
POISEUILLE FLOW -
flow between parallel infinite plates
1 Dimensional, 
steady, 
viscous, 
laminar, 
fully developed 
Exact Solution Possible
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POISEUILLE FLOW 
flow between parallel infinite plates
1dimensional, 
steady, 
viscous, 
laminar, 
fully developed 
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POISEUILLE FLOW
1 Dimensional, 
steady, 
viscous, 
laminar, 
fully developed 
Exact Solution Possible
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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)
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PIPE PRESSURE DROP (metric)
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FITTING LOSSES
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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

32

p

5 41



( ) /hr590,751BTU
60sec/min

97.9117.8961.4/gal.1337ft60gpm)hm(hQ     c)

KW   .103
.45

.0462HP
η
Power IdealrActualPowe

KW .0462
ftlb/HP 550

KW/HP 7457.248.88
60

61.4.1337Power Ideal

QH
60

61.4.1337H
sec/min 60

ρ.1337QHmPower

b)
head maximumft  4.9431.1351.7981.249.761532P

ft 3.6691.6591.249.7611543P
ft 3.0711.1351.936.761142P

onHead/secti     a)
248.88
45.401.135402.00950.54
33.181.659201.52760.53
35.961.798201.52765.43
49.961.249.0186101.23.74.02382402.00955.32
38.721.936.0185108.63.50.01272201.52770.42
45.66.761.022101.583.93.03395602.49540.2P15

ν
VD

A
.1337Q

1444
D 3.14

HQh            f             N             V   A                   Q      D     L      Section   
61.38lb/ftρ     1.129,µ    F,140 T heating

3

12

5

5

5

2
fre

3o

=
−××

=−=

===

=
×

×
×

=

×
=×

××
=×=

=+++=−−−
=++=−−−−

=++=−−−

−
−
−

×−

×−

×−−−

×
×

×
===⇒

∑∑ ∑


