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AFT Fathom Verification Overview
There are a number of aspects to the verification process employed by Applied Flow Technology to 
ensure that AFT Fathom provides accurate solutions to incompressible pipe flow systems. These are dis-
cussed in Verification Methodology. A listing of all of the verified models is given in Summary of Veri-
fication Models. The verification models are taken from numerous References.
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Verification Methodology

Verification Methodology
The AFT Fathom software is an incompressible pipe flow analysis product intended to be used by trained 
engineers. As a technical software package, issues of quality and reliability of the technical data gen-
erated by the software are important. The following description summarizes the steps taken by Applied 
Flow Technology to ensure high quality in the technical data.

1. Comparisons with open literature examples

Numerous examples of pipe flow systems are available in the open literature which include published res-
ults. AFT Fathom results have been compared against many open literature systems, which include net-
work systems up to 70 pipes in size. AFT Fathom predictions compare favorably in all cases. 

2. Software checks results to ensure mass and energy balance

AFT Fathom uses a popular iterative method to obtain solutions to pipe network systems. The method is 
known as the Newton-Raphson method. As applied to pipe systems, the Newton-Raphson method 
employs the conservation of mass equation and the momentum balance equation (i.e., Bernoulli). Solu-
tions are sought which satisfy these equations at all points in the system. After a solution is obtained, a 
final check is made by the software whereby the mass flow into each node is checked for balance. If a bal-
ance is not found, the user is warned in the output. This ensures that the results generated by the soft-
ware agree with the applicable fundamental equations.

In addition, if heat transfer is modeled, AFT Fathom performs a final energy balance check for each junc-
tion.

See the AFT Fathom Help System for more information.

3. Software has been used in industry since April, 1994 with no significant technical errors

AFT Fathom became available in April, 1994 and is currently being used by companies in the following 
industries: chemical, petrochemical, power generation, architectural, ship construction, mining, auto-
motive, aerospace, pulp and paper, pharmaceutical, municipal water, and environmental. Since its 
release, no significant technical errors have been found. AFT Fathom has been used to model a wide 
variety of systems and customers have reported good agreement with operating and/or test data where 
available.

In addition, Applied Flow Technology issues maintenance releases of the software periodically to 
improve performance and correct any problems that may have been discovered.
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ANS Module Verification Methodology
Due to the nature of AFT Fathom's ANS (automated network sizing) module, there are several unique 
issues with verifying that the ANS module's solution represents the best configuration to minimize sys-
tem cost.

The verification issues of the AFT Fathom ANS module can be summarized by two questions:

 a. Will the system perform as specified? Because the results from each possible solution are 
obtained from a complete run of the hydraulic engine, the final sized system will perform as spe-
cified. The accuracy of the hydraulic solution is discussed in the Verification Methodology section 
and is supported by 70 verification examples and years of use in industry. 

 b. Is the sized solution the absolute optimum system? Because of the unique technology of 
ANS, this question is more difficult. The ANS module is the only automated network sizing tool 
available and there are no standards to compare against. We can have confidence in ANS for two 
reasons; first, we have verified the sizing of ANS against several literature examples of pipe and 
duct sizing, and, secondly, the underlying optimization technology is mature and has been used in 
industry for many years. If you are able to find a system that is better sized and still meets all the 
operational constraints of a system, please contact AFT Support. 

1. Comparisons with open literature examples

To date, the ANS module has been compared with four published examples of problems that utilize the 
automated sizing features of the ANS module. The ANS module agrees favorably with all examples and 
matches exactly for discrete sizing problems where ANS is choosing from a set of nominal sizes.  

2. Optimization Technology is Mature 

The ANS module uses the optimization engine, VisualDOC, developed by Vanderplatts Research and 
Development. This optimization technology has been used by industry for many years and has been 
applied to a wide variety of problems in diverse engineering systems. Contact Vanderplatts Research 
and Development (www.vrand.com) for more information on this technology.
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Verification Models

Summary of All Verification Models
Comparison of AFT Fathom predictions to the published calculation results is included herein for eighty 
cases from fifteen sources. Below is a summary of the cases.

Summary of Verification Models with Pumps

Summary of Verification Models with NPSH

Summary of Verification Models with PRVs

Summary of Verification Models with Slurries

Summary of Verification Models with ANS 

Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 1 Water 3 0 No 0 Perry’s (Tilton)

Case 2 Water 11 0 No 0 Nayyar (Swierzawski)

Case 3 Water 2 1 No 0 Miller

Case 4 Air 1 0 No 0 Miller

Case 5 Water 1 0 No 0 Miller

Case 6 Water 1 0 No 0 Brater, Williams, Lindell 
and Wei

Case 7 Unspecified 1 0 No 0 Brater, Williams, Lindell 
and Wei

Case 8 Water 4 0 No 0 Brater, Williams, Lindell 
and Wei

Case 9 Water 3 0 No 0 Brater, Williams, Lindell 
and Wei

Case 
10 Water 6 0 No 0 Brater, Williams, Lindell 

and Wei

Case 
11 Water 8 1 No 0 Brater, Williams, Lindell 

and Wei

Case 
12 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
13 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case Water 3 1 Yes 0 Ingersoll-Dresser Pumps
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Case Fluid Pipes Pumps NPSH PRV
’s Reference

14

Case 
15 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
16 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
17 Water 2 1 No 0 Ingersoll-Dresser Pumps

Case 
18 Specific gravity = 0.8 2 1 No 0 Karassik, Krutzsch, 

Fraser and Messina

Case 
19 Water 1 0 No 0 Karassik, Krutzsch, 

Fraser and Messina

Case 
20 Water 1 0 No 0 Karassik, Krutzsch, 

Fraser and Messina

Case 
21 Water 1 0 No 0 Karassik, Krutzsch, 

Fraser and Messina

Case 
22 Oil 2 0 No 0 Karassik, Krutzsch, 

Fraser and Messina

Case 
23 Viscous Fluid 2 1 No 0 Hydraulic Institute

Case 
24 Water 1 0 No 0 Lindeburg

Case 
25 Water 1 0 No 0 Lindeburg

Case 
26 Water 8 1 Yes 0 Lindeburg

Case 
27 Air 1 0 No 0 Lindeburg

Case 
28 Water 1 0 No 0 Crane

Case 
29 Water 1 0 No 0 Crane

Case 
30 SAE 10 Lube Oil 1 0 No 0 Crane

Case 
31 SAE 70 Lube Oil 1 0 No 0 Crane
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Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 
32 SAE 70 Lube Oil 4 0 No 0 Crane

Case 
33 Water 10 0 No 0 Crane

Case 
34 Fuel Oil 1 0 No 0 Crane

Case 
35 Water 3 0 No 0 Crane

Case 
36 Water 6 0 No 0 Crane

Case 
37

Crude Oil 30 degree 
API 2 0 No 0 Crane

Case 
38 Water 4 0 No 0 Crane

Case 
39 Water 1 0 No 0 Fox and McDonald

Case 
40 Water 2 0 No 0 Fox and McDonald

Case 
41 Water 5 0 No 0 Fox and McDonald

Case 
42 Water 2 0 No 0 Baumeister, Avallone 

and Baumeister

Case 
43 Benzene 2 0 No 0 Baumeister, Avallone 

and Baumeister

Case 
44 Ethyl Alcohol 3 0 No 0 Baumeister, Avallone 

and Baumeister

Case 
45 Water 2 0 No 0 John and Haberman

Case 
46 Water 7 0 No 0 John and Haberman

Case 
47 Water 6 0 No 0 John and Haberman

Case 
48 Water 2 0 No 0 John and Haberman

Case 
49 Water 1 0 No 0 Janna
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Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 
50 Water 1 0 No 0 Janna

Case 
51 Benzene 1 0 No 0 Janna

Case 
52 Turpentine 9 0 No 0 Janna

Case 
53 Water 4 0 No 0 Janna

Case 
54 Water 2 0 No 0 Janna

Case 
55 Water 2 1 No 0 Janna

Case 
56 Fuel Oil 1 0 No 0 Chopey

Case 
57 Kerosene 1 0 No 0 Chopey

Case 
58 Water 6 3 No 0 Chopey

Case 
59 Water 10 3 No 0 Jeppson

Case 
60 Water 9 1 No 1 Jeppson

Case 
61 Water 17 1 No 0 Jeppson

Case 
62 Water 48 0 No 0 Jeppson

Case 
63 Water 8 1 No 0 Jeppson

Case 
64 Water 10 1 No 1 Jeppson

Case 
65 Water 12 0 No 2 Jeppson

Case 
66 Water 16 1 No 1 Jeppson

Case 
67 Water 31 3 No 0 Jeppson
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Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 
68 Water 68 5 No 0 Jeppson

Case 
69 Water 70 5 No 0 Jeppson

Case 
70

Settling Slurry 
(Water/Sand) 1 0 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
71

Settling Slurry 
(Water/Coal) 1 0 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
72

Settling Slurry 
(Water/Sand 2 1 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
73

Settling Slurry 
(Water/Ore) 2 1 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
74

Settling Slurry 
(Water/ Sand) 2 1 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
75

Settling Slurry 
(Water/ Sand) 1 0 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
76

Settling Slurry 
(Water/ Sand) 1 0 No 0 Wilson, Addie, Sellgren & 

Clift

Case 
77 Methanol 1 0 No 0 Janna

Case 
78 Water 2 1 No 0 John & Haberman

Case 
79 Water 1 0 No 0 Fox & McDonald

Case 
80 Air 4 0 No 0 Lindeburg
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Summary of Verification Models with Pumps
Summary of All Verification Models

Comparison of AFT Fathom predictions for pumped systems to the published calculation results.

Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 3 Water 2 1 No 0 Miller

Case 
11 Water 8 1 No 0 Brater, Williams, Lindell and 

Wei

Case 
12 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
13 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
14 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
15 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
16 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 
17 Water 2 1 No 0 Ingersoll-Dresser Pumps

Case 
18

Specific gravity 
= 0.8 2 1 No 0 Karassik, Krutzsch, Fraser 

and Messina

Case 
23 Viscous Fluid 2 1 No 0 Hydraulic Institute

Case 
26 Water 8 1 Yes 0 Lindeburg

Case 
55 Water 2 1 No 0 Janna

Case 
58 Water 6 3 No 0 Chopey

Case 
59 Water 10 3 No 0 Jeppson

Case 
60 Water 9 1 No 1 Jeppson

Case 
61 Water 17 1 No 0 Jeppson
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Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 
63 Water 8 1 No 0 Jeppson

Case 
64 Water 10 1 No 1 Jeppson

Case 
66 Water 16 1 No 1 Jeppson

Case 
67 Water 31 3 No 0 Jeppson

Case 
68 Water 68 5 No 0 Jeppson

Case 
69 Water 70 5 No 0 Jeppson
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Summary of Verification Models with NPSH
Summary of All Verification Models

Comparison of AFT Fathom predictions for pumped systems with NPSH requirements to the published 
calculation results.

Case Fluid Pipes Pumps NPSH PRV’s Reference

Case 12 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 13 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 14 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 15 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 16 Water 3 1 Yes 0 Ingersoll-Dresser Pumps

Case 26 Water 8 1 Yes 0 Lindeburg
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Summary of Verification Models with PRVs
Summary of All Verification Models

Comparison of AFT Fathom predictions for systems with PRVs to the published calculation results.

Case Fluid Pipes Pumps NPSH PRV’s Reference

Case 60 Water 9 1 No 1 Jeppson

Case 64 Water 10 1 No 1 Jeppson

Case 65 Water 12 0 No 2 Jeppson

Case 66 Water 16 1 No 1 Jeppson
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Summary of Verification Models with Slurries
Summary of All Verification Models

Comparison of AFT Fathom predictions for systems with slurries to the published calculation results.

Case Fluid Pipes Pumps NPSH PRV
’s Reference

Case 
70

Settling Slurry (Water-
/Sand) 1 0 No 0 Wilson, Addie, 

Sellgren & Clift

Case 
71

Settling Slurry (Water-
/Coal) 1 0 No 0 Wilson, Addie, 

Sellgren & Clift

Case 
72

Settling Slurry (Water-
/Sand) 2 1 No 0 Wilson, Addie, 

Sellgren & Clift

Case 
73

Settling Slurry (Water-
/Ore) 2 1 No 0 Wilson, Addie, 

Sellgren & Clift

Case 
74

Settling Slurry (Water/ 
Sand) 2 1 No 0 Wilson, Addie, 

Sellgren & Clift

Case 
75

Settling Slurry (Water/ 
Sand) 1 0 No 0 Wilson, Addie, 

Sellgren & Clift

Case 
76

Settling Slurry (Water/ 
Sand) 1 0 No 0 Wilson, Addie, 

Sellgren & Clift
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Summary of Verification Models with ANS
Summary of All Verification Models

Comparison of AFT Fathom predictions for systems sized using the automated network sizing (ANS) 
module to published sizing results.

Case Fluid Pipes Pumps NPSH PRV’s Reference

Case 77 Methanol 1 0 No 0 Janna

Case 78 Water 2 1 No 0 John & Haberman

Case 79 Water 1 0 No 0 Fox & McDonald

Case 80 Air 4 0 No 0 Lindeburg
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Verification Cases

Verification Case 1
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify1.fth

REFERENCE: Perry's Chemical Engineers' Handbook, 7th Ed., 1997, McGraw-Hill, Robert H. Perry, 
Don W. Green, Eds., James N. Tilton, Ph.D., P.E., Author, Page 6-17, 18, Example 6

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Tilton AFT Fathom

EGLinlet - 
Energy 
Gradeline at 
inlet (meters)

0.738 0.7397

DISCUSSION:

The flow conditions are specified in terms of velocity, at 2.0 m/s. Converting this to flow rate (for diameter 
of .0525 m) obtains 0.00433 cubic meters per second. The problem is stated in terms of flow requirement 
with an unknown inlet tank height. This is most easily modeled using an Assigned Flow junction at the 
inlet. The EGL (energy gradeline) at the inlet will yield the tank height.

The inlet loss factor of 0.5 is modeled as part of the inlet Assigned Flow.

The friction factor in the reference is the Fanning friction factor, whereas AFT Fathom uses the Moody 
friction factor. The two differ by a factor of 4. If this ratio is applied, results using either friction factor are 
the same.

The problem does not state the discharge boundary condition very clearly, but reading through the solu-
tion procedure it is evident that discharge condition is static pressure at atmospheric pressure. This is 
modeled using an Assigned Pressure junction at 1 atm.

The loss factor at the elbow, as developed in the reference, is 0.37.

The problem solution as given in the reference is 0.73 feet. However, if the numbers as given in the ref-
erence are multiplied, a value of 0.738 m results. The author apparently rounded the value down to 0.73.

List of All Verification Models

Verification Case 1 Problem Statement
Verification Case 1

Perry' Chemical Engineers' Handbook, 7th Ed., 1997, McGraw-Hill, Robert H. Perry, Don W. Green, 
Eds., James N. Tilton, Ph.D., P.E., Author, Page 6-17, 18, Example 6

Perry's Title Page

Perry_s_Title_Page.html
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View Verification Case 1 Model
Verification Case 1
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Verification Case 2
View Model     Problem Statement 

PRODUCT: AFT Fathom

TITLE: FthVerify2.fthFthVerify2.fth

REFERENCE: Piping Handbook, 7th Ed., 2000, McGraw-Hill, Mohinder L. Nayyar, P.E., Ed., Tadeusz J. 
Swierzawski, Author, Page B.375-381, Example B8.1

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Swierzawski AFT Fathom

Pressure drop (psid) 61.48 61.33

DISCUSSION:

The exit loss factor of 1.0 is modeled as part of the exit Assigned Flow.

The overall pressure drop in AFT Fathom is obtained by subtracting the discharge pressure (438.67 psia) 
from the supply (500 psia). It is also displayed in the General Results list at the top of the Output window. 
Finally, the pressure difference is given in the Junction Deltas table at the top of the Output window. The 
junction delta was setup in the Output Control window.

On page B.380 the Piping Handbook calculates the Flow Resistance Coefficients as 9.77 as shown in 
the table on that page. However, if one adds up the individual K factors, 9.84 is obtained, not 9.77. To bet-
ter match the overall resistance assumed for the handbook calculation, the tee K factor was therefore 
reduced from 0.33 to 0.26 so that a K factor of 9.77 is obtained.

The difference in the final answer (61.48 vs. 61.33) is mostly due to round-off errors in the handbook cal-
culations. If more digits are saved in the handbook calculations, the answer will be much closer to 61.33.

List of All Verification Models

FthVerify2.fth
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Verification Case 2 Problem Statement
Verification Case 2

Piping Handbook, 7th Ed., 2000, McGraw-Hill, Mohinder L. Nayyar, P.E., Ed., Tadeusz J. Swierzawski, 
Author, Page B.375-381, Example B8.1

Nayyar Title Page

Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Nayyar_Title_Page.html
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View Verification Case 2 Model
Verification Case 2
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Verification Case 3
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify3.fth

REFERENCE: D.S. Miller, Internal Flow Systems, 2nd Ed., 1990, Gulf Publishing Co., Page 28-29

FLUID: Water

ASSUMPTIONS: Size pump for given flow

RESULTS:

Parameter Miller AFT Fathom

System head loss (meters) 21.6 21.51

Required pump head rise (meters) 28.6 28.51

Requred pump pressure rise (bar) 2.8 2.796

DISCUSSION:

The reflux valve K value of 0.5 was lumped into pipe 2 as a fitting and loss value.

The overall system head loss in AFT Fathom is obtained by subtracting the discharge EGL (1.5 m) from 
the supply EGL (8.5 m), then subtracting this difference from the pump head rise (28.51 m). 

The pump head rise and pressure rise in AFT Fathom is given in the pump summary at the top of the Out-
put window, and also in the junction output table in the lower part of the window.

There is some slight disagreement with Miller due to round-off errors.

List of All Verification Models



- 32 -

Verification Case 3 Problem Statement
Verification Case 3

D.S. Miller, Internal Flow Systems, 2nd Ed., 1990, Gulf Publishing Co., Page 28-29

Miller Title Page

Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Miller_Title_Page.html
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View Verification Case 3 Model
Verification Case 3
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Verification Case 4
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify4.fth

REFERENCE: D.S. Miller, Internal Flow Systems, 2nd Ed., 1990, Gulf Publishing Co., Page 197-199

FLUID: Air

ASSUMPTIONS: Air is incompressible

RESULTS:

Parameter Miller AFT Fathom

System head loss (m of air) 40.3 40.36

System head loss (mm of water) 49.6 49.64

DISCUSSION:

The velocity and diameter are specified. For use in AFT Fathom, this is converted to a flow rate, obtaining 
0.8 m3/sec.

The head loss in the pipe in AFT Fathom can be easily obtained from the pipe dP Stag and dH output val-
ues.

List of All Verification Models
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Verification Case 4 Problem Statement
Verification Case 4

D.S. Miller, Internal Flow Systems, 2nd Ed., 1990, Gulf Publishing Co., Page 197-199

Miller Title Page

Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Miller_Title_Page.html
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View Verification Case 4 Model
Verification Case 4
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Verification Case 5
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify5.fth

REFERENCE: D.S. Miller, Internal Flow Systems, 2nd Ed., 1990, Gulf Publishing Co., Page 199-200

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Miller AFT Fathom

Flow rate (m3/sec) x 1000 4.68 4.674

DISCUSSION:

The K factor of 6.5 is entered in pipe 1 as a fitting and loss value.

The answer differs slightly because Miller reads the friction factor (0.0179) off of a chart, whereas AFT 
Fathom uses a roughness of zero to obtain the friction factor (0.01784).

List of All Verification Models
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Verification Case 5 Problem Statement
Verification Case 5

D.S. Miller, Internal Flow Systems, 2nd Ed., 1990, Gulf Publishing Co., Page 199-200

Miller Title Page

Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Miller_Title_Page.html
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View Verification Case 5 Model
Verification Case 5
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Verification Case 6
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify6.fth

REFERENCE: Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th 
Ed., 1996, McGraw-Hill, Page 6.30, Example 6.1a

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (meters) 1.53 1.614

DISCUSSION:

The velocity and diameter are specified. For use in AFT Fathom, this is converted to a flow rate, obtaining 
0.5655 m3/s.

The answers differ slightly because the handbook authors read the friction factor (0.015) off of a chart, 
whereas AFT Fathom solves for the friction factor using the Colebrook-White equation (obtaining 
0.01583, 5.5% higher).

If the pipe is modeled as an explicit friction factor at 0.015, the exact same answer as the handbook is 
obtained.

No pressure boundary conditions are specified. In determining pressure drop, the boundary pressure 
plays no role. Therefore any value is suitable. The model assumes 1 MPa at the inlet.
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Verification Case 7
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify7.fth

REFERENCE: Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th 
Ed., 1996, McGraw-Hill, Page 6.31, Example 6.2

FLUID: Unspecified

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (meters) 62.8 62.65

DISCUSSION:

The velocity and diameter are specified. For use in AFT Fathom, this is converted to a flow rate, obtaining 
0.8482 cm3/sec. The unit weight is specified as 9580 N/m3. At 9.81 meters/sec2 gravitational accel-
eration, the density is thus 976.55 kg/m3.

The answers differ slightly because the handbook rounds off the Reynolds number to 3 digits.

No pressure boundary conditions are specified. In determining pressure drop, the boundary pressure 
plays no role. Therefore any value is suitable. The model assumes 1 MPa at the inlet.
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Verification Case 8
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify8.fth

REFERENCE: Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th 
Ed., 1996, McGraw-Hill, Page 6.40-42, Example 6.3a

FLUID: Water at 21 deg. C

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (meters) 41.99 42.14

DISCUSSION:

The exit loss factor of 1.0 is modeled as part of the exit Assigned Flow.

The overall head loss in AFT Fathom is obtained by subtracting the discharge EGL (17.86 meters) from 
the supply (60 meters). It is also displayed in the General Results list at the top of the Output window. Fin-
ally, the head loss is given in the Junction Deltas table at the top of the Output window. The junction delta 
was setup in the Output Control window.

The difference in the final answer (61.48 vs. 61.33) is due to round-off errors in the handbook cal-
culations. 
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Verification Case 9
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify9.fth

REFERENCE: Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th 
Ed., 1996, McGraw-Hill, Page 6.40-42, Example 6.3b

FLUID: Water at 21 deg. C

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Pressure at location x (kPa gauge) 95.4 94.13

DISCUSSION:

From the equation in the handbook, it is evident the pressure at location x is the static pressure and that it 
is gauge pressure. The units used, kN/m2 are the same as kPa. The proper pressure to review in AFT 
Fathom for comparison to the handbook is the exit from junction 6.

The difference in the final answer is due to round-off errors in the handbook calculations.

List of All Verification Models



- 56 -

Verification Case 9 Problem Statement
Verification Case 9

Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th Ed., 1996, 
McGraw-Hill, Page 6.40-42, Example 6.3b

Brater, Williams, Lindell and Wei Title Page

Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Brater_Williams_Lindell_and_Wei_Title_Page.html


Verification Case 9 Problem Statement

- 57 -



Verification Case 9 Problem Statement

- 58 -



- 59 -

View Verification Case 9 Model
Verification Case 9



- 60 -

Verification Case 10
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify10.fth

REFERENCE: Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th 
Ed., 1996, McGraw-Hill, Page 6.47-48, Example 6.4

FLUID: Water 

ASSUMPTIONS: Temperature unspecified, so assume 20 deg. C

RESULTS:

Pipe Flow Rate (m3/s) 1 2 3 4 5 6

Handbook 2.8 2.2 0.7 3.2 3.2 1.8

AFT Fathom 2.8 2.2 0.4 3.2 3.2 1.8

Node EGL (m) 1 2 3 4 5

Handbook 10.98 10 9.37 10.04 8.32

AFT Fathom 10.96 10 9.37 10.02 8.32

DISCUSSION:

The Handbook of Hydraulics solves the network using a different method than AFT Fathom, and also 
uses slightly different friction laws. The head loss relationship in the handbook assumes that the head 
loss in each pipe varies as the flow rate to the 1.85 power. AFT Fathom assumes it varies by the 2nd 
power. This slight difference accounts for the slightly different results.

Results for AFT Fathom vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom Help File.
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Verification Case 11
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify11.fth

REFERENCE: Ernest Brater, Horace Williams, James Lindell, C.Y. Wei, Handbook of Hydraulics, 7th 
Ed., 1996, McGraw-Hill, Page 13.14, Example 13.9, results on page 13.39

FLUID: Water 

ASSUMPTIONS: Temperature unspecified, so assume 20 deg. C

RESULTS:

Pipe Flow Rate (m3/s) 1 2 3 4 5 6

Handbook 3.42 2.68 0.89 3.21 3.21 1.79

AFT Fathom 3.48 2.73 0.94 3.21 3.21 1.79

Node EGL (m) 1 2 3 4 5

Handbook 11.42 10.00 9.37 10.06 8.32

AFT Fathom 11.46 10.00 9.38 10.06 8.33

DISCUSSION:

The Handbook of Hydraulics solves the network using a different method than AFT Fathom, and also 
uses slightly different friction laws. The head loss relationship in the handbook assumes that the head 
loss in each pipe varies as the flow rate to the 1.85 power. AFT Fathom assumes it varies by the 2nd 
power. This slight difference accounts for the slightly different results.

Results for AFT Fathom vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom Help File.
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Verification Case 12
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify12.fth

REFERENCE: Ingersoll-Dresser Pumps, Cameron Hydraulic Data, 18th Ed., 1995, Published by Inger-
soll-Dresser Pumps, Page 1-13, Example 1

FLUID: Water at 68 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Cameron AFT Fathom

NPSHA (feet) 20.26 20.23

Suction Head (feet) -12.92 -12.92

DISCUSSION:

The example in the book does not actually perform a flow calculation. To demonstrate how AFT Fathom 
determines NPSHA, a few unusual steps were taken.

 1. The head loss up the pump is given in Cameron as 2.92 feet. This was modeled in valve J2, as a 
fixed pressure drop of 2.92 feet. 

 2. All three pipes were modeled as frictionless so that all pressure loss comes from valve J2.
 3. A discharge pipe and reservoir were modeled to complete the system, even though the discharge 

piping does not affect the answer to the problem.
 4. The pump was modeled as an assigned flow at 100 gpm. Since the pressure drop is fixed at J2 as 

2.92 feet, the flow rate in the pump (and piping for that matter) does not affect the answer. In typ-
ical system analysis, the flow in the piping affects the results because as the flow changes the 
pressure drop changes. In this model this did not occur because all pipes were frictionless.

The AFT Fathom NPSHA prediction is shown in the Pump Summary at the top of the Output window. 
The suction head is shown as the EGL inlet to the pump, J3. It is the negative of the suction lift.

List of All Verification Models



- 69 -

Verification Case 12 Problem Statement
Verification Case 12

Ingersoll-Dresser Pumps, Cameron Hydraulic Data, 18th Ed., 1995, Published by Ingersoll-Dresser 
Pumps, Page 1-13, Example 1

Cameron Hydraulic Data Title Page

Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Cameron_Hydraulic_Data_Title_Page.html


- 70 -

View Verification Case 12 Model
Verification Case 12



- 71 -

Verification Case 13
View Model    Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify13.fth

REFERENCE: Ingersoll-Dresser Pumps, Cameron Hydraulic Data, 18th Ed., 1995, Published by Inger-
soll-Dresser Pumps, Page 1-13, 14, Example 2

FLUID: Water at 68 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Cameron AFT Fathom

NPSHA (feet) 40.26 40.23

Suction Head (feet) 7.08 7.08

DISCUSSION:

The example in the book does not actually perform a flow calculation. To demonstrate how AFT Fathom 
determines NPSHA, a few unusual steps were taken.

 1. The head loss up the pump is given in Cameron as 2.92 feet. This was modeled in the valve J2, as 
a fixed pressure drop of 2.92 feet. 

 2. All three pipes were modeled as frictionless so that all pressure loss comes from valve J2.
 3. A discharge pipe and reservoir were modeled to complete the system, even though the discharge 

piping does not affect the answer to the problem.
 4. The pump was modeled as an assigned flow at 100 gpm. Since the pressure drop is fixed at J2 as 

2.92 feet, the flow rate in the pump (and piping for that matter) does not affect the answer. In typ-
ical system analysis, the flow in the piping affects the results because as the flow changes the 
pressure drop changes. In this model this did not occur because all pipes were frictionless.

The AFT Fathom NPSHA prediction is shown in the Pump Summary at the top of the Output window. 
The suction head is shown as the EGL inlet to the pump, J3.
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Verification Case 14
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify14.fth

REFERENCE: Ingersoll-Dresser Pumps, Cameron Hydraulic Data, 18th Ed., 1995, Published by Inger-
soll-Dresser Pumps, Page 1-14, Example 3

FLUID: Water at 212 deg. F, 1 atm

ASSUMPTIONS: N/A

RESULTS:

Parameter Cameron AFT Fathom

NPSHA (feet) 7.08 7.048

Suction Head (feet) 7.08 7.080

DISCUSSION:

The example in the book does not actually perform a flow calculation. To demonstrate how AFT Fathom 
determines NPSHA, a few unusual steps were taken.

 1. The head loss up the pump is given in Cameron as 2.92 feet. This was modeled in the valve J2, as 
a fixed pressure drop of 2.92 feet. 

 2. All three pipes were modeled as frictionless so that all pressure loss comes from valve J2.
 3. A discharge pipe and reservoir were modeled to complete the system, even though the discharge 

piping does not affect the answer to the problem.
 4. The pump was modeled as an assigned flow at 100 gpm. Since the pressure drop is fixed at J2 as 

2.92 feet, the flow rate in the pump (and piping for that matter) does not affect the answer. In typ-
ical system analysis, the flow in the piping affects the results because as the flow changes the 
pressure drop changes. In this model this did not occur because all pipes were frictionless.

The AFT Fathom NPSHA prediction is shown in the Pump Summary at the top of the Output window. 
The suction head is shown as the EGL inlet to the pump, J3.
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Verification Case 15
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify15.fth

REFERENCE: Ingersoll-Dresser Pumps, Cameron Hydraulic Data,AF 18th Ed., 1995, Published by 
Ingersoll-Dresser Pumps, Page 1-15, Example 4

FLUID: Water at 350 deg. F, 134.63 psia

ASSUMPTIONS: N/A

RESULTS:

Parameter Cameron AFT Fathom

NPSHA (feet) 7.08 7.158

Suction Head (feet) 317.69 317.71

DISCUSSION:

The example in the book does not actually perform a flow calculation. To demonstrate how AFT Fathom 
determines NPSHA, a few unusual steps were taken.

 1. The head loss up the pump is given in Cameron as 2.92 feet. This was modeled in the valve J2, as 
a fixed pressure drop of 2.92 feet. 

 2. All three pipes were modeled as frictionless so that all pressure loss comes from valve J2.
 3. A discharge pipe and reservoir were modeled to complete the system, even though the discharge 

piping does not affect the answer to the problem.
 4. The pump was modeled as an assigned flow at 100 gpm. Since the pressure drop is fixed at J2 as 

2.92 feet, the flow rate in the pump (and piping for that matter) does not affect the answer. In typ-
ical system analysis, the flow in the piping affects the results because as the flow changes the 
pressure drop changes. In this model this did not occur because all pipes were frictionless.

The AFT Fathom NPSHA prediction is shown in the Pump Summary at the top of the Output window. 
The suction head is shown as the EGL inlet to the pump, J3. 
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Verification Case 16
View Model    Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify16.fth

REFERENCE: Ingersoll-Dresser Pumps, Cameron Hydraulic Data, 18th Ed., 1995, Published by Inger-
soll-Dresser Pumps, Page 1-15, 16, Example 5

FLUID: Water at 91.72 deg. F, 1.5 in. Hg

ASSUMPTIONS: N/A

RESULTS:

Parameter Cameron AFT Fathom

NPSHA (feet) 7.08 7.08

Suction Head (feet) -25.17 -25.30

DISCUSSION:

The example in the book does not actually perform a flow calculation. To demonstrate how AFT Fathom 
determines NPSHA, a few unusual steps were taken.

 1. The head loss up the pump is given in Cameron as 2.92 feet. This was modeled in the valve J2, as 
a fixed pressure drop of 2.92 feet. 

 2. All three pipes were modeled as frictionless so that all pressure loss comes from valve J2.
 3. A discharge pipe and reservoir were modeled to complete the system, even though the discharge 

piping does not affect the answer to the problem.
 4. The pump was modeled as an assigned flow at 100 gpm. Since the pressure drop is fixed at J2 as 

2.92 feet, the flow rate in the pump (and piping for that matter) does not affect the answer. In typ-
ical system analysis, the flow in the piping affects the results because as the flow changes the 
pressure drop changes. In this model this did not occur because all pipes were frictionless.

The AFT Fathom NPSHA prediction is shown in the Pump Summary at the top of the Output window. 
The suction head is shown as the EGL inlet to the pump, J3. It is the negative of the suction lift.
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Verification Case 17
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify17.fth

REFERENCE: Ingersoll-Dresser Pumps, Cameron Hydraulic Data, 18th Ed., 1995, Published by Inger-
soll-Dresser Pumps, Page 3-9, 10

FLUID: Water at 68 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Cameron AFT Fathom

Suction head (feet) -5.35 -5.35

Discharge head (feet) 290 289.7

Pump head (feet) 295 295.0

NPSHA (feet) Not provided 27.80

DISCUSSION:

The losses at the pump suction are not explicitly provided in AFT Fathom's library, so the total K factor of 
1.57 for the foot valve and long radius elbow is entered as a fitting and loss value in pipe P1. The losses 
in the discharge piping are in AFT Fathom's library, and are selected as fitting and loss values in pipe P2. 
The only loss not shown in pipe P2 is the entrance loss at the discharge tank, and that is modeled in the 
reservoir junction, J3.

The 200 gpm is modeled at the pump as an assigned flow pump.

The AFT Fathom NPSHA prediction is shown in the Pump Summary at the top of the Output window. 
The suction head is shown as the difference between the EGL inlet and the elevation (23.27 – 28.62) at 
the pump, J2. It is the negative of the suction lift. The discharge head is shown as the difference between 
the EGL outlet and the elevation (318.30 – 28.62) at the pump.
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Verification Case 18
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify18.fth

REFERENCE: Igor Karassik, William Krutzsch, Warren Fraser, Joseph Messina, Pump Handbook, 2nd 
Ed., 1986, McGraw-Hill, Page 8.9-11, Example 1

FLUID: Pumped system with fluid of 0.8 specific gravity

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Pump head (feet) 372 371.6

DISCUSSION:

The suction and discharge pipe head loss of 3 and 25 feet, respectively, was modeled as a fitting and 
loss K factor to obtain the proper head loss. Both pipes were modeled as frictionless. Thus the pipe 
lengths, which were not specified, do not affect the head loss. In addition, the viscosity of the fluid, which 
was not specified, does not affect the head loss since the pipe are frictionless. Thus a value of 1 lbm/hr-ft 
was assumed.

The 1000 gpm is modeled at the pump as an assigned flow pump.

The total pump head is shown in the AFT Fathom Pump Summary at the top of the Output window.
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Verification Case 19
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify19.fth

REFERENCE: Igor Karassik, William Krutzsch, Warren Fraser, Joseph Messina, Pump Handbook, 2nd 
Ed., 1986, McGraw-Hill, Page 8.35-37, Example 6

FLUID: Water at 109 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (feet) 1.82 1.874

DISCUSSION:

The handbook uses a chart to obtain the friction factor of 0.012. AFT Fathom uses a more accurate cor-
relation based on Colebrook-White to obtain a friction factor of 0.1235, which is 3% higher. This is the 
reason the AFT Fathom head loss calculation differs slightly from the handbook. The AFT Fathom cal-
culation is more accurate because of the higher accuracy friction factor.
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Verification Case 20
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify20.fth

REFERENCE: Igor Karassik, William Krutzsch, Warren Fraser, Joseph Messina, Pump Handbook, 2nd 
Ed., 1986, McGraw-Hill, Page 8.38, Example 8

FLUID: Water at 60 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (feet) 1.97 1.937

DISCUSSION:

The handbook uses a chart to obtain the Reynolds number of 1.8x10^6 and friction factor of 0.013. AFT 
Fathom solves for the Reynolds number and uses a more accurate correlation based on Colebrook-
White to obtain a friction factor of 0.1277, which is 2% lower. This is the reason the AFT Fathom head 
loss calculation differs slightly from the handbook. The AFT Fathom calculation is more accurate 
because of the higher accuracy Reynolds number and friction factor. 
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Verification Case 21
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify21.fth

REFERENCE: Igor Karassik, William Krutzsch, Warren Fraser, Joseph Messina, Pump Handbook, 2nd 
Ed., 1986, McGraw-Hill, Page 8.38, Example 9

FLUID: Water, using Hazen-Williams

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (feet) 4.8 4.8

DISCUSSION:

Results for AFT Fathom vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom help file.
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Verification Case 22
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify22.fth

REFERENCE: Igor Karassik, William Krutzsch, Warren Fraser, Joseph Messina, Pump Handbook, 2nd 
Ed., 1986, McGraw-Hill, Page 8.61-62, Example 13

FLUID: Oil

ASSUMPTIONS: N/A

RESULTS:

Parameter Handbook AFT Fathom

Head loss (feet) 98.34 98.58

DISCUSSION:

The viscosity was not provided, so the friction factors determined in the handbook were used directly for 
pipes 1 and 2. In addition, a loss factor for the 1 ½ inch gate valve was not in the AFT Fathom library, so 
was entered in pipe 2 as a separate loss factor on the Fittings & Losses tab.

The head loss is given in the Junction Deltas table at the top of the Output window. The junction delta 
was setup in the Output Control window. Or it can be calculated by adding up the pipe head losses.

List of All Verification Models
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Verification Case 22 Problem Statement
Verification Case 22

Igor Karassik, William Krutzsch, Warren Fraser, Joseph Messina, Pump Handbook, 2nd Ed., 1986, 
McGraw-Hill, Page 8.61-62, Example 13
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Verification Case 23
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify23.fth

REFERENCE: Hydraulic Institute, Effects of Liquid Viscosity on Rotodynamic (Centrifugal and Vertical) 
Pump Performance, ANSI/HI 9.6.7-2010, 2010, Hydraulic Institute, Page 13

FLUID: Viscous fluid through a pump

ASSUMPTIONS: N/A

RESULTS:

Parameter HI Standard AFT Fathom

CQ 0.938 0.9381

CH 0.938 0.9380

CE 0.739 0.7388

CH at 60% Flow 0.958 0.9577

DISCUSSION:

The kinematic viscosity in centistokes (120 cSt) was converted to dynamic viscosity for use in AFT 
Fathom assuming a specific gravity of 0.9. This results in a viscosity of 108 cp. Discharge and suction 
pressures and pipes were used, with the pipe diameters made very large to minimize pressure loss.

The water flow rate and pressure difference from the problem statement were used to find an approx-
imate CQ of 0.9395, which provides a viscous flow rate of 413.38 gal/min for the 100 percent flow case 
and 248.028 gal/min for the 60 percent flow case. These were used in assigned flow junctions which 
replaced the inlet assigned pressures for the final calculation. The pumps were redefined with the water 
pump curve from the problem statement, shown below, to find the final values of CQ, CH, and CE.

Water Flow 
Rate 
(gal/min) 

Water Head 
(ft) 

Water Effi-
ciency 
(Decimal) 

264 340 0.602 

352 323 0.660 

440 300 0.680 

528 272 0.660 

The correction factors, CQ, CH and CE, all correspond closely to those in the handbook. The value of CE 
given in the reference problem was shown as 0.738 in the calculation, but 0.739 in Table 9.6.7.4.5b. In 
addition, CE is calculated as 0.739 if calculated using the same numbers as given in Step 4, so it is 
assumed that the difference in the value given in the reference includes round-off errors.
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The CQ, CH, and CE values in AFT Fathom are displayed in the Pump Summary and within the labels on 
the Workspace.
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Verification Case 23 Problem Statement
Verification Case 23

Hydraulic Institute, Effects of Liquid Viscosity on Rotodynamic (Centrifugal and Vertical) Pump Per-
formance, ANSI/HI 9.6.7-2010, 2010, Hydraulic Institute, Page 13
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Verification Case 24
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify24.fth

REFERENCE: Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Pro-
fessional Publications, Page 3-19, 21, Example 3.19

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Lindenburg AFT Fathom

Head loss (feet) 51.6 51.53

DISCUSSION:

All input was provided explicitly by the problem statement.

Lindeburg pulls the friction factor directly from the Moody chart, while AFT Fathom uses the Colebrook-
White equation to iterate for friction factor. Both methods result in a friction factor of 0.0195 if the friction 
factor is rounded to 4 digits.

List of All Verification Models
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Verification Case 24 Problem Statement
Verification Case 24

Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Professional Publications, 
Page 3-19, 21, Example 3.19

Lindeburg Title Page
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Verification Case 25
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify25.fth

REFERENCE: Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Pro-
fessional Publications, Page 3-21, Example 3.20

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Lindenburg AFT Fathom

Head loss (feet) 90.5 90.66

DISCUSSION:

Results for AFT Fathom vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom help file.
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Verification Case 25 Problem Statement
Verification Case 25

Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Professional Publications, 
Page 3-21, Example 3.20
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Verification Case 26
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify26.fth

REFERENCE: Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Pro-
fessional Publications, Page 4-6, Example 4.1

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Parameter Lindenburg AFT Fathom

NPSHA (feet) 50.7 50.69

Total suction head (feet) Not given 18.38

DISCUSSION:

The NPSHA is given in the AFT Fathom Pump Summary of the Output window.
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Verification Case 26 Problem Statement
Verification Case 26

Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Professional Publications, 
Page 4-6, Example 4.1
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Verification Case 27
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify27.fth

REFERENCE: Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Pro-
fessional Publications, Page 5-6, Example 5.6

FLUID: Air

ASSUMPTIONS: Air is at 70 deg. F, inlet pressure is 5 inches of water, gauge, wall roughness is 0.00538 
inches

RESULTS:

Parameter Lindenburg AFT Fathom

Velocity (feet/min) 2200 2170

Pressure loss(in. water per 100 feet) 0.5 0.4867

DISCUSSION:

The reference solves the problem using a chart. No roughness data for the duct is given. Using the chart 
on page 5-7 of the reference, a representative roughness was determined as follows: for a 12 inch duct at 
3000 feet/min, the pressure drop is 1 inch of water per 100 feet. This information was entered into the 
AFT Pipe Sizing Utility (PSU, part of the Engineering Utility Suite) to obtain an effective duct roughness. 
A value of 0.00538 inches was obtained, and this was used in AFT Fathom. Results from PSU are given 
below. 

Slight differences in predictions above result from the reference's round-off errors and reading the solu-
tion from a chart.

 l PSU Results
 l Friction Factor = 0.01788
 l Epsilon = 0.00538 inches
 l Hazen-Williams Factor = 110.390

 l Input Parameters
 l Delta Pressure = 1.000 in. H2O std.

 l Velocity = 3000 feet/min
 l Vol. Flow Rate = 39.270 ft3/sec
 l Mass Flow Rate = 2.941 lbm/sec
 l Reynolds Number = 306548

 l Geometry: Cylindrical Pipe
 l Diameter = 12 inches
 l Area = 0.78540 ft2
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 l Wetted Perimeter = 37.699 inches
 l Length = 100 feet

 l Fluid = Air @ 1 atm (vapor)
 l Temperature = 70 deg. F
 l Density = 0.0749 lbm/ft3
 l Dynamic Viscosity = 0.04398 lbm/hr-ft
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Verification Case 27 Problem Statement
Verification Case 27

Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Professional Publications, 
Page 5-6, Example 5.6
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Note: If you are having trouble reading the scanned image below, it is usually much easier to 
read when printed.

Lindeburg_Title_Page.html


- 127 -

View Verification Case 27 Model
Verification Case 27



- 128 -

Verification Case 28
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify28.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-1, Example 4-1

FLUID: Water at 80 deg. F

ASSUMPTIONS: Supply pressure is from a 10 feet tank

RESULTS:

Parameter Crane AFT Fathom

Reynolds number 89,600 88,780

Friction factor 0.0182 0.01845

List of All Verification Models
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Verification Case 28 Problem Statement
Verification Case 28

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-1, Example 4-1
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Verification Case 29
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify29.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-3, Example 4-6

FLUID: Water at 60 deg. F

ASSUMPTIONS: Friction factor in pipe is 0.018.

RESULTS:

Parameter Crane AFT Fathom

Velocity (feet/sec) 8.5 8.545

Flow Rate (gal/min) 196 196.9

DISCUSSION:

The loss factor for the flanged ball valve was not in the AFT Fathom library, and the resulting K factor of 
0.58 was entered directly as a fitting and loss value for pipe 1.

Slight differences in the predictions result from round-off.
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Verification Case 29 Problem Statement
Verification Case 29

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-3, Example 4-6
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Verification Case 30
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify30.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-4, Example 4-7

FLUID: SAE 10 Lube Oil at 60F

ASSUMPTIONS: N/A

RESULTS:

Parameter Crane AFT Fathom

Volumetric flow rate (gal/min) 118 121.4

Velocity (feet/sec) 5.13 5.267

Reynolds number 1040 1095

DISCUSSION:

Because of the high oil viscosity, there is laminar flow in the pipe. As discussed in Crane, this is an iter-
ative problem. Crane performs one iteration, while AFT Fathom performs numerous iterations. The dif-
ference in results is Crane's single iteration.
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Verification Case 30 Problem Statement
Verification Case 30

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-4, Example 4-7
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Verification Case 31
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify31.fthFthVerify31.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-4, Example 4-8

FLUID: SAE 70 Lube Oil at 100 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Crane AFT Fathom

Pressure drop (psid) 2.85 2.866

DISCUSSION:

Because of the high oil viscosity, there is laminar flow in the pipe.
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Verification Case 31 Problem Statement
Verification Case 31

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-4, Example 4-8
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Verification Case 32
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify32.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-5, Example 4-9

FLUID: SAE 70 Lube Oil at 100 deg. F

ASSUMPTIONS: Inlet pressure is 200 psig, and the gate valve is located 100 feet from the inlet (this 
does not affect the answer)

RESULTS:

Parameter Crane AFT Fathom

Pressure drop (psid) 56.6 56.67

DISCUSSION:

Because of the high oil viscosity, there is laminar flow in the pipes. The total pressure change in AFT 
Fathom can be found in two places. First, the discharge presssure (143.3 psig) can be subtracted from 
the inlet pressure (200 psig). Second, the pressure difference is given in the Junction Deltas table at the 
top of the Output window. The junction delta was setup in the Output Control window.
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Verification Case 32 Problem Statement
Verification Case 32

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-5, Example 4-9
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Verification Case 33
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify33.fthFthVerify33.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-6, Example 4-11

FLUID: Water at 180 deg. F

ASSUMPTIONS: Inlet pressure is 100 psig.

RESULTS:

Parameter Crane AFT Fathom

Pressure drop (psid) 1.91 1.91

DISCUSSION:

The total pressure change in AFT Fathom can be found in two places. First, the discharge presssure 
(98.09 psig) can be subtracted from the inlet pressure (100 psig). Second, the pressure difference is 
given in the Junction Deltas table at the top of the Output window. The junction delta was setup in the Out-
put Control window.
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Verification Case 33 Problem Statement
Verification Case 33

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-6, Example 4-11
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Verification Case 34
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify34.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-7, Example 4-13

FLUID: Fuel Oil

ASSUMPTIONS: Inlet pressure is 2 bars

RESULTS:

Parameter Crane AFT Fathom

Head loss (meters) 8.95 8.91

Pressure drop (kg/cm2) 0.729 0.7262

Pressure drop (bar) 0.715 0.7121

Pressure drop (MPa) 0.0715 0.07121

DISCUSSION:

The viscosity is given as kinematic. Converting to dynamic viscosity yields 2.20E-03 kg/m-s.

The head loss in AFT Fathom can be found in three places. First, it is given in the pipe output table. 
Second, it can be obtained by subtracting the discharge EGL from the supply. Third, it can be viewed in 
the Junction Deltas summary at the top of the Output window. The junction delta was setup in the Output 
Control window.

The pressure loss in AFT Fathom can be found in the same three places. Note that three junction deltas 
are setup for pressure, with different units for each. This allows a more straightforward comparison with 
the Crane results.
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Verification Case 34 Problem Statement
Verification Case 34

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-7, Example 4-13
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Verification Case 35
View Model     Problem Statement 

PRODUCT: AFT Fathom

TITLE: FthVerify35.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-8, Example 4-14

FLUID: Water at 60 deg. F

ASSUMPTIONS: Inlet pressure is 100 psig

RESULTS:

Parameter Crane AFT Fathom

Static Head loss (feet) 15.8 15.5

Static Pressure drop (psid) 39.0 39.22

DISCUSSION:

The head loss in AFT Fathom can be found in three places. First, it is given in the pipe output table. 
Second, it can be obtained by subtracting the discharge HGL from the supply. Third, it can be viewed in 
the Junction Deltas summary at the top of the Output window. The junction delta was setup in the Output 
Control window.

The pressure loss in AFT Fathom can be found by subtracting the discharge pressure from the supply. It 
also can be found in the Junction Deltas on the Output window.
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Verification Case 35 Problem Statement
Verification Case 35

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-8, Example 4-14
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Verification Case 36
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify36.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-9, Example 4-15

FLUID: Water at 70 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Crane AFT Fathom

Head loss (feet) 21 20.5

Pump added head (feet) 421 420.5

Pump power usage @ 70% efficiency (hp) 15.2 15.19

DISCUSSION:

AFT Fathom did not have the globe valve with reducers in its library, so the K factor of 27 was entered dir-
ectly as a fitting and loss value in pipe 2. The standard gate valve was in the library, and was included in 
pipe 2. No information was provided about the pump suction, so a reservoir with zero elevation was used 
as the inlet with a frictionless suction pipe. Also, the discharge at 400 feet was to a reservoir connected to 
the last elbow by a frictionless pipe. The pump was modeled as an assigned flow.

The head loss from the pump discharge to the discharge tank can be obtained in AFT Fathom by sub-
tracting the reservoir EGL from the pump outlet EGL. It also can be viewed in the Junction Deltas sum-
mary at the top of the Output window. The junction delta was setup in the Output Control window.

The added head in AFT Fathom is given in the Pump Summary on the Output window. The ideal power 
usage is also given in the Pump Summary as 10.62 hp. Dividing by 0.7 for the efficiency obtains 15.18 as 
shown in the table above.
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Verification Case 36

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-9, Example 4-15
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Verification Case 37
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify37.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-10, Example 4-17

FLUID: Crude Oil 30 degree API

ASSUMPTIONS:  Assumed a rated pump speed of 1800 rpm for the HI viscosity correction calculation.

RESULTS:

Parameter Crane AFT Fathom

Head loss (feet) 1,405 1,409

Pump added head (feet) 3,405 3,409

Pump power usage @ 67% efficiency (hp) 1,496 1,498

DISCUSSION:

No information was provided about the pump suction, so a reservoir with zero elevation was used as the 
inlet with a frictionless suction pipe. The pump was modeled as an assigned flow.

The head loss from the pump discharge to the discharge tank can be obtained in AFT Fathom by sub-
tracting the reservoir EGL from the pump outlet EGL. It also can be viewed in the Junction Deltas sum-
mary at the top of the Output window. The junction delta was setup in the Output Control window.

The added head in AFT Fathom is given in the Pump Summary on the Output window. The ideal power 
usage is also given in the Pump Summary as 1004 hp. Dividing by 0.67 for the efficiency obtains 1498 as 
shown in the table above.
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Verification Case 37

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-10, Example 4-17
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Verification Case 38
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify38.fth

REFERENCE: Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, 
Crane Co., Joliet, IL, 1988, Page 4-12, Example 4-19

FLUID: Water at 60 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Crane AFT Fathom

Flow rate (gpm) 137 139

DISCUSSION:

Crane used friction factors of 0.021 and 0.020 based on a chart lookup. AFT Fathom calculated friction 
factors of 0.0201 and 0.0206 for the two pipes based on the Colebrook-White correlation. Crane's slightly 
larger friction factor from the chart lookup is the reason the results differ slightly.
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Verification Case 38 Problem Statement
Verification Case 38

Crane Co., Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane Co., 
Joliet, IL, 1988, Page 4-12, Example 4-19
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Verification Case 39
View Model    Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify39.fth

REFERENCE: Robert W. Fox and Alan T. McDonald, Introduction to Fluid Mechanics, 3rd Ed., 1985, 
John Wiley & Sons, Page 373-374, example 8.5

FLUID: Water at 20 deg. C

ASSUMPTIONS: N/A

RESULTS:

Parameter Fox & McDonald AFT Fathom

EGL inlet (meters) 44.6 44.702

DISCUSSION:

The supply reservoir is modeled as an Assigned Flow junction at 0.03 m3/sec. The solution for inlet EGL 
is the reservoir height required.
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Verification Case 39 Problem Statement
Verification Case 39

Robert W. Fox and Alan T. McDonald, Introduction to Fluid Mechanics, 3rd Ed., 1985, John Wiley & 
Sons, Page 373-374, example 8.5
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Verification Case 40
View Model      Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify40.fth

REFERENCE: Robert W. Fox and Alan T. McDonald, Introduction to Fluid Mechanics, 3rd Ed., 1985, 
John Wiley & Sons, Page 376-377, example 8.7

FLUID: Water at 68 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Fox & McDonald AFT Fathom

Flow rate (gpm) 350 351.8

DISCUSSION:

There is a slight difference in flow rates because Fox & McDonald use a chart for friction factor, which is 
less precise than AFT Fathom's correlation based method.
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Verification Case 40 Problem Statement
Verification Case 40

Robert W. Fox and Alan T. McDonald, Introduction to Fluid Mechanics, 3rd Ed., 1985, John Wiley & 
Sons, Page 376-377, example 8.7
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Verification Case 41
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify41.fth

REFERENCE: Robert W. Fox and Alan T. McDonald, Introduction to Fluid Mechanics, 3rd Ed., 1985, 
John Wiley & Sons, Page 385-389, example 8.11

FLUID: Water at 60 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Fox & McDonald AFT Fathom

Flow rate to Branch 1 (gal/min) 493 493.48

Flow rate to Branch 2 (gal/min) 557 557.44

Flow rate to Branch 3 (gal/min) 449 449.09

Pressure at inlet (psig) 91.2 91.52

DISCUSSION:

Fox and McDonald use equivalent lengths to model the elbows. These were converted to K factors of 0.4 
in AFT Fathom. The loss factors at the three sprays (modeled as assigned pressure junctions) were spe-
cified as 16. This allows for the area ratio of 2 to the 4th power to account for the energy lost at the dis-
charge.
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Verification Case 42
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify42.fth

REFERENCE: Theodore Baumeister, Eugene Avallone, Theodore Baumeister III, Marks’ Standard 
Handbook for Mechanical Engineers, 8th ed., 1978, McGraw-Hill, Page 3-58

FLUID: Water at 68 deg. F

ASSUMPTIONS: Area change elevation is 130 feet, tanks are 10 feet deep

RESULTS:

Parameter Marks' AFT Fathom

Flow rate (ft3/sec) 0.4143 0.4144

DISCUSSION:

The fitting K factors were included in the pipes as a fitting and loss value.
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Verification Case 43
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify43.fth

REFERENCE: Theodore Baumeister, Eugene Avallone, Theodore Baumeister III, Marks’ Standard 
Handbook for Mechanical Engineers, 8th ed., 1978, McGraw-Hill, Page 3-58

FLUID: Benzene at 68 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Marks' AFT Fathom

Flow rate in 1 inch pipe (ft3/sec) 0.0750 0.0744

Flow rate in 2 inch pipe (ft3/sec) 0.4250 0.4256

Pressure at discharge (psig) 73.40 73.28

DISCUSSION:

In order to fix the flowrate of 0.5 ft3/sec given in the problem statement the second pressurized tank is 
defined as a branch junction with a flow sink. In AFT Fathom the convention for flow out of the system is 
to use a negative sign, so the flow sink is entered as -0.5 ft3/sec.
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Verification Case 44
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify44.fth

REFERENCE: Theodore Baumeister, Eugene Avallone, Theodore Baumeister III, Marks’ Standard 
Handbook for Mechanical Engineers, 8th ed., 1978, McGraw-Hill, Page 3-59, 60

FLUID: Ethyl Alcohol (Ethanol) at 68 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Marks' AFT Fathom

Flow rate to Tank B (ft3/sec) 0.09491 0.09474

Flow rate to Tank C (ft3/sec) 0.1304 0.13023

DISCUSSION:

All inputs were provided explicitly by the problem statement. 
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Verification Case 45
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify45.fth

REFERENCE: James John, William Haberman, Introduction to Fluid Mechanics, 2nd Ed., 1980, 
Prentice-Hall, Page 168-169, Example 6.3

FLUID: Water at 25 deg. C

ASSUMPTIONS: Flow rate is 0.01 m3/sec (omitted in problem statement)

RESULTS:

Parameter John & Haberman AFT Fathom

Pressure drop in cast iron pipe (kPa) 21.81 21.90

Prssure drop in pipe 2 (kPa) 13.46 13.63

DISCUSSION:

Results disagree slightly because John & Haberman read friction factors from a chart, which is less accur-
ate than AFT Fathom's correlation based method.
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Verification Case 45 Problem Statement
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Verification Case 46
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify46.fth

REFERENCE: James John, William Haberman, Introduction to Fluid Mechanics, 2nd Ed., 1980, 
Prentice-Hall, Page 176-178, Example 6.4

FLUID: Water at 20 deg. C

ASSUMPTIONS: Use the K factors provided

RESULTS:

Parameter John & Haberman AFT Fathom

Pressure at discharge (kPa gage) 116 115.0

DISCUSSION:

The K factors used by John & Haberman differ from Crane's and those in the AFT Fathom library. The 
model therefore uses the same K factors as used in the problem solution. In the problem solution, the K 
factor for contraction area change is applied to the 7.5 cm pipe, while AFT Fathom applies it to the 15 cm 
pipe. It therefore needed to be multiplied by the area ratio squared, which is 16.

The pipe lengths between fittings were not specified, and do not affect the results. The AFT Fathom 
assumed pipe lengths, with the total pipe length adding up to 130 m.

Results disagree slightly because John & Haberman read friction factors from a chart, which is less accur-
ate than AFT Fathom's correlation based method. The friction factor for the 7.5 cm pipe was determined 
to be 0.027 by John & Haberman, and AFT Fathom calculated it as 0.028 based on the Colebrook-White 
method. 

The resulting 115.0 kPa (g) pressure is obtained in AFT Fathom by looking at the exit pressure from the 
Assigned Flow junction at J8.
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Verification Case 47
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify47.fth

REFERENCE: James John, William Haberman, Introduction to Fluid Mechanics, 2nd Ed., 1980, 
Prentice-Hall, Page 178-179, Example 6.5

FLUID: Water at 20 deg. C (incorrectly stated as 25 deg. C)

ASSUMPTIONS: Use the K factors provided

RESULTS:

Parameter John & Haberman AFT Fathom

Flow rate through pipe line (liter/sec) 13.55* 19.33

Flow rate through pipe line (liter/sec) 19.17** 19.33

(*) Calculation error in text explained below

(**) Corrected flow rate calculation as explained below

DISCUSSION:

The K factors used by John & Haberman differ from Crane's and those in the AFT Fathom library. The 
model therefore uses the same K factors as used in the problem solution. The pipe lengths between fit-
tings were not specified, and do not affect the results. The AFT Fathom assumed pipe lengths, with the 
total pipe length adding up to 250 m.

The problem statement is for water at 25 deg. C, but when the Reynolds number is calculated on page 
179 the kinematic viscosity is that at 20 deg. C. Therefore the AFT Fathom model uses 20 deg. C water.

The results disagree significantly. A review of John & Haberman page 179 shows a calculation error. The 
text says the following:

which is incorrect. Solving the above equation by a hand calculator shows that

If the incorrect velocity is used the final flow rate in John & Haberman is significantly different that 
Fathom.
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When using the corrected velocity the final flow rate in John & Haberman is much closer to the Fathom 
result.

Using the correct velocity results in the correct flow rate, which agrees closely with AFT Fathom.
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Verification Case 48
View Model     Problem Statement 

PRODUCT: AFT Fathom

TITLE: FthVerify48.fth

REFERENCE: James John, William Haberman, Introduction to Fluid Mechanics, 2nd Ed., 1980, 
Prentice-Hall, Page 184-186, Example 6.8

FLUID: Water at 20 deg. C 

ASSUMPTIONS: All pipes at same elevation. Common exit pressure is 1 atm.

RESULTS:

Parameter John & Haberman AFT Fathom

Flow rate through pipe 1 (m3/sec) 0.095 0.0943

Flow rate through pipe 2 (m3/sec) 0.105 0.1057

DISCUSSION:

The problem statement does not have any pressure information, because it is not required if the only pur-
pose is to calculate flow rates. However, AFT Fathom requires at least one pressure boundary because 
AFT Fathom offers pressure information in the output for all systems. Therefore, a pressure of 1 atm was 
assumed for the common junction at the exit of the system.
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Verification Case 49
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify49.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 153-154, 
Example 5.2

FLUID: Water 

ASSUMPTIONS: Water assumed to be 20 deg. C

RESULTS:

Parameter Janna AFT Fathom

Pressure drop in pipe (kPa) 347.1 347.1

DISCUSSION:

The friction factor for this problem was defined explicitly based on the problem statement rather than 
using the iterative Colebrook-White equation.
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Verification Case 50
View Model     Problem Statement 

PRODUCT: AFT Fathom

TITLE: FthVerify50.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 166-167, 
Example 5.3

FLUID: Water at 22 deg. C

ASSUMPTIONS: N/A

RESULTS:

Parameter John & Haberman AFT Fathom

Head loss in pipe (meters) 0.744 0.759

Pressure drop in pipe (kPa) 7.279 7.434

DISCUSSION:

Results disagree slightly because Janna reads friction factors from a chart, which is less accurate than 
AFT Fathom's correlation based method. The friction factor was determined to be 0.022 by Janna, and 
AFT Fathom calculated it as 0.02244 based on the Colebrook-White method, which is 2% higher.
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Verification Case 51
View Model    Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify51.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 167-168, 
Example 5.4

FLUID: Benzene at 77 deg. F

ASSUMPTIONS: N/A

RESULTS:

Parameter Janna AFT Fathom

Flow rate (ft3/sec) 8.51 8.49

DISCUSSION:

Although Janna only performed one iteration for friction factor while AFT Fathom performed further iter-
ations, the results were still very similar due to the small difference in calculated friction factors.
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Verification Case 52
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify52.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 176-177, 
Example 5.6

FLUID: Turpentine

ASSUMPTIONS: Use Janna K factors

RESULTS:

Parameter Janna AFT Fathom

Static Pressure difference (kPa) 3.012 2.938

DISCUSSION:

The various pipe lengths and intermediate junction elevations are not specified by Janna, so values were 
assigned to the AFT Fathom model such that the total lengths of 60 m and 22 m resulted, and the end-
point elevations were correct.

Results disagree slightly because Janna reads friction factors from a chart, which is less accurate than 
AFT Fathom's correlation based method. 

The pressure drop in AFT Fathom can be obtained by subtracting the exit pressure from the inlet in the 
Output window junction results table, or in the Junction Deltas table at the top of the Output window. The 
junction delta was created in the Output Control window.
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Verification Case 53
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify53.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 177-179, 
Example 5.7

FLUID: Water 

ASSUMPTIONS: Water at 77F

RESULTS:

Parameter Janna AFT Fathom

Flow rate (ft3/sec) 0.0918 0.0905

DISCUSSION:

The various pipe lengths and intermediate junction elevations are not specified by Janna, so values were 
assigned to the AFT Fathom model such that the total length of 82 feet resulted, and the endpoint elev-
ations were correct.

Results disagree slightly because Janna reads friction factors from a chart, which is less accurate than 
AFT Fathom's correlation based method. 
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Verification Case 54
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify54.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 183-186, 
Example 5.9

FLUID: Water 

ASSUMPTIONS: Water at 77 deg. F

RESULTS:

Parameter Janna AFT Fathom

Flow rate pipe 2 (ft3/sec) 0.19 0.1947

Flow rate pipe 3 (ft3/sec) 0.11 0.1053

DISCUSSION:

The problem statement does not have any pressure information, because it is not required if the only pur-
pose is to calculate flow rates. However, AFT Fathom requires at least one pressure boundary because 
AFT Fathom offers pressure information in the output for all systems. Therefore, a pressure of 1 atm was 
assumed for the common junction at the exit of the system.

An "out of balance" warning may appear in the AFT Fathom Output. The amount that is out of balance is 
very small and therefore the warning can be neglected.
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Verification Case 55
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify55.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Page 189-190, 
Example 5.10

FLUID: Water 

ASSUMPTIONS: Water at 75 deg. F

RESULTS:

Parameter Janna AFT Fathom

Pump ideal power (hp) 0.737 0.734

DISCUSSION:

The losses due to elbows are included as a fitting and loss value in the pipes. The ideal power usage is 
given the Output window Pump Summary.
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Verification Case 56
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify56.fth

REFERENCE: Nicholas P. Chopey, Handbook of Chemical Engineering Calculations, 1994, McGraw-
Hill, Page 6-4, Example 6-3

FLUID: Fuel Oil at 300 deg. F

ASSUMPTIONS: No elevation changes. Inlet pressure is 100 psia.

RESULTS:

Parameter Chopey AFT Fathom

Pressure drop (psid) 1.17 1.172

DISCUSSION:

No absolute pressure information was provided. It was assumed the inlet pressure was 100 psia. This 
does not affect the answer.

The flow in the pipe is laminar.
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Verification Case 57
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify57.fth

REFERENCE: Nicholas P. Chopey, Handbook of Chemical Engineering Calculations, 1994, McGraw-
Hill, Page 6-5, 11, Example 6-4

FLUID: Kerosene at 65 deg. F

ASSUMPTIONS: No elevation changes. Inlet pressure is 100 psia.

RESULTS:

Parameter Chopey AFT Fathom

Pressure drop (psid) 17.3 17.24

DISCUSSION:

The kinematic viscosity of 2.95 cSt was converted to dynamic viscosity, obtaining 0.00161 lbm/ft-s.

No absolute pressure information was provided. It was assumed the inlet pressure was 100 psia. This 
does not affect the answer.
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Verification Case 58
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify58.fth

REFERENCE: Nicholas P. Chopey, Handbook of Chemical Engineering Calculations, 1994, McGraw-
Hill, Page 6-41, 46, Example 6-21

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Parameter Chopey AFT Fathom

Head rise case A (feet) 125 124.4

Head rise case B (feet) 125 124.4

Head rise case C (feet) 125 124.4

Power usage case A (hp) 90.2 89.8

Power usage case B (hp) 90.2 89.8

Power usage case C (hp) 90.2 89.8

DISCUSSION:

The hydraulic loss data used by Chopey is based on equivalent length. All equivalent lengths were con-
verted to K values and included as a fitting and loss value in the pipe or as custom entrance/exit loss 
factors at the tanks.
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Verification Case 59
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify59.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 84-85

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7

Jeppson 0.841 0.666 1.334 0.573 0.761 0.175 0.398

AFT Fathom 0.8411 0.6664 1.3336 0.5726 0.761 0.1748 0.3979

Pipe Head Loss (feet) 1 2 3 4 5 6 7

Jeppson 3.15 17.63 15.46 1.5 11.42 0.674 3.24

AFT Fathom *3.126 17.535 15.387 1.484 *11.374 0.664 *3.210

Node EGL (feet) 1 2 3 4

Jeppson 114.2 96.6 112 113.5

AFT Fathom 114.23 96.7 112.08 113.57

Pump Head (feet) 1 2 3

Jeppson 17.36 18.46 21.78

AFT Fathom 17.36 18.46 21.78

* AFT Fathom results combine two pipes, as discussed below

DISCUSSION:

Jeppson's method of applying pump data is to lump it into a pipe, whereas AFT Fathom's method is to 
place pumps at boundaries between pipes. Pumps are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the pump is split into two equi-
valent pipes in AFT Fathom. Where the split is made will have no impact on the results. 

Because there are three pumps in the example, there are three additional pipes in the AFT Fathom 
model. AFT Fathom pipes 1 and 8 together represent Jeppson pipe 1. Similarly, AFT Fathom pipes 5 and 
9 represent Jeppson pipe 5, and AFT Fathom pipes 7 and 10 represent Jeppson pipe 7.
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Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

The printed Jeppson results also give pressures at junctions/nodes 1-4. However, pressures can only be 
determined if elevation data is given for these locations, of which there is no information in the problem 
statement. Therefore no comparison is made to pressure.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.
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Verification Case 60
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify60.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 86-87

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7

Jeppson 1.03 0.98 0.017 0.97 0.96 0.041 0.003

AFT Fathom 1.0268 0.984 0.016 0.973 0.960 0.039 0.003

Pipe Head Loss (feet) 1 2 3 4 5 6 7

Jeppson 23.35 21.43 0.009 4.21 40.92 0.05 23.68

AFT Fathom *23.324 21.449 0.0065 4.194 40.829 *0.046 21.443

Node EGL (feet) 1 2 3 4

Jeppson 117.21 95.79 95.79 57.98

AFT Fathom 117.25 95.8 95.81 54.98

* AFT Fathom results combine two pipes, as discussed below

DISCUSSION:

Jeppson's method of applying pump and PRV data is to lump it into a pipe, whereas AFT Fathom's 
method is to place pumps and PRVs at boundaries between pipes. Pumps and PRVs are therefore a 
specific node (or junction) in AFT Fathom. To accommodate Jeppson's method, the pipe which contains 
the pump or PRV is split into two equivalent pipes in AFT Fathom. In the case of the pump, where the 
split is made will have no impact on the results. If the PRV control pressure is specified in terms of head, 
the elevation of the PRV becomes important. In such cases, Jeppson specifies the elevation and AFT 
Fathom incorporates this.

Because there is one pump and one PRV in the example, there are two additional pipes in the AFT 
Fathom model. AFT Fathom pipes 1 and 9 together represent Jeppson pipe 1. Similarly, AFT Fathom 
pipes 6 and 8 represent Jeppson pipe 6.

Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
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while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the head loss formula 
used by Jeppson differs from AFT Fathom. Jeppson's formula is more common to the water industry, and 
assumes the head loss is proportional to flow rate to some power near but less than 2. AFT Fathom 
assumes it always proportional to flow rate to the power of 2. These differences affect the results to some 
degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.

List of All Verification Models
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Verification Case 61
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify61.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 135-137

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7 8

Jeppson 4.975 1.653 0.114 2.777 1.277 2.045 -1.039 -0.960

AFT Fathom 4.986 1.656 0.114 2.781 1.281 2.048 -1.042 -0.965

Pipe Flow Rate (ft3/sec) 9 10 11 12 13 14 15 16

Jeppson 1.415 0.889 0.609 0.109 0.413 1.587 2.391 0.025

AFT Fathom 1.413 0.891 0.608 0.108 0.411 1.589 2.395 0.014

Pipe Head Loss (feet) 1 2 3 4 5 6 7 8

Jeppson 11.32 10.60 0.03 8.41 2.22 13.25 4.48 1.83

AFT Fathom *11.284 10.56 0.03 8.37 2.22 13.20 -4.48 -1.83

Pipe Head Loss (feet) 9 10 11 12 13 14 15 16

Jeppson 2.21 4.04 2.17 0.04 0.27 4.31 2.62 0.00

AFT Fathom 2.18 4.02 2.15 0.04 0.27 4.29 2.61 0.00

Node EGL (feet) 1 2 3 4 5 6 7 8

Jeppson 165.1 154.5 154.5 162.9 150.0 151.8 147.8 147.8

AFT Fathom 165.0 154.5 154.4 162.8 150.0 151.8 147.9 147.8

Node EGL (feet) 9

Jeppson 147.5

AFT Fathom 147.5

* AFT Fathom results combine two pipes, as discussed below 
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** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying pump data is to lump it into a pipe, whereas AFT Fathom's method is to 
place pumps at boundaries between pipes. Pumps are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the pump is split into two equi-
valent pipes in AFT Fathom. Where the split is made will have no impact on the results. 

Because there is one pump in the example, there is one additional pipe in the AFT Fathom model. AFT 
Fathom pipes 1 and 17 together represent Jeppson pipe 1. 

Jeppson presents results in terms of HGL. However, Jeppson’s method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the pipe head loss for-
mula used by Jeppson differs from AFT Fathom. Jeppson's Hazen-Williams formula is given in his book 
and does not agree exactly with the accepted formula as used in AFT Fathom. These differences affect 
the results to some degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.

Results for AFT Fathom also vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom help file.

List of All Verification Models
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Verification Case 62
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify62.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 137-139

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate 
(ft3/sec) 1 2 3 4 5 6 7 8

Jeppson 19.8 10.37 4.89 4 2.66 4.13 4.44 4.6

AFT Fathom 19.798 10.375 4.891 4.003 2.656 4.131 4.439 4.601

Pipe Flow Rate (ft3/sec) 9 10 11 12 13 14 15 16

Jeppson 13.67 2.4 4.07 6.07 1.64 1.11 5.47 1.6

AFT Fathom 13.667 2.402 4.066 6.066 1.638 1.108 5.468 1.598

Pipe Flow Rate (ft3/sec) 17 18 19 20 21 22 23 24

Jeppson 0.4 1.33 2.83 4.83 4.07 2.59 1.41 3.07

AFT Fathom 0.402 1.336 2.836 4.836 4.068 2.591 1.409 3.066

Pipe Flow Rate 
(ft3/sec) 25 26 27 28 29 30 31 32

Jeppson 3.11 3.07 2.57 6.98 2.48 8.02 10.26 12.26

AFT Fathom 3.112 3.067 2.573 6.975 2.483 8.019 10.262 12.262

Pipe Flow Rate 
(ft3/sec) 33 34 35 36 37 38 39 40

Jeppson 2.94 1.06 17.21 0.63 8.06 11.69 4.5 12.03

AFT Fathom 2.944 1.056 17.206 0.635 8.064 11.699 4.494 12.033
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Pipe Flow Rate 
(ft3/sec) 41 42 43 44 45 46 47 48

Jeppson 12.55 8.16 29.73 26.58 19.58 2.48 4.96 9.74

AFT Fathom 12.548 8.160 29.731 26.581 19.571 2.480 4.964 9.745

Pipe Head Loss 
(feet) 1 2 3 4 5 6 7 8

Jeppson 10.59 2.97 0.69 24.57 0.22 17.43 10.04 16.17

AFT Fathom 10.562 2.961 0.686 24.513 0.214 17.385 10.019 16.129

Pipe Head Loss (feet) 9 10 11 12 13 14 15 16

Jeppson 11.3 3.01 16.9 2.29 2.86 1.01 0.86 4.1

AFT Fathom 11.275 2.997 16.852 2.274 2.845 1.003 0.851 4.066

Pipe Head Loss (feet) 17 18 19 20 21 22 23 24

Jeppson 0.1 1.45 0.52 1.02 12.69 10.46 1.07 7.29

AFT Fathom 0.098 1.438 0.518 1.007 12.650 10.428 1.062 7.251

Pipe Head Loss (feet) 25 26 27 28 29 30 31 32

Jeppson 15 7.28 5.16 61.39 0.81 7.89 1.46 5.16

AFT Fathom 14.939 7.259 5.143 61.221 0.802 7.869 1.449 5.137

Pipe Head Loss (feet) 33 34 35 36 37 38 39 40

Jeppson 6.73 0.92 8.03 0.05 5.99 2.82 1.53 13.17

AFT Fathom 6.698 0.914 8.007 0.046 5.967 2.811 1.519 13.145

Pipe Head Loss (feet) 41 42 43 44 45 46 47 48

Jeppson 9.54 4.9 17.75 9.48 7.77 6.41 25.04 2.63

AFT Fathom 9.521 4.886 17.720 9.461 7.743 6.383 24.986 2.619

DISCUSSION:

The problem statement does not include any reservoirs or pressure junctions, and hence no EGL or pres-
sure results can be obtained. Since AFT Fathom always displays EGL and pressure results, there must 
be a pressure. Thus junction 1 was chosen as a pressure junction and assigned a surface elevation of 
200 feet. The particular value chosen does not affect the results.
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Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Results differ slightly between AFT Fathom and Jeppson. The head loss formula used by Jeppson differs 
from AFT Fathom. Jeppson's formula is more common to the water industry, and assumes the head loss 
is proportional to flow rate to some power near but less than 2. AFT Fathom assumes it always pro-
portional to flow rate to the power of 2. These differences affect the results to some degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.

List of All Verification Models
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Verification Case 63
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify63.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 94

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7

Jeppson 0.533 0.662 1.338 0.699 0.639 -0.129 0.828

AFT Fathom 0.5352 0.6636 1.3417 0.7008 0.6409 -0.1284 0.8291

Pipe Head Loss (feet) 1 2 3 4 5 6 7

Jeppson 1.306 17.384 15.563 2.201 8.127 0.38 13.474

AFT Fathom 1.303 17.390 15.569 2.192 8.124 -0.372 *13.460

Node EGL (feet) 1 2 3 4

Jeppson 98.7 81.3 96.9 99.1

AFT Fathom 98.7 81.31 96.88 99.07

Node pressure (psig) 1 2 3 4

Jeppson 8.1 0.56 7.32 8.28

AFT Fathom 8.095 0.566 7.307 8.256

* AFT Fathom results combine two pipes, as discussed below 

** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying pump data is to lump it into a pipe, whereas AFT Fathom's method is to 
place pumps at boundaries between pipes. Pumps are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the pump is split into two equi-
valent pipes in AFT Fathom. Where the split is made will have no impact on the results. 

Because there is one pump in the example, there is one additional pipe in the AFT Fathom model. AFT 
Fathom pipes 7 and 8 together represent Jeppson pipe 7.
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Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.
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Verification Case 64
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify64.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 109-110

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7 8

Jeppson 2.56 -0.32 2.44 0.73 0.88 1.12 1.83 3.17

AFT Fathom 2.53 -0.38 2.47 0.72 0.92 1.08 1.81 3.19

Pipe Head Loss (feet) 1 2 3 4 5 6 7 8

Jeppson 130.61 1.89 119.67 8.75 18.42 24.12 6.33 17.88

AFT Fathom *128.35 **-2.66 122.19 8.50 *19.98 22.64 6.25 17.75

PRV EGL (feet) Up Down

Jeppson 53.8 50.0

AFT Fathom 49.9 49.9

* AFT Fathom results combine two pipes, as discussed below 

** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying pump and PRV data is to lump it into a pipe, whereas AFT Fathom's 
method is to place pumps and PRVs at boundaries between pipes. Pumps and PRVs are therefore a 
specific node (or junction) in AFT Fathom. To accommodate Jeppson's method, the pipe which contains 
the pump or PRV is split into two equivalent pipes in AFT Fathom. In the case of the pump, where the 
split is made will have no impact on the results. If the PRV control pressure is specified in terms of head, 
the elevation of the PRV becomes important. In such cases, Jeppson specifies the elevation and AFT 
Fathom incorporates this.

Because there is one pump and one PRV in the example, there are two additional pipes in the AFT 
Fathom model. AFT Fathom pipes 1 and 10 together represent Jeppson pipe 1. Similarly, AFT Fathom 
pipes 5 and 9 represent Jeppson pipe 5.

Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson's results are presented in the res-
ults shown above as EGL.
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Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the pipe head loss for-
mula used by Jeppson differs from AFT Fathom. Jeppson's Hazen-Williams formula is given in his book 
and does not agree exactly with the accepted formula as used in AFT Fathom. These differences affect 
the results to some degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.

Results for AFT Fathom also vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom help file.

Because of the slight differences in calculations between AFT Fathom and Jeppson, there is slightly less 
pressure head available across the PRV than the 50 feet specified in the problem statement. Thus, there 
is a warning message generated in AFT Fathom that the control valve is unable to control, and has failed 
open. Results are displayed above for the failed open case. AFT Fathom shows warnings in the Warn-
ings section at the top of the Output window. In addition, the Valve Summary at the top of the Output win-
dow shows the PRV status.

List of All Verification Models
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Verification Case 65
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify65.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 110-111

FLUID: Water

ASSUMPTIONS: Assume water at 15 deg. C.

RESULTS:

Pipe Flow Rate 
(m3/sec) 1 2 3 4 5 6 7 8

Jeppson 0.6402 0.2857 0.1857 -0.0857 0.2344 -0.2402 0 0

AFT Fathom 0.651 0.282 0.182 -0.082 0.249 -0.251 0.000 0.000

Pipe Flow Rate 
(m3/sec) 9 10

Jeppson 0.12 -0.1902

AFT Fathom 0.120 -0.201

Pipe Head 
Loss (m) 1 2 3 4 5 6 7 8

Jeppson 6 16.21 12.32 1.79 30.32 11.77 0 0

AFT Fathom 6.132 15.664 11.798 -1.662** 29.124 -12.640** 0.000* 0.000*

Pipe Head Loss (m) 9 10

Jeppson 56.47 1.91

AFT Fathom 55.766 -2.104**

Node EGL (meters) 1 2 3 4 5 6

Jeppson 294 277.79 265.48 263.68 251.91 237.54

AFT Fathom 293.9 278.2 266.4 264.7 252.1 238.1

 PRV EGL (meters) 1 Up 1 Down 2 Up 2 Down

Jeppson 251.91 237.54 265.48 237.54

AFT Fathom 252.1 238.1 266.4 238.1



Verification Case 65

- 290 -

* AFT Fathom results combine two pipes, as discussed below 

** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying PRV data is to lump it into a pipe, whereas AFT Fathom's method is to 
place PRVs at boundaries between pipes. PRVs are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the PRV is split into two equi-
valent pipes in AFT Fathom. If the PRV control pressure is specified in terms of head, the elevation of the 
PRV becomes important. In such cases, Jeppson specifies the elevation and AFT Fathom incorporates 
this.

Because there are two PRVs in the example, there are two additional pipes in the AFT Fathom model. 
AFT Fathom pipes 7 and 11 together represent Jeppson pipe 7. Similarly, AFT Fathom pipes 8 and 12 
represent Jeppson pipe 8.

Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

In both Jeppson's solution and AFT Fathom's, the two PRVs cannot control to their set pressure head, 
and fail closed. Results are displayed above for the failed closed case. AFT Fathom shows warnings in 
the Warnings section at the top of the Output window. In addition, the Valve Summary at the top of the 
Output window shows the PRV status.

Results differ slightly between AFT Fathom and Jeppson. The head loss formula used by Jeppson differs 
from AFT Fathom. Jeppson's formula is more common to the water industry, and assumes the head loss 
is proportional to flow rate to some power near but less than 2. AFT Fathom assumes it always pro-
portional to flow rate to the power of 2. These differences affect the results to some degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.
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Verification Case 66
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify66.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 88-89

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate 
(ft3/sec) 1 2 3 4 5 6 7 8

Jeppson 0.5 0.37 2.16 3.16 0 1 0.25 0.25

AFT Fathom 0.500 0.374 2.168 3.168* 0.000* 1.000 0.246 0.254

Pipe Flow Rate (ft3/sec) 9 10 11 12 13 14

Jeppson 0.05 1 0.79 0.71 0.13 1.84

AFT Fathom 0.046 1.000 0.794 0.706 0.126 1.832

Pipe Head Loss (feet) 1 2 3 4 5 6 7 8

Jeppson 2.44 0.63 19.27 6.4 0 6.4 1.01 1.06

AFT Fathom 2.409 0.636 19.217 6.375* 0.000* 6.329 0.989 1.045

Pipe Head Loss (feet) 9 10 11 12 13 14

Jeppson 0.06 2.56 2.73 2.22 0.09 2.21

AFT Fathom 0.056 2.532 2.699 2.148 0.085 2.179

PRV EGL (feet) Up Down

Jeppson 417.6 393.04

AFT Fathom 417.6 393.1

* AFT Fathom results combine two pipes, as discussed below 

** The problem statement has a typo on pipe length. It says 1000 ft., and it should only be 500 ft.

DISCUSSION:

Jeppson's method of applying pump and PRV data is to lump it into a pipe, whereas AFT Fathom's 
method is to place pumps and PRVs at boundaries between pipes. Pumps and PRVs are therefore a 
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specific node (or junction) in AFT Fathom. To accommodate Jeppson's method, the pipe which contains 
the pump or PRV is split into two equivalent pipes in AFT Fathom. In the case of the pump, where the 
split is made will have no impact on the results. If the PRV control pressure is specified in terms of head, 
the elevation of the PRV becomes important. In such cases, Jeppson specifies the elevation and AFT 
Fathom incorporates this.

Because there is one pump and one PRV in the example, there are two additional pipes in the AFT 
Fathom model. AFT Fathom pipes 4 and 16 together represent Jeppson pipe 4. Similarly, AFT Fathom 
pipes 5 and 15 represent Jeppson pipe 5.

In both Jeppson's solution and AFT Fathom's, the PRV cannot control to its set pressure head, and it 
fails closed. Results are displayed above for the failed closed case. AFT Fathom shows warnings in the 
Warnings section at the top of the Output window. In addition, the Valve Summary at the top of the Out-
put window shows the PRV status.

Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the head loss formula 
used by Jeppson differs from AFT Fathom. Jeppson's formula is more common to the water industry, and 
assumes the head loss is proportional to flow rate to some power near but less than 2. AFT Fathom 
assumes it always proportional to flow rate to the power of 2. These differences affect the results to some 
degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.
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Verification Case 67
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify67.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 95-98

FLUID: Water

ASSUMPTIONS: Assume water at 60 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7 8

Jeppson 2.94 -1.76 -0.54 1.74 0.88 -2.55 -3.35 2.17

AFT Fathom 2.94 -1.76 -0.54 1.74 0.88 -2.56 -3.36 2.18

Pipe Flow Rate (ft3/sec) 9 10 11 12 13 14 15 16

Jeppson 3.07 -0.44 -0.58 0.64 0.73 1.32 1.18 0.80

AFT Fathom 3.07 -0.44 -0.58 0.64 0.73 1.32 -1.19 0.80

Pipe Flow Rate (ft3/sec) 17 18 19 20 21 22 23 24

Jeppson -2.29 -0.17 0.09 3.27 2.45 -0.04 1.15 -0.41

AFT Fathom -2.29 -0.17 0.09 3.28 2.46 -0.04 1.15 -0.42

Pipe Flow Rate (ft3/sec) 25 26 27 28

Jeppson 6.84 6.01 3.35 -2.39

AFT Fathom 6.85 6.02 3.34 -2.40

Pipe Head Loss (feet) 1 2 3 4 5 6 7 8

Jeppson 6.41 11.85 0.62 9.10 10.76 30.20 45.50 51.10

AFT Fathom 6.38 -11.80 -0.61 9.02 10.62 -30.11 -45.32 50.87

Pipe Head Loss (feet) 9 10 11 12 13 14 15 16

Jeppson 43.90 7.92 9.90 8.20 9.38 59.00 29.60 23.40

AFT Fathom 43.73 -7.87 -9.86 8.15 9.29 58.74 -29.47 23.28
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Pipe Head 
Loss (feet) 17 18 19 20 21 22 23 24

Jeppson 7.86 1.37 0.28 37.60 30.70 0.01 6.90 6.91

AFT 
Fathom -7.82 -1.32 0.27 37.46 30.56 -0.01 6.89 -6.90

Pipe Head Loss (feet) 25 26 27 28

Jeppson 30.6 0.91 0.31 8.43

AFT Fathom *30.517 *0.90 *0.304 -8.437

Node 
EGL 
(feet)

1 2 3 4 5 6 7 8

Jeppson 1365 1359 1347 1348 1357 1346 1316 1270

AFT 
Fathom 1365.2 1358.8 1347.0 1347.7 1356.7 1346.1 1315.9 1270.6

Node EGL 
(feet) 9 10 11 12 13 14 15 16

Jeppson 1321 1329 1339 1347 1392 1354 1361 1354

AFT Fathom 1321.5 1329.4 1339.2 1347.4 1392.0 1354.5 1361.4 1354.5

* AFT Fathom results combine two pipes, as discussed below 

** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying pump data is to lump it into a pipe, whereas AFT Fathom's method is to 
place pumps at boundaries between pipes. Pumps are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the pump is split into two equi-
valent pipes in AFT Fathom. Where the split is made will have no impact on the results. 

Because there are three pumps in the example, there are three additional pipes in the AFT Fathom 
model. AFT Fathom pipes 25 and 29 together represent Jeppson pipe 25. Similarly, AFT Fathom pipes 
26 and 31 represent Jeppson pipe 26, and AFT Fathom pipes 27 and 30 represent Jeppson pipe 27.

Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the head loss formula 
used by Jeppson differs from AFT Fathom. Jeppson's formula is more common to the water industry, and 
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assumes the head loss is proportional to flow rate to some power near but less than 2. AFT Fathom 
assumes it always proportional to flow rate to the power of 2. These differences affect the results to some 
degree.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant. 

Results for AFT Fathom vary somewhat from previous versions of AFT Fathom (prior to version 7) 
because the equation used to convert the Hazen-Williams factor to the Darcy-Weisbach friction factor 
was modified to use the traditional formula, as given in the AFT Fathom help file.

List of All Verification Models
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Verification Case 68
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify68.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 105-109

FLUID: Water

ASSUMPTIONS: Assume water at 22 deg. C.

RESULTS:

Pipe Flow Rate 
(m3/sec) 1 2 3 4 5 6 7 8

Jeppson 0.0869 0.0208 0.0132 0.0153 0.0092 0.0274 0.0254 0.0148

AFT Fathom 0.087 0.021 0.013 0.015 0.009 0.027 0.026 0.015

Pipe Flow Rate 
(m3/sec) 9 10 11 12 13 14 15 16

Jeppson -0.0027 0.0299 0.0212 0.0081 0.0089 0.0164 0.0273 0.0107

AFT Fathom -0.002 0.031 0.022 0.008 0.007 0.019 -0.026 0.011

Pipe Flow Rate 
(m3/sec) 17 18 19 20 21 22 23 24

Jeppson 0.0118 0.0078 0.0243 0.0791 0.0351 -0.0035 0.0106 0.0166

AFT Fathom 0.012 0.007 0.025 0.079 0.035 -0.003 -0.010 0.016

Pipe Flow Rate 
(m3/sec) 25 26 27 28 29 30 31 32

Jeppson 0.0119 0.0277 0.0805 -0.0043 0.0061 -0.0065 0.0148 0.0071

AFT Fathom 0.012 0.028 0.081 -0.004 0.006 -0.006 0.015 0.007

Pipe Flow Rate 
(m3/sec) 33 34 35 36 37 38 39 40

Jeppson 0.0046 0.0274 0.0094 0.0219 0.1306 -0.0214 -0.0299 -0.0238

AFT Fathom 0.005 0.027 0.009 0.022 0.130 -0.021 -0.030 -0.024
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Pipe Flow Rate 
(m3/sec) 41 42 43 44 45 46 47 48

Jeppson 0.0239 0.0287 0.045 0.0139 -0.0002 0.0056 0.0051 0.0167

AFT Fathom 0.024 0.029 0.045 0.014 0.000 0.006 0.005 0.017

Pipe Flow Rate 
(m3/sec) 49 50 51 52 53 54 55 56

Jeppson 0.0137 -0.0078 0.0222 0.0547 0.021 0.0165 0.0135 -0.002

AFT Fathom 0.014 -0.008 0.022 0.055 0.021 0.016 0.013 -0.002

Pipe Flow Rate (m3/sec) 57 58 59 60 61 62 63

Jeppson 0.0116 0.0109 0.0031 0.0072 0.0078 0.0003 0.1276

AFT Fathom 0.012 0.011 0.003 0.007 0.008 0.000 0.127

Pipe Head Loss (meters) 1 2 3 4 5 6 7 8

Jeppson 201.1 53.6 19.1 27.4 7.16 27.5 27.3 8.3

AFT Fathom *201.95 53.59 19.23 27.33 7.02 27.42 27.31 8.08

Pipe Head Loss (meters) 9 10 11 12 13 14 15 16

Jeppson 0.22 68.4 63.1 5.11 10.1 38.1 91 78.9

AFT Fathom -0.11 71.74 67.04 4.60 6.94 22.29 -82.39 83.02

Pipe Head Loss 
(meters) 17 18 19 20 21 22 23 24

Jeppson 165.5 86.5 48.4 166.9 150 16.3 117.7 45.8

AFT Fathom 156.70 73.67 51.38 *164.52 146.50 -14.69 -109.81 44.37

Pipe Head Loss (meters) 25 26 27 28 29 30 31 32

Jeppson 29.7 25.3 287.6 1.37 12.52 3.74 11.16 6.62

AFT Fathom 29.68 26.17 *289.26 -1.25 12.24 -3.35 10.99 6.82

Pipe Head Loss (meters) 33 34 35 36 37 38 39 40

Jeppson 0.8 27.6 3.5 31.8 297.8 12.7 24.4 15.7

AFT Fathom 0.82 27.31 3.47 31.60 299.65 -12.41 -24.29 -15.45
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Pipe Head Loss 
(meters) 41 42 43 44 45 46 47 48

Jeppson 37.8 45.2 54.6 11.1 0.11 55 54.9 267.5

AFT Fathom 37.41 44.72 *54.40 10.98 -0.01 55.85 55.84 266.16

Pipe Head Loss 
(meters) 49 50 51 52 53 54 55 56

Jeppson 322.4 14.3 336.7 240.7 94.2 58.1 39.1 2.97

AFT Fathom 322.00 -14.12 336.10 *242.34 93.82 57.84 38.90 -2.92

Pipe Head Loss (meters) 57 58 59 60 61 62 63

Jeppson 93 82.9 7.07 36.2 43.2 0.12 284.5

AFT Fathom 92.57 82.65 7.01 35.99 42.89 0.11 286.52

Node EGL 
(meters) 1 2 3 4 5 6 7 8

Jeppson 308.6 255 262.2 289.6 281.1 281.3 349.5 286.4

AFT Fathom 307.17 253.58 260.61 287.94 279.75 279.86 351.50 284.46

Node EGL 
(meters) 9 10 11 12 13 14 15 16

Jeppson 339.4 377.5 260.4 425.9 275.9 259.6 284.9 273.8

AFT Fathom 344.56 366.85 261.54 418.23 271.73 257.04 283.21 272.22

Node EGL 
(meters) 17 18 19 20 21 22 23 24

Jeppson 274.6 302.2 277.7 315.5 270.3 268.4 210.4 174.2

AFT Fathom 273.04 300.35 276.06 313.48 268.75 266.57 208.73 172.75

Node EGL (meters) 25 26 27 28 29 30 31 32

Jeppson 171.3 88.3 81.3 45.1 45.2 284.8 230.1 -37.5

AFT Fathom 169.83 87.18 80.18 44.18 44.29 283.20 227.36 -38.80

Node EGL (meters) 33

Jeppson -51.8

AFT Fathom -52.92
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* AFT Fathom results combine two pipes, as discussed below 

** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying pump data is to lump it into a pipe, whereas AFT Fathom's method is to 
place pumps at boundaries between pipes. Pumps are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the pump is split into two equi-
valent pipes in AFT Fathom. Where the split is made will have no impact on the results. 

Because there are five pumps in the example, there are five additional pipes in the AFT Fathom model. 
AFT Fathom pipes 1 and 64 together represent Jeppson pipe 1. Similarly, AFT Fathom pipes 20 and 65 
represent Jeppson pipe 20, AFT Fathom pipes 27 and 66 represent Jeppson pipe 27, AFT Fathom pipes 
43 and 68 represent Jeppson pipe 43, and AFT Fathom pipes 52 and 67 represent Jeppson pipe 52.

Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the head loss formula 
used by Jeppson differs from AFT Fathom. Jeppson's formula is more common to the water industry, and 
assumes the head loss is proportional to flow rate to some power near but less than 2. AFT Fathom 
assumes it always proportional to flow rate to the power of 2. These differences affect the results to some 
degree. Third, this system is highly networked which may cause some individual pipes, especially those 
with lower flow rates, to differ quite a bit from AFT Fathom. Looking at the system as a whole, the agree-
ment is quite good between Jeppson and AFT Fathom.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.

List of All Verification Models
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Verification Case 69
View Model     Problem Statement

PRODUCT: AFT Fathom

TITLE: FthVerify69.fth

REFERENCE: Roland Jeppson, Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, 
Page 102-105

FLUID: Water

ASSUMPTIONS: Assume water at 70 deg. F.

RESULTS:

Pipe Flow Rate (ft3/sec) 1 2 3 4 5 6 7 8

Jeppson 11.61 3.18 2.18 1.5 2.22 -1.19 0.3 -0.68

AFT Fathom 11.506 3.175 2.175 1.498 2.201 -1.123 0.380 -0.670

Pipe Flow Rate (ft3/sec) 9 10 11 12 13 14 15 16

Jeppson 0.49 -1.43 2.63 2.06 10 0.93 1.49 1.89

AFT Fathom 0.570 -1.400 2.520 1.987 9.937 1.074 1.535 1.821

Pipe Flow Rate (ft3/sec) 17 18 19 20 21 22 23 24

Jeppson 1.54 1.47 2.75 2.71 -0.26 -1.45 -1.77 -1.71

AFT Fathom 1.322 1.396 2.480 2.461 -0.189 -1.271 -1.558 -1.543

Pipe Flow Rate (ft3/sec) 25 26 27 28 29 30 31 32

Jeppson 0.58 2.09 -2.1 0.07 1.18 2.73 1.14 -0.92

AFT Fathom 0.551 1.973 1.980 -0.065 1.055 2.561 1.089 -0.754

Pipe Flow Rate (ft3/sec) 33 34 35 36 37 38 39 40

Jeppson 4.72 3.51 0.71 -1.95 -2.72 0.88 -0.43 -3.72

AFT Fathom 4.632 3.298 0.642 -1.748 -2.439 0.815 -0.182 -3.344

Pipe Flow Rate (ft3/sec) 41 42 43 44 45 46 47 48

Jeppson 1.05 -1 -0.86 -0.5 -0.4 1.45 1.43 0.35

AFT Fathom 0.867 -0.893 -0.514 0.505 -0.444 1.307 1.307 0.361
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Pipe Flow Rate (ft3/sec) 49 50 51 52 53 54 55 56

Jeppson 2.55 1.45 4.25 9.03 1.24 -3.02 3.27 -1.21

AFT Fathom 2.462 1.387 4.125 8.950 1.582 -2.890 3.472 -1.600

Pipe Flow Rate (ft3/sec) 57 58 59 60 61 62 63 64

Jeppson -0.22 -1.22 0.92 -0.8 1.8 6.25 -5.14 2.8

AFT Fathom -0.487 -1.141 0.903 -0.738 1.738 6.044 -3.950 2.667

Pipe Flow Rate (ft3/sec) 65

Jeppson 7

AFT Fathom 6.263

Pipe Head 
Loss (feet) 1 2 3 4 5 6 7 8

Jeppson 82.15 14.2 9.23 23.43 26.31 2.87 0.18 3.6

AFT 
Fathom *80.43 14.15 9.18 23.32 25.86 **-2.54 0.27 **-3.51

Pipe Head 
Loss (feet) 9 10 11 12 13 14 15 16

Jeppson 0.73 3.42 7.68 11.1 25.67 1.89 5.33 11.07

AFT 
Fathom 0.97 **-3.24 7.01 10.25 *26.74 2.48 5.58 10.27

Pipe Head 
Loss (feet) 17 18 19 20 21 22 23 24

Jeppson 3.78 3.44 7.22 7.04 0.18 4.21 4.03 5.74

AFT 
Fathom 2.78 3.09 5.87 5.78 **-0.09 **-3.22 **-3.13 **-4.69

Pipe Head 
Loss (feet) 25 26 27 28 29 30 31 32

Jeppson 1.71 19.84 18.13 0.02 3.26 21.37 20.22 1.88

AFT 
Fathom 1.56 17.70 16.14 **-0.02 2.62 18.78 18.49 **-1.26



Verification Case 69

- 319 -

Pipe Head 
Loss (feet) 33 34 35 36 37 38 39 40

Jeppson 28.18 28.34 8.01 22.3 14.28 0.85 0.13 21.31

AFT 
Fathom 27.12 24.95 6.46 **-17.95 **-11.49 0.73 **-0.03 **-17.20

Pipe Head 
Loss (feet) 41 42 43 44 45 46 47 48

Jeppson 2.4 4.25 1.63 90 0.9 4.75 4.87 0.79

AFT 
Fathom 1.64 **-3.37 **-0.61 1.70 **-1.06 3.85 4.08 0.84

Pipe Head 
Loss (feet) 49 50 51 52 53 54 55 56

Jeppson 17.59 4.21 13.38 26.61 3.32 24.63 18.65 1.55

AFT 
Fathom 16.38 3.82 12.57 *26.06 5.25 **-22.45 *20.90 **-0.26

Pipe 
Head 
Loss 
(feet)

57 58 59 60 61 62 63 64

Jeppson 0.08 3.78 1.17 1.15 4.23 12.87 19.47 16.8

AFT 
Fathom **-0.343 **-3.312 1.111 **-0.981 3.946 *12.006 **-

29.681 15.549

Pipe Head Loss (feet) 65

Jeppson 23.88

AFT Fathom 23.043

Node EGL 
(feet) 1 2 3 4 5 6 7 8

Jeppson 390.2 376 366.7 363.9 366.6 363.1 374.2 372.3

AFT Fathom 393.20 379.10 369.90 367.40 369.60 366.40 376.70 374.20
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Node EGL 
(feet) 9 10 11 12 13 14 15 16

Jeppson 376.1 369.1 368.9 363.2 345 341.8 362 333.8

AFT Fathom 377.00 371.20 371.10 366.40 350.20 347.60 366.10 341.20

Node EGL 
(feet) 17 18 19 20 21 22 23 24

Jeppson 340.9 343.3 348.1 364.9 351.5 347.3 342.4 340.8

AFT Fathom 346.90 348.50 352.40 367.90 355.40 351.60 347.50 346.90

Node EGL (feet) 25 26 27 28 29

Jeppson 319.5 316.1 342.3 346.1 347.3

AFT Fathom 329.70 324.40 347.10 350.50 351.40

* AFT Fathom results combine two pipes, as discussed below 

** Note that AFT Fathom represents head loss on pipes with reverse flow as a negative. Jeppson rep-
resents it as positive regardless of the direction.

DISCUSSION:

Jeppson's method of applying pump data is to lump it into a pipe, whereas AFT Fathom's method is to 
place pumps at boundaries between pipes. Pumps are therefore a specific node (or junction) in AFT 
Fathom. To accommodate Jeppson's method, the pipe which contains the pump is split into two equi-
valent pipes in AFT Fathom. Where the split is made will have no impact on the results. 

Because there are five pumps in the example, there are five additional pipes in the AFT Fathom model. 
AFT Fathom pipes 1 and 71 together represent Jeppson pipe 1. Similarly, AFT Fathom pipes 13 and 72 
represent Jeppson pipe 13, AFT Fathom pipes 52 and 73 represent Jeppson pipe 52, AFT Fathom pipes 
55 and 75 represent Jeppson pipe 55, and AFT Fathom pipes 62 and 74 represent Jeppson pipe 62.

Jeppson presents results in terms of HGL. However, Jeppson's method assumes EGL and HGL are 
essentially the same because of minimal velocity. Therefore, Jeppson results are presented in the results 
shown above as EGL.

Results differ slightly between AFT Fathom and Jeppson for a few reasons. First, Jeppson represents 
pump curves differently than AFT Fathom. Jeppson typically uses an exponential formula (see page 82), 
while AFT Fathom uses a polynomial based on a least squares curve fit. Second, the head loss formula 
used by Jeppson differs from AFT Fathom. Jeppson's formula is more common to the water industry, and 
assumes the head loss is proportional to flow rate to some power near but less than 2. AFT Fathom 
assumes it always proportional to flow rate to the power of 2. These differences affect the results to some 
degree. Third, this system is highly networked which may cause some individual pipes, especially those 
with lower flow rates, to differ quite a bit from AFT Fathom. Looking at the system as a whole, the agree-
ment is quite good between Jeppson and AFT Fathom.

Slight differences in property and calculation constants that were assumed, as well as potential dif-
ferences from Jeppson's solution tolerances, which are not known, may also contribute to differences in 
the solution results. Examples are the specific value of water density and gravitational constant.
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Verification Case 70
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE: FthVerify70.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Page 145-147, Case Study 6.1

FLUID: Water/Sand

ASSUMPTIONS: Water temperature is assumed to be 4 C to match the specified fluid specific gravity of 
1.  The pipe length and inlet pressure were not specified in the problem statement. They were assumed 
to be 100 m and 1 MPa, respectively. The choice of pipe length and inlet pressure does not affect the res-
ulting calculations.  It was also assumed that Vt/Vts(Xi) = 0.55 for coarse sand.  

RESULTS:

Wilson, Addie, Sellgren & Clift Results:

Case Velocity  
(meters/sec)

Cv  
(Decimal)

Im  
(m/m)

SEC                         (kW-hr/mton-
km)

Cvd 
0.221 5.70 0.221 0.0609 0.289

Cvd 0.2 6.30 0.200 0.0612 0.315

Cvd 
0.183 6.90 0.183 0.0636 0.358

AFT Fathom Results:

Case Velocity  
(meters/sec)

Cv  
(Decimal)

Im  
(m/m)

SEC                         (kW-hr/mton-
km)

Cvd 
0.221 5.72 0.221 0.0613 0.285

Cvd 0.2 6.32 0.200 0.0609 0.313

Cvd 
0.183 6.91 0.183 0.0633 0.355

DISCUSSION:

There is close agreement between the results for AFT Fathom and the results for Wilson, Addie, Sellgren 
and Clift.
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Verification Case 71
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE: FthVerify71.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Page 148-149, Case Study 6.2

FLUID: Water/Coal

ASSUMPTIONS: The water temperature is not specified. It was assumed to be 20 deg. C because the 
viscosity ratio in equation 6.11 in the reference is based on the viscosity at 20 deg. C. The pipe length 
and inlet pressure were not given. They were assumed to be 100 m and 5 bar, respectively. The choice 
of pipe length and inlet pressure does not affect the resulting calculations.  The calculation was run once 
to determine the mass flow rate of 1857 m-ton/hr at the minimum Im, then run again with the flow set to 
this value.  In this way, the proper value of SEC was determined for the calculation.  Also, while AFT 
Fathom calculates the expected value of 1.94 m/s for the Settling Velocity, the example in the reference 
uses a value of 1.90 m/s, so this value was used for the calculations in AFT Fathom as well. Assume M = 
1.7.

RESULTS:

V50 
(meters/sec)

Velocity at min Im 
(meters/sec)

Im  
(m/m)

SEC                               
(kW-hr/mton-km)

Wilson, Addie, 
Sellgren & Clift 2.64 3.1 0.0313 0.244

AFT Fathom 2.65 3.1 0.0313 0.243
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Verification Case 72
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE: FthVerify72.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Page 243, Case Study 10.1

FLUID: Water/Sand

ASSUMPTIONS: Water temperature is assumed to be 4 C. M is assumed to be 1.7. Also, the system 
configuration is not given (i.e. pressures, pipe lengths, pipe diameters, etc) and were assumed. These 
assumptions do not affect the final results of the problem. Use simplified slurry calculations. Use ANSI/HI 
Standard 12.1-12.6-2005 calculations to determine the pump corrections.

RESULTS:

AFT Fathom Wilson, Addie, Sellgren & Clift

De-Rating Correction: 4.7% 4.7%

DISCUSSION:

The correction factor calculated in AFT Fathom was CH = 95.3%.  This is related to the correction given 
in Wilson, Addie, Sellgren & Clift by subtracting CH from 100%.
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Verification Case 73
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE: FthVerify73.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Page 243-244, Case Study 10.2

FLUID: Water/Ore

ASSUMPTIONS: Water temperature is assumed to be 4 deg. C. M is assumed to be 1.7. Also, the sys-
tem configuration is not given (i.e. pressures, pipe lengths, pipe diameters, etc) and were assumed. 
These assumptions do not affect the final results of the problem. Use simplified slurry calculations. Use 
ANSI/HI Standard 12.1-12.6-2005 calculations to determine the pump corrections.

RESULTS:

AFT Fathom Wilson, Addie, Sellgren & Clift

De-Rating Correction: 6.4% 6.2%

DISCUSSION:

The correction factor calculated in Fathom was CH = 93.6%. This is related to the correction given in 
Wilson, Addie, Sellgren & Clift by subtracting CH from 100%.
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Verification Case 74
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE: FthVerify74.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Page 244-246, Case Study 10.3

FLUID: Water/Sand

ASSUMPTIONS: Water temperature is assumed to be 4 deg. C. M is assumed to be 1.7. The pipe length 
was assumed to be 144.5 m to achieve the specified flow of 62.5 l/s. The inlet and outlet pressures were 
assumed. These pressures do not affect the final results of the problem. Use simplified slurry cal-
culations. Use ANSI/HI Standard 12.1-12.6-2005 calculations to determine the pump corrections.

RESULTS:

AFT Fathom Wilson, Addie, Sellgren & Clift

Corrected Efficiency 71.85% 71.3%

Corrected Power 48.51 kW 45.1 kW

DISCUSSION:

The answers in this case are close, but not exact. This is primarily due to some assumptions and round-
ing done in the example in the reference. For example, the flow rate of 62.5 l/s selected in the book 
assumed a speed of 1500 rpm. Examining figure 10.10, one can see that this is an approximation, so a 
slight difference in the pump head curve is introduced in this way. Also, the correction factor was rounded 
off from 4.7% to 5.0%. Based on these approximations, the results from AFT Fathom match very closely.
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Verification Case 75
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE:

 l FthVerify75 - 550 mm.fth
 l FthVerify75 - 650 mm.fth
 l FthVerify75 - 750 mm.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Pages 329-337, Case Study 13.1

FLUID: Water/Sand

ASSUMPTIONS: Water temperature is assumed to be 4 deg. C. Other than the pipe diameter, the sys-
tem configuration is not given (i.e. pressures, pipe length, etc) and were assumed. These assumptions 
do not affect the final results of the problem.  Assume Vt/Vts = 0.56 for sand.

RESULTS:
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Verification Case 76
View Model     Problem Statement

PRODUCT: AFT Fathom (with SSL Module)

TITLE: FthVerify765.fth

REFERENCE: Wilson, Addie, Sellgren & Clift, Slurry Transport Using Centrifugal Pumps 3rd Edition, 
2006, Publisher Springer, Pages 117-118, Case Study 5.1

FLUID: Water/Sand

ASSUMPTIONS: Water temperature is assumed to be 20 deg. C. Other than the pipe diameter, the sys-
tem configuration is not given (i.e. pressures, pipe length, etc) and were assumed. These assumptions 
do not affect the final results of the problem.  Use the Minimal slurry calculation method. Assume the slid-
ing friction coefficient is 0.4.

RESULTS:

Wilson, Addie, Sellgren & Clift Results:

Case Velocity  (meters/sec) Settling Velocity (meters/sec)

D = 0.60 m 6.17 4.65

D = 0.55 m 7.35 4.45

D = 0.65 m 5.26 4.84

AFT Fathom Results:

Case Velocity  (meters/sec) Settling Velocity (meters/sec)

D = 0.60 m 6.18 4.65

D = 0.55 m 7.36 4.45

D = 0.65 m 5.27 4.84

DISCUSSION: 

The results from AFT Fathom match the results from Wilson, Addie, Sellgren & Clift very closely.  It 
should be noted that the settling velocities for the 0.55 m and 0.65 m pipe diameter cases are assumed to 
be misprinted in the reference as 5.45 m/s and 5.84 m/s, because these cases should "bound" the 0.60 
m case.
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Verification Case 77
View Model     Problem Statement

PRODUCT: AFT Fathom (with ANS Module)

TITLE: FthVerify77.fth

REFERENCE: William S. Janna, Introduction to Fluid Mechanics, 1983, PWS Publishers, Example 5.8, 
pages 179-180.

FLUID: Methanol

ASSUMPTIONS: N/A

RESULTS:

Janna AFT Fathom

Minimum Diameter 6.338 cm 6.337 cm

Nominal Size 2-1/2 in 2-1/2 in

DISCUSSION: 

The AFT Fathom model used an assigned pressure upstream and a receiving reservoir at atmospheric 
pressure. The only design requirement for the system was a minimum flow rate of 0.8 m3/min. 

The automated sizing was a discrete sizing to minimize flow volume. 
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Verification Case 78
View Model     Problem Statement

PRODUCT: AFT Fathom (with ANS Module)

TITLE: FthVerify78.fth

REFERENCE: James John, William Haberman, Introduction to Fluid Mechanics, 2nd Ed., 1980, 
Prentice-Hall, Example 6.6, page 179.

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

John & Haberman AFT Fathom Continuous AFT Fathom Discrete

Minimum Diameter 0.0311 m 0.02848 m 0.03505 m

Nominal Size - - 1-1/4 in

DISCUSSION: 

The AFT Fathom pipe material library only has ductile iron data from 3 inch to 54 inch. The minimized 
pipe size is less than 3 inch so steel pipe was substituted for cast iron. Because the roughness of steel 
pipe is less than cast iron, the minimized size for the continuous case was smaller than the reference 
value. 

Both the continuous and discrete automated sizing scenarios were run to minimize flow volume. 
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Verification Case 79
View Model     Problem Statement

PRODUCT: AFT Fathom (with ANS Module)

TITLE: FthVerify79.fth

REFERENCE: Robert W. Fox and Alan T. McDonald, Introduction to Fluid Mechanics, 3rd Ed., 1985, 
John Wiley & Sons, Example 8.8, page 377.

FLUID: Water

ASSUMPTIONS: N/A

RESULTS:

Fox & McDonald AFT Fathom

Minimum Diameter 6.065 in 6.065 in

Nominal Size 6 inch 6 inch

DISCUSSION: 

The AFT Fathom pipe material library does not have drawn aluminum pipe so steel pipe size data was 
used. The roughness model was modified to use a relative roughness of 0.00001, which is rep-
resentative of drawn tubing.  With this setting, the results for nominal size matched exactly.

The automated sizing was discrete with the objective set to minimize flow volume.
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Verification Case 80
View Model     Problem Statement

PRODUCT: AFT Fathom (with ANS Module)

TITLE: FthVerify80.fth

REFERENCE: Michael R. Lindeburg, P.E., Mechanical Engineering Review Manual, 7th Ed., Pro-
fessional Publications, Example 5.10, page 5-12.

FLUID: Air

ASSUMPTIONS: N/A

RESULTS:

Duct Diameter (inches) Lindeburg AFT Fathom

Duct A-B 14 14

Duct C 12 12

Duct D-E 10 10

Duct F 8 8

DISCUSSION: 

This duct sizing example used the static regain method to size ducts. The objective of this method is to 
equalize the pressures along the duct and at each register. This example also placed a maximum velo-
city limit of 1500 ft/min on the ducts. 

To model this in AFT Fathom, two design requirements were created, one with a maximum pressure of 
0.4 in H2O std gauge, and the other with a maximum velocity of 1500 ft/min. The velocity design require-
ment was applied to all ducts and the pressure design requirement was applied to all ducts that were con-
nected between the registers. The first duct attached to the fan was allowed to exceed the maximum 
pressure design requirement. 

A special material model was created of circular ducts from 4 inches to 36 inches with the inner diameter 
equal to the nominal size. 

The automated sizing was discrete with the objective to minimize flow volume. 
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