selected the CV
Design Requirements tab that shows how we have satisfied the Design Requirement set on the control
valve. The only Design Requirement was on pressure drop and we are above the minimum pressure
drop of 140 kPa.

#  General ‘Wamnings DesignAlerts | Cost Report | \alve Summary | Tar 4
Tablingmts: Type | Mame 1.'\1"Delizeht
Total of All Shown Costs 1578
Items In Sizing 1.578
Items Not In Sizing ]
Pipe Subtoial 1.578
o |P1 Fipe  Fipe 789
o |F2 Fipe  Pipe 789

»

Pipes = Axial Points = Hest Transfer | Sizing

Name Sized - Sized - Sized - Sized - Hyd.
Fipe Material Nominal Size | Type/Schedule Diameter
{cm)
1 |[Pipe  Steel- ANSI  3inch STD (schedule 40) 7.793
2 |Pipe  Stesl- ANSI  Zinch STD (schedule 40) 7753
2 All Junctions | CV Design Reguirements | Control Valve = Tank

Pressure Drop Static Minimum
Jet > 140 kPa
[Min Pressure Drop]

2 | 2533 |

Figure 4: Output for the Control Valve model showing the Cost Report, final pipe sizes and Design Require-
ment for the Control Valve

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 sizing for this example can only be completed if you have a license for the ANS module.
However, the libraries can be built without access to ANS.

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 Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
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 Arrow
installation:

* Metric - Air Distribution - ANS Initial.aro

* Metric - Air Distribution - ANS Final.aro

* Air Distribution.dat - engineering library

* Air Distribution Costs.cst- cost library for Air Distribution.dat
* Steel - ANSI Pipe Cost.cst - cost library for Steel - ANSI pipes
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Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Air Distribution - ANS Initial.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder.

Step 2. Create an Engineering Library

If it is desired to size any of the junctions in the system, such as the Compressors/Fans, the first step is to
create an Engineering Library containing information for each of the components that will be sized. This
engineering library can later be used to attach a cost library for the components. Engineering libraries
can also be connected to future models to reuse any of the components in future systems.

To add a defined compressor to an engineering library:

1. Define the Compressor/Fan junction in the workspace.
1. For this example, the junction is already defined in the initial model.
2. Select the Compressor/Fan, go to the Library menu, and choose Add Junction to Library.

3. Give the Compressor/Fan a meaningful name such as Fixed Flow 2125 sm3/h and add it to the
desired library by selecting it from the list, in this case the LOCAL USER LIBRARY.

If we had multiple Compressor/Fan models, valve types, etc. then we might need to add multiple Com-
pressors/Fans, valves, etc.

The local user library is the default location where user defaults are placed for the local machine. If the
junctions are stored in the local user library, it is possible to run all the calculations, and attach a cost lib-
rary 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. Therefore, it is often preferred to place the
components into an external library. Follow the steps below to move the components:

1. Open the Library Manager from the Library menu.

2. Click Create New Library at the bottom of the window.

3. Giveitaunique filename, such as Air Distribution.dat. It is important to use a descriptive name
to avoid confusion later if the library needs to be reconnected or sent to someone else.

4. Entera Library Description. This is the name that will be displayed within the Library Manager
itself and may be different from the file name. It is helpful to make the description the same name
as the filename to avoid confusion. We will use the name Air Distribution for this library.

5. Forthe compressor that we added earlier, right-click the name, then click Move Content to move
the junction from the LOCAL USER LIBRARY to the Air Distribution library. The Fixed Flow 2125
sm3/h compressor should now be visible in the Junctions section below the Air Distribution library
name, as is shown in Figure 1.

6. Select Close to complete the process. If you open the folder where the library was created in step
3, the library file should now be available.
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Note: The Copy option is also available if you want to preserve the items within the original library.

We are now ready to enter the cost data for the junctions in the model.

Library Manager

Library Browser Library B

Edit Junctions

Edit Fluids Search: | [EYHA 4 Selected Library Information

Edit Fipe Materials

< AFT INTERNAL LIBRARY Air Distribution
i/ LOCAL USER LIBRARY Location: CAAFT Products\AFT Arow §\Examples®Air Distribution dat
Air Distribution Number of Junctions =1
T Mumber of Fittings = 0
Junctions Number of Fluids = 0

Edit Insulations

Edit Fitfings & Losses
fo Figed Flow 2125 sm3/h Number of Insulations = 0

Copper Pipe - ASTM Number of Pipe Materials = 0

Copper Tubing - ASTM Number of Others = 0
Ductile ron - 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)
1 [] Steel - EN 102175 (s1)
7] Steel - EN 102176 (s1)

= Note: checked library content can
Bl BT Other Actions - be used in the curent scenario

Create New Library Add Existing Library Add Exsting Cost Library User Default Set as Defaut

AFT Intemal Librar g
Read Only Librar P Help ® Close

Figure 1: Library Manager showing the components moved to the new external library from the local user lib-
rary

Step 3. Create a Cost Library for Junctions

Use the Library menu to select Cost Library and open the Edit Cost Library window, which is used to cre-
ate and view cost libraries. 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 2. Every cost library must be
built of an existing engineering or pipe material library in order to link the cost information with the appro-
priate components in the model. Select to the newly created library, Air Distribution. You may need to use
the Browse button to find it if the library is not shown in the list. Then click Select.
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Select Library

Awailable Engineering Libraries

AFT INTERMAL LIBRARY ~
Air Distribution

Copper Pipe - ASTM

Copper Tubing - ASTM B Cancel
Ductile Iron - ANSI
Fiberglass - Green Thread B 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: C:AAFT Products®AFT Amow 5" Amow3 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 2: The Available Engineering Libraries list which can be used to build a cost library

From here we will be brought to the General tab of the Edit Cost Library window. The description field is
used as the name displayed within the Library Manager, similar with the engineering library.

The Notes field can be used to provide information on sources for the data, or other details which may be
useful for tracking purposes and can be seen when reviewing the library contents in the Library Manager.

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 Air Distribution Costs, as seen in Figure 3. Now let's move on to enter-
ing 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 Amow $\Examples'Air Distribution dat
Engineering Library Description: Air Distribution

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: Air Distibution Costs
Set All Multipliers to One

Notes:

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 3: The General tab within the Cost Library window

Within the Junctions tab each individual library item can be viewed under each Junction type. First
expand the Compressor/Fan section by clicking the + icon and select the Fixed Flow 2125 sm3/h com-
ponent that was added earlier.

Note: The Show Engineering Data button can be used to view the properties window for the selected
component in the engineering library.

»Click the New Cost button to add an item to the table. By default, a cost item will be added that is con-
figured 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.

In the file explorer open the excel spreadsheet titled Air Distribution Costs - ANS.xIsx found in the
Examples folder, and go to the Metric - Junction Costs tab. The cost data for the compressor can be
seen here, categorized by cost type.

In this case we are sizing the compressor, so rather than having a cost for a specific compressor model,
we have a range of costs specified based on the power requirement for the compressor. We will need to
enter this data into the Tables tab first before we can define the cost item on the Junctions tab, so click on
the Tables tab at the top of the window.

» Click the New Table button to begin defining the data table, and name it Compressor Material. Mul-
tiple 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 4.

The data we have available is the cost for the compressor over a range of different power requirements,
so choose Power and Cost as shown below, then click OK.
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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 compressor material, then click the Edit
Table button and choose Paste. Make sure that the table Units have been set to kW. Repeat this process
for the compressor installation costs using the data from the spreadsheet as shown in Figure 5.

Mew Scale Table

Scale Table Mame:  |Compressor Material

Table Type Table Format
() Diameter () Muttiplier
() Time (@) Cost

(@ Power

() Cw

o OK E3 Cancel 2 Help

Figure 4: Table type and formatting options when creating a cost library

Edit Cost Library
General Junctions Tables Summary
Tables: Table Units: | kW ~ 7 Edt Table -
Power Cost ~
Table Type Fomat k) (U.S. Dollars)
Compressor Material Power Cost 1 a7 1000
Compressor Installation Power Cost 5 | 746 1200
3 |18 2500
4 1149 3000
5 |1864 3500
6 |2237 4500
7 |88 5500
g8 |373 6500
 pa o v
MNew Table... Delete Table Rename Table...
Treat Scale Table as Discrete {Continuous Default)
[ Compressor Power
If the box is checked then all tables of that type in this cost database will use the
next higher cost in the table, f an exact match is not found. This will only be done
for non+ecunming items while in the discrete sizing phase of the analysis.
AFT Intemal Librany (Read-Only) (NR) = Nonrecuming Costs. (R) = Recuning Costs ' Open Avaiable n Save D Hep
Edtemal ad - -
Local User Library _} MNew... j Cpen Any... Bl SaveAs. @ Close

Figure 5: Complete tables list with material and installation cost tables for each of the junctions being ana-
lyzed
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Now that the data tables have been created, we must assign them to the Compressor/Fan junction in the
Junctions tab. Click on the Junctions tab and make sure that the Fixed Flow 2125 sm3/h compressor
model has been selected, then enter the cost information as follows:

1.

N o oA

For Cost #1 in the Description row, enter the name Material. This row is optional, but can be useful
to provide clarification on the source of the entered cost.

The Cost Type should be specified as Material (NR), which is the default option. Note that NR
denotes a non-recurring cost type, while R denotes a recurring cost type.

We want to use the Compressor Material table specified earlier, so next to Use Size Table select
Table of Costs.

Select the Compressors Material table as the Size Scaling Table. Cost #1 is now complete.
Click New Cost to create a second cost item for the Compressor, and name it Installation.
Choose Installation as the cost type.

Specify Table of Costs for Use Size Table, then set the Size Scaling Table to the Compressor
Installation table. The window should now appear as shown in Figure 6.

Click Save and give the cost library a name. We will use Air Distribution Costs.cst in 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.

Edit Cost Library

General Junctions Tables Summary
Junction Components: S — Import from Excel...

—|- Compressor/Fan Show Engineering Data...

‘... Fised Flow 2125 sm3h Export to Excel..
Cument: Compressor/Fan, Fixed Flow 2125 sm3/h
New Cost
Cost #1 Cost #2

Description Material Installation

Cost Type Material (NR) |~ Installation (MR) |+

Use Size Table Table of Costs |« Table of Costs |«

Cost (U Dolos) | I
Caper I N
o Per i [ N
Multiplier 1 1
Size Scaling Table Compressor Material |~ Compresser Installation |«
Time Scaing Tole [ I

AFT Intemal Librany (Read-Only) {NR) = Nonrecurring Costs, (R) = Recuring Costs

# Open Available EH save 2 Help
Extemal Library (Read-Only)
Local User Library E )_| MNew... _}' Cpen Any... E! Save As... @ Close

Figure 6: Compressor Material and Installation costs assigned using cost tables

Step 4. Create a Cost Library for Pipes

We now have costs for the equipment, but we still need costs for the pipes. Cost data for Steel-ANSI pipe

from 1 to 20 inches are provided in the Excel spreadsheet opened earlier.
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Open to the Edit Cost Library window again from the Library menu.
Click New
From the Available Engineering Libraries list, click Steel — ANSI.

Click Select to choose this library. You should now be on the General tab of the Cost Library win-
dow.

oD~

5. In Description, give the new pipe cost library a descriptive but unique name to differentiate it from
the original library created for this model, such as Steel - ANSI Pipe Costs.

6. Go to the Pipe Materials tab. In the list section, we will be able to view all 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.

7. Expand the Steel - ANSI list, then expand the STD list (Figure 7).

Edit Cost Library

General Fips Materials Tables Summary

Fipe Materials, Sizes and Types: Bl & E
=3 Sieel- ANSI Al Sot R ———
-@ STD () Material, Nominal Size, Type or Schedule Ll e

™ 1/8inch

(® Material, Type or Schedule. Nominal Size Export to Excel...

Current:

i [ 1-1/4inch L

Description

Cost Type

Cost (U.S. Dellars)
Cost Per

Cost Per Units
Cost Per Units #2
Time Scaling Table

AFT Intemal Librany (Read-Only) {NR) = Nonrecuming Costs. (R) = Recuring Costs

# Open Available... H Save P Help
Extemal Library (Read-Cnly)
Local User Library E )_| MNew... j Cpen Any... B save hs.. @ Close

Figure 7: Pipe Materials tab in the Cost Library window showing the properties for the currently selected pipe

If a size from the list is selected, the hydraulic diameter can be viewed, along with a summary of the
material, size and type. The New Cost button will also become active (Figure 7). There are a few meth-
ods 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. Make sure that the STD pipe material type is highlighted in the list, then click the button labeled
Export to Excel on the right side of the window. The Excel Export window should be shown as in
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Figure 8, with all Steel - ANSI STD pipe sizes displayed.

2. 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.

3. When Arrow 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 9.

4. Open the Air Distribution Costs - ANS.xIsx spreadsheet with the costs for this example.
Browse to the Pipe Costs tab and copy the Material and Installation costs for the 1 inch to 20 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 20 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. When this
information is added back into the model where lengths are in meters, Arrow ANS will convert the
cost/length information appropriately.

5. 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.

Excel Bxport

Matenial Name |Size Type Material |Installation | Maintenance ~
Steel - ANSI 1/8 inch STD
Steel - ANSI 14 inch STD
Steel - ANSI 38 inch STD
Steel - ANSI 1/2 inch 5TD
Steel - ANSI 34 inch STD
Steel - ANSI 1inch 5TD
Steel - ANSI 1-1/dinch STD
Steel - ANSI 1-1/2inch STD
Steel - ANSI 2 inch 5TD
Steel - ANSI 2-12inch 5STD
Steel - ANSI Jinch STD
Steel - ANSI 312inch STD
Steel - ANSI 4inch 5TD
Steel - ANSI Binch STD
Steel - ANSI & inch 5TD
Steel - ANSI &inch 5TD
Steel - ANSI 10inch 5TD
Steel - ANSI 12 inch 5TD
Steel - ANSI 14inch STD
Steel - ANSI 16 inch STD

L

f’;:] Export Cancel

Figure 8: Excel Export window showing pipe items that will be included in the excel sheet
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il B C D E F
1 |Steel - ANSI Pipe Costs
2 |Cost Units: U.5. Dollars
3 |Length Units:  feet
4 ======CO5T PER UNIT LENGTH ======
5 |Material Name Size Type Material  Installation Maintenance
& |Steel- ANSI 1inch 5TD
7 |Steel - ANSI 1-1/4inch  STD
8 |Steel- ANSI 1-1/2inch  STD
9 |Steel- ANSI 2inch STD

Figure 9: Initial excel sheet after exporting template for the Steel - ANSI Pipe Costs

Back in AFT Arrow in the Edit Cost Library window, click the Import from Excel button, then browse to the
worksheet we just updated and open it. When the Import has finished click OK on the notification from
Arrow, then click the 1 inch pipe size under the Steel ANSI STD pipe type. The Material and Installation
costs should now be filled in, as shown in Figure 10. Click Save to save the cost library with a unique file
name (i.e. Steel - ANSI Pipe Costs.cst), select Yes to make the library connected, then close the win-
dow.

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.
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Edit Cost Library
General Fipe Materials Tables Summary
Pipe Materials, Sizes and Types: Bl B H
=-{3 Stesl - ANSI a| St e
- @ STD (O) Matenial, Nominal Size, Type or Schedule Ll S
™ 1/8 !nCh ®) Matenial. Type or Schedule. Nominal Size Export to Excel...
™ 1/4inch
™ 3/8inch
g ;::i ::E: Diameter = 1.043 inches
= Curent: Steel - ANSI, 1inch, STD (schedule 40)
L 114 inch W New Cost
Cost #1 Cost #2
Description
Cost Type Material (NR) |~ Installation (NR) |«
Cost (LS. Dollars) 343 454
Cost Per Length |« Length|
Cost Per Units feet |« fest | v
Costper i 2 | R
Time Scing T=»- [ I
AFT Intemal Library (Read-Only) {MR) = Nonrecumring Costs, (R) = Recuming Costs % Open Available. H Save 2 Help
Extemal Library (Read-Only)
Local User Library 5 )_| New... j COpen Any... Bl Save As.. ® Close

Figure 10: The Pipe Materials tab in the Cost Library window, showing the data recently imported

Step 5. Connect the Libraries

Open the Library Manager from the Library menu. Currently, the engineering library and two cost libraries
should have automatically connected to the current model. In case they are not, we will now need to con-
nect the libraries so that the junctions in the model will be linked to the costs and junctions in the engin-

eering and cost libraries.

If the Air Distribution engineering library, Air Distribution Costs library, and Steel - ANSI Pipe Costs library

are not connected to the model, follow the steps below to connect them.

»Choose Add Existing Library at the bottom of the Library Manager window, then browse to Air Dis-
tribution.dat. Next choose Add Existing Cost Library and browse to Air Distribution Costs.cstthen
Steel - ANSI Pipe Costs.cst. This should make the libraries available, and automatically connect them,

as shown in Figure 11.
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Library Manager
Library Browser

Edit Junctions

Edit Fluids

Edit Pipe Materials
Edit Insulations

Edit Fittings & Losses

Library Browser

Search: ‘ | 3 Y

Selected Library Information

+- - AFT INTERNAL LIBRARY
LOCAL USER LIBRARY
=11 Air Distribution
: Junctions
- Fixed Flow 2125 sm3/h

HDPE - AFT Customary
PVC - ASTM
PVDF - AFT Customary
Rectangular Duct - AFT Customary
Stainless Steel - ANSI
Stainless Tubing - AFT Customary
Steel - AFT Customary
Steel - ANSI
Pipe Materials
Cost
{1 Steel - ANS| Pipe Costs
Steel - DIN 2391-1
Steel - DIN 2458
Steel - EN 10216-1 (s1)
Steel - EN 102162 (s1)
Steel - EN 10217-1 (s1)
Steel - EN 102172 (s1)
Steel - EN 102174 (s1)
+[] Steel - EN 102175 (s1)
+-[] Steel - EN 102176 (s1)

= Note: checked library content can
Bl | | OtherActions - be used in the cument scenario

Create New Library Add Existing Library

AFT Intemal Librar
Read Only Librar

Air Distribution

Location: C:\AFT Products®\AFT Amow 3\Examples“Air Distribution dat
Number of Junctions = 1

Number of Fittings = 0

Number of Fluids = 0

Number of Insulations = 0

Number of Pipe Matenals = 0

Number of Cthers =0

Number of Cost Libraries = 1

Add Existing Cost Library

User Default Set as Default

D Help ® Close

Figure 11: The Library Manager with the new cooling system engineering library and its associated equip-
ment costs

Step 6. Define the Automatic Sizing Group

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

Go to the Sizing Objective panel. For the Objective, select Monetary Cost then select Calculate Cost, Do

Not Size.

In the Options to Minimize Monetary Cost section, select the radio button to include Energy in Cost
Report Only. The System Life and Energy Cost sections should now become available. Enter a System

Life of 5 years and an Energy Cost of 0.11 U.S. Dollars Per kW-hr.

B. Size/Cost Assignments
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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.

Click the Comp./Fans button at the top to go to the Compressors/Fans size/cost assignments page.
Select the radio button for J2 to Include in Cost Report Only.

C. Assign Cost Libraries

Go to the Assign Cost Libraries panel. All 18 pipes should be assigned to the Steel - ANSI Pipe Costs lib-
rary. Go to the Comp/Fans page next and select Air Distribution Costs, as shown in Figure 12

I " Werkspace | 4 Sizing | i3 Model Data | A Output | [ Graph Results | &> Visual Report |

&' Lock Panel | () Lock All Panels @UnlockAllPanels 8 Show Status Panel

2 Pipes || €F Comp./Fans

[~] Assign Cost Libraries to Compressors/Fans

; ; "
Library Mai;ager. - Edit Cost Iﬁraries. . Edit Energy éggt Libaries. ..
Cost Library
Compressors/Fans MNo Energy Libranes Connected
All ‘ Selected Air Distnbution Costs
2 ® G

[v] Description and Help

- o e

Sizing Size/Cost Design Assign Sizing
Objective Assignments Requirements CostLibraries Summary

Figure 12: Applying the newly built cost library for the compressor on the Assign Cost Libraries panel

Note: Before running the model, be aware that there are no design requirements set for the control
valves. When the solver begins to run, a Model Diagnostics window will appear to inform you
that this may result in control valves adding pressure in order to achieve the setpoint. As you will
see, the control valves will not add pressure, so this message is safe to ignore.

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 8. Examine the Output

On the Cost Report, the total cost should be $178,719 as shown in Figure 13. In the Library Sources tab
in the Junction section, the Compressor/Fan should list the Air Distribution Costs library as the cost
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source as shown in Figure 14. The Library Sources in the Pipes section should similarly show the new
pipe cost library for Material and Installation.

A | General Warnings DesignAlerts | Cost Report | Compressor/Fan Summary  Valve Summary = Tank Sur 4
-IU—_EE-t:_l%gﬁ";rss: Material | Installation Nog;-lﬂbe_lggt;rllng Operation/Energy | TOTAL

TOTAL OF ALL MODEL COSTS 178.719

Total of All Shown Costs 67,223 42,933 110,156 68 663 178,719

Items In Sizing 0 0 ] ] 0

Items Not In Sizing 67.223 42,933 110,166 68,663 178,719

Pipe Subtotal 64.313 41.478 106.791 0 106.791
o |F1 1.319 246 2,165 0 2,165
o |F2 3.297 2116 5413 0 5413
o |P3 16,706 10,722 27428 0 27,428
o |P4 8,353 5.361 13714 0 13.714
o |P5 8353 5,361 13714 0 13,714
o |FE 8,353 5361 13714 0 13.714
o |F7 8353 5.361 13714 0 13.714
o |P8 2353 5,361 13714 0 13714
o |P3 123 59 221 0 2
o |F10 123 59 221 0 22
o |P11 123 99 221 0 221
o |P12 123 59 221 0 21
o |F13 123 59 221 0 221
o |F14 123 59 221 0 22
o |F15 123 99 221 0 221
o |F1& 123 59 221 0 22
o |F17 123 99 221 0 221
o |P18 123 59 221 0 221

Compressor/Fan Subiotal 2.910 1.455 4,365 68,663 72,928

J2 2510 1.455 4,365 EB.563 72,528

Figure 13: Output tab showing the Cost Report
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#  Pipes Axial Points = Heat Transfer = Sizing | Library Sources

Pipe Fipe
Pipe | Name Material ‘ Installation ‘
1 |Pipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
2 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
3 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
4 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
5 |Pipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
6 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
7 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
8 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
9 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
10 |PFipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
11 |PFipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
A | AllJunctions | Library Sources | Assigned Pressure | Branch = Compressor/Fan = Control Valve | Tank
Jet Name | Type Material Installation Maintenance | Operation/Energy | A
|1 |Atmospheric Intake  Tank
| 2 |[Compi /Fan Comps /Fan Air Distribution Costs  Air Distribution Costs Fixed Energy Cost
|3 |Branch EBranch
| 4 |Branch Branch
| 5 |Branch EBranch
| & |[Branch EBranch
7 |Branch Eranch e

Figure 14: 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:

1. Size system for initial cost with a 5-year operating period
2. Size system for life cycle cost with a 5-year operating period
3. Size system for life cycle cost with an initial cost limit for a 5-year operating period

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 and using Initial Cost Limits

* Sizing a compressor and sizing piping for the chosen compressor
* Interpreting Cost Reports

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
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 Arrow
installation:

*  Metric - Air Distribution - ANS Initial.aro

*  Metric - Air Distribution - ANS Final.aro

* Air Distribution.dat - engineering library

* Air Distribution Costs.cst- cost library for Air Distribution.dat
* Steel - ANSI Pipe Cost.cst - cost library for Steel - ANSI pipes

- 193 -


https://www.aft.com/learning-center/video-tutorials/video/aft-arrow-7-quick-start-tutorial-metric
https://www.aft.com/learning-center/video-tutorials/video/aft-arrow-7-quick-start-tutorial-metric

Air Distribution - ANS

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Air Distribution - ANS Initial.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder.

Step 2. Define the Pipes and Junctions Group

The Workspace should appear as shown in the figure below.

" Workspace | 4 Sizing | i Model Data | [T Qutput | [ Graph Results | ® Visual Report
- - @ (M@ - M t =
4 “
= Atmospheri
- 2= ke 2 3 17
P1 P2 P3
P
oD g —0
@ e Ps P4
|
[}
~ 15 ot J10 o oo 3 o 53
v ™ & e * i il @
EZ=
= P7 P
S =¢ 16 it Jia NiE)
P15 P10 P13 Plis
o] h ¢ [)‘EI J5 J9 C/ '.)gl 6
=} og
=
"7 n2
Pl P11
o a L
W
€< >
Base Scenario B Q 100% | @ + | --1g | @19

Figure 1: Workspace for Air Distribution model

Overview of Sizing Systems with Compressors

A centrifugal compressor can be modeled with either the Compressor Curve or as a fixed flow rate or
pressure/head as the Sizing option. Generally, if a specific compressor has been identified, the Com-
pressor Curve type would be chosen, whereas the Sizing option is useful during the selection stage in
order to identify the compressor requirements for the system. In some cases, even though the specific
compressor has not been chosen, several candidate compressors are available. For this third case it
would be best to model each candidate compressor with a compressor curve using separate scenarios
for each compressor.
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Sizing a Compressor

The compressor in our air distribution case is set as Sizing with a fixed flows of 2125 sm3/h. In order to
allow the compressor to be defined as fixed flow the flow control valve at J12 has been defined at a fixed
pressure drop. This model thus represents a first cut model where, based on the first cut results, the com-
pressor will become an actual compressor with a compressor curve, and control valve J12 will become a
flow control valve controlling to 425 sm3/h, similar to the other control valves.

As already stated, when a compressor is modeled as a fixed flow, it is not a specific compressor from a
specific manufacturer. Thus, the costs for the compressor can only be approximated. To a first approx-
imation, it should be possible to estimate the non-recurring cost (i.e., material and installation cost) for
the pump as a function of power requirements. For instance, a typical ten horsepower compressor (of
specific configuration and materials of construction for a given flowrate) may cost $2700, and a forty
horsepower may cost $8250. Other typical costs for different power requirements can be approximated.
The actual cost for the compressor will, of course, highly depend on the application. These costs are
entered into a cost library and are accessed by the Solver. As AFT Arrow evaluates different com-
binations of pipe sizes, each combination will require a certain power from the compressor. With a cost
assigned to this power, the ANS module can obtain a cost to enter into the objective which it sizes. Later
in this chapter, we will look at the costs for the compressor in our example air distribution network.

In addition to non-recurring costs, recurring costs can also be estimated. Specifically, the cost of the
power used by the compressor over a period of time (which the ANS module calls the System Life) can
be determined. All AFT Arrow needs is an overall compressor efficiency to determine the actual power
from the ideal power. Again, since we do not have a specific compressor selected yet, the efficiency can
only be approximated. The ANS module calls this the Nominal Efficiency.

Therefore, it is recognized that at this first cut phase the values for nominal efficiency are imprecise and
users may need to go through a few iterations to arrive at satisfactory results.

A step-by-step method of compressor selection proceeds in two phases. The steps are outlined in the
Help System.

For this example, we will be completing the compressor selection process considering the objective of
minimizing initial cost, then minimizing life cycle cost.

Step 3. Define the Automatic Sizing Group

The model is already defined for a regular AFT Arrow run, but we need to complete the sizing settings
before running the analysis. Go to the Sizing window by clicking the Sizing tab.

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.
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1.  Select Perform Sizing for this calculation.

2. For the Objective, choose Monetary Cost and select the Minimize option from the drop-down list if
these options are not already selected.

3. Under Options to Minimize Monetary Cost, choose Size for Initial Cost, Show Energy Costs. 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 scen-
ario 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.

4. Setthe System Life to 5 years with 0% interest and inflation rates.

5. Forthe Energy Cost area choose Use this Energy Cost Information, with a cost of 0.11 U.S. Dol-
lars Per kW-hr. Note this assumes the pump will run all day, every day, for the entire 5 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
simplifying the input by using a fixed cost.

The Sizing Objective window should now appear as shown in Figure 2.
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I " Workspace | 4 Sizing | i3 Model Data | A Output | [ Graph Results | & Visual Report
&' Lock Panel | () Lock All Panels @ Unlock All Panels | BE| Show Status Panel

— @ E@ Sizing Lock Options
= =- - [ Lock All Sizing Windows After Run | 2
m |i| @ Load Default Set As Default
Psei;fizngn Ei',';”'gg Do Mot Size Muttiple Operating Cases
Mot Size [] Enable Dependent Desian Cases | ?
Objective
) Pipe Weight
() Pipe and Fluid Weight
() Flow Volume

) Pipe Inner Surface Area
(® Monetary Cost

Minimize ~

Options to Minimize Monetary Cost
System Life (For Recuming Costs)

Size for Initial Cost

Size for Initial Cost. Show Energy Costs 5 Lfe: 5 ~
Size for Initial and Recurring Costs e L
User Specified rerestRate: [0 %
er | years ~
Include in | Cost lanare Inflation Rate: ICI 4
Caost Type Sizing Report gCnst
Objective [ Only Energy Cost
Initial Costs () Use Energy Cost Libraries

(® Use This Energy Cost Information

Material ® O O
Cost: LS. Dollars ~

Installation (O] @] @] Per: |kW-r ~
- Only this fixed energy cost set here will be used. Al
Recuming Cosis Energy Cost settings in the Library Manager will be
ignored.
Energy O ® O

[ Initial Cost Limit
Maintenance O O O] US.Dolars  ~

Wam When Fittings & Losses Costs are Missing

Description and Help

7 \ \

Assign

- i

Sizing Size/Cost Design
Objective Assignments Sets Requiremenis CostLibraries Method Summary

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 compressors for a new system, so we will need to calculate and minimize cost for all
related components in the model.

»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.
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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 18 pipes are selected to be Not In Group, then 18 separate pipe sizes will be selec-
ted by the automatic sizing engine. That could potentially mean, for example, different pipe diameters in
pipes P9 and P14. If one wanted pipes P9 and P14 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 discharge room piping will be
put into a Common Size Group. What this means is that there will be a single diameter chosen for this
group of pipes, rather than potentially six different diameters.

For this system we will define four 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 these four groups.
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Base Scenario/Perf... Pipes Colored by Common Size Group: All (17 pipes) FH | Q 100% | & L +, =13 O 19

Figure 3: Workspace with Common Size Groups shown in different colors

First create a Compressor size group for pipes P1 and P2, which are highlighted in red.

»Click New above the Pipe Grouping section to create the group, and name it Compressor. Select
the radio buttons under the Compressor heading next to P1 and P2 to add them to the group. Altern-
atively, the pipes can be selected in the Workspace, then moved to a group by right-clicking the Work-
space and selecting the corresponding option from the menu.

Repeat this process for the header piping. We will assume the header will have the same size, so there-
fore these pipes will have a common size. Like before, create a new group called Header A, and add the
two header pipes on the right side of the system to the new group (pipes P4 and P5).

The headers supplying each room are one physical pipe in the field, represented as multiple pipes in AFT
Arrow by necessity. Create two more groups and add the pipes as listed below and shown in Figure 4.
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1. HeaderB=P6-P8
2. Discharge=P9-P18

The completed pipe Size/Cost Assignments can be seen in Figure 4. Note that pipe P3 should be the
only pipe notin a group.

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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Figure 4: Size/Cost Assignments panel with Common Size Groups defined as outlined above

»Click the Comp./Fans button to switch to the Compressor/Fan Size/Cost Assignments. Select the
option to Include in Cost Report and Sizing for the compressor J2 as shown in Figure 5. The compressor
will now be sized concurrently with the pipes.

Similar to the Common Size Groups for pipes, compressors can be placed into Maximum Cost Groups
based on monetary cost. If compressor costs are added to a Maximum Cost Group, the ANS module will
determine the compressor in the group with the maximum costs, and set all compressors in the group to
use the largest cost. In this case there is only one compressor, so this option is not available.
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Figure 5: Size/Cost Assignments panel defined for the compressor

Now go to the Workspace window. It is possible to inspect the Common Size Groups in the model by col-
oring the pipes. From the View menu, select All under Color Size Groups. The model should appear as
shown in Figure 3, though the colors may be different.

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.

Create a new Candidate Set for all Steel - ANSI pipes between 2" and 10" in diameter. Click the New but-
ton, and name the Candidate Set STD Steel 2" - 10". Choose Steel - ANSI as the pipe material library,
STD as the Material Type, and add all pipes from 2" to 10" in size.

In the bottom section of the window, check that each of the Common Size Groups and pipe P3 have been
assigned to use the existing Candidate Set. The window should appear as shown in Figure 6.

- 200 -



Air Distribution - ANS
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Figure 6: Candidate Sets panel fully defined for the model

D. Design Requirements

Select the Design Requirements button from the Navigation Panel.

For this model we have multiple requirements for the system:

* All pipes have a maximum velocity of 45 meters/sec
* All control valves must have a minimum pressure drop of 14 kPa
* Alldischarges must receive a minimum flow of 425 sm3/h

Define and assign the first requirement listed above as a Pipe Design Requirement as shown in Figure 7,
and apply it to each of the pipes.
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Notice that we have accounted for the minimum flow requirement in this system by using flow control
valves in each discharge line. By using assigned flow compressor and flow control valves we have incor-
porated the necessary flow rate as a boundary condition, so we do not need to apply a Design Require-

ment to account for the second item.

For flow control valves J10, J11, J13, and J14, define and apply the minimum pressure drop requirement
in the Control Valves section as shown in Figure 8. Note that for compressor sizing purposes as dis-
cussed earlier control valve J12 has been defined as a Constant Pressure Drop valve, so the pressure

drop Design Requirement does not need to be applied to this valve.
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Figure 7: Design Requirements panel for pipes
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Figure 8: 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 Creating Libraries for Sizing a System example provides instructions on how to build the lib-
raries for the first part of this example, and may be completed later for practice with creating lib-
raries. The provided pre-built libraries will be needed to obtain the compressor curve data for
Step 10 of this example.

»Open the Library Manager by clicking the Library Manager button to see which libraries are con-
nected. The AFT INTERNAL LIBRARY, LOCAL USER LIBRARY, and Pipe Material libraries should be
available and connected by default. Available libraries will be shown based on libraries that Arrow 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, Air Distribution.dat, which contains the data
for the compressor. There are also two cost libraries, Air Distribution Costs.cst and Steel - ANSI Pipe
Costs.cst, which contain the cost data for the junctions and the pipe materials, respectively. Air
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Distribution Costs.cst was built off of the engineering library Air Distribution.dat, and Steel - ANSI
Pipe Costs.cst was built off of the Steel - ANSI Pipe Material library. To connect these libraries, do the
following:

1. Click the button to Add Existing Library.

2. Browse to the AFT Arrow 9 Examples folder (located by default in C:\AFT Products\AFT Arrow
9\Examples\), and open the file titled Air Distribution.dat.

3. Repeat the above steps, but choose Add Existing Cost Library to browse for Air Distribution
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 connect them by checking the box next to the library name for each of
the three libraries.

Once these steps have been completed, you should now see that the new libraries have been added to
the Available Libraries list, and have been automatically connected to the model, as shown in Figure 9 for
the junction libraries. The junction libraries appear with the names Air Distribution, Air Distribution Costs,
and Steel - ANSI Pipe Costs.

Note: When a library is selected in the Library Manager, the filename and location can be viewed in
the Selected Library Information. Library names can be different from the given filename.

Once you have confirmed that the necessary libraries are connected, click Close to exit the Library Man-
ager.
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Figure 9: Library Manager with Air Distribution libraries connected

Since we are connecting a pre-built library, we will need to take an additional step to make sure that the
compressor in the Workspace is linked to the Air Distribution engineering library that we added.

1.  Go tothe Workspace, and open the compressor (junction J2)

2. From the Library Jct list, select Fixed Flow 2125 sm3/h. None of the input should change, as this
library item is identical to the existing pump. However, AFT Arrow will now recognize that this junc-
tion is connected to the engineering and cost library for this compressor.

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 cost information can be assigned to it. Let's now return to the Sizing window.

Back in the Assign Cost Libraries panel for the Pipes, the Steel - ANSI Pipe Costs library should be the
only visible cost library, since it is the only connected library for the pipe sizes in the Candidate Set. Make
sure that the library is checked to be applied for the model as shown in Figure 10.

»Click on the Comp./Fans button to view the cost library assignments for the compressor. The only
visible library should be the Air Distribution Costs library, as this was the only cost library connected for
the associated engineering library. Make sure that the checkboxes are selected under the library name
so that the cost data will be applied for the compressor (Figure 11).
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I " Workspace 4 Sizing | §4 Model Data | [ Output | |2 Graph Results | % Visual Report |

& Lock Panel | (3 Lock All Panels 5" Unlock All Panels | 8 Show Status Panel

IQ Pipes L) Comp.fFansl

Assign Cost Libraries to Candidate Sets |
Library I‘Elﬁager. i Edit Costﬁraries. i
Cost Library
Candidate Sets
All Selected Steel - ANSI Pipe Cosis
STD Steel - 107 ® O

Description and Help

El Sizing SizefCost Candidate Design Assign

Objective Assignments Sets Reguirements Cost Libraries Method Summary

Figure 10: Assign Cost Libraries panel for pipes
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Figure 11: Assign Cost Libraries panel for compressors

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.
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For this model we have five independent pipe sizes as noted on the Size/Cost Assignments panel (four
groups and pipe P3), and two design requirements (one pipe design requirement applied to all of the
pipes, and a minimum pressure drop applied to four control valves). Due to the small number of inde-
pendent sizes, it would be recommended to try the MMFD or SQP search method. Though it is not shown
here, if both methods are run for this scenario the same solution will be obtained, though the Sequential
Quadratic Programming (SQP) Method is slightly faster.

»Select Sequential Quadratic Programming (SQP) for the sizing method.

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. Items can be organized by sizing parameters (Design Requirements,
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.

-207 -



Air Distribution - ANS
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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 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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

The Cost Report is shown in the General Section of the Output window (see Figure 13). The ANS mod-
ule shows all costs in the Cost Report, including those that were not used in the automated sizing. The
total cost for this system is $198,056. This includes all costs over five years. The initial cost, which was
the basis for the automated sizing, was the total of the material and installation ($69,555). This total is lis-
ted as the total for the Items in Sizing line, since it was specified to only include the Initial Cost for material
and installation on the Sizing Objective section. Individual items that were included in the automated siz-
ing 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.
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Note that the Items Not in Sizing total to $128,501. Looking across at the subtotal one can see that all of
this costis in energy (i.e., compressor power costs). The total cost is the sum of the two. For the next
scenario this cost will be included in the automated sizing as a comparison.

A | General Warnings Designflerts | Cost Report | Compressor/Fan Summary  Valve Summary = Tank Sur 4
-ILI—_Eg_l%EIFII;trss: Material | Installation Nog;_lﬂbeﬁggf "o peration/Energy | TOTAL

TOTAL OF ALL MODEL CDSTS 198.066

Total of All Shown Costs 42,256 27.298 69.555 128,501 198,056

Items In Sizing 42 266 27.298 63.5565 0 69.565

Items Not In Sizing 0 0 0 128,501 128,501

Pipe Subtotal 3778 24,759 61.936 0  61.936
o |F1 1.319 846 2,165 0 2,165
o |F2 3.297 2116 5413 0 5413
o |P3 9.026 5984 15011 0 15,011
o |P4 4513 2992 7.505 0 7.505
o |P5 4513 2932 7.505 0 7.505
o |FE 4513 2992 7.505 0 7.505
o |F7 4513 2992 7.505 0 7.505
o |F8 4513 2992 7.505 0 7.505
o |P3 57 85 182 0 182
o |F10 97 85 182 0 182
o |P11 97 85 182 0 182
o |F12 97 85 182 0 182
o |P13 97 85 182 0 182
o |F14 97 85 182 0 182
o |P15 97 85 182 0 182
o |F1& 97 85 182 0 182
o |F17 97 85 182 0 182
o |P18 57 85 182 0 182

Compressor/Fan Sublotal 5.079 2.539 7.618 128.501 136.120
o |J2 5.079 2539 7618 128501 136120

Figure 13: The Cost Report in the Output window shows the total and individual costs (in thousands of 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
2-1/2 to 6 inches, as seen in Figure 14. The information for the compressors can be seen in the Com-
pressor/Fan Summary tab in the General Section, which is also shown in Figure 14.

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 compressor came from the Air Distribution Costs library. If multiple cost lib-
raries are used for a category they will all be listed separated by commas. The Library Sources for the
Pipes can be seen in Figure 15.
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#  General ‘Warnings = DesignAlerts = Cost Report

‘Compressor/Fan Summary | Walve Summary = Tank Summary

Name Mass Vol dP dP dH Overall Speed | Overall Comp. BEP BEP % of
Jet é‘;ﬁ Flow | Flow | Stag. | Staic | Static | Efficiency Power | RatoStg. | Q Mass BEP
(kgisec) | (m3hr) | (bar) | (bar) | (meters) | (Percent) | (Percenf) | (ki) | (Percent) | (m3hr) | (ka/sec)  (Percent)

2 | Show |..| CompressoriFan 07222 2193 03938 04012 3,045 80.00 Nid 2667 139.8 H/A NIA HiA

& Pipes AxialPoints = Heat Transfer | Sizing | Fipe Design Requirements | Library Sources
Name Sized - Sized - Sized - Sized - Hyd.
Fipe Material Nominal Size | Type/Schedule Diameter
linches)
| 1 |Pipe Steel - ANSI  Binch STD (schedule 40) 6.065
| 2 |Pipe Steel - ANSI  Binch STD (schedule 40) 6.065
| 3 |Pipe Steel - AMSI  4inch STD (schedule 40) 4026
| 4 |Pipe Steel - ANSI 4inch STD (schedule 40) 4026
| 5 |Pipe Steel - ANSI 4inch STD (schedule 40) 4026
| & |Pipe Steel - ANSI  dinch STD (schedule 40) 4026
| 7 |Pipe Steel - ANSI  4inch STD (schedule 40) 4026
| 8 |Pipe Steel - ANSI  4inch STD (schedule 40) 4026
| 9 |Pips  Steel- ANSI 2-12inch STD (schedule £0) 2469
| 10 |Pips  Steel- ANSI 2-12Zinch STD (schedule £0) 2463
| 11 |Pips  Steel- ANSI 2-1Zinch STD (schedule £0) 2469
| 12 |Pipe  Steel- ANSl 2-12inch STD (schedule 40) 2469
| 13 |Pipe Steel - ANSI  2-1/2 inch STD (schedule 40) 2469
| 14 |Pipe Steel - AMSI  2-1/2 inch STD (schedule 40) 2469
| 15 |Pips  Steel- ANSI 2-12inch STD (schedule £0) 2469
| 16 |Pips  Steel- ANSI 2-12Zinch STD (schedule £0) 2463
| 17 |Pips  Steel- ANSI 2-1Zinch STD (schedule £0) 2469
18 |Pipe  Steel- ANSI  2-12inch STD (schedule £0) 2468

Figure 14: Compressor and Pipe Sizes after automated sizing is performed
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#  Pipes Axial Points = Hest Transfer  Sizing = Pipe Design Reguirements | Library Sources

Fipe Fipe Fipe

Pipe | Name Material Installation Maintenance
1 Fipe Steel - ANS| Fipe Costs Steel - ANSI Pipe Costs
2 |Fipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
3 |Fipe Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs
4 | Fipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
5 |PFipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
5§ |Pipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
7 |Pips Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
g |Pips Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs
3 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
10 |Pipe Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs
11 |Pipe Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs
12 | Pipe Steel - ANS| Fipe Costs Steel - ANSI Pipe Costs
13 |Pips Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
14 |Pipe Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs
15 | Pipe Steel - ANS| Pipe Costs Steel - ANSI Pipe Costs
16 |Pipe Steel - ANS| Pipe Costs  Steel - ANSI Pipe Costs
17 |Pipe Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs
18 |Pipe Steel - ANS| Pipe Costs Steel - ANS| Pipe Costs

# | AllJunctions CV Design Requirements | Library Sources | Assigned Pressure  Branch = Compressor/Fan | Control Valve  Tank
Jct Name Type Material Installation Maintenance | Operation/Energy
1 |Atmospheric Intake  Tank
2 |Compressor/Fan Compressor/Fan Air Distribution Costs  Air Distribution Costs Fixed Energy Cost
3 |Branch Branch
4 |Branch Branch
5 |Branch Branch
& |Branch Eranch
7 |Branch Branch
& |Branch Branch
% |Branch Branch
10 | Control Valve Control Valve
11 | Control Valve Control Valve
12 | Control Valve Caontrol Valve
13 | Control Valve Control Valve
14 | Control Valve Control Valve
15 |Assigned Pressure  Assigned Pressure
16 |Assigned Pressure  Assigned Pressure
17 |Assigned Pressure  Assigned Pressure
18 |Assigned Pressure  Assigned Pressure
19 |Assigned Pressure  Assigned Pressure

Figure 15: Library Sources for the pipes and compressor in the Cost Report

On 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 $110,156 for this design, showing that the initial costs were reduced
by about 37% from the initial design. We can also see that the initial design was feasible, meaning all of
the design requirements were met (Figure 16).

Though not shown here, if the model is run using the objective to Calculate Costs, Do Not Size, it can be
seen that the total cost for the system before sizing was $178,719, which is actually less than the system
that has been sized for initial costs. This is due to the fact that the larger pipe sizes in the initial system
allowed for lower energy costs over the 5 year system life. This system is weighted towards energy costs,
so any change in the energy costs will have a larger impact on the overall life cycle cost than the material
and installation costs.
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# | General |Wamnings = DesignAlerts | Cost Report  Compressor/Fan Summary | Valve Sumr ¥

System Life = Byears A
Mumber of Independent Pipe Sizes =5
Mumber of Design Requiremeants = 22

Fixed Energy Cost = 0.11 LS. Dollars per kW-hr

The following cost libraries were used:
Steel - AMS| Pipe Costs  (COAFT Product=AFT Amow 9%Examples’Steel - ANSI Pipe Costs.cst)
Air Distrbution Costs  (C:AAFT Products®AFT Amow 5Examples ' Air Distribution Costs cst)

Initial design was feasible .

Total Cost Of tems In Sizing {Initial Design) = 110,156 U.5. Dollars

Total Cost OF tems In Sizing {Continuous) = 65,141 5. Dollars

Tatal Cost OF tems In Sizing = 69,555 1.5, Dollars

Total Cost Of tems Mot In Sizing = 128,501 5. Dollars

Total of All Model Costs = 158,056 U.5. Dollars b
£ >

Figure 16: General section of Output window showing initial status of Items in Sizing

Step 6. Size the System for Life Cycle Cost over Five Years

From the Scenario Manager in the Quick Access Panel, we will create two children scenarios. With the
base scenario selected, right click and choose Create Child. Name the new scenario Initial Cost. This
scenario will store the initial cost sizing results we just obtained. Repeat this process to create a second
child scenario, and name it Life Cycle Cost. For this scenario the only change that will need to be made is
to update the Sizing Objective.

Go to the Sizing window, and make sure that the Sizing Objective button is selected. Under Options to
Minimize Monetary Cost, choose Size for Initial 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 7. Examine the Output

After viewing the Cost Report, it can be seen that the overall cost is now $166,343. The Items Not in Siz-
ing line now has a value of zero, 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 17.

Taken on its own, this new cost represents a savings of about $32,000 over the Initial cost scenario
which was sized based on Initial Cost only. This represents a 14% cost reduction. In the initial cost scen-
ario, the non-recurring cost was $69,555, while the overall cost was $198,056. Now the non-recurring
cost is $92,464 while the overall cost is $166,343. The initial cost thus increased by about $23,000 in
order to reduce the operating cost from $128,501 to $73,879 (a reduction of about $55,000). The source
of the operating cost is the cost of power for the compressors. To reduce compressor power usage, it
makes sense to increase the pipe size and thus reduce frictional losses. The larger pipe sizes can be
reviewed by looking at the Sizing tab in the Pipe Output section, as shown in Figure 18.
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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 $69,555. Since the life cycle cost scenario total cost is 2.5 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 | Compressor/Fan Summary | Valve Summary | Tank Sun }
E?E-t:_l%gﬁ";g Material | Installation Noghﬂbe_lggtrarllng Operation/Energy | TOTAL

TOTAL OF ALL MODEL COSTS 166,343

Total of All Shown Costs 57.248 35,216 92,464 73.879 166,343

Items In Sizing 57.248 35216 92 464 73.879 166,343

Items Not In Sizing 0 0 ] ] ]

Pipe Subtotal 54.190 33.687 87.877 0 87.877
o |F1 2.008 984 2,552 0 2552
o |P2 5.020 2,461 7.480 0 7.480
o |P3 12,966 8303 21,265 0 21,265
o |P4 6483 4152 10,635 0 10,635
o |P5 6.483 4152 10,635 0 10,635
o |PE 6483 4152 10,635 0 10,635
o |F7 6.483 4152 10,635 0 10,635
o |P8 6.483 4,152 10,635 0 10,635
o |F3 178 118 296 0 296
o |F10 178 118 296 0 2596
o |F11 178 118 296 0 296
o |P12 178 118 2596 0 256
o |F12 178 118 256 0 256
o |P14 178 118 256 0 256
o |F15 178 118 256 0 256
o |P1& 178 118 2596 0 2596
o |F17 178 118 256 0 256
o |P18 178 118 2596 0 2596

Compressor/Fan Subiotal 3.068 1.529 4 587 73,879 78.466
o |J2 3.068 1.529 4,587 73.879 78,466

Figure 17: Cost Report for the network after sizing for life cycle cost
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#  General Warnings DesignAlerts Cost Report | Compressor/Fan Summary | Valve Summary = Tank Summary
Name Mass Vol dP dP dH Overall Speed Owerall Comp. BEP BEP % of
Jet Results Flow Flow: Stag. Static Static | Efficiency Power | Ratio Stag Q Mass BEP
Diagram (ka/sec) | (m3hr) | (bar) (bar) | (meters) | (Percent) | (Percent) | (k) (Percent) | (m3thr) | (kg/sec) | (Percent)
2 ‘ Show Compresscr/Fan 07222 2173 02195 02138 1743 80.00 WA 1533 1217 H/A NIA Hi& ‘

&  Pipes /AxalPoints  Heat Transfer | Sizing | Pipe Design Requirements = Library Sources

Mame Sized - Sized - Sized - Sized - Hyd.
Pipe Matenal Mominal Size Type/Schedule Diameter
(inches)

1 Fipe Steel - ANSI  Binch STD (schedule 40)
2 |Fips Steel - ANSI  Binch STD (schedule 40)
3 |Pipe Steel - ANSI  Sinch STD (schedule 40)
4 |Pipe  Steel- ANSI Binch STD (schedule £0)
5 |PFipe  Steel- ANSI Sinch STD (schedule £0)
& |Pipe Steel - ANSI  Binch STD (schedule 40)
7 |Pipe Steel - ANSI  Binch STD (schedule 40) 5.047
8 |[Pipe Steel - ANSI  5inch STD (schedule 40) 5.047
9 |Pipe Steel - ANSI  4inch STD (schedule 40) 4.026
10 |PFipe  Steel- ANSI  4inch STD (schedule £0) 4026
11 |PFipe  Steel- ANSI  4inch STD (schedule £0) 4026
12 |Pips Steel - ANSI  finch STD (schedule 40) 4026
13 |Pipe Steel - ANSI  4inch STD (schedule 40) 4026
14 | Pipe Steel - ANSI  4inch STD (schedule 40) 4026
15 | Pipe Steel - ANSI  4inch STD (schedule 40) 4.026
16 |PFipe  Steel- ANSI  4inch STD (schedule £0) 4026
17 |PFipe  Steel- ANSI  4inch STD (schedule £0) 4026
18 |Pips Steel - ANSI 4 inch STD (schedule 40) 4026

Figure 18: Compressor and Pipe Sizes after automated sizing is performed for life cycle cost

Step 8. Size the 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.

Clone the Life Cycle Cost scenario. Name the scenario /nitial Cost Limit.

»Return to the Sizing Objective panel and select the option for Initial Cost Limit. We will set the limit
as $82,500 which is approximately an initial cost reduction of 25% from the original (un-sized) design.
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 five year life cycle can be seen in Table 1. Notice that while the material and installation
costs were similar to the costs from the initial cost scenario, the energy costs were decreased by about
$10,000. These energy costs were achieved by increasing the compressor pipe sizes, while decreasing
the header pipe sizes to achieve a better efficiency in the compressor. Table 2 shows a comparison of
the pipe sizes throughout the system for the original design, and each of the sizing scenarios.
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Table 1: Cost Summary of Sizing Runs for the Air Distribution System

Non-Recur-
Scenario Material Installation ring Sub Energy Total Reduction
Total

Not Sized 67,223 42,933 110,156 68,563 178,719
Initial Cost 42,256 27,298 69,555 128,501 198,056 -20,000
Life Cycle

Cost 57,248 35,216 92,464 73,879 166,343 12,400
Initial Cost

Limit 44,929 27,849 72,778 118,285 191,063 -12,300

Table 2: Summary of final pipe sizes for Common Size Groups in the Air Distribution System

Scenario Compressor Header A Header B Discharge Pipe P3

Not Sized 6 inch 6 inch 6 inch 3inch 6 inch

Initial Cost 6 inch 4 inch 4 inch 2-1/2 inch 4 inch

Life Cycle 8inch 5inch 5inch 4inch 5inch
Cost

'”'tl'_ai‘:n?tOSt 8 inch 4inch 4inch 3-1/2inch 4 inch

Step 9. Automated Sizing with Compressor Curve Data

As discussed in the previous section summarizing the compressor selection process, once the com-
pressor is sized then actual compressors can be modeled. The actual compressor should closely match
the sizing results in the following areas: generated pressure at the design flow, efficiency at the design
flow, and cost. Let's apply actual compressor data for the case that was sized for life cycle cost with an ini-
tial cost limit to complete phase two of the compressor selection process above.

Reviewing the results for the life cycle cost with initial cost limit scenario one can see that the sized sys-
tem calls for a compressor of about 25 kW that generates about 36.7 kPa of pressure at 2125 sm3/h. The
nominal efficiency used in the sizing part of the analysis was 80%. The material cost for such a com-
pressor was about $4,800, and the installation cost was about $2,400. Note that if no actual compressor
can be found that reflects these requirements, then the phase 1 of the compressor selection process
described above should be repeated with better performance and/or cost data for the compressor.

Based on the sizing analysis, we will choose a compressor from the (fictitious) PowerFlow Compressor
Company. Its model JW120 is a close match for the requirements of a 5-year life cycle design. The model
JW120 has the following characteristics: at 2125 sm3/h its pressure is 38.6 kPa and efficiency is 80%. Its
material cost is $5,800 and installation cost is $2,400. To setup a new scenario for the system with the
candidate compressor data:
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In the Scenario Manager clone the Initial Cost Limit child scenario and name it Actual Compressor Curve.

In the new scenario, open the properties window for compressor J2 select PowerFlow Compressor
JW120 from the Library Jct list to import the compressor data from the library as shown in Figure 19, then
click OK.

In the Flow Control Valve Property window for J12, change the Valve Type to Flow Control (FCV), and
enter a Flow Setpoint of 425 sm3/h. Now that we have changed the control valve model, we will need to
apply a Design Requirement in order to account for the minimum pressure drop.

Go to the Sizing window, then navigate to the Design Requirements panel. Select the Control Valves but-
ton at the top of the window.

Apply the Min Pressure Drop design requirement to Control Valve J12.

Compressor/Fan Properties

Number: Upstream Pipe: 1 o OK
Name: |CDmpressorfFan v‘ PaiErE z Cancel
Ubrary Jet Powerflow C W20 Bevation
rary Jot: 'owerFlow Compressor - )
0 flmetes v b e
Copy Data From Jct... -
2 Help
Compressor Model | Variable Speed | Optional | DesignAlerts | Motes | Status
Compressor Curve
'.’ Enter Curve Data
((:Iantrifuga\ Fan Positive
ompressor Displacement
Compressor Max X-fis Value: 6000
Compressor Model
- 45
(®) (= Compressor Curve O&" Sizing P

Added Pressure
@) Stagnation () Static

Compression Process Thermodynamics
) Adiabatic -
(O Polytropic ] 1000 2000 3000 4000
(®) Detemine From Efficiency Data m' (sm3/h}

Efficiency data is required. I efficiency is not
entered it is assumed to be 100%. PressureRise | Efficiency | Parameters and Constants

[] Check Valve at Discharge (No Backflow Allowed)

meters/sec

Figure 19: Compressor Properties window with the Rocky Mtn Compressor Co 100XLC library item selected

The necessary changes are now complete to size the system with the updated compressor and flow con-
trol valve data.

»Select Run from the Analysis menu to perform the automated sizing. When the solver has finished,
click Output to review the results, as can be seen in Figure 20.

The Cost Report shows a total sized cost of $196,889. Comparing the final pipe sizes to the Initial Cost
Limit scenario shows the pipe sizes and compressor operating point are similar.

Now we have sized the system for use with an actual compressor.
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£  General Warnings DesignAlerts | Cost Report | Compressor/Fan Summary  Valve Summary  Tank Sur }
-ILI—.ESb.hIB]gIrI”atfs: Material | Installation Noghﬂbefggf " g peration/Energy | TOTAL
TOTAL OF ALL MODEL COSTS 196.889
Total of All Shown Costs 45,395 27.644 73.039 123,851 196,889
Items In Sizing 45,39% 27.644 73.039 123,851 196,889
Items Not In Sizing 0 0 0 0 0
Pipe Subtotal 39.5%5 25244 64.839 0 ©64.839
o |F1 2,008 984 2,993 0 2,993
o |F2 5.021 2,461 7.481 0 7.481
o |P3 5.026 5984 15.011 0 15,011
o |P4 4513 2992 7.505 0 7.505
o |P5 4513 2992 7.505 0 7.505
o |PE 4515 25993 7.508 0 7.508
o |F7 4515 2993 7.508 0 7.508
o |P8 4515 2993 7.508 0 7.508
o |P3 97 85 182 0 182
o |F10 97 85 182 0 182
o |FP11 97 85 182 0 182
o |P12 57 85 182 0 182
o |F13 97 85 182 0 182
o |P14 57 85 182 0 182
o |F15 97 85 182 0 182
o |P1& 97 85 182 0 182
o |F17 97 85 182 0 182
o |P18 97 85 182 0 182
Compressor/Fan Subiotal 5.800 2.400 8.200 123,851 132,051
o |J2 5.800 2,400 8.200 123.851 132,051

Figure 20: Cost Report for system with actual compressor and FCV data sized for five year life cycle cost
with initial cost limit
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Summary

Some system designs have multiple operating conditions to satisfy. For instance, the air distribution sys-
tem discussed in the previous example may have a requirement that it operate with one of the discharge
valves closed. 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

* Using Dependent Design Cases
* Using Duplicate Special to create Dependent Designs
* Understanding fractional compressor costs with Dependent Design Cases

* Specifying Multiple Dependent Design Cases

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
ANS example, and is familiar with the basics of ANS analysis.

This example is an addendum to the Concurrently Sizing a Compressor and 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 Arrow
installation:

* Metric - Air Distribution - ANS Initial.aro

*  Metric - Air Distribution - ANS Final.aro

* Air Distribution.dat - engineering library

* Air Distribution Costs.cst- cost library for Air Distribution.dat
* Steel - ANSI Pipe Cost.cst - cost library for Steel - ANSI pipes
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Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Air Distribution - ANS Initial.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder. Complete the
steps in the example Concurrently Sizing a Compressor and System - ANS until the Life Cycle Cost
scenario is completed. Clone this scenario and name it Dependent Design Case.

Alternatively, open the Metric - Air Distribution - ANS Final.aro example file. Right-click the Life Cycle
Cost scenario and select Save Scenario to File Without Children. Save the scenario to a new location
then open this new model file. Create a child from the base scenario and name it Dependent Design
Case.

Step 2. Define the Pipes and Junctions Group

The Workspace should appear as shown in the figure below.

7 Workspace | o Sizing | §%Model Data | ESIOutput | ) Graph Results | @ Visual Report
P - @ |IkMme-Al - Ba RNt B ¥
J1 -~
_ Atmespheri
- == ke 2 3 7
Pl P2 P3
o0 O - e = @
[ 0 Ps Py
|
[}
gl 15 s 5o v oo "3 - 18
2% ¢ ” P i N
b
= P7 e
o 116 ors m o0 ors na ore 19
T e - =l - 15 Js (O - pgl - 0
= e} os
T @
57 nz
Ps PI1
P
w
< >
Base Scenario B Qo0 = W * | —+-13 | @19

Figure 1: Workspace for Air Distribution model
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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
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 discharge valves open. We want
to also consider the case where one discharge is closed. The one discharge closed case will be created
as a dependent design case.

To start creating the dependent design case, we will first need to enable the Dependent Design Case
modeling:

»Go to the Sizing Objective panel and select the Enable Dependent Design Cases option. A new but-
ton will now be available for the Dependent Design Cases panel in the Sizing Navigation Panel, as can
be seen in Figure 2.
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& Sizing {3 Model Data | FE10utput | 12 Graph Results | & Visual Report

o' LockPanel | [ Lock All Panels &5 Unlock Al Panels 8 Show Status Panel

[ @

- i @ [] Lock Al Sizing Windows After Run | 2
m m @ Load Defaut Set s Defautt
Peform  Calculte Do Not Size Mutiple Operating Cases

Sizin
: ﬁz{ﬁ&[zl: Enable Dependent Design Cases 2

Sizing Lock Options Q

Objective
() Pipe Weight
() Pipe and Fuid Weight
() Flow Volume
(") Pipe Inner Surface Area
(®) Monetary Cost

Mirimize v

Description and Help

Sizing Size/Cost Candidate Design Assign Sizing Sizing
Objective  Assignmenis Sefs Requiremens  Costlibraries  Method  DesignCases Summary

Figure 2: Dependent Design Cases are enabled from the Sizing Objective panel

Step 4. Set up the Dependent Design Case

A. Use Duplicate Special

The easiest way to set up a dependent design case is to use Duplicate Special, which will allow us to
make an exact duplicate of the model in order to set up the additional operating cases. Note that you
should fully define the model and all of the sizing settings for the primary case before creating the depend-
ent cases, as has been done in this model.

To create the dependent design case:

1. Make sure that the scenario where the dependent cases will be created is loaded. In this case,
you should have the Dependent Design Case scenario loaded.

2. Go to the Workspace window.
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Choose Select All from the Edit menu, or use CTRL+A.

Choose Duplicate Special from the Edit menu (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.

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 All Pipe and Junction Mumbers By:

[] Create Group
[] Hide in Output
Make Dependent Design Case

[] Clear Design Requirements

& OK m Cancel 2 Help

Figure 3: Duplicate Special simplifies creation of dependent design cases
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Figure 4: Workspace with the Dependent Design Case created for the Air Distribution model

B. Apply the Dependent Design Requirements

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 compressor'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 Discharge Room in the system is shut off, so we
will use Special Conditions on the discharge valve to that room.

Select Control Valve J110 in the dependent case, and use the Special Conditions button @ on the Edit
menu to set the junction to Closed. The dependent case should now appear as shown in Figure 5.

7 Workspace |  Sizing | {fModsiDate | [ uiput | 20 Graph Results | > Visual Report |
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Figure 5: Flow off for Discharge Room A1 in the Dependent Design Case

With one valve shutoff we will need to distribute the Fixed Mass Flow Rate of the compressor for the four
Discharge Rooms remaining. That means the new Mass Flow Rate for every Control Valve will be 531.25
sm3/h. The flow requirements for the Control Valves J111, J113 and J114 need to be changed from 425
sm3/h to 531.25 sm3/h. Note that Control Valve J112 will not need to be changed since it is set to a fixed
pressure drop for sizing purposes, and still has the same pressure drop requirement.

»Open the Control Valve Properties window for control valve J111 and change the flow setpoint to
531.25 sm3/h, then repeat this for junctions J113 and J114 as discussed above.

Since we have closed control valve J110 it is necessary to remove the minimum pressure drop require-
ment from this valve so that the results will not be skewed.

»Go to the Design Requirements panel in the Sizing window and select the Control Valves button.
Un-check the box for the pressure drop requirement next to J110 to remove it from the closed valve as
shown in Figure 6.

For this scenario we also want to change the Sizing Method, since the Modified Method of Feasible Dir-
ections was determined to be the most efficient for this model.

»Click the Sizing Method panel button in the Sizing Navigation panel, then select the Modified
Method of Feasible Directions (MMFD) from the Search Method list.
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The Dependent Design case is now complete, since it has inherited the rest of its sizing settings from the
primary case. Select Run from the Analysis menu and got to the Output window to view the results once
the run is complete.

I Fa Workspace | &Sizing | ﬂl\f‘lodel Data | [ Output | [ Graph Results & Visual Report

&' Lock Panel | £ Lock All Panels u._,%‘ Unlock All Panels | 8 Show Status Panel
2 Pipes | 4 Comp./Fans | 5 Control Valves T General Junctions
[#] Define Control Valve Design Requirements
A7
N T b X Delec?ie Al MNote: The Design Requirement definitions on this panel are co
Name Parameter | Location | Max/Min Value | Units
1 | Min Pressure Drop Pressure Drop Static |~ | M/A& ~ | Minimum |~ 14 kPa |~
[~] Assign Design Requirements to Control Valves
Min Pressure Drop
Control Valves (> 14kFa)

J10

J11

Ji2 (|

J13

J14

Deapandgent Design Case

J110 |

Jiti

J12 |

J113

J114

=] E i Showing: 10 of 10 Control Valves (All) Mote: The Design Requirement assigr
[v] Description and Help
E Sizing SizefCost Candidate Design Assign Sizing Dependent Sizing
Objective Assignments Sets Requirements Cost Libraries Method DesignCases Summary

Figure 6: Control Valve Design Requirements adjusted for the Dependent Design Case

Summary

The following summary Table 1 was compiled for the two scenarios. It can be observed that when the
dependent design case is included in the sizing, the cost increases by approximately 3%. 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 addi-
tional design requirements. If the design for the primary design case is not sufficient for the dependent
design case, then the design must be changed, which will increase cost in some manner. In this case the
pipe sizes needed to be increased to account for the additional load when one discharge valve is closed.
The pipe sizes for the Dependent Design Case scenario can be seen in Figure 7.
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Table 1: Summary of Sizing Runs for Air Distribution system

Scenario Life Cycle Dependent
Cost Design Case
Me.ets all Yes Yes
Requirements
Material $57,248 $60,988
Installation $35,216 $37,635
Operation $73,879 $73,879
Total $166,343 $172,501

£ Pipes  Afxisl Points | Heat Transfer | Sizing | Pipe Design Reguirements | L b

MName Sized - Sized - Sized - Sized- Hyd. | &
Pipe Material Neminal Size | Type/Schedule Diameter
(inches)
1 |[Pipe  Steel-ANSI  Binch STD (schedule 40) 7581
2 |Pipe  Steel-ANSI Zinch STD (schedule 40) 79281
3 |Pipe  Steel-ANSlI  &inch 5TD (schedule 40) 6.065
4 |Pips  Steel-ANSI  Binch STD (schedule 40) 5.047
5 |Pipe  Steel-ANSl  Sinch STD (schedule 40) 5.047
& |[Pipe  Steel- ANSI  5inch 5TD (schedule 40) 5.047
7 |Pipe  Steel-ANSI  5inch STD (schedule 40) 5.047
8 |[Pipe  Steel-ANSl  5Sinch 5TD (schedule 40) 5.047
9 |[Pipe  Steel-ANS|I  4inch STD (schedule 40) 4026
10 |Fipe  Steel- AMSl  4inch STD (schedule 40) 4028
11 |Fipe  Steel- ANSI  4inch 5TD (schedule 40) 4026
12 |Fipe  Steel- ANSI  4inch STD (schedule 40) 4026
13 |Fipe  Steel- ANSI  4inch STD (schedule 40) 4028
14 |Fipe  Steel- ANSI  4inch 5TD (schedule 40) 4026
15 |Fipe  Steel- ANSI  4inch STD (schedule 40) 4026
16 |Fipe  Steel- AMSI  4inch 5TD (schedule 40) 4028
17 |Fipe  Steel- ANSI  4inch STD (schedule 40) 4026
18 |Fipe  Steel- AMSl  4inch STD (schedule 40) 4026 w

Figure 7: Pipe size results for the system with the dependent design case included
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Summary

This example will show how to use the ANS module to size a system based on pipe weight to deliver a
minimum flow of helium for variable inlet temperature.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Sizing using pipe weight
* Creating Common Size Groups

* Using dependent design cases to satisfy two different operating modes for a system

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
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 Arrow
installation:

* Metric - Helium Transfer - ANS Initial.aro
* Metric - Helium Transfer - ANS Final.aro

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Helium Transfer - ANS Initial.aro example file listed above, which is located in the
Examples folder in the AFT Arrow application folder. Save the file to a different folder. The Workspace
should look like Figure 1 below.

In this system, Helium flows from one tank to two other delivery tanks. Throughout the year its inlet tem-
perature varies from 0 to 38 deg. C. There is a minimum flowrate required to each tank of 1.1 kg/sec.
Since the supply temperature can vary we will analyze two different design cases, one for the maximum
temperature (Hot Case), and one for the minimum temperature (Cold Case). We are using the Hot Case
as our primary design, so the model inputs currently reflect the Hot Case. We will need to first define the
sizing settings for the primary case, then set up the secondary case using the cold temperatures.

" Workspace |5LJMc>deI Data |E|Output |B6raph Results |’§"V\suaIReport |
P e - @ (Infhe-MA i E ¢

= & i 42
o0

@6 P1 P2
=5

P M

EIL

%CI P3

LR Y-

D Ay

C?@ 43

g, .

Base Scenario B Q100 { J B || 3 [ B4

Figure 1: Model layout for normal system operation

Step 2. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. Check the box next to Activate ANS. The Network
option should automatically be selected, making ANS enabled for use.

Step 3. Define the Automatic Sizing Group

To define the Automatic Sizing group, go to the Sizing window by clicking on the Sizing tab.

A. Sizing Objective

Go to the Sizing window by selecting the Sizing tab. 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 initial costs only.
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1.  Select Perform Sizing for this calculation.
2. Forthe Objective, choose Pipe Weight, and select the Minimize option from the drop-down list if it
is not already selected.

The Sizing Objective window should now appear as shown in Figure 2.

I 7 Workspace ‘ 4 Sizing ‘ §3 Model Data | A output | [ Graph Results | & Visual Report
&' Lock Panel | @ Lock All Panels @Unlock;—\llpanels 8 Show Status Panel

Sizing Lock Options

— = . [] Lock All Sizing Windows After Run | ?
|@| |@| @ Load Defaut Set As Defaul
Pselrflorrn C‘R!;-glﬁe Do Not Size Multiple Operating Cases

izin :
d Dg_ Mot [] Enable Dependent Design Cases | ?

ize

Cbjective
(@) Pipe Weight
(") Pipe and Fluid Weight
() Fow Vaolume
() Pipe Inner Suface Area
() Monetary Cost

Minimize ~

Description and Help

iy ot b
H Sizing Sizing Candidate Design

Objective Assignments Sets Requiremens Method Surmmary

Figure 2: Sizing Objective panel setup to minimize pipe weight

B. Sizing Assignments

On the Sizing Navigation panel select the Sizing Assignments button.
For this system we will be sizing all of the pipes since it is a new system.
»Move each of the pipes to Always Include in Weight.

The piping to each of the discharge tanks in the system will be identical, so a Common Size Group will
need to be created to link the sizes in the two pipes.

Above the Pipe Grouping table select New, then give the group the name Discharge Pipes. Select the
radio buttons to place pipes P2 and P3 in the Common Size Group.

The completed pipe Sizing Assignments can be seen in Figure 3.
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7 Workspace | o Sizing | ] Model Date

= Undo -
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ar =
Move t & B oL 7
New. Rename Delete fove To
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Fipes Automatically Size Do Not Size . Common Size Groups
Alvays Include in Weight Include Do Not Group E—
Include in Weight if Si in Weight Include in VWeight EEETER I

P1 ® [¢] [} [@] ® [e]
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P3 ® @] [} O @] ®

Al None || Invert | Workspace || Special..
Selected: 0 of 3

Mumber of Independent Pipe Sizes: 2

Description and Help

‘5/3 iSg

Sizing Sizing Candidate
Objective  Assignments Sets

Design
Requiremeris.

Figure 3: Sizing Assignments fully defined for the model

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets panel.
For this system it is desired to use STD Steel - ANSI. To create a Candidate Set, do the following:

Under Define Candidate Sets, click New.

Give the set the name STD Pipes and click OK.

From the drop down list choose Steel - ANSI.

In the Available Material Sizes and Types on the left, expand the STD pipe sizes list.
Double-click each of the sizes from 1 to 10 inches to add them to the list on the right.
In the Select Pipe Sizes window, click OK.

IS

We now need to define which pipes will use this Candidate Set during the sizing calculation. Select the
radio buttons next to pipe P1 and the Common Size Group to assign the Candidate Set to each of the
pipes, as shown in Figure 4.
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I " Workspace | ¢ Sizing |

i Lock Panel (5 Lock All Panels £ Unlock All Panels | B Show Status Panel

18 Model Data | [ Output | |2 Graph Results | ® Visual Report |
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S o X %
Mew. .. Edit... Rename... Delete Save Load...
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Assign Candidate Sets to Pipes
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Assign Ta
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=l Common Size Groups Mo Set | STD Pipes
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= Not in Group Mo Set | STD Pipes

P1 O O]

| All || None ” Invert || Waorkspace || Special. .. | Selected: 0 of 2

Description and Help

Sizing
Chbjective

Sizimg Candidate Dresign Sizing
Assignments Sets Requirements Method Sumimary

Figure 4: Candidate Sets panel fully defined for the model

D. Design Requirements

Select the Design Requirements button from the Navigation Panel.

For this system there is only one Design Requirement, which is the requirement to maintain a minimum
flow of 1.1 kg/sec into each of the discharge tanks. To define this requirement:

Click New under Define Pipe Design Requirements.
Enter the name Minimum Flow.

Select Mass Flow Rate as the Parameter.

Choose Minimum for Max/Min, and enter 1.1 kg/sec.

Poob=

Now we need to apply the defined Design Requirement to the discharge pipes.
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»Check the box next to Discharge Pipes in the Assign Design Requirements to Pipes section. The
Design Requirements panel should now appear as shown in Figure 5.

I ;J' Workspace ‘ &Sizing |ﬂMDdE| Data | [ Output | |2 Graph Results | &> Visual Report |
&' Lock Panel | {2 Lock All Panels &Unlock;—\ll Panels | BE Show Status Panel

3 Pipes T General Junctions

Define Pipe Design Requirements

& a
Ne. 5 Duplicate. .. Remai, ; Delete All Mote: The Design Requirement definitions
Name | Parameter | Location | Max/Min | Value | Units I
1 [MinFlow Mass Flow Rate |~ | NiA ~ | Minimum |~ 1.1 kglsec |~ |

Assign Design Requirements to Pipes

Common Size Groups (> I%iq %] |
Discharge Fipes
Notin Group ]
E B 8t & showing: 0 of 3 Pipes Mote: The Design

Description and Help

Sizing i Sizing Sizing

Objective Assignmenis Requirements Co = Method Summary

Figure 5: Design Requirements panel for pipes

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 dis-
abled.

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.

This model is relatively simple, so the default, Modified Method of Feasible Directions (MMFD), should
be sufficient. Ensure that this method is selected from the list of Search Methods.

G. Dependent Design Cases
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We have now set up the system to be sized for the primary design case, but we will also need to account
for the cold case where the system is operating at the minimum inlet temperature. To do this we will cre-
ate a dependent design case by completing the following steps:

1.

Go to the Sizing Objective panel and select the Enable Dependent Design Cases option. 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 choose Select All from the Edit menu.

Open Duplicate Special (from the Edit menu), enter an increment of 10 and select Make Depend-
ent Design Case (Figure 6). Click OK.

Move the duplicated pipes and junctions to distinguish them from the original ones from the
Primary Design Case. The Workspace should now appear as shown in Figure 7.

In the Cold Case inlet tank J11, open the Tank Properties window and change the temperature to
0 deg. C.

Return to the Dependent Design Cases panel.

When Duplicate Special was performed with Dependent Design Case selected, each of the duplicated
pipes was created with a special type of grouping. For example, pipe P11 is grouped with pipe P1 as a
DDC pipe (see Figure 8). 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.

It should also be noted that the dependent design grouping causes each of the dependent pipes to inherit
their Common Size Groups, Candidate Sets, and Cost Library settings (if applicable) from the pipes in
the primary case. The dependent design case pipes are therefore hidden on all sizing panels except for
the Design Requirements and Dependent Design Cases panels.

Duplicate Special

Increment All Fipe and Junction Mumbers By:

[] Create Group
[] Hide in Output
Make Dependent Design Case

[] Clear Design Requirements

0K Cancel 2 Help

Figure 6: Duplicate Special settings to create a dependent design case
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Figure 7: Workspace with dependent design case after duplication
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Figure 8: Pipes in Dependent Design Cases have a special grouping relationship with pipes in the primary
case
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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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

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 9. It can be seen that the 5 inch and 3 inch pipe sizes were
chosen for the header and discharge pipes, respectively. The overall weight of the system is 10,062 kg.

#  General  ‘Warnings DesignAlerts | Cost Report | Tank Summary
Table Umts: Fipe
kg Weight
Total of All Shown Costs 10.062
Items In Sizing 10.062
Items Not In Sizing 0
Pipe Subtotal 10.062
P1 6,635
P2 1,714
P3 1.714

Pipes = Axial Points = Heat Transfer | Sizing | Pipe Design Reguirements

e

MName Sized - Sized - Sized - Sized - Hyd.
Fipe Material Mominal Size | Type/Schedule Diameter
(cm)
1 |[Pipe  Steel- ANSI  5Sinch STD (schedule 40) 12.819
Fipe  Steel- ANSl  3inch STD (schedule 40) 7793
3 |[Pipe  Steel- ANSl  3inch STD (schedule 40) 7793
11 |Fipe  Steel- ANS|  5Sinch STD (schedule 40) 12.819
12 |PFipe  Steel- ANSl  3inch STD (schedule 40) 7793
13 |PFipe  Steel- ANSI  3inch STD (schedule 40) 7793

Figure 9: Final pipe sizes and Cost Report for the Helium Transfer system considering the hot and cold cases

Conclusion

By creating a dependent design case both the hot and cold temperature operating cases were able to be
taken into account in the automated sizing for this simple system. In more complex systems additional
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dependent cases could be created to consider various system configurations as well as further operating
conditions.

- 236 -



Natural Gas Burner - ANS

Summary

This example will size the pipes for a natural gas supply system to five burners. It is desired to analyze
two separate design cases using monetary cost automated sizing.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Sizing using monetary cost
* Using dependent design cases to satisfy two different operating modes for a system

* Understanding the effect of monetary vs. non-monetary sizing objectives

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
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 Arrow
installation:

*  Metric - Natural Gas Burner - ANS Initial.aro
*  Metric - Natural Gas Burner - ANS Final.aro
* Steel - ANSI Pipe Costs.cst - cost library for Steel - ANSI pipes

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

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

Open the Metric - Natural Gas Burner - ANS Initial.aro example file listed above, which is located in
the Examples folder in the AFT Arrow application folder. Save the file to a different folder. The Work-
space should look like Figure 1 below.
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Figure 1: Natural Gas Burner model layout in Workspace

Step 2. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. Check the box next to Activate ANS. The Network
option should automatically be selected, making ANS enabled for use.

Step 3. Define the Automatic Sizing Group

For this system we will be sizing the natural gas system for two different operating cases, one with all
burners running and one with the third burner closed. 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. [fit 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 case with all burners on will be used as the primary design case.
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To start we will set up the sizing settings for the primary design case, after which we will set up the
dependent design case.

A. Sizing Objective

The Sizing Objective panel should be selected by default. For this analysis, we are interested in sizing
considering the monetary cost for the initial costs only.

1.  Set the Sizing Option to Perform Sizing.
2. For the Objective, choose Monetary Cost, and select the Minimize option from the drop-down list.

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.
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Figure 2: Sizing Objective window setup for an Initial Cost analysis

B. Size/Cost Assignments

On the toolbar at the bottom of the window select the Size/Cost Assignments button.

For the supply lines P1 and P2, the pipe size is fixed to 6 inches and will not be sized. However, we will

still need to purchase these pipes, so we will consider their cost. The rest of the pipes in the system will
need to be sized for the design.
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The 4 header pipes (P3, P4, P5, P6) represent a single header in the physical system, so it will be neces-
sary to add them to a Common Size Group. A second Common Size Group should be created to contain
all of the discharge piping (P7 - P16), as each of the branches to the burners should be identical. To set
up the Size/Cost Assignments as described, do the following:

1. Move pipes P1 & P2 to Do Not Size — Include in Cost in the table. This will calculate their cost
while keeping their size fixed.

2. Select pipes P3 - P16 in the table by holding SHIFT to select multiple rows, then click the Always
Include in Cost button to move them to the appropriate column to be sized.

3. Now that the pipes have been set to be sized, the Common Size Groups need to be created.
Select New above the Pipe Grouping table to create two new groups and give them the names
Headers and Distribution.

4, Add pipes P3 - P6 to the Headers group using the radio buttons. Alternatively, they can be added
by selecting the pipes in the Workspace then right-clicking and choosing the appropriate option to
add them to the group.

5. Add pipes P7 - P16 to the Distribution group either by using the radio buttons in the table, or from
the Workspace.

The Size/Cost Assignments table should now appear as shown in Figure 3.
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Figure 3: Size/Cost Assignments window with Common Size Groups defined as outlined above

C. Candidate Sets

Click on the Candidate Sets button to open the Candidate Sets window. In this case we will be con-
sidering schedule 40 steel pipe within the range of 1" - 12".
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4.

Select New, and name the Candidate set Steel Sch 40.
Choose Steel - ANSI from the material list.

Expand the STD type, then double click each of the sizes from 1 inch to 12 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 Groups are assigned to use the
new Steel Sch 40 Candidate Set. The window should appear as shown in Figure 4.
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& Lock Panel | [ Lock All Panels 5 Unlock All Panels | B Show Status Panel

[#] Define Candidate Sets |

S % 5] x . .
N . Edit... Rename... Delete s:ﬁ o Si=b S ial S

Set Name

Sizes in Set:

linch, STD (schedule 40}
1-1/4 inch, STD {schedule 40)
1-1/2 inch, STD {schedule 40)
2 inch, 5TD (schedule 40)

2-1/2 inch, STD {schedule 40)

Assign Candidate Sets to Pipes
&7
Assign To
Pipes Candidate Sels

B G Size Groups Mo Set | Steel Sch 40

Headers O ®

Distribution O ®
| All || Mone || Invert | Workspace || Spedal... | Selected: 0of 2 Mote: The Candidate

Description and Help

Sizing
Objective

SizefCost Candidat= Dezign Aszign Sizing Sizing
Assignments Sets Requirements Cost Libraries Method Summary

Figure 4: Candidate Sets window fully defined for the model

D. Design Requirements

Select the Design Requirements button.

In the primary design case the following requirements need to be met:
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1. The flow to the burners must remain below the maximum velocity requirement of 60 meters/sec.
2. All control valves must have a minimum pressure drop of 1.7 bar.

Make sure that the Pipes button is selected, then create a new Design Requirement named Max Velocity
specifying the Velocity Outlet Maximum of the pipe is 60 meters/sec. In the bottom section of the window,
make sure that the velocity design requirement is applied to each of the discharge lines to the burners
(P12 - P16). The Pipe Design Requirements should now appear as shown in Figure 5.

Next select the Control Valves button at the top of the window and create a new control valve Design
Requirement. Name the Design Requirement Min Pressure Drop, and specify the Pressure Drop Static
as a Minimum of 1.7 bar. In the bottom section apply the Design Requirement to each of the control
valves in the model (Figure 6).

I 7" Workspace | ¢ Sizing |

& Lock Panel | 2 Lock All Panels 5 Unlock All Panels | §E Show Status Panel

ID Pipes # Contral ‘u’alvesl T+ General Jundionsl

12 Model Data | [ Output | |2 Graph Results | % Visual Report |

Define Pipe Design Requirements |
i B A by 7 , . . |
N.. Duplicate. .. Renaﬁ'lse. . Delete Delete Al MNote: The Design Requirement definition
Name | Parameter | Location | Max/Min | Value Units
1 |Max Velocity  Velocity Outlet Mascimum B0 metersisec
Assign Design Requirements to Pipes
‘Common Size Max Velocity
Groups (< 60 metersisec
Headers L]
= Distribution [m]
P7 Il
P2 Il
P9 Il
P10 Il
P11 Il
P12 i
P13 i
P14 i
P15 i
P18 %
Motin Group O
= showing: 10 of 16 Pipes Mote: The Desig

Description and Help

Candidate Dresign Assign
Requirements Cost Libraries Method Summary

Figure 5: Pipe Design Requirements defined for the primary design case
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I " Workspace | 4 Sizing | {3 Model Data | [ Output | |2 Graph Results | % Visual Report
&' Lock Panel | i Lock All Panels @ Unlock All Panels | 8 Show Status Panel

& Pipes || & Cortrol Valves - General Junctions

Define Control Valve Design Requirements

An
o ek » 7 ) ) ) .
New... Duplicate... Renaha, . ; Delete all | Mote: The Design Requirement definitions
Name | Parameter | Location | Max/Min | Value | Units I
1 | Min Pressure Drop Pressure Drop Static |~ | N/A ~ | Minimum |~ 1.7 bar |w |

Assign Design Requirements to Control Valves

Min Pressure Drop
Control Valves (> 1.7bar)
12
19
J10
J11
412
B B g showing: 5 of 5 Control Valves (All) Mote: The Desigl

Descripticn and Help

Sizing Size/Cost i Design Assign Sizing Sizing

Objective Assignmenis Reguiremenis CostLibraries Method Summary

Figure 6: Control Valve Design Requirements defined for the primary design case

E. Assign Cost Libraries

Select the Assign Cost Libraries button. For this model the pipe cost library has already been created, but
we will need to connect and apply it.

»Open 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 Steel material costs. To connect
the library do the following:

1. Click the button Add Existing Cost Library.

2. Browse to the AFT Arrow 9 Examples folder (located by default in C:\AFT Products\AFT Arrow
9\Examples\), and select the file titled Steel - ANSI Pipe Costs.cst.

The new library should now be visible in the Available Libraries list, be automatically connected to the
model, as shown in Figure 7. The cost library for the pipes should appear with the name Steel - ANSI
Pipe Costs and be indented under the Steel - ANSI library within the standard pipe material libraries list.

Once you have confirmed that the library is connected, click Close to exit the Library Manager.
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Back in the Assign Cost Libraries panel for the Pipes the Steel - ANSI Pipe Costs library should be the
only available cost library, and should be selected to show that it is being applied to the candidate sets

and to each of the supply lines as shown in Figure 8.

Rectangular Duct - AFT Customary
Stainless Steel - ANSI

Stainless Tubing - AFT Customary
Steel - AFT Customary

Steel - ANSI

Steel - ANSI Pipe Costs
Steel - DIN 2391-1

Stee! - DIN 2458

Steel - EN 102161 (s1)
Steel - EN 102162 (s1)
Steel - EN 10217-1 (s1)
Steel - EN 102172 (s1)
Steel - EN 102174 (s1)
Steel - EN 102175 (s1)
Steel - EN 102176 (s1)

Note: checked library content can

EngDatafiieName=C\AFT Products\AFT Amow 9\Pipe Material Libraries'Steel - ANS| dat
EngDataDescription=Stes| - ANS|
MonetaryUnts=U. 5. Dollars
Notes=

PipeMaterialMutiplier=1
Pipelnstallation Muitiplier=1
PipeMaintenance Mutiplier=1
JotMaterialMuttiplier=1
Jetinstallation Mutiplier=1
JetMaintenanceMutiplier=1
AddLossMaterialMutiplier=1
AddLossinstallationMutiplier=1
AddLossMaintenanceMutiplier=1

[PIPECQST DATA]

Number= 34

2 5tesl - ANSI, 1inch, 5TD (schedule 40),,10010301,U 5. Dollars feet,None.0.3.43 None,
2 Steel - ANSI, 1inch, 5TD (schedule 40),.10020301,U 5 Dollars feet,Nor 454
2.5teel - ANSI, 1-1/4inch, STD (schedule 40).,

2.5teel - ANSI, 1-1/4inch, STD (schedule 40)..1
2 5tesl - ANSI, 1-1/2inch, STD (schedule 40),,
2 5tesl - ANSI, 1-1/2inch, STD (schedule 40),, .
2.5teel - ANSI, Zinch, STD ischedule 40),,10010301,1.5. Dollars feet.Nor
2.5teel - ANSI, Zinch. STD ischedule 40)..
2,5teel - ANSI, 2-1/Zinch, STD (schedule 40),,10010301,U.5. Dollars fest, K ve,0,9.85, Mot
2 5tesl - ANSI, 2-1/2inch, STD (schedule 40),,10020301,U 5. Dollars fest None,0,8.65,No1
2 5teel - ANSI, 3inch, 5TD (schedule 40),,10010301,U.5. Dollars feet.None,0,12 45 None,
2.5teel - ANSI, 3inch, STD {schedule 40),,10020301,L).5. Dollars feet,None.0,10.05 None,
2.Steel - ANSI, 3-1/2inch, STD (schedule 40),,10010301,U.5. Dollars fest None,0,15.4,Not
2 Ghaal - ANGI 1/2 imrh QTN ferhacda A0V 10020901 118 Mnllars fast Mene 010 8 Mo
< >

Library Manager
Library Browser | —
Edit Junctions
Edit Fluids Search: | BN 4 Selected Content Information
EECE AFT INTERNAL LIBRARY Location: C:AAFT Products\AFT Arow 9\Examples'Steel - ANS| Ppe Casts cst ~
Edit Insulations LOCAL USER LIBRARY Content Type: Cast

Copper Pipe - ASTM R
Edit Fitlings & Losses Copper Tubing - ASTM Stesl - ANS| Pipe Costs

Ductile Iron - ANSI [GENERAL]

Fiberglass - Green Thread DatabaseType=2

HDPE - AFT Customary CostType=10

Association=

<

Bl [Fl | Other Actions -

be used in the current scenario

Create New Library.. Add Existing Library..

AFT Intemal Librar
Read Only Librar

Add Existing Cost Library..

User Default Set as Default

@ Close

Help

Figure 7: Library Manager with pipe material cost library connected
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I ;‘Workspace | @(}Sizing | ﬁMDdd Data | [ output | |2 Graph Results | & Visual Report
& Lock Panel | 8 Lock All Panels @ Unlock Al Panels | B[ Show Status Panel

i Pipes

Assign Cost Libraries to Candidate Sets

Library I'Ii"ra‘;ager. " Edit Cost"%raries. -
Cost Library
Candidate Sets
All Selected Steel - ANSI Pipe Costs

Steel Sch 40 ® 9]
HNo Candidate Set Assigned

P1 ® (@]
P2 ® @)

Description and Help

7%

Sizing SizefCost I Design Assign Sizimg Sizing
Objective Assignments Requirements Cost Libraries Methaod Summary

Figure 8: Assign Cost Libraries panel with the Steel - ANSI Pipe Costs library connected and applied to the
pipes in the model

F. Sizing Method

Select the Sizing Method button 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 case where the third burner is shut off. There are a few changes that will need to be made for this
additional case:

1. The flow rate at the control valves increases to 3 kg/sec to maintain the overall system flowrate.

2. Control Valve J110 is closed and the minimum design requirement is removed because it is shut
off.

To make the dependent design case where the third burner is shut off complete the following:

1. Go to the Sizing Objective panel and select the Enable Dependent Design Cases option. A new
button will now be available for the Dependent Design Cases panel in the Sizing Navigation panel.
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2. 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 case.

3. Go to the Workspace and choose Select All from the Edit menu.

4. Open Duplicate Special (from the Edit menu), enter an increment of 100 and select Make Depend-
ent Design Case (Figure 9). Click OK.

5. Move the duplicated pipes and junctions to distinguish them from the original ones in the Primary
Design Case.

6. Close Control Valve J110 in the DDC by selecting the junction in the Workspace and clicking the

Special Conditions button ® on the Toolbar and selecting Closed.

7. Use Global Junction Edit (from the Edit menu) to change all of the control valve setpoints in the
DDC from 2.4 kg/sec to 3 kg/sec (see Figure 10).

8. Inthe Sizing window navigate to the Design Requirements panel. On the Control Valves page
remove the pressure drop requirement from J110, since this valve is closed for the DDC.

Return to the Dependent Design Cases panel.

When Duplicate Special was performed with Dependent Design Case selected, each of the duplicated
pipes was created with a special type of grouping. For example, pipe 101 is grouped with pipe 1 as a
DDC pipe (see Figure 11). 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.

It should also be noted that the dependent design grouping causes each of the dependent pipes to inherit
their Common Size Groups, Candidate Sets, and Cost Library settings from the pipes in the primary
case. The dependent design case pipes are therefore hidden on all sizing panels except for the Design
Requirements and Dependent Design Cases panels.

Duplicate Special

Increment All Fipe and Junction Mumbers By:

[] Create Group
[] Hide in Output
Make Dependent Design Case

[] Clear Design Requirements

0K Cancel 2 Help

Figure 9: Duplicate Special settings to create a dependent design case
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Global Junction Edit
Choose Data From: Click "Select Control Valve Data..."to Specify Parameters = -
® Guide >
(® Junction Template | Contral Valve w Select Control Valve Data...
(O Existing Junction
Al None || Invert
Junction List: Workspace || Special... Parameters to Change (Select in List): Al MNone || Invert
Os Control Valve =[] General Data ~
0s Control Valve [} MName: Control Valve
10 Control Valve -
Oon Control Valve O Elevation 0 meters
012 Control Valve =/ [m] Control Valve Model
Control Valve O Valve Type Flow Control
Control Valve Control Flow I kg/sec
Control Valve .
1m Control Valve O Always Control (add pressure if necessary)  No
~ ntrol Yalve Action 1 point Not Achievable ault
¥ 112 Control Val [} Action if Setpoint Not Achievabl Defaul
O Full Open Loss Type No Loss
=[] Optional
eplace With |+ | Show on \Workspace umber
] Replace With Sh \works Numb
esign Factor
[} Design F 1
eplace With |~ | Initial Pressure/ nspecified
[ Replace With Initial P HGL U ifi
[] Replace With |~ | Initial Temperature Unspecified
O Junction lcon Apply Selecte
O Junction Size Default
[l Crrminl M amdifinn [P,
£ >
=53] selected: 50f 10 EliElE
= Apply Selections Cancel 2 Help

Figure 10: Global Junction Edit is used to change the flows in the homes for the dependent cases
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I ra Workspace | &Sizing | ﬁl’\f‘lodel Data | = CQutput | 2 Graph Results &> Visual Report
&' Lock Panel | I Lock All Panels @ Unlock All Panels | BE Show Status Panel

% Pipes & Control Valves | F General Junctions |

Dependent Design Cases
The grid below shows the relations of Dependent Design Case (DDC) objects to their base objects, as well as their design requirements.
MNote that Sizing Option, Common Size Group, Maximum Cost Group, Candidate Set, and Cost Librares./Maodffiers will always be synchronizs
objects and their Dependent Design Case objects. This grid is informational only. To change parameters, go to the necessary Sizing Panel |
-
Pipes DDC Pipe? | Assigned Design Requi nis
P1 NO Mone
P101 ES (P1 None
P2 NO None
P102 ES (P2 None
B3 NO None
P103 ES (P3 None
P4 NOD Mane
P04 ES (P4 Mane
P5 NO Mane
P105 ES (P5 None
v

[*] Description and Help

- B

Size/Cost Design Assign Sizing Dependent Sizing
Objective Assignments Sets Requirements CostLibraries Method DesignCases Summary

Figure 11: Pipes in Dependent Design Cases have a special grouping relationship with pipes in the primary
case

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 5. Examine the Output

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 12 and Figure 13. One can see that the resultant size is 4-inch
pipe for the header, with larger 5-inch piping for the distribution lines.

The total cost for the pipes is $46,557. This includes the $8,120 cost for the supply line pipes which were
not sized, as well as the $38,437 cost for the pipes in the model which were sized, including the header
and distribution piping. The pipes that were sized will be distinguished in the Cost Report by having a
green background color.
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#  General ‘warnings DesignAlerts | Cost Report | Walve Summary
| ble Units: Material | Installation | TOTAL
TOTAL OF ALL MODEL COSTS 46_557
Taotal of All Shown Costs 28,273 18,278 46,657
ltems In Sizing 233383 15,103 38.437
Items Mot In Sizing 4,946 3174 8.120
Pipe Subtotal 28.273 18.278 46,657
P 3297 2116 5413
P2 1,645 1,058 2707
o |P3 1,781 1,181 2,963
o |P4 1781 1181 2963
o |P5 1,781 1181 2963
o |P6 1,781 1,181 2,963
o |P7 1.962 1.256 3218
o |P2 1.962 1,256 3218
o |P3 1.962 1.256 3218
o |P10 1.962 1.256 3218
o |P11 1.962 1,256 3218
o |P12 1.280 819 2,099
o |P13 1,280 819 2,005
o |P14 1,280 819 2,083
o |P15 1,280 819 2,009
o |P16 1,280 819 2,083

Figure 12: Cost Report for the automated sizing
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#  Pipes Awal Points  Heat Transfer | Sizing | Pipe Design Reguirements L »

MName Sized - Sized - Sized - Sized-Hyd. | &
Pipe Material MNominal S5ize | Type/Schedule Diameter
[inches)
1 |[MNA MiA MiA MIA i
2 | MNIA MNiA MiA MNIA I
3 |Fipe Steel - ANSl 4 inch 5TD (schedule 40) 4026
4 |Pipe Steel - ANSI 4 inch STD (schedule 40) 4026
5 |Fipe Steel - ANSI 4 inch 5TD (schedule 40) 4026
& |Fipe Steel - ANSI 4 inch STD (schedule 40) 4026
7 |Pipe Steel - ANSlI Binch STD (schedule 40) E.047
g |Fipe Steel - ANSI Binch 5TD (schedule 40) 5.047
5 |Pipe Steel - ANSI Binch STD (schedule 40) 5.047
10 |Pipe Steel - ANS|I Binch STD (schedule 40) 5047
11 |Pipe Steel - ANSl Binch 5TD (schedule 40) 5.047
12 |Pipe Steel - ANSI Binch STD (schedule 40) 5.047
13 |Pipe Steel - ANSI Hinch 5TD (schedule 40) 5.047
14 |Pipe Steel - ANSI Binch STD (schedule 40) 5.047
15 |Pipe Steel - ANSlI Binch STD (schedule 40) E.047
16 |Pipe Steel - ANSI Binch 5TD (schedule 40) hM7| .

Figure 13: Sizing Report for the automated pipe sizing

Step 6. Compare Results With Non-Monetary Sizing

This sizing could be performed by using weight as the objective instead of monetary cost to simplify the
setup. Using a non-monetary objective can produce less accurate sizing results in cases where the
energy costs or costs of equipment such as compressors need to be accounted for. However, only the
pipe sizes are being considered for the sizing calculations in this example. Set up the model to perform a
non-monetary sizing by doing the following:

1. Inthe Scenario Manager create a child of the Base Scenario by right-clicking the scenario name
and choosing Create Child.

2.  Give the new child scenario the name Pipe Weight Sizing.
3. Goto the Sizing Objective panel and change the Objective from Monetary Cost to Pipe Weight.

The model should now be configured to run the model. Click Run Model, then go to the Output window
once the run is finished. The final pipe sizes should now appear as shown in Figure 14.

It can be seen that changing the objective to pipe weight produces identical sizing results as the run
using a monetary cost objective. For more complex systems this will not always be the case.
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#  Pipes Awial Points = Heat Transfer | Sizing | Pipe Design Reguirements

MName Sized - Sized - Sized - Sized-Hyd. | &
Pipe Material MNominal S5ize | Type/Schedule Diameter
[inches)
1 |[MNA MiA MiA MIA i
2 | MNIA MNiA MiA MNIA I
3 |Fipe Steel - ANSl 4 inch 5TD (schedule 40) 4026
4 |Pipe Steel - ANSI 4 inch STD (schedule 40) 4026
5 |Fipe Steel - ANSI 4 inch 5TD (schedule 40) 4026
& |Fipe Steel - ANSI 4 inch STD (schedule 40) 4026
7 |Pipe Steel - ANSlI Binch STD (schedule 40) E.047
g |Fipe Steel - ANSI Binch 5TD (schedule 40) 5.047
5 |Pipe Steel - ANSI Binch STD (schedule 40) 5.047
10 |Pipe Steel - ANS|I Binch STD (schedule 40) 5047
11 |Pipe Steel - ANSl Binch 5TD (schedule 40) 5.047
12 |Pipe Steel - ANSI Binch STD (schedule 40) 5.047
13 |Pipe Steel - ANSI Hinch 5TD (schedule 40) 5.047
14 |Pipe Steel - ANSI Binch STD (schedule 40) 5.047
15 |Pipe Steel - ANSlI Binch STD (schedule 40) E.047
16 |Pipe Steel - ANSI Binch 5TD (schedule 40) 5047 .,

Figure 14: Final pipe sizes for the model using a non-monetary cost objective
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Summary

This example sizes a process steam system by minimizing the pipe weight. Common Size Groups allow
for the system to be simplified while still effectively sizing the system.

Note: This example can only be run if you have a license for the ANS module.

Topics Covered

* Defining Common Size Groups
* Viewing Common Size Groups using color in the Workspace

* Choosing a Search Method

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

In addition, it is assumed that the user has worked through the Beginner: Three Tank Steam System -
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 Arrow
installation:

* Metric - Process Steam System.aro
* Metric - Process Steam System - ANS.aro

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Arrow settings, unless you are specifically instructed to do otherwise.
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Open the Metric - Process Steam System.aro example file and save it to a new location. Open the

newly saved model file, right-click on the Base Scenario and select Delete All Children. The Workspace
should look like Figure 1 below.

7 Workspace | [ Model Data | = Output | [ Graph Results | % Visual Report
@ |Ihmhe -8 =2 Fa Bl E ¥
~
= 7 2
[ Q Pl P2
fl}
= Joz J202
o PiO1 P10 P201
. (* =l
Ml 5 01 a0
P02 P202
5 o
(e 1106 1206
P05 . P205
T @—c—c{ J103 ]j—p—@
==
o P03 P203
& o
o7 1207
P06 F205
@—q—c{ 1104 1204 ]j—p—@
P04 P204
08 1208
P07 P207
@—«—ﬂ] J10 1205 E———@
v
< >
Base Scenario b | Q100 | 2 1k + | =17 | @18

Figure 1: Model layout for normal system operation

Step 2. Define the Pipes and Junctions Group

Before running this model with ANS, change all Tee/Wye junctions to use the Simple (no loss) Loss
Model rather than the Detailed Loss Model. This is significantly reduce the complexity of the model and
allow the solver to converge much faster. Use Global Junction Edit to make this change.

Step 3. Define the Modules Group

Navigate to the Modules panel in Analysis Setup. Check the box next to Activate ANS. The Network
option should automatically be selected, making ANS enabled for use.
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Step 4. Define the Automatic Sizing Group

The model is already defined for a regular AFT Arrow run, but we need to complete the sizing settings
before running the analysis. Go to the Sizing window by clicking the Sizing tab.

A. Sizing Objective

Go to the Sizing window by selecting the Sizing tab. 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 initial costs only.

1. Select Perform Sizing for this calculation.
2. Forthe Objective, choose Pipe Weight, and select the Minimize option from the drop-down list.

The Sizing Objective window is now complete.

B. Sizing Assignments

On the Sizing Navigation panel select the Sizing Assignments button.
For this system, we will be sizing all of the pipes since it is a new system.
»Move all of the pipes to Always include in Weight.

To more efficiently size the system, it would be beneficial to create common size groups. In this system
there are several sections of piping which would likely be grouped together. Create Common Size
Groups as described below and indicated by the colors in Figure 2.

1. The boilers in the model are identical, so it would be logical to use equivalent pipe sizes for pipes
P1 and P2 connected to the boilers. Create a Boilers Common Size Group and add pipes P1 and
P2 to the group.

2. Using a common pipe size for the headers would be desirable in this system to reduce installation
costs and reduce losses. However, grouping the headers downstream of users 1 and 4 separately
could allow us to use a smaller size for those pipes and save costs. Create two groups, Mains and
Headers as shown in yellow and green respectively in Figure 2.

3. Inthis system the users have varying flow demands, so it is not desirable to use a common pipe
size for all of the users. However, several of the users do have identical flows, so the pipes con-
nected to those users should be grouped. Create a Low Flow Users group for pipes P105 and
P206 and a High Flow Users group for pipes P107 and P207.

The completed pipe Sizing Assignments can be seen in Figure 3.
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" Workspace | & Sizing | §3 Model Data | [ Output | [ Graph Results | &> Visual Report
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v
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Figure 2: Process Steam model Workspace with the Common Size Groups indicated by color
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Figure 3: Sizing Assignments fully defined for the model

C. Candidate Sets
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Click on the Candidate Sets button to open the Candidate Sets panel.
For this system it is desired to use STD Steel - ANSI. To create a Candidate Set, do the following:

Under Define Candidate Sets, click New.

Give the set the name Schedule 40 Pipes and click OK.

From the drop down list choose Steel - ANSI.

In the Available Material Sizes and Types on the left, expand the schedule 40 pipe sizes list.
Double-click each of the sizes from 1 to 12 inches to add them to the list on the right.

In the Select Pipe Sizes window, click OK.

o0k N =

We now need to define which pipes will use this Candidate Set during the sizing calculation. Check the
boxes next to each of the pipes and Common Size Groups to assign the Candidate Set to each of the
pipes, as shown in Figure 4.
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Ig*womspace & sizing | 8 Model Data | E10utput | [ Graph Results | ® Visual Report |

& LockPanel | (5 Lock All Panels G5 Unlock All Panels | 3E] Show Status Panel

[~] Define Candidate Sets |

i =3 = x . -
N.. Edit... Rename. .. Delete Sau\é Loa% - Note: The Candidaty

Set Name

Sizes in Set: | 1inch, schedule 40
1-1/4 inch, schedule 40
1-1/2 inch, schedule 40
2inch, schedule 40

2-1f2 inch, schedule 40

[+] Assign Candidate Sets to Pipes
&7

Assign To

Pipes Candidate Sets

=

= Commaon Size Groups
Boilers
Mains
Headers
Low Flow
High Flow
= Notin Group
P106
F205

| Al || None || Invert || Workspace || Spedcial... | Selected: 0 of 7

k3

OO&OOOOOE

Descripticn znd Help

Candidate Design ng
Assignmenis Sets Reguiremenis Method Summary

Figure 4: Candidate Sets panel fully defined for the model

D. Design Requirements

Select the Design Requirements button from the Navigation Panel.

For this system there is a requirement to maintain a minimum discharge pressure of 10 barG to each of
the customers. Design Requirements can not be applied on the assigned flow junctions directly, so we
will define this requirement at the outlet of each of the pipes connected to the Assigned Flow junctions.
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Click the New button under Define Pipe Design Requirements.
Enter the name Min Discharge Press.

Select Pressure Static as the Parameter.

Set the Location as Outlet.

Choose Minimum for Max/Min, and enter 10 barG.

ok 0N~

Now we need to apply the defined Design Requirement to the discharge pipes.

»Check the box next to each of the discharge pipes in the Assign Design Requirements to Pipes
section. This can be done quickly by checking the boxes next to the two Common Size Groups and the
Not in Group header to select all of the pipes under those classifications. The Design Requirements
panel should now appear as shown in Figure 5.

I ;‘ Workspace ‘ &Sizing | ﬁl’\-"lodel Data | R Output | [ Graph Results |@VisualRepo¢ |
&' Lock Panel | 2 Lock All Panels @Unlock;ﬁ.llpaneli 82 Show Status Panel

! Pipes T General Junctions

Define Pipe Design Requirements

E (=] al
N.. = - * Delec?ie Al | Mote: The Design Requirement definitions
Name | Parameter | Location | Max/Min Value | Units |
1 [Min Discharge Press Pressure Static |~ | Outlet ~ | Minimum |~ 10 barG V|

Assign Design Requirements to Pipes

Common Size Min Discharge
Groups (> 10barG)
+I Boilers O]
+ Mains O]
|+ Headers ]
i+ Low Flow
'+ High Flow
# Notin Group
B B 81 & showing: 0 of 17 Pipes Maote: The Desigr

Description and Help

Sizing Sizing i Assign Sizing Sizing

Objective Assignments Requirements CostLibraries Method Summary

Figure 5: Design Requirements panel for pipes

E. Assign Cost Library

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 Library panel. Since we have
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defined the objective as Pipe Weight, we will not need to assign any cost libraries, and this button is dis-
abled.

F. Sizing Method

Select the Sizing Method button to go to the Sizing Method panel.
»Choose Discrete Sizing, since it is desired to select discrete sizes for each of the pipes in the model.

For the search method, the ANS module suggests using the Modified Method of Feasible Directions, so
select that option from the Search Methods list. Note that the suggested method will be displayed if the
Suggest Best Method button is selected under the Search methods list.

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 Arrow solver converges on the answer. Once the solver has
converged, view the results by clicking the Output button at the bottom of the Solution Progress window.

Step 6. Examine the Output

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 6. The resultant pipe sizes range from 4 to 10 inches through-
out the system.

With the Modified Method of Feasible Directions the total pipe weight in the system is minimized to
66,687 kg.

For this system it is possible to further minimize the weight in the system by using the Genetic Algorithm
(GA) method. With Genetic Algorithm a further reduction of about 1,500 kg can be obtained, though the
run time is much longer. Note that it is possible to pause the solver and accept the current sizing solution
before the Genetic Algorithm has fully completed by clicking Pause, then selecting Accept Sizing from
the Other Actions menu and clicking Continue to finish the current iteration. This will provide a valid sys-
tem design, though it may not be the best solution that could possibly be found.

For more complex models this additional run time may be much longer, but could potentially provide a lar-
ger amount of savings. The main product Help file provides more information on setting up the model to
use the Genetic Algorithm Search Method.
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£ | General | Warnings = DesignMers | Cost Report | Tank Summary
Table Units: Pipe M
kg Weight
Total of All Shown Costs 66.687
ltems= In Sizing 66,687
Items Not In Sizing 0
Pipe Subtotal 66.687
o |P1 .47 -
£ Pipes  Axisl Points | Heat Transfer | Sizing | Pipe Design Reqguirements
MName Sized - Sized - Sized - Sized - Hyd.
Fipe Material Neminal Size | Type/Schedule | Diameter
(cm)
1 |Pipe Steel - ANS|  Ginch schedule 40 1541
2 |Pipe Steel - ANSl &inch schedule 40 15.41
10 |Fipe Steel - ANSI 10 inch schedule 40 2545
101 |Fipe Steel - ANSI 10 inch schedule 40 2545
102 |Fipe Steel - ANSI 10 inch schedule 40 2545
103 |Pipe Steel - ANSlI Binch schedule 40 2027
104 |Fipe Steel - ANSI Binch schedule 40 2027
105 |PFipe Steel - ANSI 4 inch schedule 40 1023
106 |PFipe Steel - ANS|I Binch schedule 40 12.82
107 |Fipe Steel - ANSl &inch schedule 40 15.40
201 |Pipe Steel - ANSI 10 inch schedule 40 2545
202 |Pipe Steel - ANSI 10 inch schedule 40 2545
203 |Pipe Steel - ANSI Binch schedule 40 2027
204 |Pipe Steel - ANSlI Binch schedule 40 2027
205 |PFipe Steel - ANSI 4 inch schedule 40 1023
206 |Pipe Steel - ANSI 4 inch schedule 40 1023
207 |Pipe Steel - ANS|I Binch schedule 40 12.82

Figure 6: Cost Report and pipe sizes for the sized process steam model

Extended Time Simulation (XTS) Examples

The examples below utilize the Extended Time Simulation module.

Example Complexity Fluid Pipes Compressors Description
) . Learn the basics of the XTS
Air Receiver Beginner Air 4 1 module such as defining a tran-
Tank sient junction and specifying
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Example

Complexity

Fluid

Pipes Compressors

Description

the Transient Control group in
Analysis Setup. See how to
generate a Quick Graph from
the Output window to see how
a tank fills up over time.

-262 -




Air Receiver Tank - XTS

Summary

The objective of this example is to introduce the user to the Extended Time Simulation (XTS) module by
modeling the pressurizing of an air receiver tank. A positive displacement compressor is used to charge
the tank and is shut off once the required pressure is reached for a compressed air process.

Note: This example can only be run if you have a license for the XTS module.

Topics Covered

* Specifying the Transient Control group
* Understanding Transient Output

Required Knowledge

This example assumes the user has already worked through the Beginner: Air Heating System example,
or has a level of knowledge consistent with that topic. You can also watch the AFT Arrow Quick Start
Video (Metric Units) on the AFT website, as it covers the majority of the topics discussed in the Beginner:
Air Heating System example.

Model File

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

*  Metric — Air Receiver Tank - XTS.aro

Step 1. Start AFT Arrow

From the Start Menu choose the AFT Arrow 9 folder and select AFT Arrow 9.

To ensure that your results are the same as those presented in this documentation, this example should
be run using all default AFT Arrow 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.
Note that XTS can also be enabled from the Analysis menu by going to the Time Simulation option and
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selecting Transient, as shown in Figure 1. When XTS is activated a new group will appear in Analysis
Setup titled Transient Control.

Analysis Setup x
7@  Modules ~ | Modules
Modules ) i
GSC (Goal Seek & Contral) ANS (Automated Network Sizing)
¢y e - [ Actvate GSC O Actvate ANS
! Fluid
=3 ! Pipes and Junciions ~
) Pipes and B |dentifies input parameters that yield Evaluates the complex interaction of
i Fipes and.Junclions desired output values and simulates system variables ta reveal
T ent control functions combinations of cost savings.
3 1 ransient Conirol ~
| Simulation Duration XTS (Extended Time Simulation)

TH  Steady Soluiion Control ~ ~ Activate XTS

9  Environmentsl Properfies () Steady Orly @ Transient

%@  CostSetings ~ Models dynamic system behavior
and how critical system parameters
3  Miscellaneous v vary gvertime.
Collapse All Groups =  Same As Parent 2 Help « OK E3 Cancel

Figure 1: Activating the XTS module and setting it to be enabled in the Modules panel

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 = Air
i. After selecting, click Add to Model
c. Equation of State = Redlich-Kwong
Enthalpy Model = Generalized
Specific Heat Ratio Source = Library

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 | £ Model Date | I Output | 2 Graph Results | > Visual Report

P - @- ||k a - A b =2 ¢

- =

o0
o> @
=]
B
s @
o
ma v
i
X,
£

J4 J5
P3 P4

ORS
|
X

Base Scenario e | Q100 @ 1) | 4 Os

Figure 2: Workspace for XTS Air Receiver 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.

Pipe Properties

1. PipeP1
a. Pipe Material = Steel - ANSI
b. Pipe Geometry = Cylindrical Pipe
c. Size=3inch
d. Type=STD (schedule 40)
e. Friction Model = Standard

f.  Length =6 meters
2. PipesP2-P4
Pipe Material = Steel - ANSI
Pipe Geometry = Cylindrical Pipe
Size =3 inch
Type = STD (schedule 40)
Friction Model = Standard
Length = 3 meters

-~ P 2 0 T QO

Junction Properties
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1. J1 Assigned Pressure

Moo oo

2. J

-~ ® 2 o T o

Elevation = 0 meters

Fluid = Air

Stagnation Pressure =0 barG

Stagnation Temperature =21 deg. C

Compressor

Elevation = 0 meters

Compressor Model = Positive Displacement Compressor
Compression Process Thermodynamics = Polytropic
Polytropic Constant = 1.2

Compressor Sizing Parameter = Mass Flow Rate
Fixed Flow Rate = 170 sm3/h

Note: The polytropic constant entered for the compressor is intended to represent an active cooling
element in the compressor.

3. J3 Heat Exchanger
a. Elevation =0 meters
b. Onthe Loss Model Data tab

Select the Loss Model as Resistance Curve, and then click the Enter Curve Data but-
ton

Select the Flow Parameter as Mass with units of sm3/h
Enter 170 sm3/h and 20 kPa in the Raw Data table

Click Fill as Quadratic to create data for a square loss curve
Click Generate Curve Fit Now to create a quadratic curve fit

c. Onthe Thermal Data tab:

Thermal Model = Controlled Downstream Temperature
Controlled Outlet Temperature = 30 deg. C

4. J4 Valve
a. Elevation =0 meters
b. Loss Model = User Specified
c. Subsonic Loss Model = Cv (ANSI/ISA)
d. Loss Source = Fixed Cv
e. Cv=50
f. Xt=0.7
5. J5Tank

a. Tank Model = Finite
b. Initial Conditions

Pressure = 0 barG
Temperature =21 deg. C

c. Finite Tank Conditions

Fixed Volume = 1900 liters
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ii. Initial Conditions = Known
iii. Thermodynamic Process = Isothermal

Tank Properties

Number v_OK
Name: |Tank V| Ed Cancel
Library Jet: .| Hevation 2 o
Copy Data From Jct... w I:I TEET ¥ -
2 Help

Tank Model | Optional | Designdlerts | Notes | Status

Tank Model

O Infinite

® Finite

Fluid: Air -

Initial Conditions

Pressure: l:l bar3 e

Temperature: deg.C b

Finite Tank Parameters

Fixed Violume: | 1500 liter ~

Thermodynamic Process

(O Adiabatic

@) Isothermal

(O Known Heat and Volume vs. Time

Figure 3: Tank Properties window defined with Finite Tank option

»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. Define the Transient Control Group

XTS module transient simulations are controlled through the Simulation Duration panel. You can access
the Simulation Duration panel by selecting Transient Control from the Analysis Menu, navigating to the
Simulation Duration item in Analysis Setup, or by clicking the Simulation Duration shortcut on the Com-
mon Toolbar. When the time simulation mode is set to Steady-Only AFT Arrow will ignore the input in the
Simulation Duration panel. When AFT Arrow is set to perform a transient analysis, the Transient Control
group becomes a required item before the model can run. Use the Simulation Duration panel to specify
transient start and stop times, set time steps, specify the number of output points that are saved to the
transient output file (allows XTS to do transient calculations with a small time step while limiting the size
of the transient data output file), and adjust solution parameters for finite tank liquid level calculations.
Specify start times, stop times, and time steps in any units from seconds to years.
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Set the Start Time to 0 seconds and the Stop Time as 375 seconds, with a time step of 1 second. The out-
put will be saved to the output file for every time step. The Simulation Duration panel should appear as
shown in Figure 4.

Analysis Setup X
[7®  Modules 4 Simulation Duration
A0  Fluid Properties ~
Start Ti 0
® Fluid art Time: seconds ~
Stop Time:  |375
3 Pipes and Junctions v
Time Step: seconds e
Transient Control ~ Total Time Steps: 375
@ Simulation Duration @ Sawve Qutput to File Every Time Step
() Save Intermediate Output To File Every 2 Time Steps

S& Steady Soluion Control

9  Environmental Properties

96 CostSetiings -
£ Miscellancous ~
Collapse All Groups & Same As Parent 2 Help o OK Cancel

Figure 4: The Simulation Duration panel is used to control transient simulations

Step 6. Set Up the Compressor Transient

In the XTS module, you can define transients for junctions. These transients include events such as
valves opening and closing and compressors starting and shutting down. Transients for junctions are
defined as either time-based or event-based transients. A time-based transient starts at a specified abso-
lute time. Event based transients initiate when a defined criteria, such as a specified pressure in a par-
ticular pipe is reached. There are three types of event transients for junctions: single event, dual event
cyclic, and dual event sequential. 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 trig-
ger occur during a simulation (such as a valve closing then reopening). Dual sequential transient events
are two transient events which occur one after the other, without repeating.

For this example, set a single event-based transient on the compressor so the compressor will shut off
over 30 seconds when the pressure at the tank inlet reaches 8.5 barG.

Open the Compressor Properties window for compressor J2 and navigate to the Transient tab. Under Ini-
tiation of Transient, select Single Event and enter the Transient data as shown below in Figure 5.
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Compressor/Fan Properties
Number: Upstream Pipe: 1 o OK
Name: |CDmpressor/Fan v‘ Downstream Pipe: 2 —
Elevation
Library Jet: v =
Copy Data From Jct ~
2 Help
Compressor Mode! | Transient | Optional | DesignAlerts | Notes | Status
Transient Special Condition Transient Data
® None @) Absolute Values
() Ignore Transient Data () Relative To Steady-State Value
Initiation of Transient Data Time Mass Flow ~
O Time () Dual Event Cyclic Sy plecrvic) (smluh]_
(® Single Event () Dual Event Sequential 1 0 170
2 30 o
Event Type: | Pressure Static at Pipe ~ 3
4
Condition: Greater Than ~ 5
Value: barG ~ 3
Pipe: 4 Pipe) || Outlet ~ 7
8
9
HJ Event 10
n
12
13
14
1 v
[ Edt Table - || Show Graph
[] Repeat Transient
0 Transient

Figure 5: Compressor junction transient tab with flow transient defined

Step 7. Run the Model

After defining all of the pipes and junctions transient data and transient control items, the transient model
can run. Click Run Model from the Common Toolbar or Analysis menu.

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 6.

After the run finishes, view the results by clicking the Output button.
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Maximum fterations: 50000 Run Time: é ;
Solution Method: Length March with Mach & Limit - Length Increment = 2, Mach Limit = 0.01
Relaxation: Automatic

Transient Parameters:  Stop Time: 375 seconds, Time Step: 1.000000 seconds

Absolute Tolerance  Relative Taolerance Total kerations
Max Cut of Tol. Max Cut of Tol.

Pressure: 1.0E-04 Relative Change |D.DI}DE+I}D | |D.DDDE+DD | |D |
Mot used (Absolute Change bar)

Mass Flow Rate: 1.0E-04 Relative Change |D.DI}DE+I}D | |D.DDDE+DD | |51g |
Mot used (Absolute Change kg/sec)

Erthalpy: 1.0E-04 Relative Change |0.000E+00 | [0.000E+00 | [618 |
Mot used (Absolute Change kJ./kg)

Concentration: 1.0E-04 Relative Change | | | | | |
Mot Used (Absolute Change)

Transient

e a1

Determining connectivity. ..

Initializing model...

Checking if sonic choking exists based on initial guesses...
Running Salver...

Other n x & L] =

Actions Pause Cancel

Figure 6: Solution Progress Window shows the convergence progress, as well as the transient solution pro-
gress when running transient cases

Step 8. Examine the Transient Results

AFT Arrow displays transient output for all Pipes and Junctions in the Output Window, as shown in Figure
7.
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7 Workspace | ij Model Data | EOutput | [ Graph Results &> Visual Report
[l = O T S R —
#  Compressor/FanTransient  Valve Summary = Valve Transient = Heat Exchanger Summary = Heat Exchanger Transient Tank Summary | Tank Transient 1
Tank Hame Type Pressure | Temperature | Net Mass
Jet Flow
(Time) (bar) (deg C) (kgisec)
5 (0) ‘Tank Finite Closed 1.013 21.00 DOS??Bl
& Pipes /Axial Points | Transient | Heat Transfer
. Mass Flow Vel el dP Stag. P Stag P Stag. | P Static | P Static dr T Stag. | TStag. | T Static | T Static [l
Ix2 ate In Out Total In ut In Out Stag Inlet Outlet In Out g
(Time) (kg/sec) | (metersisec) | (meters/sec) (bar) (bar) (bar) (bar) (bar) (deg.C) | (deg.C) | (deg.C) | (deg. C) | (deg.C) | (ke
H 1 (0) 0.05778 10.033 10,03 1.067E-03 1013 1.012 1013 1012 -1470E-D4 21.00 21.00 2055 20.95
H 2 (0) 0.05778 8.561 8564  4540E-04 1235 1.234 1234 1234 9.191E-05 30.89 30.88 30.86 30.86
3 (0) 0.05778 10,184 10,189 5.406E-04  1.034  1.03¢4 1.034 1.033  -2.344E-04 30.05 30.05 30.00 30.00
= 4(0) 0.05778 10.398 10404 5514E-04 1014 1.013 1.013 1.013 1.145E-04 30.05 30.05 29.99 29.99
< >
£ AllJunctions | Assigned Pressure = Compressor/Fan | Heat Exchanger = Tank | Valve | Transient
Mame Mass Flow Rate dP Stag. P Stag. | PStag. | P Siatic | P Static dT TStag. | T Stag. | T Static | T Static
Jet Thru Jet Total In Out In Out Stag Inlet Outlet In Out
(Time) (kg/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) (deg. C) | (deg. C) | (deg. C) | (deg.C)
1 (0) Assigned Pressure 0.05778 000000 1013 1013 1013 1.013 0.000000 21.00 21.00 21.00 21.00
EpI(] Compresser/Fan 0.05778 -022240 1012 1012 1012 1.012 -5.893630 21.00 30.89 2085 30.86
+ 3 (0) Heat Exchanger 0.05778 020000 1234 1034 1234 1.034 0.841844 30.89 30.05 30.86 30.00
H 4 (o) Malve 0.05778 0.01879 1.034 1074 1.033 1013 0.004103 30.05 30.08 30.00 29.93
H b (0) Tank 0.06778 0.00000 1.013 1013 1.013 1013 5.047818 30.05 21.00 30,05 21.00
< >
Time: 0 seconds I N '

Figure 7: 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 8 shows the Tank Transient summary tab, with all of the data sets collapsed. Figure 9 shows the
Tank Transient summary tab, with the data for the J5 Tank expanded.

A ValveTransient Heat Exchanger Summary = Hest Exchanger Transient  Tank Summary | Tank Transient 1
Tank Name Type Pressure | Temperature | Net Mass
Jet Flow
(Time) (bar) (deg. C) (kglsec)
H 5 (0) |Tank Finite Closed 1.013 21.00 D.DEF?S|

Figure 8: Transient Summaries are displayed in the General Output section
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#  ValveTransient Heat Exchanger Summary = Heat Exchanger Transient | Tank Summary | Tank Transient 1
Tank Name Type Pressure | Temperature | Net Mass -
Jet Flow
(Time) (bar) (deg. C) (ka/sec)
=1 5 (0) Tank  Finite Closed 1013 21.00 0.05778
5(1) Tank  Finite Closed 1.040 21.00 0.05778
5(2) Tank  Finite Closed 1.065 21.00 0.05778
5(3) Tank  Finite Closed 1.051 21.00 0.05778
5(4) Tank  Finite Closed 1117 21.00 0.05778
5(5) Tank  Finite Closed 1.142 21.00 0.05778
5 (B) Tank  Finite Closed 1.168 21.00 0.05778
5(7) Tank  Finite Closed 1.183 21.00 0.05778
5(8) Tank  Finite Closed 1219 21.00 0.05778 Y]

Figure 9: Transient Summary data can be expanded to show the junction data for every Time Step

The Event Messages tabs in the General Section (Figure 10) can be used to see when events are
triggered during the transient. For this example the Event Messages By Jct tab shows that the flow tran-
sient at the compressor was triggered at 333 seconds into the transient, meaning it took 333 seconds to
pressurize the tank to the required pressure.

A | General Warnings DesignAlerts Applied Standards | Event Messages By Jct | Event Messages By Time = Comg s

*** Events Sorted By Jct Number ***

Compressor/Fan Junction 2 first event started at Time: 333 seconds

Figure 10: Event Messages tab in the General section of the Output window

The Quick Graph feature can be used to plot transient data for rapid 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 11 illustrates how to generate a Quick Graph
for J5 Tank Pressure vs. Time. The graph illustrates how the pressure in the tank rises over time and
steadies out at about 9.9 bar once the compressor fully shuts off (Figure 12). The Graph Results window
may also be used to create a full range of graphs related to the XTS module transient output.

A AllJunctions = Assigned Pressure Compressor/Fan = Heat Exchanger Tank | Valve | Transient
MName Mass Flow Rate dP Stag. P Stag. | PStag. | P Static | P Static dr TStag. | TStag. | TS
Jot Thru Jet Taotal In Out In Qut Stag. Inlet Outlet
(Time) (ka/sec) (bar) (bar) | (bar) (bar) (bar) (deg. C) (deg. C) | (deg. C) | (de
H 1(0) Assigned Pressure 0.05778 0.00000 1.013 1.013 1.013 1.013 0.000000 21.00 21.00
+ 2 (0) Compressor/Fan 0.05778 -0.23240 1.012 1.012 1.012 1.012 -5.893630 21.00 30.89
H 3 (0) Heat Exch 0.05778 0.20000 1224 1.034 1234 1.024 0.841844 30.89 30.05
H 40 Walve 0.05778 0.01573 1.034 1.014 1.033 1.013 0.004103 30.05 30.05
# 5 (0) Tank 0.05778 0.00000 1013 1013 1.013 1.013 9.047818 30.05 21.00
Quick Graph...
Export Cell to Excel...
< Open Excel Export Manager... >
Create Design Alert...
Time: 0 seconds LR D) ' !
Copy Selected Cell Data
Base Scenario +

Figure 11: Use Quick Graph to easily plot J5 Tank pressure
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by

g = B & ®
Format Graph... Copy Data Copy Image Print Graph Close

Junction 5 (Tank)

F Stag. Out (bar)
\\

30 100 130 200 250 300 250 400

Time (seconds)

Figure 12: Quick Graph Plot of J5 Tank pressure

Similar to the summary transient data, the transient tabs in the Pipe and Junctions sections of the Output
Window (shown in Figure 7) are used to display the transient data for each pipe and junction at every
time step. This transient data can be expanded or collapsed in the same manner as in the General Out-
put transient summaries.

Figure 13 shows the output data for the pipes and junctions, found on the Pipes and All Junctions tabs, at
the initial time step, Time = 0 seconds. 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 14 shows the
pipe and junction data at Time = 60 seconds.
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¥ General

£ | Pipes | Awial Points = Transient | Heat Transfer

Time: | Mame | Mass Flow Vel Vel Mach Mach dP Stag. P Stag. | PStag. | P Static | P Static dT TS5t
Rate In Out Zln # Out Total In ut In Out Stag. Inl:
Fipe (kg/sec) | (metersizec) | (metersizec) (bar) (bar) (bar) (bar) (bar) (deg. C) (deg
1 |Pipe 0.05778 10.093 10,103 002935 002939 1.067E-03 1.013 1.012 1.013 1012 -1.470E-04 2
2 |Pips 0.05778 8561 8564 002450 002451 4540E-04 1235 1234 1234 1234 9.191E05 3
3 |Pipe 0.05778 10,154 10155 002521 002522 5.406E-04 1.024 1.034 1.034 1033 -2344E 3
4 |Fipe 0.05778 10.338 10404 0.0257% 002381 5514E-04 1.014 1.013 1.013 1013 1145604 3
< >
A | AllJunctions | Assigned Pressur Compr r/Fan Heat Exch Tank | Valve | Transient
Time: MName Mass Flow Rate | dP Stag. | PStag. | P Stag. | P Static | P Static dT TStag. | T Stag. | T Static | T Static
0 Thru Jet otal In Out In Out Stag. Inlet Outlet In Out
Jet (ka/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) | (den.C) | (deg.C) | (deg. C) | (deq. C)
1 |Assigned Pressure 005778  0.00000 1.013 1.013 1.013 1.013  0.000000 21.00 21.00 21.00 21.00
2 |Compressor/Fan 005778 -0.22240 102 1.0z 102 1012 -5.893630 21.00 30.83 2095 30.86
3 |Heat Exchanger 0.05778  0.20000 1234 1.034 1234 1034  0.841844 30.89 30.05 30.86 30.00
4 |Valve 005778  0.01979 1.034 1.014 1.033 1013 0.004103 30.05 30.05 30.00 2999
5 | Tank 005778  0.00000 1.013 1.013 1.013 1.013  9.047818 30.05 21.00 30.06 21.00
£ >
Time: 0 seconds LR D) '
Baze Scenario “‘L 100% | =) ) ()

Figure 13: Pipe and Junction transient data at Time = 0 minutes

2 | Fipes | fuwial Points | Transient | Heat Transfer

Time: | Mame | Mass Flow Vel Wel. Mach Mach dP Stag. | PStag. | PStag. | PStatic | P Static dT TSt
60 ate In Out #lIn #0ut Total In ut n ut Stag. Inl:
Fips (ka/sec) | (metersisec) | (meters/sec) (bar) (bar) (bar) (bar) (bar) (deg. C) (deg
1 |Pipe 0.05778 10.083 10103 002935 0.0293% 1.067E-03 1.013 102 1.013 1012 1470E-04 2
2 |Pipe 0.05778 4378 4379 001173 001173 235%E-04 2760 2760 2760 2758 3570E05 7
3 |Pipe 0.05778 4114 4114 001172 001179 2180E-04 2560 2560 2560 2553 5.351E05 3
4 |Fipe 0.05778 4127 4127 001183 001183 2188E-04 2551 2.551 2.551 2551  4524E-05 3
< >
A | AllJunctions | Assigned Pressure = Compressor/Fan = Heat Exchanger Tank  Valve Transient
Time: MName Mass Flow Rate | dP Stag. P Stag. | P Stag. | P Static | P Static dr TStag. | TStag. | T Static | T Static
60 Thru Jet Total In Out In Out Stag Inlet Outlet In Out
Jet (kg/sec) (bar) (bar) (bar) (bar) (bar) (deg.C) | (deg. C) | (deg. C) | (deg. C) | (deg. C]
1 |Assigned Pressure 005778  0.000000 1.013 1.013 1.013 1013 0.000000 21.00 21.00 21.00 210
2 Compressor/Fan -1.747806 1.012 1012 1.012 1.012 -53.506438 21.00 7451 2085 745
3 Heat Exchanger 0.05778  0.200000 2760 2560 2759 2560  44.4320%0 7451 30.01 7450 30,0
4 |Valve 0.05778  0.008105 2.560 25851 2559 2551 0.001662 3001 30.01 30.00 30,0
5 [Tank 0.05778  0.000000 2.552 2652 2.552 2.552 5.006653 30.01 21.00 30.01 21.0
< >
Time: 60 seconds M| || m .
Base Scenario “L 100% =2 ) 5]

Figure 14: Pipe and Junction transient data at Time = 60 seconds
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