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POISEUILLE FLOW
1 Dimensional, 
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VELOCITY DISTRIBUTION - parabolic
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MEAN FLOW VELOCITY, V FRICTION FACTOR
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LAMINAR PIPE FLOW
steady, 1D, viscous, constant density
Exact Solution Possible w
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VELOCITY DISTRIBUTION - parabolic
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MEAN FLOW VELOCITY, V FRICTION FACTOR
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TURBULENT PIPE FLOW
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PIPE PRESSURE DROP  (english)

kPa? and psi in and fluid flowing 
 theof meters andft  in loss head  theisWhat     m)long. (60.976200ft    .0004,e/D roughness with

m) .10226  ID in (4.026  pipe in 4a   throughflowing is C)  15.739  (  F60at  water of /min)m .947 ( 250gpm 3

=

psi 2.9932.2/1441.9386.89
144
ρgh∆p

ft water 6.89
ft/sec 32.22

ft/sec 6.30

ft
12

4.026
ft 200.019

2g
V

D
Lfh

.019f    .0004,
D
e and Nat  @ 9.7 Figure

174,682
12

4.026

sec
ft101.210υ

ft/sec 6.30
υ

VDN

ft/sec 6.30
ft .0884ftmin/hr 60

/gpm.1337ftgpm 250
A60
.1337GPMV

ft .0884
12

4.026
4

3.1416
4

DπA

sec
ft101.210 υ,

sec
ft1.21µ ,

ft
slugs1.938ρ  F60 @

l

2

2

l

RE

2
5

RE

22

3

2
22

2
5

2

3

=××=×=

=
×









==

==

=







×=
==

=
××

×
=

×
×

=

=





==

×===

−

−
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PIPING SYSTEM CHARACTERISTIC
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A 3-zone heating system uses 
hot water passing through  the piping 
network shown. The heater increases
water temperature 20 F.  All pipes are 
copper type L.

a) What is the total head added by the pump?
b)  Assuming a pump efficiency of 45%, 
what size electric motor should be used?

C)  What is the heat flow rate into the water?

Circuits  l eq, ft  D,in  Q, gpm
5-1-p-2   40        2.5      60
2-4          70        1.5      20
2-3          55        2.0      40
3-4          65        1.5      20          
3-5          60        1.5      20
4-5          50        2.0      40
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