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Pipe Flow Expert Results Data Verification

Introduction

Pipe Flow Expert is a software application for designing and analyzing complex pipe networks

where the flows and pressures must be balanced to solve the system.

Friction Factors are calculated using the Colebrook-White equation.

Friction Loss is calculated using the Darcy-Weisbach method, which provides accurate results
for non-compressible fluids, including most process fluids. This method also provides satisfactory
results of reasonable accuracy for compressible fluids (gases) when the pressure drop in the
system is less than 10% of the pressure at the compressible fluid entry points. If the calculated
pressure drop in the system is greater than 10% but less than 40% of the pressure at the
compressible fluid entry points then the Darcy-Weisbach equation will give reasonable accuracy
provided that the calculations are repeated using the average density of the fluid in the pipeline

system.

Flow and Pressure Loss Calculations produced by the Pipe Flow Expert software can be verified

by comparison against published results from a number of well known sources.

The information in this document provides a general description of a published problem, the
Reference Source, the Published Results Data, the Pipe Flow Expert Results Data and a

commentary on the results obtained.

The Pipe Flow Expert Results Data compares very favorably with the published results data

for each of the 50 cases that are listed.
We have clients in a variety of industries including aerospace, chemical processing, education,
food and beverage, general engineering, mining, petrochemical, pharmaceutical, power

generation, water and wastewater processing

Pipe Flow Expert is currently used by engineers in over 75 countries worldwide.
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Case 01: Petroleum - Qil Pipeline Pressure Loss

Reference: Piping Calculations Manual, 2005, McGraw-Hill, E. Shashi Menon, P.E., Page 335, Example 6.16

Pipe Flow Expert File: Case_01_Petroleum_Qil_Pipeline_Pressure_Loss.pfe

Problem description:

Find head loss in one mile of NPS16 (0.250 inch wall

thickness) pipeline at a flow rate of 4000 barrel/h.
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Fluid data: Petroleum oil with a 0.85 specific gravity and 10 cSt viscosity.

Result Comparison:

Data Item Published data Pipe Flow Expert
Head Loss (ft. hd) 29.908 29.930

Reynolds Number 57129 57130

Fluid Velocity (ft/s) 4.76 4.761

Friction factor 0.0208 0.02078

Commentary:

The published data and the calculated results compare very favorably.
The rounding of the fluid velocity to 2 decimal places in the published data accounts for the slight differences with

Pipe Flow Expert.
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Case 02: Gasoline - Transport over 15 km

Reference: Piping Calculations Manual, 2005, McGraw-Hill, E. Shashi Menon, P.E., Page 337, Example 6.17

Pipe Flow Expert File: Case_02_Gasoline_Transport_Over_15km.pfe

[ e

Problem description:
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Fluid data: Gasoline with a 0.736 specific gravity and 0.6 cSt viscosity.

Result Comparison:

Data Item Published data Pipe Flow Expert
;lér;up;rze(sks;;)e 1792 1800.492
Reynolds Number 1215768 1215767

Fluid Velocity (m/s) Not stated 1.520

Friction factor 0.013 0.01329

Commentary:

The published data and the calculated results compare very favorably.

The published text uses a friction factor value of 0.013 read from the Moody diagram.

The Pipe Flow Expert program uses a friction factor calculated to more decimal places which accounts for the slight
difference in the pump pressure required.
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Case 03: Water - Pumping with Two Pumps in Parallel

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 24, Example problem 2.5

Pipe Flow Expert File: Case_03_Water Pumping_With_Two_Pumps_in_Parallel.pfe

Problem description:
M;Fl[

umps_In_Parallel_pfe

BECEEEEE]
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equivalent sand grain roughness e = 0.015 inch. [
Two three stage Ingersoll-Dresser 15H277 pumps are — |7.
used in parallel to pump the fluid. tamtie [
Calculate the flow rate and pump head required. — v ——
Langth . I:: e
-
= o v
! e s ] i
Fluid data: Water at 59° F (assumed).
Result Comparison:
Data Item Published data Pipe Flow Expert
Flow rate gpm (US) 6680 6686.91
Pump Head Required (ft) | 159.4 159.467
Friction factor 0.01917 0.01912

Commentary:

The published data and the calculated results compare very favorably.



Case 04: Water - Three Reservoir Problem

Pipe Flow Expert Results Data Verification

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary

Z. Watters, Page 26, Example problem 2.7

Pipe Flow Expert File: Case_04_Water_Three Reservoir_Problem.pfe

Problem description:

Three water reservoirs are connected by three pipes.

The water surface elevations of the reservoirs are 100 m,
85 m and 60 m.

There is an external demand of 0.06 m3/s at the common
junction of the pipes.

The pipe from the high reservoir to the common junction is
2000 m long and has an internal diameter of 300 mm.

The pipe from the middle reservoir to the common junction
is 1500 m long and has an internal diameter of 250 mm
The pipe from the common junction to the low reservoir is
3000 m long and has an internal diameter of 250 mm.

The elevation of the common junction is unspecified.

All pipes have an internal roughness of 0.5 mm.

Calculate the flow rate leaving or entering each reservoir.

Fluid data: Water at 10° C.

Result Comparison:
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Data Item Published data Pipe Flow Expert
Flow rate leaving highest 0.1023 0.1022

reservoir (m3/s)

Flow rate leaving middle 0.0200 0.0200

reservoir (m3/s)

Outflow from Common 0.0600 0.0600

Junction (m?3/s)

Flow rate entering lowest 0.0622 0.0622

reservoir (m3/s)

Commentary:

The published data and the calculated results compare very favorably.
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Case 05: Water - Flow Rate at 40 psi Outlet Point

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary

Z. Watters, Page 218, Example problem 5.17

Pipe Flow Expert File: Case_05 Water Flow_Rate At 40psi_Outlet_Point.pfe

Problem description:

A pipeline consists of two cast iron asphalt lined pipes.
One pipe is 8” diameter x 3000 ft long and the other
pipe is 6” diameter x 3500 ft long.

The water source has a surface elevation of 165 ft.

An off-take at the joint between the two pipes removes
0.5 ft3/s of water from the pipeline.

The pressure at the outlet from the 6” diameter pipe is
40 psi.

Calculate the flow rate in the 8” diameter pipe and the
flow rate from the outlet of the 6” diameter pipe.

Fluid data: Water at 62° F.

Result Comparison:

w23 cetads i the left hand perel
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=

Data Item Published data Pipe Flow Expert
Flow rate in

8” diameter pipe (ft3/s) 1.438 1.4372

Flow rate leaving

6” diameter pipe (ft3/s) 0.938 0.9372

Commentary:

The published data and the calculated results compare very favorably.
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Case 06: Water - Small Network with Loop

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 185, Example problem 5.5.2

Pipe Flow Expert File;: Case_06_Water_Small_Network_With_Loop.pfe

Pipe Flow Expert - Small_Network_with_Loop. pfe

Problem description:
D= | 0| &) gm
A small pipe network comprises 6 Cast Iron ] s e Q801 Gl o B a0l S AL sl )
(Asphalt Dipped) pipes. e 14
forron =« &
A water source has a surface elevation of 500 ft. '7”
[ Owme ocal s
At each node in the pipe network water is removed : o ) oL N e,
from the system. g g rimn g
Poscbane 2| [— 21 Y \ \ _;.,/ \ 5 -
Calculate the flow rate and head loss in each pipe. — s
Calculate the pressure and Hydraulic Grade Line at -
each node. _—
Iwms wch J
Fluid data: Water at 50° F. (Assumed)
Result Comparison:
Pie Published Flow Pipe Flow Expert Pipe Published Pipe Flow Expert
P (fte/s) (fté/s) P Head Loss (ft) | Head Loss (ft)
Pipe 1 2.100 2.1000 Pipel | 23.95 23.96
Pipe 2 0.824 0.8244 Pipe2 | 11.39 11.40
Pipe 3 0.474 0.4744 Pipe 3 5.98 5.97
Pipe 4 0.776 0.7756 Pipe4 | 15.21 15.21
Pipe 5 0.276 0.2756 Pipe 5 2.17 2.16
Pipe 6 0.249 0.2500 Pipe6 | 10.94 10.94
Node Published Pipe Flow Expert Node Published data | Pipe Flow Expert
Press. (Ib/in?) Press. (Ib/in?) HGL. (ft) HGL. (ft)
N1 n/a n/a N1 500.0 500.00
N2 54.6 54.6424 N2 476.0 476.04
N3 49.7 49.7020 N3 464.7 464.65
N4 47.1 47.1120 N4 458.7 458.67
N5 48.0 48.0499 N5 460.8 460.83
N6 42.4 42.3693 N6 4477 447.73
Commentary:

The published data and the calculated results compare very favorably.

10
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Case 07: Water - Gravity Flow Network - Initial and Increased Demands

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 437, Example problem 12.4

Pipe Flow Expert File: Case_07_Water_Gravity Flow_Network.pfe

Problem description:

Water is supplied from two elevated reservoirs to various
outlet points in a pipe network. Initially the outflow
demands of the network are 580 US gpm, 450 US gpm,
630 US gpm and 490 US gpm. A new situation arises
where the demand at one outflow point must be
increased from 450 US gpm to 900 US gpm to meet a
need for fire suppression.

1. For the initial flow condition calculate the flow rate Pociims 3 (= -
and head loss for each pipe, the pressure and HGL —_— fopee| | L[ [ [ Hodt foten| | | e [
(Hydraulic grade line) at each node point. o  ——
2. When the additional flow is being supplied to meetthe | ™=
fire suppression requirement calculate the pressure at e g
the node where the 900 US gpm leaves the network. E—
Fluid data: Water at 50° F (assumed).
Result Comparison:

Pine Published Flow Pipe Flow Expert Pibe Published Pipe Flow Expert

P (US gpm) (US gpm) P Head Loss (ft) Head Loss (ft)

Pipe 1 1447.0 1446.88 Pipe 1 15.61 15.61

Pipe 2 389.0 388.82 Pipe 2 8.08 8.08

Pipe 3 61.2 61.18 Pipe 3 0.19 0.19

Pipe 4 703.0 703.12 Pipe 4 3.49 3.50

Pipe 5 11.7 11.95 Pipe 5 0.02 0.01

Pipe 6 478.0 478.05 Pipe 6 7.90 7.90

Node Published Pipe Flow Expert Node Published data | Pipe Flow Expert

Press. (Ib/in?) Press. (Ib/in?) HGL. (ft) HGL. (ft)

N1 17.33 17.3411 N1 1020.0 1020.00

N2 62.57 62.5911 N2 1004.4 1004.39

N3 59.07 59.0947 N3 996.3 996.31

N4 59.15 59.1776 N4 996.5 996.50

N5 17.33 17.3411 N5 1000.0 1000.00

N6 59.15 59.1740 N6 996.5 996.49
Commentary:

The published data and the calculated results compare very favorably.

The full analytical results for situation where the increased flow rate of 900 US gpm is delivered are not published,
however the text notes that the new pressure head at the outlet point with this increased flow rate has fallen to
127.8 ft.

When the increased outlet flow is occurring, the flow direction in pipe P5 will be reversed due to the change in

pressures at N4 and N6. Pipe Flow Expert reports the new pressure at N3 as 127.80 ft. This result agrees with the
published text.

11



Case 08: Water - Find Pump Head Required

Pipe Flow Expert Results Data Verification

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary

Z. Watters, Page 220, Example problem 5.30

Pipe Flow Expert File: Case_08_Water_Find_Pump_Head_Required.pfe

Problem description:

A small pipe network connects two reservoirs which B Faoe | v 2 L01T% 151 ol BleS Al 8 1Al i3 [l {¥H81x] ol i
have different water surface levels. o
=
The main water source (lowest reservoir) has a surface - ;-
elevation of 90 ft. |, /
The highest reservoir has a surface elevation of 100 ft. e R 7
AN - /
At each node in the pipe network water is removed from eeten =] ~ },
the system. - =
A pump supplies water from the lowest reservoir to the P o |
system. mEE
Notes: [4] = ﬂ
When all out flow demands are being met calculate
the pump head required to supply the network without
any flow entering or leaving the highest reservoir.
Fluid data: Water at 41° F. (5° C Assumed)
Result Comparison:
Data Item Published data | Pipe Flow Expert
Pump head required (ft) | 51.0 50.631 (100.000 — 49.369)

Commentary:

The published data and the calculated results compare very favorably.

To model this situation in Pipe Flow Expert a fixed head increase pump was used to add 100 ft hd to the system.
A flow control valve was placed on the pipe leading to the highest reservoir, to represent the requirement that zero
flow should occur in this pipe the flow control flow rate was 0.0001 ft¥/s (smallest allowable value).

The differential head introduced by the flow control valve was subtracted from the fixed 100 ft head added to the
system to obtain the actual head that would be required from actual pump that would be installed in the system.

12
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Case 09: Water - Turbine Power Available - in 20 psi outlet leg

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 222, Example problem 5.37

Pipe Flow Expert File: Case_09 Water_Turbine_Power_Available.pfe

Problem description:

Water is pumped from a reservoir with a 500 ft surface
elevation to an outlet point at 600 ft elevation.
This outlet point must provide water at 40 psig

pressure.

An outlet at 450 ft elevation provides 0.5 ft3/s of water

at 0.0 psig.

A further outlet at 200 ft elevation provides 1.0 ft3/s of

water at 20.0 psig.

1. Calculate the flow rate available from the 40 psig

outlet point.

2. What head could be recovered by a turbine
positioned in the 20 psig outlet leg, while the
outlet flow and pressure demand are still being met?

Fluid data: Water at 50° F (assumed).

Result Comparison:

&b e | Waler [S0°F 21 0 Opsi g} ‘Shaw Info: Left dick on an item to shaw its detals n the left hand panel.
Bwas| & impeiel ~ Meve @00z -] @) [Ty €2 B [=]
.

GG X=40 =29

recovered by a turbine (ft)

Data Item Published data Pipe Flow Expert
Flow rate from 40 psig

outlet point (ft3/s) 0.976 0.9728

Head available to be 403.3 403.13

Commentary:

The published data and the calculated results compare very favorably.

13
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Case 10: Water - Eight Pipe Network with Pumps and Local Losses

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 100, Example problem 4.6

Pipe Flow Expert File: Case_10 Water Eight Pipe_Network_With_Pumps_And_Local_Losses.pfe

Problem description:

g P [Watet 1SC o 000 Pan Crawng: Left chok and hold down, then move mouse 10 pan the dravn

A network of 8 interconnected pipes delivers water from - fsel e <o Qi Q0] 0 om0k eSS AL BEEx o]

Node: None < [

two reservoirs to outlet demands at various pipework =
. . —
junctions. —

bug

The network includes 2 pumps, two globe valves anda | ... 1
[

meter.

The network has two closed loops and one open loop.

Calculate the flow rate in each individual pipe.

Fluid data: Water at 15° C (assumed).

Result Comparison:

Boton Elevalion

Data Item Published data Pipe Flow Expert
Q1 Flow rate (m3/s) 0.103 0.1032
Q2 Flow rate (m3/s) 0.014 0.0139
Q3 Flow rate (m3/s 0.107 0.1068
Q4 Flow rate (m3/s 0.078 0.0763
Q5 Flow rate (m3/s 0.037 0.0371
Q6 Flow rate (m3/s 0.043 0.0429
Q7 Flow rate (m3/s 0.055 0.0568
Q8 Flow rate (m?3/s) 0.185 0.1832

Commentary:

The published data and the calculated results compare very favorably.

14
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Case 11: Water - Eight Pipe Network with Two Pumps and a Turbine

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 115, Example problem 4.14

Pipe Flow Expert File: Case_11 Water_ Eight_Pipe_Network_With_Turbine.pfe

Problem description:

Water is pumped from a single source around a network
of 8 interconnected pipes. A booster pump is used get
the water over hills which are at a higher elevation than

the source.

A turbine is placed in the system to recovery the extra
head after the water has been moved over the hill crest.

Pipe Flow Expert - Eight_Pipe_N
Be Gt Ut Fud Qraning T
0| || czt| &) [ )

&b o [Woter 20T 300 Do gl eftd

s © ow & e | Qo 1@ 8

its etk n the et hand panel

2l o] |38 | | | @] o | B o] 0| A

1| g [ 0 5] 92
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Bl

The network has one closed loops and one open loop. e S
1. Calculate the flow rate & head loss in each pipe. o tome 2| [ \\*i;;..
- I A
Longh ; e
2. Calculate the pressure and the hydraulic grade lineat |- j‘; — \
each node point. — :
T
Fluid data: Water at 20° C (assumed). Sl r— A
Result Comparison:
Data Item Published | Pipe Flow Data Item Published Pipe Flow
data Expert data Expert
Q1 Flow rate (m3/s) | 0.330 0.3309 Head Loss (m) 8.78 8.800
Q2 Flow rate (m3/s) | 0.217 0.2180 Head Loss (m) | 23.02 23.128
Q3 Flow rate (m3/s 0.177 0.1780 Head Loss (m) | 15.39 15.472
Q4 Flow rate (m3/s 0.033 0.0330 Head Loss (m) | 76.55 76.346
Q5 Flow rate (m3/s 0.027 0.0270 Head Loss (m) 6.93 6.920
Q6 Flow rate (m3/s 0.147 0.1480 Head Loss (m) | 15.87 15.984
Q7 Flow rate (m3/s 0.095 0.0959 Head Loss (m) | 27.83 28.166
Q8 Flow rate (m3/s) | 0.010 0.0100 Head Loss (m) 5.89 5.865
Data Item Published | Pipe Flow Data Item Published Pipe Flow
data Expert data Expert
N1 Pressure (kPa) 416.02 416.851 HGL (m) 117.45 117.592
N2 Pressure (kPa) 90.10 90.810 HGL (m) 109.19 109.279
N3 Pressure (kPa) 37.30 37.216 HGL (m) 93.80 93.803
N4 Pressure (kPa) 303.00 305.807 HGL (m) 40.9 41.246
N5 Pressure (kPa) 272.90 275.665 HGL (m) 47.83 48.166
N6 Pressure (kPa) 294.30 297.342 HGL (m) 35.83 35.381

Commentary:

The published data and the calculated results compare very favorably.
The reference contains a printing error on the network diagram:

The outflow from node 4 is shown as 0.025 m?3/s the calculation input table shows a value of 0.050 m3/s.
The outflow from node 5 is shown as 0.050 m?3/s the calculation input table shows a value of 0.025 m3/s.
The Pipe Flow Expert results are based on outflows from node 4 and node 5 as shown in the calculation input table.

15



Pipe Flow Expert Results Data Verification

Case 12: Water - Nineteen Pipe Network

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 423, Example problem 12.3.2

Pipe Flow Expert File:
Case_12 Water_Nineteen_Pipe_Network.pfe

Problem description:

Water is supplied from two reservoirs to a nineteen pipe
network. The pipes are connected at twelve node points.
Out flows from the network occur at each node point.

Find the flow rate and head loss for each pipe. ot 3 = ~ A i, =
Find the pressure at each node point. — \ \
[ g .

Fluid data: Water at 50° F (assumed). | PN |
Result Comparison: S o : !

Pipe Published Pipe Flow Pipe Published Pipe Flow Expert

Flow (ft3/s) Expert (ft3/s) Head Loss (ft) Head Loss (ft)

P1 5.30 5.2999 P1 24.26 24.28

P2 2.17 21717 P2 10.96 10.96

P3 0.41 0.4062 P3 0.60 0.60

P4 2.13 2.1287 P4 13.19 13.19

P5 5.00 5.0001 P5 21.67 21.68

P6 1.42 1.4217 P 6 9.29 9.29

P7 1.97 1.9720 P7 15.95 15.95

P8 1.83 1.8349 P8 12.70 12.71

P9 2.22 2.2214 P9 22.89 22.90

P 10 0.55 0.5450 P 10 4.30 4.30

P11 0.50 0.5028 P11 2.65 2.65

P12 0.43 0.4291 P12 3.00 3.00

P13 0.87 0.8667 P13 7.34 7.34

P14 0.93 0.9298 P14 10.06 10.06

P15 0.91 0.9112 P 15 11.29 11.30

P16 1.04 1.0423 P16 13.32 13.33

P17 0.33 0.3333 P17 1.59 1.59

P18 0.40 0.4035 P 18 1.41 1.41

P19 0.24 0.2423 P 19 0.97 0.97

Node Published_ Pipe Flow_ Node Published_ Pipe Flow.

Press. (Ib/in?) Expert (Ib/in?) Press. (Ib/in?) Expert (Ib/in?)

N1 n/a n/a N8 69.24 69.2468

N2 76.15 76.1808 N9 70.39 70.4121

N3 71.40 71.4275 N10 71.69 71.7123

N4 75.89 75.9223 N11 64.20 64.2159

N5 81.61 81.6406 N12 64.89 64.9034

N6 n/a n/a N13 65.50 65.5142

N7 67.38 67.3985 N14 65.92 65.9343

Commentary: The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 13: Water - Net Positive Suction Head Available - Example 1 & 2

Reference: Cameron Hydraulic Data , 18t Edition, 1994, Ingersoll-Dresser Pumps. Page 1-13, Example No 1 and
Example No 2

Pipe Flow Expert File: Case_13 Water_Net_Positive_Suction_Head_Available.pfe
Problem description:

A pump is used to deliver water to a distribution system.

The friction loss through the suction line is assumed as B
2.92 ft head in all cases. 21\l ai6lwole|5ie5lA) ol slsleisielx] ole]
Node: N |l Y =
= ‘ .-
Example No 1: T e 7
The water source is 10 ft below the pump. o} = —— oo
The pressure on the surface of the fluid is atmospheric, ' —— -,
14.969 psia. -
Find the NPSHa and the suction lift required. ros e 4§ = -
Lengh j - t?
Example No 2: =
The water source is 10 ft above the pump. = e £
The pressure on the surface of the fluid is atmospheric, s | s
14.969 psia. - g — :
Find the NPSHa and the suction head available.
Fluid data: Water at 68°F at sea level.
Result Comparison:
Data Item Example 1 Published data Pipe Flow Expert
NPSH available (ft. hd) 20.26 20.26
Suction Lift (ft. hd) 12.92 -12.90 HGL at pump
Data Item Example 2 Published data Pipe Flow Expert
NPSH available (ft. hd) 40.26 40.26
Suction Head (ft. hd) 7.08 (positive) 7.07 HGL at pump

Commentary:

The published data and the calculated results compare very favorably.

These are very simple examples where the friction loss through the pipes is assumed, not calculated.

To model these situations in Pipe Flow Expert a pipe diameter and flow rate was chosen and then the pipe length
was varied until the frictional loss through the pipes of 2.92 ft hd was obtained.

The discharge pipework was modeled with a similar pipe size and a 10 ft lift on the discharge side of the pump.
This allows the HGL at the node where the pump has been located to be used for comparison with the published
suction head available.
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Pipe Flow Expert Results Data Verification

Case 14: Water - Net Positive Suction Head Available - Example 2

Reference: Cameron Hydraulic Data , 18t Edition, 1994, Ingersoll-Dresser Pumps. Page 1-14, Example No 3.

Pipe Flow Expert File: Case_14 Water_Net_Positive_Suction_Head_Available.pfe

Problem description:

A pump is used to deliver water to a distribution system.
The friction loss through the suction line is assumed as
2.92 ft head.

The water source is 10 ft above the pump.
The pressure on the surface of the fluid is atmospheric,
14.969 psia.

The fluid is boiling water at 212°F.

Find the NPSHa and the suction head available.

Fluid data: Water at 212°F at sea level.

Result Comparison:

Data Item Published data Pipe Flow Expert

NPSH available (ft. hd) 7.08 7.08

Suction Head (ft. hd) 7.08 (positive) 7.08 HGL at pump
Commentary:

The published data and the calculated results compare very favorably.

This is a very simple example where the friction loss through the pipes is assumed, not calculated.

To model this situation in Pipe Flow Expert pipe diameters and pipe lengths similar to the pipes used in NPSHa
examples 1 & 2 were used.

A fixed head pump was used to add 2.92 ft hd. The flow rate was allowed to vary to suit the specified frictional
pressure loss.

The discharge pipework was modeled with a similar size pipe and a 10 ft lift on the discharge side of the pump.
This allows the HGL at the node where the pump has been located to be used for comparison with the published
suction head available.

Note: The vapor pressure of the boiling fluid is equal to the fluid surface pressure, so the pressure on the fluid
surface does not add to the NPSHa.
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Pipe Flow Expert Results Data Verification

Case 15: Water - Net Positive Suction Head Available - Example 4

Reference: Cameron Hydraulic Data , 18™ Edition, 1994, Ingersoll-Dresser Pumps. Page 1-15, Example No 4.

Pipe Flow Expert File: Case_15 Water_Net_Positive_Suction_Head_Available.pfe

Problem description:

A pump is used to deliver water to a distribution system.
The friction loss through the suction line is assumed as

el | Show Info: Lot ok s detas i the left hand panel

2.92 ft head. R s j.hi;’f-@x 1ol a6l wole|SicslA) ol slsleisielx] ole]
Nodo: None || < ~
The water source is 10 ft above the pump. P2 A
The fluid is contained in a closed vessel which is under — %
pressure. [ e 2 -
. |
The pressure on the surface of the fluid is 119.90 psig.
Pige: None —
Find the NPSHa and the suction head available. : =4 T _
i | )|
J =
-
\
C mE 5

Fluid data: Water at 350°F, with specific gravity of 0.8904 and a vapor pressure of 134.60 psia.

Result Comparison:

Data Item Published data Pipe Flow Expert

NPSH available (ft. hd) 7.08 7.09

Suction Head (ft. hd) 317.69 (positive) 318.34 HGL at pump
Commentary:

The published data and the calculated results compare very favorably.

This is a very simple example where the friction loss through the pipes is assumed, not calculated.

To model this situation in Pipe Flow Expert pipe diameters and pipe lengths where chosen so that the flow rate
chosen gave a frictional loss through the suction pipes of 2.92 ft. hd.

A fixed head pump was used to add 2.92 ft hd.

The discharge pipework was modeled with a similar size pipe and a 350 ft lift on the discharge side of the pump.
This allows the HGL at the node where the pump has been located to be used for comparison with the published
suction head available.
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Pipe Flow Expert Results Data Verification

Case 16: Water - Friction Loss and Pump Head Calculation

Reference: Cameron Hydraulic Data , 18t Edition, 1994, Ingersoll-Dresser Pumps. Page 3-9, Friction — Head Loss

— Sample Calculation.

Pipe Flow Expert File: Case_16_Water_Friction_Loss_And_Pump_Head_Calculation.pfe

Problem description:

A pump is used to deliver water at a flow rate of 200 US
gpm through a 1250 ft long pipeline.

The water source is approximately 5 ft below the pump.
The discharge tank is approximately 275 ft above the

pump.

The pipeline friction calculation has to include for:
A foot valve and strainer,

Two long radius elbows,

A swing check valve,

A gate valve,

An exit condition to the discharge tank.

Find the total suction lift.
The head loss of the fittings on the discharge line.
The total system head (to be added by the pump).

Fluid data: Water at 68°F (Assumed).

Result Comparison:

Pipe Flow Expert - Case_16_Water_Friction_Loss_And_Pump_Head_Calculation. pfe
fe Edt Uvs Fd Dramng
EECEEEECED
) Pt [ Wl B0 a1 Dpela] Show Info: Let ci
[ ] & inowia — Mmnic (=1 [
—_——

o i detais in e left hared panel,

e
D] o || 25| o] 2 ) i 0] o || s

|A| o] & [B|@)S:

a3l
L

Gid X=60 7=37

| Y2 @ x| o
B

Data Item Published data Pipe Flow Expert

Suction Lift (ft. hd) 5.35 5.33

Discharge Fittings Loss (ft. hd) 1.52 1.54

Total System Head (ft. hd) 295 295.274
Commentary:

The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 17: Water - Large Diameter Cast Iron Pipe

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S. , Page 209, Example problem 9.64

Pipe Flow Expert File: Case_17_Water_Large Diameter_Cast_Iron_Pipe.pfe

Problem description:

A 96” new cast iron pipe has a frictional pressure 10SS Of  |yru wammraima su i oo oo s st em

. | Ere| © pmia  Mone | @10 <] @31 [T; ] 0] 25| ] o] O | ] o | B | 20| A 0] 6 | B ] 5 8] X o] e
1.5°ft. hd per 1000 ft of length, when carrying water at T T—— 3
60°F. [OE———

Calculate the discharge capacity of the pipe. S

FRoughres: »:n_l
o |
: | s — 1
Fluid data: Water at 60°F (v = 1.21 x 105 ft2/s),
Result Comparison:
Data Item Published data Pipe Flow Expert
Flow capacity (ft3/s) 397 395.5420
Pressure loss per 1000 ft. (ft. hd) | 1.5 1.50
Friction factor 0.0124 0.01247

Commentary:

The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 18: SAE 10 Qil - Pressure Loss per Mile

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 211, Example problem 9.68

Pipe Flow Expert File: Case_18 SAE_10_Oil_Pressure_Loss_Per_Mile.pfe

Pipe Flow Expert.

Problem description: e o ey

Bl nE:: :::ume |
ﬂ\ww[ﬁfi‘uﬂmm Show Infa: Left cick on an item 1o show its detais in the left hand parel.
A 6” wrought iron pipe carries SAE 10 oil at 68°F. o] = —— Qo =1 @] [ 21| o[ s8] 3ol 34| 5|8 ool ]t ] o]
Calculate the pressure loss per mile of pipe. — =
_-—
=, [
Heke: 3 @é;f
Pipe: None = [— ] |
=
=y
S
-
— sy 3
Fluid data: SAE 10 at 68°F.
Result Comparison:
Data Item Published data Pipe Flow Expert
Pressure loss per mile. (psi) 244 241.3314
Reynolds number 5035 5047
Friction factor 0.038 0.03766

Commentary:

The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 19: Water - Spray Rinse System

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 322, Example problem 13.5

Pipe Flow Expert File: Case_19 Water Spray_Rinse_System.pfe

Problem description:

Water is pumped from a single source around a spray Blops ot s o e
rinse pipe network. SLEE DL EELL
Out flow demands are specified at 4 points of the
network.

ch| Al o & || @S] 42 X| oo

The published text is based on a solution using the J

empirical Hazen-Williams equation to calculate friction e el L
head losses. [ 7w o)
Assume C = 120 for all pipes.
The published results are based on the Hardy Cross —T  y =t 5
method which has been used to balance the flow around — '
the loops. _—
ottt N |
Calculate the flow rate each individual pipe. ] | 5

Fluid data: Water at 20° C (assumed).

Result Comparison:

Data Item g;tt:ished Eif)peelr:tlow
AB Flow rate (m?3/s) 0.215 0.2182
BG Flow rate (m3/s) 0.095 0.0962
GH Flow rate (m3/s 0.085 0.0818
HA Flow rate (m?3/s 0.185 0.1818
BC Flow rate (m3/s 0.120 0.1219
CF Flow rate (m3/s 0.064 0.0646
FG Flow rate (m3/s 0.080 0.0781
GB Flow rate (m3/s) 0.095 0.0962
CD Flow rate (m3/s) 0.056 0.0574
DE Flow rate (m3/s) 0.056 0.0574
EF Flow rate (m3/s) 0.044 0.0426
FC Flow rate (m3/s) 0.064 0.0646
Commentary:

The published data and the calculated results compare favorably.

The Pipe Flow Expert results have been rounded to 3 decimal places for comparison purposes.

The Pipe Flow Expert results have been based on calculations using the Darcy-Weisbach equation, which provides
more accurate results than those obtained by using the Hazen Williams equation.
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Case 20: Water - Flow at a Junction

Pipe Flow Expert Results Data Verification

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,

Cheng Liu, M.S., Page 339, Example problem 13.23

Pipe Flow Expert File: Case_20_ Water_Flow_At_A Junction.pfe

Problem description:

Four cast iron pipes connect at a junction.
The pressure at the end of each pipe which is not
connected to the junctions are:

P1 =800 kPa
P2 =400 kPa
P3 =600 kPa
P4 =200 kPa

The internal roughness of the cast iron pipe has been
set to 0.250 mm to simulate the friction factor of 0.0294
assumed in the published text.

Calculate the flow rate in each individual pipe.
Calculate the pressure at the junction.

Fluid data: Water at 10° C (assumed).

Result Comparison:

Pipe Flow Expart - Fi i 2500Problems.pfe.

Demards 0 T .
L2 — -
Hotes T
Pige: None — .
Mame. o R
2 ’ 53
Lergh I=1 ok A
n =Tl
Irkema Dismetr
[ L]
Roughosss
= |
| -
: g o K

Data Item Published data Pipe Flow Expert

Q1 Flow rate (m3/s) +0.0181 +0.0182

Q2 Flow rate (m3/s) -0.0104 -0.0104

Q3 Flow rate (m3/s) +0.0104 +0.0104

Q4 Flow rate (m3/s) -0.0181 -0.0182

Pressure at Junction (kPa) 500 500.0000
Commentary:

The published data and the calculated results compare very favorably.
Flow to the junction has been indicated by a positive flow rate value.
Flow away from the junction has been indicated by a negative flow rate value.

Note: The flow balance to and away from the junction is maintained.
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Pipe Flow Expert Results Data Verification

Case 21: Water - Three Reservoir Problem 2

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 309, Example problem 12.11

Pipe Flow Expert File: Case_21 Water_Three_Reservoir_Problem_2.pfe
Problem description:

Three reservoirs with fluid surface elevations of 15 m, 25

m and 28 m are connected by 3 pipes D\B\“\ : B Bowm |
] e 1511 ol o]l S 5|l 8 I o]
Pipe 1 connected to the lowest reservoir is 300 mm ot I "
diameter x 600 m long. - 3 =4
The internal pipe roughness is 3.0 mm. ’_MH
Pipe 2 connected to the middle reservoir is 200 mm I — kil -
diameter x 300 m long. . e
The internal pipe roughness is 1.0 mm. P ome 2| [— ] vt I\ // i
i | e A T
Pipe 3 connected to the highest reservoir is 200 mm — j [
diameter x 1000 m long. et
The internal pipe roughness is 1.0 mm. —
Mok A “ |

Calculate the flow rate in each individual pipe.
Calculate the HGL at the pipe junction.
Fluid data: Water at 10° C (assumed).
Result Comparison:

Data Item Published data Pipe Flow Expert

Pipe 1 Flow rate (I/s) -77.8 -78.671

Pipe 2 Flow rate (I/s) +46.2 +46.662

Pipe 3 Flow rate (I/s) +31.7 +32.009

HGL at Junction (m hd) 19.7 19.811

Commentary:

The published data and the calculated results compare very favorably.
Flow to the junction has been indicated by a positive flow rate value.
Flow away from the junction has been indicated by a negative flow rate value.

The method of solution proposed in the text is to assume an elevation for the pipe junction, then calculate the three
flow rates. If the flow rates are not balanced the elevation of the pipe junction is adjusted and the calculation is
repeated.

Only three iterations of the node elevation are used in the text 19.0 m, 20.0 m and 19.7 m, the calculation is halted
at this point.

Note: The flow balance to and away from the junction is maintained.
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Pipe Flow Expert Results Data Verification

Case 22: Bespoke Fluid - Inclined Pipe Friction Loss

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 190, Example problem 8.125

Pipe Flow Expert Files:

Case_22 Bespoke Fluid_Inclined_Pipe_Friction_Loss_Part_1.pfe
Case_22 Bespoke Fluid_Inclined_Pipe_Friction_Loss_Part_2.pfe

Problem description:

in the pipe. Check the direction of the flow.

2. If the fluid density is 100 Ibs/ft® calculate the friction loss

in the pipe. Check the direction of the flow.

Fluid data: Fluid density as stated above.

Result Comparison:

An inclined pipe connects two points at which the fluid ois{ulalal
pressure is 20 psi and 30 psi. e
The elevation of the 20 psi point is 25 ft above the ke e
elevation of the 30 psi pressure. = -
Assume flow direction from the upper point to the lower .
point. — h
The length, diameter and internal roughness of the pipe -
are unspecified. s
1. If the fluid density is 30 Ibs/ft3 calculate the friction loss o

BB Pipe Flow Expert - Inclined_Pipe_Friction_Loss_PartA pfe

Grd %=57 =33

The published data and the calculated results compare very favorably.
The length, diameter and internal roughness of the pipe have no effect on the Pipe Friction Head in this example.
The pipe friction head is dependant on the pressure difference, the difference in elevations and the density of the

fluid in the pipe.

Fluid Published N~ . .

density Data Item data Flow Direction Pipe Flow Expert | Pipe Flow Expert

30 Ibs/fte Pipe Friction 230 From Iower_pomt 230 C_orre_ctly reverse_d flow
head (ft) to upper point direction of the pipes

Fluid Published N~ . .

density Data Item data Flow Direction Pipe Flow Expert | Pipe Flow Expert

100 Pipe Friction 10.6 From upper point 10.6 Confirmed flow

Ibs/ft3 head (ft) ' to lower point ’ direction of the pipes

Commentary:

The flow rate in a particular pipe must produce a frictional loss equal to the pressure difference between the two
points, therefore if the pipe characteristics are changed the flow rate in the pipe will change.

Several different pipe diameters, pipe length and internal roughness values were used in the Pipe Flow Expert
calculations to ensure that these factors did not effect the calculations.
In each case Pipe Flow Expert solved the individual pipe calculation by finding and using a different flow rate which
would produce the identical Pipe Friction Head.
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Pipe Flow Expert Results Data Verification

Case 23: Water - Pressure Loss around a Loop

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 280, Example problem 11.7

Pipe Flow Expert File: Case_23 Water_ Pressure_Loss_Around_A_Loop.pfe

B3R Pipe Flow Expert - Pr

Problem description:

1 ] 5 5
&[mﬂwmmn o Show Info: Lek chck on an item 1o show 13 dtads i the le# hand pancl
A pipe system contains a loop of unequal size pipes. | it e | Q% 1[5 01 8| NIl 2wl [l 51| b I0/ 31201 x] olo]
The portion of the loop with larger pipe sizes will handle e
a greater portion of the total flow rate passing through |
the loop. e
The flow rate and pressure entering the loop are L s
specified. Festen 2| o - M—-—
T : :
Find the pressure at a point in the pipework 3200 ft 'w - =
downstream of the loop. _—
oughress. .
Fluid data: Water at 68°F (u=2.11 x 10°° Ib - s/ft?).
Result Comparison:
Data Item Published data | Pipe Flow Expert
Pressure at 3200 ft downstream (psig) 88.2 88.3602
Pressure leaving the loop (psig) 93.9 93.9151
Flow rate around upper loop (ft3/s) 0.3508 0.3491
Flow rate around lower loop (ft3/s) 0.7492 0.7509

Commentary:

The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 24: Bespoke Fluid - Head Required for flow of 20 I/sec

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 286, Example problem 11.17

Pipe Flow Expert File: Case_24 Bespoke Fluid_Head_ Required_For_Flow_Of 20 Litres_Per_Sec.pfe

Pipe Flow Expert - Head_Rex

Problem description: e Pty

SECEEEEEELE]

& 7o [Nk spsciie d[20°C & 00810 | Show Info: Left cick on an i%em to show it detais n the left hand pand

A pipe system connects two tanks in which the fluid ] 7 e e QI 18] 0 D12) o WAICIS Slele | ool ) D41l A ) 2]
levels are different. i

Two pipes connected to the tank with the highest fluid MM' o

level join together at some point and the combined flow et

from these two pipes is carried by a third pipe towards T 5% e

the tank with the lowest fluid level. — T\ _

The flow rate of fluid entering the tank with the lowest o tone N ol

4 ==
fluid level is 20 I/s. - j|
Find the difference in fluid levels between the two tanks. [~~~ -
Fluid data: p=5 x 103 Pa - s. Specific gravity = 0.9
Result Comparison:
Data Item Published data | Pipe Flow Expert
Difference in fluid level (m) 49.06 48.757 (100 -51.243)
Flow rate in pipe 1 (I/s) 1.90 1.894
Flow rate in pipe 2 (I/s) 18.0 18.106
Combined flow rate pipes 1 & 2 (I/s) 19.90 20.000

Commentary:

The published data and the calculated results compare favorably.
The published text uses a friction factor of 0.114 read from a chart to calculate the head loss for both pipes 1 and 3.

All pipes have different diameters and different inner roughness values and carry different flow rates.

Pipe Flow Expert calculates individual friction factors for each pipe from the Colebrook-White equation.

The calculated friction factors are 0.115 (pipe 1) and 0.113 (pipe 2).

This gives a slightly different calculated head loss for each pipe, but the total fluid head difference in the system is
very similar to the published text.

To model this system using Pipe Flow Expert a difference of 100 m between tank fluid levels was used.

A flow control valve was added to the pipe which carries the total flow.

The flow rate setting of this control valve was 20 I/s.

The difference in fluid levels needed to supply a flow rate of 20 I/s can be found by subtracting the pressure
introduced by the flow control valve from the difference in the fluid levels. e.g. 100 m —51.243 m =48.757 m
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Pipe Flow Expert Results Data Verification

Case 25: Ethanol - Laminar Flow

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 207, Example problem 9.54

Pipe Flow Expert File: Case_25 Ethanol_Laminar_Flow.pfe

Problem description:

Ethanol at 20°C is transferred from an upper tank to a o R T e o e s s
lower tank via a 2 mm pipe. = jgm 1| 0 o Nl 2l 2 51A] 51X @I olo)
The pipe is 1.2 m long, with 0.8 m of pipe dipping into the e
lower tank. st
Calculate the flow rate between the tanks. mtan 7 e

Pige:None =] [— ]

- :

" oo

e

o |

y == | i

Fluid data: Ethanol at 20°C (u= 1.20 x 10-3 Pa - s), density = 788 kg/m?

Result Comparison:

Data Item Published data | Pipe Flow Expert

Flow from upper tank (I/hr) — Pipe 1 7.59 7.60

Flow from upper tank (I/hr) — Pipe 2 7.59 7.60
Commentary:

The published data and the calculated results compare very favorably.
The published text does not list an inner roughness for the pipe.

The flow in this problem is laminar, so the friction factor is independent of the inner roughness of the pipe.

The calculated Reynolds number of 883 indicates that the flow type is well within the laminar flow range.

Two pipes with different inner roughness values (0.046000 mm and 0.000001 mm) were used in the Pipe Flow
Expert model to ensure that the variation in the inner roughness of the pipe did not affect the flow rate calculation.
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Case 26: Water - Asbestos Cement Pipe Friction Loss

Pipe Flow Expert Results Data Verification

Reference: Basic Principles for the Design of Centrifugal Pump Installations, SIHI Group, 1998, SIHI-HALBERG.
Page 134, Example of Head Loss Calculation

Pipe Flow Expert File: Case_26_Water_Asbestos_Cement_Pipe_Friction_Loss.pfe

Problem description:

Water flows along a 400 m long asbestos cement
pipe at the rate of 360%/h.

The pipe designation is DN200.

Find the head loss in the pipe.

Fluid data: Water at 10°C.

Result Comparison:

B Gdt Units Flid Qrawng Tocks Regetiston bl

E 0
D\ 53] B ) 2 = 5 0 oo

4 P [Wares IDC 0008l | show info Left ick on an tem ta sham 1 detaks in e left hand pane
S| impeinl & wene | @i =] @) [Ty €] 0[] 35] 3] 2 B 4] | Bl
.

=
Node: None =]
Tipe

B Pipe Flow Expert EEX

=
(et
b
|
Bottom Elevalion | T
Hiotas
-
-
Pge: Mone <] [— | e

Grid k=59 v=31

Data Item

Published data

Pipe Flow Expert

Reynolds number 4,9 x10° 487458
Fluid Velocity (m/s) 3.2 3.183
Total Head Loss in pipe (m. hd) 16.4 16.425

Commentary:

The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 27: Lubrication Oil - Laminar Flow Example 1

Reference: Flow of Fluids — Technical Paper No 410M, 1999, Crane Co. Page 3-12, Example 1
Pipe Flow Expert File: Case_27_Lubricating_Oil_Laminar_Flow_Example_1.pfe

Problem description: i Flow Expet EE)

e §it uns A Qg Jodk Gegstaten teb
NEE e EEEEC TS

& P Libicating D1 (20°C 8L 00881, | Show Info: Left chek o an b 1 show s detais 1 the et hand panl

A 6” diameter schedule 40 steel pipe carries lubricating (] vt = e | o<1 @) 5[5 0] |25/, i ] Bl o] A 8 (o]t 3¢ ]|

oil of density 897 kg/m?3 and viscosity 450 Centipoise. e I
[ ]
Find the pressure drop per 100 meters. =t

Bonom Elevaton I

v

e
Pipe: Ne

Hams

[

Lenghh
o
Intins Diameton
[

Roustnes
osdoss
Holes:

Fluid data: Lubricating Oil, viscosity = 450 Centipoise, density = 897 kg/m?3

Result Comparison:

Data Item Published data | Pipe Flow Expert

Pressure drop per 100 meters (bar g) 1.63 1.6277

Reynolds number 825 824
Commentary:

The published data and the calculated results compare very favorably.
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Pipe Flow Expert Results Data Verification

Case 28: Lubrication Oil - Laminar Flow Example 2

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 3-12, Example 2.

Pipe Flow Expert File: Case_28_Lubricating_Oil_Laminar_Flow_Example_2.pfe

Pipe Flow Expert - Craned 1)

erlal_Exampe? pfe

Problem description:

Show Infa Left dick on an item o show s detais 1 e left hand pane!

& e [OT65T o 0csi)

A 3” diameter schedule 40 carries SAE 10 lube oil at a (] = ot e | e =] @) 5[5 0] |25/, i o Bl o] A 8 (o]t 3¢ ]|

velocity of 5.0 ft/s

Tipe =

Find the flow rate and the pressure drop per 100 feet.

r:

Fluid data: Qil, viscosity = 95 Centipoise, density = 54.64 |b/ft3

Result Comparison:

Data Item Published data | Pipe Flow Expert
Flow rate (gpm US) 115 115

Fluid velocity (ft/s) 5.00 4,991

Reynolds number 1100 1092

Pressure drop per 100 feet(psi) 3.40 3.3665

Commentary:

The published data and the calculated results compare very favorably.
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Case 29: Water - Bernoulli’s Theorem

Pipe Flow Expert Results Data Verification

Reference: Flow of Fluids — Technical Paper No 410M, 1999, Crane Co. Page 4-8, Example 4-14.

Pipe Flow Expert File: Case_29 Water_ Bernoullis_Theorem.pfe

Problem description:

A piping system consisting of 4” and 5” diameter
schedule 40 steel pipe carries water at a flow rate of
1500 l/min.

The change in elevation across the system is 22.0
meters.

Find the fluid velocity in the 4” and 5” steel pipes
and the pressure difference between the inlet and
outlet points of the system.

Fluid data: Water at 15°C

Result Comparison:

i P [Water [15°C ol D.0Bs1 ol

| e & Metie

Data Item Published data Pipe Flow Expert
Pressure difference across the system (bar) 2.60 2.6266 (3.000 — 0.3734)
Fluid velocity in 4” diameter pipe (m/s) 3.04 3.044

Fluid velocity in 5” diameter pipe (m/s) 1.94 1.937

Commentary:

The published data and the calculated results compare very favorably.

The system was modeled in Pipe Flow Expert with a fluid surface pressure of 3.00 bar g at the inlet to the system.

The outlet node had a resulting pressure of 0.3725 bar g.
The pressure difference is obtained by subtracting the outlet pressure from the inlet pressure.
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Pipe Flow Expert Results Data Verification

Case 30: Water - Reynolds Number for Smooth Wall Pipe

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 4-1, Example 4-1.

Pipe Flow Expert File: Case_30_ Water_Reynolds_Number_For_Smooth_Wall_Pipe.pfe

Problem description:

A 70 foot long 2” diameter plastic pipe (smooth wall)
carries water at 80°F. The flow rate is 50 gpm (US).

Find the Reynolds number and the friction factor.

Fluid data: Water at 80°F

Result Comparison:

f
Elvaton o Jin
] "

Demands In

[ Pipe Flow Expert - Reynolds_Number_Smooth_Wall_Pipe.pfe
Ele Edt Units Flud Hep

[s]== =
‘‘‘‘‘ [Wate G0 st 0l
mparid Mt

Mok e H — J

vigm o

f:cick o tem &0 she 13 detals 1 the left hand panel,

Qo 1@ &[T 2| o[ *|2315| | ® il 0] | Fnf ol 30| A| 0] & ||| [ ¥2] X | ] | o

=
¢ o

Data Item Published data | Pipe Flow Expert
Reynolds number 89600 89702
Friction factor 0.0182 0.0188

Commentary:

The published data and the calculated results compare favorably.
Pipe Flow Expert uses the same fluid density and viscosity as the published text to calculate the Reynolds number.
The published text friction factor has been read from a chart for water at 60°F.
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Pipe Flow Expert Results Data Verification

Case 31: Water — Flow Through Reduced Port Ball Valve

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 4-3, Example 4-6.

Pipe Flow Expert File: Case_31_ Water_Flow_Through_Reduced_Port_Ball_Valve.pfe

Problem description:

A 200 foot long 3” diameter steel pipe (schedule 40)
carries water at 60°F.

The head of fluid in the supply tank is 22 ft.

The piping includes 6 standard 90° elbows and a flanged
ball valve with a conical seat.

Find the fluid velocity in the pipe and the rate of
discharge.

Fluid data: Water at 60°F

Result Comparison:

P [Water (55°F ot Qpsial

Impsrid  Menic:

e
Wode: Home 5[
T
B
Frezau
piig
T
"
Notes
Pige: None 2| [—
Name
msle
Long =1
" ]
J
Irizmal Dimeter
" J
Foughness
ek |
|
N | S

Show Info: LeFt ik o an ftem ta shom it detals i the ief hand panel

afims = @ &[T & o |2l e | 0| il @] o | 2

1

ol 2| Al 2| 5 |Ra|@2] ¥E x| of |
=]

Data Item Published data Pipe Flow Expert
Fluid Velocity in Pipe (ft/s) 8.5 8.307

Rate of Discharge (gpm US) 196 191.40

Reynolds Number Not calculated 173201

Friction factor 0.018 (assumed) 0.0195

Commentary:

The published data and the calculated results differ by around 2.4%.
The published data uses an assumed friction factor of 0.018 for a 3” diameter steel pipe.
As a final check in the published data the friction factor is read as from a chart as less than 0.02.

If the chart is read accurately the friction factor is 0.0195.

However the text concludes that difference in the assumed friction factor and the friction factor
read from the chart is small enough so as not to require any further correction.
A new valve fitting was created in Pipe Flow Expert to model the flanged ball valve as this item is not included in the

database of standard valves and fittings.
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Pipe Flow Expert Results Data Verification

Case 32: SAE 10 Lube Oil - Laminar Flow in Valves

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 4-4, Example 4-7
Pipe Flow Expert File: Case_32_SAE_10_Lube_Oil_Laminar_Flow_In_Valves.pfe

Problem description:

A 200 foot long 3” diameter steel pipe (schedule 40) 1 OGS U1 e e o i A
carries SAE 10 Lube Oil at 60°F. %Jlﬁ ng N O
The head of fluid in the supply tank is 22 ft. P e
The piping includes 6 standard 90° elbows and a flanged _
ball valve with a conical seat. S
Find the fluid velocity in the pipe and the rate of discharge. |- T—
Pige None <] [— o zom s =t
s =
= &
\mm-lnmzla“ ‘
oo |
e
y b = — o
Fluid data: SAE 10 Lube Oil at 60°F
Result Comparison:
Data Item Published data Pipe Flow Expert
Fluid Velocity in Pipe (ft/s) 5.13 5.271
Rate of Discharge (gpm US) 118 121.46
Reynolds Number 1040 (1st Iteration) 1096
Friction factor 0.062 (1st Iteration) | 0.05840

Commentary:

The published data and the calculated results differ by around 3%.

The published text acknowledges that the problem has two unknowns and requires a trial and error solution.

The published data results are for the first initial assumption of velocity.

Pipe Flow Expert performs numerous iterations to find a solution which is accurate to within 0.0004 ft head
pressure loss.

A new valve fitting was created in Pipe Flow Expert to model the flanged ball valve as this item is not included in the
database of standard valves and fittings.
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Pipe Flow Expert Results Data Verification

Case 33: SAE 70 Lube Oil - Laminar Flow in Valves

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 4-4, Example 4-8.
Pipe Flow Expert File: Case_33_SAE_70_Lube_Oil_Laminar_Flow_In_Valves.pfe

Problem description:

e
B[ 8| 2| | ] ) 2 2| 2 e |
g i [ SAE 70Lube 4100 800 | Snow Inf: Left chck on an item to show its detais i the left hand panel.

A 200 foot long 8” diameter steel pipe (schedule 40)

carries SAE 70 Lube Oil at 100°F. ) e e o SSI61T N e aplml e 1) ol 1) ol
The flow rate is 600 barrels per hour. l,;;- jTJ :
The piping includes an 8” globe valve. il 4
Find the pressure loss in the pipe and the valve. i H{ n
[ on {

iy

Fluid data: SAE 70 Lube Oil at 100°F

Result Comparison:

Data Item Published data Pipe Flow Expert
Pressure Loss (ft head) 2.85 2.8675

Reynolds Number 318 318

Friction factor 0.20 0.20112

Commentary:

The published data and the calculated results compare favorably.
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Pipe Flow Expert Results Data Verification

Case 34: SAE 70 Lube OIil - Laminar Flow in Valves

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 4-5, Example 4-9.

Pipe Flow Expert File: Case_34_SAE_70 Lube_Oil_Laminar_Flow_In_Valves.pfe

Problem description:

A piping system consisting of 5” diameter steel pipe
(schedule 40) carries SAE 70 Lube Oil at 100°F.

The flow rate is 600 gpm (US).

The piping includes a 5” gate valve and a 5” angle valve.

Find the fluid velocity and the pressure loss across the
system.

Fluid data: SAE 70 Lube Oil at 100°F

Result Comparison:

5 Pipe Flow Expert  Lami
Be £t Uve A Do

EECIEEEE

& P [ SAE 0 Lube DU (TOF .00 | sow Info: et cick on an item to shomits detads n the ke hend panel,

Brie| @ mpmind  ove | Q0% =] @44 [y D] o] % 5| 5] 2] 0 | @6 o | Bl | | A 2] % |3 @ 5] ¥2] X | =] =]
Mo Meme _| E

Tipe

=
= 2 =
Elvton o
[ it
Dok in
[ Cusem |
—

wem oo

Data Item Published data Pipe Flow Expert

Pressure Loss (psi) 56.6 56.6014 (100.000 - 43.3986)
Fluid velocity in pipe (ft/s) 9.60 9.622

Reynolds Number 718 719

Friction factor 0.089 0.08903

Commentary:

The published data and the calculated results compare favorably.
The system was modeled in Pipe Flow Expert with a fluid surface pressure of 100.00 psi g at the inlet to the system.

The outlet node had a resulting pressure of 43.3986 psi g.

The pressure difference is obtained by subtracting the outlet pressure from the inlet pressure.
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Pipe Flow Expert Results Data Verification

Case 35: Water - Flat Heating Coil

Reference: Flow of Fluids — Technical Paper No 410M, 1999, Crane Co. Page 4-6, Example 4-11.

Pipe Flow Expert File: Case_35_Water_Flat_Heating_Coil.pfe

Problem description: I i Flow Expert -l

e £at e Pt Dramwg
NECEEEEEEL

. . » o . & o [ [B0°C o0 Db gl Shaw Info: Left dick o an rem t zhom it ceta 1 the left hand panel,
A heating coil manufactured from 1” diameter steel PiPe  [Suu|  rmw c e aufior =1@|| 1 2914 o 25163 5] ] 2fsl 0] A 251 6 o]z ¥ 3¢ o
(schedule 40) is supplied with 60 I/min of water at 80°C. et - =

The bends of the heating coil have a 100 mm radius. E

Find the pressure loss across the heating coil. [— o

EEE |
I
I

g X=53 ¥=29

Fluid data: Water at 80°C

Result Comparison:

Data Item Published data Pipe Flow Expert
Pressure Loss (bar) 0.152 0.1559 (1.000 — 0.8441)
Reynolds Number 133000 131085
Friction factor 0.024 0.02396
Fluid Viscosity (Centipoise) 0.350 0.354

Commentary:

The published data and the calculated results compare favorably.

The system was modeled in Pipe Flow Expert with a fluid surface pressure of 1.00 bar g at the inlet to the system.
The outlet node had a resulting pressure of 0.8441 bar g.

The pressure difference is obtained by subtracting the outlet pressure from the inlet pressure.

The 100 mm radius bends in the pipe were modeled in Pipe Flow Expert using two long pipe bend fittings.
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Case 36: Water - Power Required for Pumping

Pipe Flow Expert Results Data Verification

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Page 4-9, Example 4-15.

Pipe Flow Expert File: Case_36_Water_Power_Required_for_Pumping.pfe

Problem description:

100 US gallons per minute of water at 70°F is to be

pumped through a piping system made from 3” diameter

steel pipe (schedule 40).

A globe lift check valve, a gate valve and four standard
threaded elbows are incorporated in to the piping system.

i:ind the discharge head required from a pump and the
horse power required for pumping if the pump efficiency

is 70%.

Fluid data: Water at 70°F

Result Comparison:

Ele Edt Uwe Fud

s |
Node: None ||
Tps

] e 4
Eleston ol Jon
D

US gom
Denands O

U5 m
Hotes
Pioe: None | [— ]
Hare
Lengh
[
Irtea Dismeter

eh
Raughes:

e
|

Pipe Flow Expert - Pawer_Required_for_Pumping. pfe
e

=

.@‘:':

Data Item Published data Pipe Flow Expert
Discharge Head (ft) 421 420.458
Power Required at 70% pump efficiency. (HP) 15.2 15.233

Commentary:

The published data and the calculated results compare favorably.
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Pipe Flow Expert Results Data Verification

Case 37: Air — Flow Through 100m Lengths of Steel Pipes

Reference: Flow of Fluids — Technical Paper No 410M, 1999, Crane Co. Appendix B-14.
Pipe Flow Expert File: Case_37_Air_Flow_Through_100m_Lengths Of Steel Pipes.pfe

Problem description:

Pipe Flow Expert

Compressed air at 7 bar gauge and 15°C flows through ED% 5 | S
100 meter long schedule 40 steel pipes. B ot e | @1 9] 01| ) ]| 2B ] ol 5] ] 4 o]l x| o]
. . . F:::.N“ -‘ = = ; S e poomm | g |
Find the pressure drop in each of the pipes. A : A e -
| g
- - I ..
e s —a e == L
e |
- = Tt —— e
Irkeinal Digmetes 4 T T I
o j L 1T -+ i |
Fluid data: Air at 7 bar gauge and 15°C
Result Comparison:
Pie Details Free Air Compressed | Published Pressure | Pipe Flow Expert
P m3/min Flow m3/min | Drop (Bar) Pressure Drop (Bar)
1.0” Diameter Schedule 40
Steel Pipe, 100 m long 0.800 0.101 0.044 0.0436
1-1/2” Diameter Schedule 40
Steel Pipe, 100 m long 10.000 1.264 0.640 0.6391
2.0” Diameter Schedule 40
Steel Pipe, 100 m long 20.000 2.528 0.685 0.6854
2-1/2” Diameter Schedule 40
Steel Pipe, 100 m long 32.000 4.046 0.682 0.6900
3.0” Diameter Schedule 40
Steel Pipe, 100 m long 30.000 3.793 0.197 0.1979

Commentary:

The published data and the calculated results compare favorably.
Since the calculated pressure drop in the system is less than 10% of the pressure at the compressible fluid entry
point, then the results may be considered to be reasonably accurate.

If the pressure drop in the pipes is greater than 10% but less than 40% of the pressure at the compressible fluid
entry point then the calculations would need to be repeated using the average density of the fluid in the pipeline
system. (The flow rates would need to be increased slightly to maintain the same mass flow rate).

If the pressure drop in the pipes is greater than 40% of the pressure at the compressible fluid entry point then the
Darcy-Weisbach equation is not suitable and Pipe Flow Expert should not be used to analyze the system.
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Pipe Flow Expert Results Data Verification

Case 38: Air — Flow Through 100ft Lengths of Steel Pipes

Reference: Flow of Fluids — Technical Paper No 410, 1988, Crane Co. Appendix B-15.
Pipe Flow Expert File: Case_38_Air_Flow_Through_100ft_Lengths_Of Steel Pipes.pfe

Problem description:

Pipe Flow Expert

fle Edt Lnis FAa
Compressed air at 100 psi gauge and 60°F flows B|3I8 4018 B
. &b Fr#d | A [BO'F at 100 Opsi Show In herm its dietads in the left hand panel

through 100 feet long schedule 40 steel pipes. ] eoms v | @1 @16 01 0| Bl 2B wile [l SIA 4 RS 11@Ux] ol
Find the pressure drop in each of the pipes. =3 -4 B i | [Tkl

[ o | )

s | 3 —

Pipe: Nome 2| [— 2] =r= = e n

l““ ,= -

lw» . =] - S et

Irkenal Diametes J

e | = ,..

o

[ Then

| 5

Fluid data: Air at 100 psi gauge and 60°F

Result Comparison:

Pipe Details rree_Air Compress_ed Publishe_d Pressure | Pipe Flow Expert _
t3/min Flow ft3/min Drop (psi) Pressure Drop (psi)
Steel Pipe, 100 tlong | 6% |3 | S
e A I R L
e e i

Commentary:

The published data and the calculated results compare favorably.
Since the calculated pressure drop in the system is less than 10% of the pressure at the compressible fluid entry
point, then the results may be considered to be reasonably accurate.

If the pressure drop in the pipes is greater than 10% but less than 40% of the pressure at the compressible fluid
entry point then the calculations would need to be repeated using the average density of the fluid in the pipeline
system. (The flow rates would need to be increased slightly to maintain the same mass flow rate).

If the pressure drop in the pipes is greater than 40% of the pressure at the compressible fluid entry point then the
Darcy-Weisbach equation is not suitable and Pipe Flow Expert should not be used to analyze the system.
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Pipe Flow Expert Results Data Verification

Case 39: Air - Isothermal Flow Through a Pipe

Reference: Theory and Problems of Fluid Mechanics and Hydraulics, 1993, McGraw-Hill, R V Giles, Jack B. Evett,
Ph. D., Cheng Liu, M.S., Page 237, Example problem 11.1

Pipe Flow Expert File: Case_39_Air_Isothermal_Flow_Through_A_Pipe.pfe

Problem description:

Air at temperature of 65°F flows through a pipe with 6”
internal diameter.

The pipe surface is smooth and the flow is isothermal.
The pressure at the start of a 550 ft long horizontal pipe
section is 82 psia (67.3 psig) the pressure at the end of
the section is 65 psia (50.3 psig).

Calculate the weight flow rate of the air.

Pipe Flow Expert - Air_lsothermal_Flow.pfe.

) e [ 20 5T ot Saoala)

&3 cetais n the left herd panel,

Eui| & mosal C weie | G 00 ] @ 4 [T ]

psig

AP |
e {L-|

Boltom Eleaion

Grid X=39 ¥=28

Fluid data: Air at 65°F at an average density of 73.5 psia (58.8 psig)

Result Comparison:

Data Item Published data | Pipe Flow Expert

Weight of Flow (Ib/sec) 14.5 14.6702

Reynolds Number 3030000 3071488

Friction Factor 0.0095/0.0097 | 0.0097
Commentary:

The published data and the calculated results compare favorably.
The published text assumes an initial friction factor of 0.0095 this is used to estimate the weight of flow as 14.5
Ib/sec. The weight of flow is then used to recalculate the friction factor as 0.0097.
The new friction factor is compared to the initially assumed friction factor value and is taken as confirmation of the

previously calculated weight of flow.

The average density of the air has been used in the Pipe Flow Expert Calculation.

The Pipe Flow Expert program uses the Darcy-Weisbach equation to determine flow rates and pressure loss in
pipes. Where the system includes compressible fluids and the pressure loss is greater than 10% of the entering
pressure the calculations need to be carried out using the average fluid density to obtain an accurate result.
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Pipe Flow Expert Results Data Verification

Case 40: Air - Pressure Loss Due to Mass Flow Rate

Reference: Piping Calculations Manual, 2005, McGraw-Hill, E. Shashi Menon, P.E., Page 265, Example 5.8
Pipe Flow Expert File: Case_40_Air_Pressure_Loss_Due_To_Mass_Flow_Rate.pfe

Problem description:

Air at temperature of 80°F and a pressure of 100 psig i{f‘\f}f_;f‘mﬁ: d
flows into a steel pipe with 2” internal diameter. ] @ oot | Q=1 @[T i
The initial velocity of the air is 50 ft/sec. o ‘ )
The flow is isothermal. . -
The pipe is horizontal and 1000 ft long. )
ot
Calculate the pressure loss in the pipe.
flame . ‘7J -
Lengh i) od
[ " o =
Ieinal Diameter el Exarmols wih mass fow cas of Q6265 bisac b
Fluid data: Air at 80°F at an average density of 90 psig
Result Comparison:
Data Item Published data | Pipe Flow Expert
Pressure Loss (psi) 20.52 20.3626
Weight of Flow (Ib/sec) 0.6265 0.6266
Friction Factor 0.020 0.01988

Commentary:

The published data and the calculated results compare favorably.

The weight of flow is calculated from the fluid data and the initial velocity as 0.6265 Ib/sec.

The published text assumes an initial friction factor of 0.020 this is used together with the mass flow rate to estimate
the fluid pressure at the end of the pipe.

A further iteration involving the new fluid pressure at the end of the pipe provides the published result.

The average density of the air has been used in the Pipe Flow Expert Calculation.

The Pipe Flow Expert program uses the Darcy-Weisbach equation to determine flow rates and pressure loss in
pipes. Where the system includes compressible fluids and the pressure loss is greater than 10% of the entering
pressure the calculations need to be carried out using the average fluid density to obtain an accurate result.

In order to maintain the flow rate of 0.6265 Ib/sec the flow rate in the pipe has been adjusted to use the average
flow velocity that will be present in the pipe.
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Pipe Flow Expert Results Data Verification

Case 41: Carbon Dioxide — Flow Through a Pipe

Reference: 2500 Solved Problems in Fluid Mechanics and Hydraulics, 1989, McGraw-Hill, Jack B. Evett, Ph. D.,
Cheng Liu, M.S., Page 483, Example problem 16.78

Pipe Flow Expert File: Case_41_Carbon_Dioxide_Flow_Through_A_Pipe.pfe

Problem description:

Carbon Dioxide at temperature of 100°F flows through a
pipe with 6” internal diameter. B
The pipe internal roughness is 0.002 ft (0.024”). el
The flow is isothermal.
The pressure at the start of a 120 ft long horizontal pipe 7
section is 160 psig the pressure at the end of the L
section is 150 psig.

Lefich how i detads in the left hand pans!

"
e Qo <] @4 [Ty £ o] %) 25| 2 &l B | 0 o | Bl ks | A £3] & | B[ ] 5] 2| @ X| o e
]

Calculate the weight flow rate of the air.

l=le

Fluid data: Carbon Dioxide at 100°F

Result Comparison:

Data Item Published data | Pipe Flow Expert

Weight of Flow (Ib/sec) 25.3 25.5343

Reynolds Number 5000000 6242864

Friction Factor 0.0285 0.0284

Commentary:

The published data and the calculated results compare favorably.

The published text assumes an initial Reynolds Number greater than 1000000 and a friction factor of 0.0285 which
is used to estimate the weight of flow as 25.3 Ib/sec.

The weight of flow is then used to recalculate the Reynolds Number as 5000000.

The new Reynolds Number is greater than the initial assumption of the Reynolds Number and is taken as
confirmation of the previously calculated weight of flow.

The Pipe Flow Expert program uses the Colebrook-White equation to determine friction factors.
The Colebrook-White equation is usually considered to be more accurate than a value read from a Moody Chart.
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Pipe Flow Expert Results Data Verification

Case 42: Water - Nine Pipe Network with Pressure Regulating Valve(PRV)

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 106, Example problem 4.9

Pipe Flow Expert File: Case_42_Water_Nine_Pipe_Network With_Pressure_Regulating_Valve(PRV).pfe

Problem descri pt ion: , onEgen se_w-‘rrh_m-r-_wmure_neean-n'm.:_v-wemrw,.pre
03 0= A o
A network of 9 interconnected pipes delivers water from (8 L e e e T AL i sl ) ]
two reservoirs to outlet demands at various pipework o e i .
junctions. B
The network includes 2 pumps, two globe valvesanda |1 - P o
meter. — AR N g
The network has two closed loops and one open loop. [ e ua T
The pressure at a node 8 is controlled by a pressure e H
regulating valve set to 14.5827 psig (equivalent to 149 —-11 U — N M ——
m head of water as specified in the example text). . = . R
Calculate the flow rate in each individual pipe and the e ::
pump heads added to the system. "
Fluid data: Water at 20° C (assumed).
Result Comparison:
Data Item Published data Pipe Flow Expert
Q1 Flow rate (m3/s) 0.1125 0.1131
Q2 Flow rate (m3/s) -0.0018 0.0003 (pipe reversed)
Q3 Flow rate (m3/s 0.1175 0.1169
Q4 Flow rate (m3/s 0.0792 0.0772
Q5 Flow rate (m3/s 0.0343 0.0328
Q6 Flow rate (m3/s 0.0657 0.0672
Q7 Flow rate (m3/s 0.0633 0.0659
Q8 Flow rate (m?3/s) 0.1967 0.1941
Q9 Flow rate (m?3/s) 0.0343 (same as Q5) 0.0328
Pump 1 - head added 6.18 m fluid 6.183 m fluid
Pump 2 - head added 3.58 m fluid 3.593 m fluid
HGL at PRV Node 149.000 m 149.000 m
Commentary:

The published data and the calculated results compare very favorably.

Pipe Flow Expert correctly identified that pipe 2 was drawn with the wrong flow direction in the design schematic.
This pipe was reversed and the flow was reported as positive value.

The reference text reports flow as negative values where an incorrect flow direction has been assumed.
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Pipe Flow Expert Results Data Verification

Case 43: Water -Eight Pipe Network with Pressure Regulating Valve(PRV)

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary

Z. Watters, Page 67, Example figure 4.6

Pipe Flow Expert File: Case_43_ Water_ Eight Pipe_Network_ With_Pressure_Regulating_Valve(PRV).pfe

Problem description:

S Pipe Flow Expert - Cas

afims = @] [T e 0|28 5] 2 ® | mi] @] o | Fal | o A 3] 3 [ ] 5] 2 (@ | ]|
-

A network of 8 interconnected pipes delivers water from [0 =52 "“mUWWMMW
two reservoirs to outlet demands at two pipework T ey
junctions. [P
The network includes a pump. o e
The pressure at a node where two pipes join is ,“_ ..
controlled by a pressure regulating valve set to 8.6527 = 4
psig. The elevation of the PRV node is 35 ft. o bifi;
Calculate the flow rate in each individual pipe and the T’f»_ '73 J}-“(;;
pump head added to the system. —_ B T
Fluid data: Water at 20° C (assumed). lm;,u:—
Result Comparison: S

Data Item Published data Pipe Flow Expert

P1 Flow rate (ft3/s) 1.11 1.1092

P2 Flow rate (ft3/s) 1.07 1.0697

P3 Flow rate (ft3/s) 0.07 0.0697

P4 Flow rate (ft3/s) 0.89 0.8908

P5 Flow rate (ft3/s) 0.96 0.9677

P6 Flow rate (ft3/s) 0.04 0.0323

P7 Flow rate (ft3/s) 0.01 0.0072

P8 Flow rate (ft3/s) 0.04 (same as P6) 0.0323

Pump - head added 59.1 ft fluid 59.078 ft fluid

HGL at PRV Node N7 55.00 ft 55.000 ft

Pressure at Node N2 (psi) 31.1 (Node 1 in text) 31.1023

Pressure at Node N3 (psi) 20.2 (Node 2 in text) 20.1536

Pressure at Node N4 (psi) 20.1 (Node 3 in text) 20.1091

Pressure at Node N6 (psi) 15.2 (Node 4 in text) 15.1358

Commentary:

The published data and the calculated results compare very favorably.

Pipe Flow Expert correctly identified that pipe 3 was drawn with the wrong flow direction in the design schematic,

this pipe was reversed and the flow was reported as positive value.
The reference text notes that the flow direction of pipe 3 has been reversed from the input data.
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Case 44: Water -Ten Pipe Network with Back Pressure Valve(BPV)

Reference: Hydraulics of Pipeline Systems, 2000, CRC Press LLC, Bruce E. Larock, Rowland W. Jeppson, Gary
Z. Watters, Page 70, Example figure 4.10

Pipe Flow Expert File: Case_44 Water_Ten_Pipe_Network_With_Back Pressure_Valve(BPV).pfe

Problem description:

f Colcutate

A network of 10 interconnected pipes delivers water ] s s ST 101 [ ) o/ 10 £ o 1 5] T3 vt = 2]
from three reservoirs to outlet demands at six pipework s i
junctions. The network includes a pump. por 3+ 3
The pressure at a node where two pipes join is Nﬁ“
controlled by a back pressure valve setto 12.2583 barg. ||~ == |
The elevation of the BPV node is 70 ft.
Pipe: N H —
Calculate the flow rate in each individual pipe and the ﬁ 2zl il 0
pump head added to the system. \ = TR
‘Pnug'nu m:
Fluid data: Water at 10° C (assumed). J 5|

Result Comparison:

Data Item Published data Pipe Flow Expert
P1 Flow rate (m3/s) 0.102 0.1024

P2 Flow rate (m3/s) 0.004 0.0036

P3 Flow rate (m3/s) 0.091 0.0910

P4 Flow rate (m3/s) 0.006 0.0057

P5 Flow rate (m3/s) 0.009 0.0093

P6 Flow rate (m3/s) 0.015 0.0153

P7 Flow rate (m3/s) 0.035 0.0353

P8 Flow rate (ms3/s) 0.065 0.0653

P9 Flow rate (m3/s) 0.014 0.0140

P10 Flow rate (m3/s) 0.006 (same as P4) 0.0057

Pump - head added 34.88 m fluid 34.879 m fluid
HGL at BPV Node N10 195.00 m 195.000 m
Pressure at Node N2 (kPa) 580.7 (Node 1 in text) 581.468
Pressure at Node N4 (kPa) 539.2 (Node 2 in text) 539.595
Pressure at Node N5 (kPa) 579.0 (Node 3 in text) 578.62
Pressure at Node N6 (kPa) 695.6 (Node 4 in text) 695.622
Pressure at Node N6 (kPa) 555.3 (Node 5 in text) 555.355
Pressure at Node N6 (kPa) 683.8 (Node 6 in text) 684.158

Commentary:

The published data and the calculated results compare very favorably.

Pipe Flow Expert correctly identified that pipe 5 and pipe 6 were drawn with the wrong flow direction in the design

schematic. These pipes were automatically reversed and the flows were reported as positive values.

The reference text schematic shows the elevation of node N2 as 150 m however the input reference table correctly

identifies the elevation as 140.0 m.
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Case 45: Water — Sixty Five Pipe Network - 36 Loops — 5 Pumps

Reference: Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, Rowland W. Jeppson,
Example problem 9 page 102 -105

Pipe Flow Expert File: Case_45 Water_Sixty Five Pipe_Network.pfe

Problem description: e
Water is supplied from five reservoirs to a sixty five Belems i 2 ol ] 15 i@ x [ |
pipe network. The pipes are connected at twenty nine J .
node points. The network contains 5 pumps. topnti
Out flows from the network occur at each node point. s
Find the flow rate and head loss for each pipe. [«
Find the pressure and Hydraulic Grade Line at each T
node point. i .
o
- = i 5

Fluid data: Water at 68° F (assumed).
Result Comparison:

e = Pipe Flow Expert reversed pipe direction and reported flow as positive

Pipe Published Pipe Flow Pipe Published Pipe Flow Expert
Flow (ft3/s) Expert (ft3/s) Head Loss (ft) Head Loss (ft)
P1 11.6100 11.6682 P1 82.15 82.73
P2 3.1800 3.1979 P2 14.20 14.36
P3 2.1800 2.1979 P3 9.23 9.38
P4 1.5000 1.5106 P4 23.43 23.74
P5 2.2200 2.2298 P5 26.31 26.55
P 6 -1.1900 e 1.1830 P 6 2.87 2.81
P7 0.3000 0.3440 P7 0.18 0.22
P8 -0.6800 ¢ 0.6815 P8 3.60 3.63
P9 0.4900 0.5229 P9 0.73 0.83
P 10 -1.4300 e 1.4369 P 10 3.42 3.41
P11 2.6300 2.5927 P11 7.68 7.42
P12 2.0600 2.0429 P12 11.10 10.83
P13 10.0000 10.0120 P13 25.67 27.15
P14 0.9300 0.9905 P14 1.89 2.13
P 15 1.4900 1.5157 P 15 5.33 5.45
P16 1.8900 1.8702 P 16 11.07 10.83
P17 1.5400 1.4571 P17 3.78 3.36
P18 1.4700 1.4476 P18 3.44 3.32
P19 2.7500 2.6487 P19 7.22 6.69
P 20 2.7100 2.6216 P 20 7.04 6.55
P21 -0.2600 e 0.2351 P21 0.18 0.13
p 22 -1.4500 e 1.3865 P22 4.21 3.82
P 23 -1.7700 e 1.6927 P 23 4.03 3.69
P 24 -1.7100 e 1.6544 P24 5.74 5.38
P 25 0.5800 0.5758 P 25 1.71 1.70
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P 26 2.0900 2.0713 P 26 19.84 19.48
P 27 -2.1000 2.0786 P27 18.13 17.78
P 28 0.0700 e 0.0217 P 28 0.02 0.00
P 29 1.1800 1.1619 P 29 3.26 3.16
P 30 2.7300 2.7058 P 30 21.37 20.94
P31 1.1400 1.1335 P31 20.22 20.04
P 32 -0.9200 ¢ 0.8899 P 32 1.88 1.73
P 33 4.7200 4.7300 P 33 28.18 28.28
P34 3.5100 3.4863 P34 28.34 27.86
P 35 0.7100 0.7080 P 35 8.01 7.82
P 36 -1.9500 e 1.9296 P 36 22.30 21.80
p 37 -2.7200 ® 2.6943 P 37 14.28 13.98
P 38 0.8800 0.8636 P 38 0.85 0.81
P 39 -0.4300 e 0.3942 P 39 0.13 0.11
P 40 -3.7200 e 3.6901 P 40 21.31 20.88
P41 1.0500 1.0306 P41 2.40 2.29
P42 -1.0000 e 0.9865 P42 4.25 4.09
P43 -0.8600 e 0.8423 P 43 1.63 1.56
P44 -0.5000 e 0.5015 P 44 1.72 1.68
P 45 -0.4000 e 0.3940 P 45 0.90 0.85
P 46 1.4500 1.4230 P 46 4.75 4.55
P 47 1.4300 1.4012 P 47 4.87 4.68
P 48 0.3500 0.3338 P 48 0.79 0.72
P 49 2.5500 2.5327 P 49 17.59 17.33
P 50 1.4500 1.4441 P 50 4.21 4.13
P51 4.2500 4.2280 P51 13.38 13.20
P 52 9.0300 9.0853 P 52 26.61 26.86
P 53 1.2400 1.2794 P 53 3.32 3.49
P 54 -3.0200 e 3.0118 P54 24.63 24.36
P 55 3.2700 3.2912 P 55 18.65 18.83
P 56 -1.2100 e 1.1874 P 56 1.55 1.49
P 57 -0.2200 e 0.2029 P 57 0.08 0.07
P 58 -1.2200 e 1.1933 P 58 3.78 3.62
P 59 0.9200 0.9094 P 59 1.17 1.13
P 60 -0.8000 e 0.7839 P 60 1.15 1.10
P61 1.8000 1.7839 P61 4.23 4.16
P 62 6.2500 6.2915 P 62 12.87 13.00
P 63 -5.1400 e 5.0346 P 63 19.47 18.62
P 64 2.8000 2.7568 P 64 16.80 16.61
P 65 7.0000 6.7275 P 65 23.88 26.56
Node Published Pipe Flow Node Published Pipe Flow

(text ref) Press. (Ib/in2) | Expert (Ib/in2) (text ref) | HGL. (ft) Expert HGL (ft)
N1 (n/a) n/a n/a N1 (n/a) Fluid Surface 300.0000
N2 (1) 104.1 103.2907 N2 (1) 390.2 388.7300
N3 (2) 97.9 97.0770 N3 (2) 376.0 374.3700
N4 (3) 89.6 88.6939 N4 (3) 366.7 365.0000
N5 (4) 92.7 91.8056 N5 (4) 363.9 362.1900
N6 (5) 87.3 86.4336 N6 (5) 366.6 364.7700
N7 (6) 88.0 87.1218 N7 (6) 363.3 361.3600
N8 (7) 84.2 83.1561 N8 (7) 374.2 372.2000
N9 (n/a) n/a n/a N9 (n/a) Fluid Surface 350.0000
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N10 (8) 79.0 77.9059 N10 (8) 372.3 370.0700
N11 (11) 77.5 76.4725 N11 (11) | 368.9 366.7500
N12 (12 75.0 74.1433 N12 (12 363.2 361.3700
N13 (9) 76.3 75.0384 N13 (9) 376.1 373.4300
N14 (10) 81.9 80.8566 N14 (10) | 369.1 366.8800
N15 (20) 80.1 79.2045 N15 (20) | 364.9 363.0600
N16 (13) 71.5 70.7767 N16 (13) | 345.0 343.5800
N17 (14) 78.8 78.0611 N17 (14) | 341.8 340.4200
N18 (15) 91.9 91.0567 N18 (15) | 362.0 360.4600
N19 (16) 79.6 79.0029 N19 (16) | 333.8 332.6000
N20 (25) 77.8 77.2810 N20 (25) | 319.5 318.6200
N21 (17) 87.1 86.3629 N21 (17) | 340.9 339.6100
N22 (24) 82.7 81.9878 N22 (24) | 340.8 339.5000
N23 (18) 83.4 83.0292 N23 (18) | 343.3 341.9000
N24 (23) 82.7 82.6617 N24 (23) | 342.4 341.0500
N25(19) 77.2 76.3452 N25(19) | 348.1 346.4600
N26 (22) 81.2 80.36452 N26 (22) | 347.3 345.7300
N27 (21) 78.65 77.8199 N27 (21) | 351.2 349.8600
N28 (n/a) n/a n/a N28 (n/a) 280.0000
N29 (26) 80.7 80.0996 N29 (26) | 316.1 315.1300
N30 (27) 92.0 91.2857 N30 (27) | 342.3 340.9900
N31 (28) 93.6 92.8505 N31 (28) | 346.1 344.6000
N32 (29) 96.3 95.4911 N32 (29) | 347.3 345.7100
N33 (n/a) n/a n/a N33 (n/a) | Fluid Surface 150.0000
N34 (n/a) n/a n/a N34 (n/a) | Fluid Surface 300.0000
N35 (n/a) n/a n/a N35 (n/a) | Fluid Surface 400.0000

Commentary: The published data and the calculated results compare favorably.

The reference text uses a linear approximation to calculate head losses, and only performs six iterations to find an
approximate result. Pipe Flow Expert uses the more accurate Darcy-Weisbach equation and converges to within a
pressure balance tolerance of 0.000145 psi.

The reference text indicates that the flow direction in a pipe is opposite to the direction shown on the schematic
diagram by reporting the flow as negative value. Pipe Flow Expert automatically reversed the flow direction of the
pipes indicated with ‘e’, and reported the flow rates in these pipes as a positive value.

The reference text indicates that the flow in pipe P27 is negative, and this appears to be a printing error, since the
flow direction of this pipe is drawn correctly. However the flow direction of pipe P28 is drawn opposite to the actual
flow direction and should be reported as a negative value in the text, but this is listed as a positive value.

We believe that the reference text reports the flow direction of these two pipes incorrectly.

The schematic diagram lists pipe P63 as 10” diameter.

These flow and pressure loss values cannot be reconciled with a 10” diameter pipe.

We have assumed that the text calculations were based on 12” diameter for this pipe.

The published results for pipe P63 are: Flow 5.14 ft3/s with a pressure loss of 19.47 ft hd.

Pipe Flow Expert reports: Flow 5.0346 ft3/s with a pressure loss of 18.62 ft hd for a 12” diameter pipe.

If the system is solved using a 10” diameter for pipe P63 the flow is 3.941 ft3/s with a pressure loss of 29.59 ft hd.

The correlation for flows and pressure losses in many other pipes is also lost.
Hence the reference text was not solved with a 10” diameter for pipe P63.
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Case 46: Water — Sixty Three Pipe Network - 30 Loops — 5 Pumps

Reference: Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, Rowland W. Jeppson,
Example problem 10 page 105 -109

Pipe Flow Expert File: Case_46_Water_Sixty Three Pipe_Network.pfe

Problem description:

Water is supplied from five reservoirs to a sixty three
pipe network. The pipes are connected at thirty three
node points. The network contains 5 pumps.

Out flows from the network occur at each node point.

detals i the et hard e,

o o et
= AN = F A A N B R e A R

Find the flow rate and head loss for each pipe.
Find the pressure and Hydraulic Grade Line at each
node point.

Fluid data: Water at 68° F (assumed).
Result Comparison:

e = Pipe Flow Expert reversed pipe direction and reported flow as positive

Pipe Published Pipe Flow Pipe Published Pipe Flow Expert
Flow (m3/s) Expert (m3/s) Head Loss (m) | Head Loss (m)
P1 0.0869 0.0873 P1 201.1 202.536
P2 0.0208 0.0209 P2 53.6 54.586
P3 0.0132 0.0133 P3 19.1 19.216
P4 0.0153 0.0153 P4 274 27.304
P5 0.0092 0.0091 P5 7.2 7.066
P6 0.0274 0.0276 P 6 275 27.657
P7 0.0254 0.0256 P7 27.3 27.439
P8 0.0148 0.0148 P8 8.3 8.223
P9 -0.0027 e 0.0027 P9 0.2 0.218
P10 0.0299 0.0297 P10 68.4 67.431
P11 0.0212 0.0211 P11 63.1 62.284
P12 0.0081 0.0080 P12 5.1 4.930
P13 0.0089 0.0091 P13 10.1 10.616
P14 0.0164 0.0163 P14 38.1 37.446
P15 0.0273 0.0270 P 15 91.0 89.114
P16 0.0107 0.0107 P16 78.9 79.465
P17 0.0118 0.0118 P17 165.5 163.557
P18 0.0078 0.0077 P18 86.5 84.091
P19 0.0243 0.0239 P19 48.4 46.645
P 20 0.0791 0.0783 P 20 166.9 163.139
P21 0.0351 0.0349 P21 150.0 147.546
P22 -0.0035 e 0.0034 P22 16.3 15.072
P 23 0.0106 0.0106 P 23 117.7 115.973
P 24 0.0166 0.0165 P24 45.8 44.811
P 25 0.0119 0.0119 P 25 29.7 29.739
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P 26 0.0277 0.0280 P 26 25.3 25.636
p 27 0.0805 0.0809 P27 287.6 289.787
P 28 -0.0043 ¢ 0.0041 P 28 14 1.223
P 29 0.0061 0.0061 P29 12.5 12.317
P 30 -0.0065 ¢ 0.0065 P 30 3.7 3.706
P31 0.0148 0.0148 P31 11.2 11.094
P 32 0.0071 0.0071 P 32 6.6 6.602
P 33 0.0046 0.0046 P 33 0.8 0.785
P 34 0.0274 0.0274 P 34 27.6 27.378
P35 0.0094 0.0094 P 35 3.5 3.462
P 36 0.0219 0.0219 P 36 31.8 31.625
P 37 0.1306 0.1305 P 37 297.8 300.250
P 38 -0.0214 ¢ 0.0213 P 38 12.7 12.553
P 39 -0.0299 ¢ 0.0299 P 39 24.4 24.324
P 40 -0.0238 ¢ 0.0238 P 40 15.7 15.533
P41 0.0239 0.0239 P41 37.8 37.593
P42 0.0287 0.0287 P 42 45.2 44.894
P 43 0.0450 0.0450 P 43 54.6 54.469
P 44 0.0139 0.0140 P 44 111 11.084
P 45 -0.0002 ¢ 0.0001 P 45 0.1 0.010
P 46 0.0056 0.0056 P 46 55.0 55.375
P47 0.0051 0.0052 P 47 54.9 55.365
P 48 0.0167 0.0167 P 48 267.5 266.671
P 49 0.0137 0.0137 P 49 322.4 322.209
P 50 -0.0078 ¢ 0.0078 P 50 14.3 14.173
P51 0.0222 0.0222 P51 336.7 336.209
P 52 0.0547 0.0550 P 52 240.7 242.802
P 53 0.0210 0.0210 P 53 94.2 93.916
P 54 0.0165 0.0165 P54 58.1 57.898
P 55 0.0135 0.0135 P 55 39.1 38.952
P 56 -0.0020 ¢ 0.0020 P 56 3.0 2.934
P 57 0.0116 0.0116 P 57 93.0 92.689
P 58 0.0109 0.0109 P 58 82.9 82.732
P 59 0.0031 0.0031 P 59 7.1 7.023
P 60 0.0072 0.0072 P 60 36.2 36.054
P 61 0.0078 0.0078 P61 43.2 42.963
P 62 0.0003 0.0003 P 62 0.1 0.114
P 63 0.1276 0.1276 P 63 284.5 286.981
Node Published Pipe Flow Node Published Pipe Flow

(text ref) Press. (m hd) | Expert (m hd) (text ref) | HGL. (m) Expert HGL (m)
N1 (n/a) n/a n/a N1 (n/a) | Fluid Surface 500.00
N2 (1) 8.60 6.41 N2 (1) 308.60 306.41
N3 (2) 5.00 2.83 N3 (2) 255.00 252.83
N4 (4) 29.60 27.20 N4 (4) 289.60 287.20
N5 (3) 7.20 4.89 N5 (3) 262.20 259.89
N6 (5) 1.12 -1.24 N6 (5) 281.10 278.76
N7 (6) 1.34 78.97 N7 (6) 281.30 278.97
N8 (7) 9.50 6.19 N8 (7) 349.50 346.19
N9 (8) 16.40 13.90 N9 (8) 286.40 283.90
N10 (9) 3.40 5.57 N10 (9) 339.40 335.57
N11 (10) 17.50 13.02 N11 (10) 377.50 373.02
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N12 (11) 0.45 -3.89 N12 (11) 260.40 256.11
N13 (12) 5.93 -0.34 N13 (12) 425.90 419.66
N14 (n/a) n/a n/a N14 (n/a) | Fluid Surface 540.00
N15 (13) 5.88 2.12 N15 (13) 275.90 272.12
N16 (14) 15.60 17.05 N16 (14) 259.60 257.05
N17 (31) 30.10 27.32 N17 (31) 230.10 227.31
N18 (15) 24.90 22.68 N18 (15) 284.90 282.68
N19 (n/a) n/a n/a N19 (n/a) | Fluid Surface 530.00
N20 (16) 13.80 11.59 N20 (16) 273.80 271.59
N21 (17) 14.60 12.37 N21 (17) 274.60 272.37
N22 (18) 22.20 19.75 N22 (18) 302.20 299.75
N23 (21) 20.30 18.13 N23 (21) 270.30 268.13
N24 (n/a) n/a n/a N24 (n/a) | Fluid Surface 600.00
N25(19) 7.70 5.43 N25(19) 277.70 275.43
N26 (20) 15.50 13.02 N26 (20) 315.50 313.02
N27 (22) 8.40 6.05 N27 (22) 268.40 266.05
N28 (30) 24.80 22.67 N28 (30) 284.80 282.67
N29 (32) 12.50 10.64 N29 (32) -37.50 -39.37
N30 (33) 8.20 6.46 N30 (33) -51.80 -53.54
N31 (n/a) n/a n/a N31 (n/a) | Fluid Surface 480.00
N32 (24) 14.20 12.13 N32 (24) 174.20 172.13
N33 (23) 10.40 8.15 N33 (23) 210.40 208.15
N34 (25) 11.30 9.20 N34 (25) 171.30 169.20
N36 (26) 11.30 9.44 N36 (26) 81.30 79.45
N37 (28) 18.30 16.47 N37 (28) 88.30 86.47
N38 (29) 5.10 3.39 N38 (29) 45.10 43.39
N39 (n/a) 25.20 23.51 N39 (n/a) 45.20 4351

Commentary: The published data and the calculated results compare favorably.

The reference text uses a linear approximation to calculate head losses.
Pipe Flow Expert uses the more accurate Darcy-Weisbach equation and converges to within a pressure balance
tolerance of 0.00001 bar.

The reference text indicates that the flow direction in a pipe is opposite to the direction shown on the schematic
diagram by reporting the flow as negative value. Pipe Flow Expert reversed the flow direction of the pipes indicated
with ‘e’ automatically, and reported the flow rates in these pipes as a positive value.

The reference text indicates that the out flow from node N14 is 0.045 cfs (should be cms), and this value appears to
be incorrect due a printing error. The sum of flows in the pipes entering and leaving node N14 indicate that a flow
rate of 0.0045 m?3/s leaves this node. The close correlation of the calculation results indicates that the reference text
calculations were based on 0.0045 m3/s leaving node N14.

The correlation of the HGL values is very good. The reference text lists the HGL at node N6 as 281.3 m and
pressure at node N6 as 1.34 m hd, indicating an elevation of 280 m at this node, however the reference lists the
elevation of this node at 200 m. Pipe Flow Expert results are based on an elevation of 200 m for Node 6, and hence
the results for pressure at this node are affected by the change in elevation. The pressure at the node is calculated
as 78.97 m hd.

Using an elevation of 200 m, the HGL is calculated as 278.97 m, which closely agrees with the published HGL of

281.3 m for this node. As this node is completely surrounded by pipes which do not connect to atmosphere the
change in elevation does not affect the flow rate through other pipes in the system.
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Case 47: Water — Twenty Eight Pipe Network - 3 Pumps

Reference: Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, Rowland W. Jeppson,
Example problem 6 page 95 - 98

Pipe Flow Expert File: Case_47_Water_Twenty Eight Pipe_Network.pfe

Problem description:

Water is supplied from two reservoirs to a twenty eight P o =352 ] e i e e et
pipe network. The pipes are connected at sixteen P T e e
node points. The network contains 3 pumps.

Out flows from the network occur at several node
points.

e
B

Find the flow rate and head loss for each pipe.
Find the Hydraulic Grade Line at each node point.

Fluid data: Water at 59° F (assumed). evvavs

Result Comparison:

e = Pipe Flow Expert reversed pipe direction and reported flow as positive

Pipe Published Pipe Flow Pipe Published Pipe Flow Expert
Flow (ft3/s) Expert (ft3/s) Head Loss (ft) Head Loss (ft)
P1 2.94 2.7772 P1 6.41 6.01
P2 -1.76 e 1.6707 P2 11.85 12.04
P3 -0.54 e 0.5778 P3 0.62 0.59
P4 1.74 1.7883 P4 9.10 8.68
P5 0.88 0.8904 P5 10.76 9.86
P 6 -2.55 e 2.4480 P6 30.20 28.11
P7 -3.35 e 3.2081 P7 45.50 43.63
P8 2.17 2.2590 P8 51.10 54.53
P9 3.07 3.2297 P9 43.90 35.86
P 10 -0.44 e 0.3661 P 10 7.92 3.59
P11 -0.58 e 0.5495 P11 9.90 6.06
P12 0.64 0.6207 P12 8.20 8.45
P13 0.73 0.6720 P13 9.38 8.97
P14 1.32 1.2899 P14 59.00 58.12
P 15 1.18 1.1065 P 15 29.60 26.25
P16 0.80 0.7601 P 16 23.40 20.55
P17 -2.29 e 2.2485 P17 7.86 8.15
P18 -0.17 e 0.1478 P18 1.37 0.89
P19 0.09 0.0965 P19 0.28 0.29
P 20 3.27 3.0903 P 20 37.60 40.51
P21 2.45 2.5527 P21 30.70 33.32
p 22 -0.04 e 0.1040 P22 0.01 0.07
P 23 1.15 1.2180 P 23 6.90 7.13
P 24 -0.41 e 0.4435 P24 6.91 7.20
P 25 6.84 6.7570 P 25 30.60 34.60
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P 26 6.01 6.0069 P 26 0.91 0.65
P 27 3.35 3.3507 P27 0.31 0.21
P 28 -2.39 e 2.3010 P 28 8.43 6.94
Node Published Pipe Flow' Node Published Pipe Flow
Press. (ft hd) Expert (psig) HGL. (ft) Expert HGL (ft)

N1 not published 162.6073 N1 1365 1365.45
N2 not published 146.1446 N2 1359 1359.44
N3 not published 133.9999 N3 1347 1347.40
N4 not published 126.0271 N4 1348 1347.99
N5 not published 119.8254 N5 1357 1356.67
N6 not published 119.8479 N6 1346 1346.81
N7 not published 127.2001 N7 1316 1318.70
N8 not published 114.3679 N8 1270 1275.07
N9 not published 148.3774 N9 1321 1329.60
N10 not published 137.8059 N10 1329 1333.19
N11 not published 133.9343 N11 1339 1339.25
N12 not published 128.4999 N12 1347 1347.70
N13 not published 127.4462 N13 1392 1394.27
N14 not published 116.3962 N14 1354 1353.75
N15 not published 123.8450 N15 1361 1360.95
N16 not published 105.5984 N16 1354 1353.82

Commentary: The published HGL data and the calculated results compare favorably.

The reference text uses the Hazen Williams method with a linear approximation to calculate head losses.
Pipe Flow Expert uses the more accurate Darcy-Weisbach equation and converges to within a pressure balance
tolerance of 0.000145 psi.

The reference text indicates that the flow direction in a pipe is opposite to the direction shown on the schematic
diagram by reporting the flow as negative value.

Pipe Flow Expert reversed the flow direction of the pipes indicated with ‘e’ automatically, and reported the flow rates
in these pipes as a positive value.

The correlation of the HGL values is good, indicating that the calculated pressures at the nodes must be similar to
un-published pressures obtained in the reference calculation.

There are differences in the flow rate and head loss calculations for each pipe.
Although the flow and head loss results may not agree to the normal expected accuracy, it will be noted that the
results are around the same order of magnitude for the vast majority of the pipes.

The flow and head loss differences are due to errors produced by the Hazen Williams empirical approximation
formula, used to produce the reference text results.

The Hazen Williams formula uses an arbitrary factor ‘C’ to estimate the head loss based on a particular flow rate.
The same ‘C’ factor is used for pipes P1 and P2, but when comparing the published results from these pipes it can
be seen that the fluid velocities are 3.743 ft/sec and 5.042 ft/sec respectively.

The relative roughness factors are 0.0010 and 0.0015 respectively.

Given these comparisons it is obvious that these pipes cannot have the same friction factor.

Hence the use of the same ‘C’ factor will produce a degree of error in the published flow and head loss calculations.

56



Pipe Flow Expert Results Data Verification

Case 48: Water — Twenty Seven Pipe Network - 3 Pumps

Reference: Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, Rowland W. Jeppson,
Example problem 6 page 98 - 99

Pipe Flow Expert File: Case_48_ Water_Twenty Seven_Pipe_Network.pfe

Problem description:
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pipe network. The pipes are connected at sixteen I 4 !

node points. The network contains 3 pumps. = R o i T : o
Out flows from the network occur at several node points. oot 7.| T T e

The pipe network is based on the twenty eight pipe bamtrn [
network in case 47.
Pipe P28 has been removed from the network.
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Find the new flow rate and head loss for each pipe. = Eelr L
Find the pressure and Hydraulic Grade Line at each \,,,RQ
node point. T
o |
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Fluid data: Water at 59° F (assumed).
Result Comparison:

e = Pipe Flow Expert reversed pipe direction and reported flow as positive

Pipe Published Pipe Flow Pipe Published Pipe Flow Expert
Flow (ft3/s) Expert (ft3/s) Head Loss (ft) Head Loss (ft)
P1 2.92 2.8138 P1 6.35 6.17
P2 -1.90 e 1.8259 P2 13.76 14.34
P3 -0.19 0 0.1496 P3 0.09 0.05
P4 1.60 1.5885 P4 7.83 6.89
P5 1.43 1.4052 P5 26.30 24.01
P 6 -1.18 e 1.1447 P 6 7.38 6.32
P7 -1.90 e 1.8358 P7 15.89 14.49
P8 1.60 1.6794 P8 28.79 30.41
P9 2.62 2.8491 P9 32.88 27.98
P 10 -0.31 e 0.1671 P10 4.06 0.81
P11 -0.25 e 0.1200 P11 2.09 0.33
P12 0.43 0.3953 P12 3.95 3.52
P13 0.78 0.7010 P13 10.60 9.74
P14 0.96 0.9408 P14 32.85 31.22
P 15 1.02 0.9879 P 15 22.47 21.00
P16 0.72 0.6912 P 16 19.04 17.06
P17 -2.09 e 1.9755 P17 6.63 6.33
P18 -0.65 e 0.6306 P18 15.71 14.27
P19 0.30 0.3249 P19 2.77 2.85
P 20 1.83 1.7613 P 20 12.73 13.36
P21 1.52 1.5807 P21 12.57 12.96
P22 0.54 0.5202 P22 1.72 1.37
P 23 0.57 0.5938 P 23 1.89 1.77
P 24 -0.06 e 0.0958 P24 0.16 0.40
P 25 4.45 4.4560 P 25 13.84 15.21
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P 26 5.55 5.5629 P 26 0.78 0.58
P 27 3.81 3.6947 P27 0.39 0.26
P 28 closed Closed P 28 closed Closed
Node Published Pipe Flow' Node Published Pipe Flow
Press. (ft hd) Expert (psig) HGL. (ft) Expert HGL (ft)

N1 163.00 162.5977 N1 1365 1365.43
N2 146.00 146.0675 N2 1359 1359.26
N3 133.00 132.9273 N3 1345 1344.92
N4 125.00 124.7194 N4 1345 1344.97
N5 118.00 117.7421 N5 1353 1351.86
N6 121.00 121.6356 N6 1327 1327.85
N7 128.00 128.4283 N7 1319 1321.53
N8 127.00 128.2147 N8 1303 1307.04
N9 150.00 151.7808 N9 1332 1337.45
N10 139.00 140.0037 N10 1336 1338.26
N11 134.00 133.6521 N11 1338 1338.60
N12 126.00 126.0820 N12 1342 1342.12
N13 160.00 161.0361 N13 1470 1471.82
N14 161.00 161.7472 N14 1457 1458.47
N15 166.00 166.2500 N15 1458 1458.86
N16 150.00 150.3247 N16 1455 1457.07

Commentary: The published node pressure and HGL data compare favorably with the calculated results.

The reference text uses the Hazen Williams method with a linear approximation to calculate head losses.
Pipe Flow Expert uses the more accurate Darcy-Weisbach equation and converges to within a pressure balance
tolerance of 0.000145 psi.

The reference text indicates that the flow direction in a pipe is opposite to the direction shown on the schematic
diagram by reporting the flow as negative value.

Pipe Flow Expert reversed the flow direction of the pipes indicated with ‘e’ automatically, and reported the flow rates
in these pipes as a positive value.

There are differences in the flow rate and head loss calculations for each pipe.
Although the flow and head loss results may not agree to the normal expected accuracy, it will be noted that the
results are around the same order of magnitude for the vast majority of the pipes.

The flow and head loss differences are due errors produced by the Hazen Williams empirical approximation
formula, used to produce the reference text results.

The Hazen Williams formula uses an arbitrary factor ‘C’ to estimate the head loss based on a particular flow rate.
The same ‘C’ factor is used for pipes P1 and P2, but when comparing the published results from these pipes it can
that the fluid velocities are 3.718 ft/sec and 5.443 ft/sec respectively.

The relative roughness factors are 0.0010 and 0.0015 respectively.

Given these comparisons it is obvious that these pipes cannot have the same friction factor.

Hence the use of the same ‘C’ factor will produce a degree of error in the flow and head loss calculations.
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Case 49: Water — Fifty One Pipe Network - 30 Loops — 5 Pumps

Reference: Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, Rowland W. Jeppson,
Example problem 8 page 99-101

Pipe Flow Expert File: Case_49 Water_ Fifty One_Pipe_Network.pfe

Problem description:

Water is supplied from two reservoirs to a fifty one

pipe network. The pipes are connected at thirty two
node points. The network contains one pump.

Out flows from the network occur at 27 of the node

points.

Find the flow rate and head loss for each pipe.

Fluid data: Water at 68° F (assumed).

Result Comparison:
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e = Pipe Flow Expert reversed pipe direction and reported flow as positive

Pipe Published Pipe Flow Pipe Published Pipe Flow Expert
Flow (ft3/s) Expert (ft3/s) Head Loss (ft) Head Loss (ft)
P1 20.40 20.3982 P1 5.58 5.55
P2 20.50 20.4878 P2 11.31 11.31
P3 10.50 10.4794 P3 3.03 3.02
P4 4.92 4.9235 P4 0.70 0.70
P5 -4.16 41712 P5 26.58 26.60
P 6 2.76 2.7661 P 6 0.23 0.23
P7 4.29 4.2943 P7 18.77 18.78
P8 4.69 4.6960 P8 11.19 11.20
P9 4.83 4.8387 P9 17.81 17.83
P 10 14.18 14.1935 P10 12.15 12.16
P11 2.76 2.7728 P11 3.96 3.97
P12 -4.35 e 4.3548 P12 19.28 19.31
P13 -6.35 ® 6.3548 P13 2.50 2.49
P14 1.76 1.7618 P14 3.28 3.28
P 15 -1.47 e 1.4805 P 15 1.74 1.76
P16 -6.11 ® 6.1276 P16 1.06 1.06
P17 -3.02 e 3.0552 P17 0.22 0.22
P18 1.60 1.6011 P18 4.11 4.09
P19 0.40 0.3989 P19 0.10 0.10
P 20 -1.06 e 1.0530 P 20 0.93 0.91
P21 2.56 2.5530 P21 0.43 0.42
p 22 4.56 4.5530 P22 0.91 0.90
P 23 -4.31 e 4.3198 P 23 14.23 14.25
P 24 2.62 2.6175 P24 10.67 10.65
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P 25 1.39 1.3825 P 25 1.04 1.03
P 26 3.24 3.3460 P 26 8.61 8.62
P 27 3.24 3.2477 P27 16.27 16.26
P 28 3.19 3.1980 P 28 7.89 7.89
P 29 2.63 2.6314 P 29 5.39 5.38
P 30 7.23 7.2285 P 30 65.76 65.75
P31 -2.73 e 2.7402 P31 0.97 0.97
P 32 -8.32 e 8.3311 P32 8.50 8.49
P 33 -10.82 e 10.8288 P 33 1.61 1.61
P34 -12.82 e 12.8288 P34 5.63 5.62
P 35 3.02 3.0210 P 35 7.07 7.05
P 36 0.98 0.9790 P 36 0.80 0.79
P 37 17.83 17.8498 P 37 8.62 8.61
P 38 -0.73 e 0.7313 P 38 0.06 0.06
P 39 -8.37 e 8.3808 P39 6.45 6.44
P 40 12.10 12.1121 P 40 3.02 3.01
P41 4.57 4.5666 P41 1.58 1.57
P42 12.33 12.3341 P42 13.82 13.81
P 43 12.85 12.8599 P 43 10.01 10.00
P 44 8.34 8.3445 P44 5.12 511
P 45 30.45 30.4630 P 45 18.60 18.60
P 46 27.18 27.1941 P 46 9.90 9.90
P 47 57.63 57.6570 P 47 7.77 7.74
P 48 20.11 20.1184 P 48 8.19 8.18
P 49 -2.61 e 2.6119 P 49 7.08 7.07
P 50 -5.16 e 5.1677 P 50 27.05 27.07
P 51 10.55 10.5690 P 51 3.07 3.07

Commentary: The published data and the calculated results compare very favorably.

The reference text indicates that the flow direction in a pipe is opposite to the direction shown on the schematic
diagram by reporting the flow as negative value.

Pipe Flow Expert reversed the flow direction of the pipes indicated with ‘e’ automatically, and reported the flow rates
in these pipes as a positive value.

The reference text indicates that the out flow from node N14 is 4.00 ft3/s, and that the out flow from node N21 is
3.00 ft3/s. These outflows appear to have been interchanged, probably due to be a printing error.

Using the published flow rate results, the sum of flows in the pipes entering and leaving node N14 indicate a flow
rate of 3.00 ft¥/s leaves this node, the sum of flows in the pipes entering and leaving node N21 indicate a flow rate
of 4.00 ft3/s leaves this node.

The Pipe Flow Expert system is based on these ‘corrected’ outflow values.

The close correlation of the calculation results indicates that the reference text calculations were based on these
‘corrected’ outflow values stated above.

There are no published values for pressures and HGL values at the node points.

The reference text only lists the elevations for the fluid surface of the 3 reservoirs.

As all the other nodes are completely surrounded by pipes which do not connect to atmosphere a change in
elevation of these nodes would not affect the flow rate through the pipes in the system.
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Case 50: Water — Fourteen Pipe Network - With PRV

Reference: Analysis of Flow in Pipe Networks, 1976, Publisher Ann Arbor Science, Rowland W. Jeppson,
Example problem 2 page 88 - 89

Pipe Flow Expert File: Case_50 Water Fourteen_Pipe_Network_withPRV.pfe

Problem description: p—
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Water is supplied from a reservoir to a fourteen pipe
network. The network contains a pump.
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Out flows from the network occur at eight node points. |~ -
The network contains a pressure reducing valve. fmns ) P
The downstream pressure at the node leaving the 7_

PRV is greater than the PRV setting, therefore the
PRV acts a check valve.

Find the new flow rate and head loss for each pipe. - - - - 4

Find the Hydraulic Grade Line values upstream and (— =

downstream of the PRV. s

Fluid data: Water at 68° F (assumed). —

Result Comparison:
Pipe Published Pipe Flow Pipe Published Pipe Flow Expert

Flow (ft3/s) Expert (ft3/s) Head Loss (ft) Head Loss (ft)
P1 0.50 0.5000 P1 2.44 2.42
P2 0.37 0.3704 P2 0.63 0.63
P3 2.16 2.1636 P3 19.27 19.26
P4 3.16 3.1636 P4 6.40 6.40
P5 0.00 0.0000 P5 0.00 0.00
P6 1.00 1.0000 P 6 6.40 6.37
P7 0.25 0.2464 P7 1.01 1.00
P8 0.25 0.2536 P8 1.06 1.05
P9 0.05 0.0464 P9 0.06 0.06
P10 1.00 1.0000 P 10 2.56 2.55
P11 0.79 0.7932 P11 2.73 2.71
P12 0.71 0.7068 P12 2.22 2.17
P13 0.13 0.1296 P13 0.09 0.09
P14 1.84 1.8364 P14 2.21 2.20
P15 n/a closed P15 n/a closed
Node Published Pipe FIow_ Node Published Pipe Flow
Press. (ft hd) Expert (psig) HGL. (ft) Expert HGL (ft)

N4 Not stated 50.8793 N1 417.60 417.60
N8 Not stated 61.9071 N2 393.08 393.04

Commentary: The published flow rates, pipe head losses and HGL data compare very favorably with the
calculated results.

In the Pipe Flow Expert model, pipe P5 has been split into two pipes of equal length, so that the PRV can be
positioned halfway along the original pipe length as shown in the reference text.
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Since the pressure at node N8 downstream of the PRV is higher than the PRV pressure setting, the PRV will close
and act as a check value preventing back flow in the pipe. Pipe Flow Expert reports that this is the case.
Pipe P15 has then been closed in the Pipe Flow Expert model to represent this situation.

The reference text list the length of pipe P1 as 1000 ft. This is most likely a printing error.

The flow rate of 0.50 ft3/s with a head loss of 2.44 ft (as stated in the reference text) can only be applicable to a pipe
500 ft long.
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