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Example Problem: Piping System Analysis with Head Losses

Water at 20°C is pumped between two large tanks at a steady flow rate of
5.7 liters per second through a 2-inch NPS Schedule 40 commercial steel
pipe (inside diameter d=52.5 mm). The pipe is 100 m long and the elevation
change is 30 m. Minor head losses are caused by the valves, fittings etc., as

shown in the sketch.

For a pump efficiency of 70%, estimate the
shaft power that must be delivered to
the centrifugal pump.
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Solution

Steady flow energy equation from points @ and @ on the reservoir surfaces
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( Minor head losses (valves, fittings...)
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L Pipe head loss (viscous dissipation)

Solve for hp:

h, = (ZZ—Zl)+hf+th—% Eq.(1)
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Solution

L V2

Starting with pipe head loss:  hf = 4 29

hy, = (Z3—71) + by + X hy —%

d=525mm,L =100m
Q =577%/s

Water at 20°C (Table A.1)

* Friction factor f from the Moody Diagram —

* f depends on Re; and pipe relative roughness €/d
(1000{) =1m?

_3m3
V:gz 4Q =4(5.7><10 —~ =263m
A md? m(0.0525)?m? T s
ova 998 kg/m3(2.6375)(0.0525m)
Req = = 1.37 x 10°

w1003 x 1073 kg/(ms)
(Fully Turbulent)

* Commercial steel pipe: Table 6.1 Pipe Roughness (€)

p =998 kg/m3

pu=1.003 x 1073 kg/(ms)
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Table 6.1 Pipe Roughness (€)

€
Material Condition ft mm Uncertainty, %
Steel Sheet metal, new 0.00016 0.05 +60
Stainless _new 0000007 0002 !
Commercial, new 0.00015 0.046 +30 | < Notethe
Riveted 0.01 30 =70 uncertainty
Rusted 0.007 2.0 +50
Iron Cast, new 0.00085 0.26 +50
Wrought, new 0.00015 0.046 +20
Galvanized, new 0.0005 0.15 +40
Asphalted cast 0.0004 0.12 +50
Brass Drawn, new 0.000007 0.002 *+50
Plastic Drawn tubing 0.000005 0.0015 *60
Glass — Smooth Smooth
Concrete Smoothed 0.00013 0.04 +60
Rough 0.007 2.0 +50
Rubber Smoothed 0.000033 0.01 +60
Wood Stave 0.0016 0.5 +40

* Commercial steel pipe: €= 0.046 mm

€ _ 0.046mm

d

= 0.00088

52.5mm

» Moody Diagram (Fig. 6.13) > Rey = 1.37 x 10° 2 = (0.00088

hp=(z2—z1)+hf+zhm—%

d=525mm,L =100m
Q =57%/s
V=263m/s

Water at 20°C (Table A.1)
p =998 kg/m3
p = 1.003 x 1073 kg/(ms)
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Rey, = 1.37 x 105 =
i /d

Solution

= 0.00088

 Alternatively, using the Colebro

rirz = —2los (5 Red-fl/z)

& Goal Seek

* Iterative solution gives f = 0.0211  Excel

2
* Pipe head loss: hy = g Z—g

2
2m
100 m ) (2.63)"—

hy = 0.0211 (0.0525m 2(9_81322) =14.2m

ula for turbulent regime:

hp=(z2—zl)+hf+zhm—%

d=525mm,L =100m
Q=57¢/s V=2.63m/s

Water at 20°C (Table A.1)
p =998 kg/m3
u=1.003 x 1073 kg/(ms)
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; hy = (22 —2z1) + hp + L hy — 2
Y
Solution d = 52.5mm,L = 100 m
. Q=57¢/s V=263m/s
Minor Head Losses (Local Losses) he = 14.2m

Water at 20°C (Table A.1)
p =998 kg/m3
pu=1.003 x 1073 kg/(ms)
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Solution
Table 6.5: Valves and fitting loss coefficients (K)

 Nominal 2” Schedule 40 pipe =
M) 0
Nominal diameter, in (;1,5 !
‘L‘\\'C(ll Flanged
3 1 2 4 i 2 4 8 20
Valves (fully open):
Globe 14 8.2 6. 57 13 8.5 6.0 5.8 5.5
Gate 0.30 0.24 0.11 0.80 0.35 0.16 0.07 0.03
Swing check 5.1 2.9 2.0 2.0 2.0 2.0 2.0 2.0
Angle 9.0 4.7 2.0 1.0 4.5 2.4 2.0 2.0 2.0
Elbows:
45° regular 0.39 0.32 0.30 0.29
45° long radius 0.21 0.20 0.19 0.16 0.14
90° regular 2.0 1.5 0.64 0.50 0.39 0.30 0.26 0.21
90° long radius 1.0 0.72 0.41 0.23 0.40 0.30 0.19 0.15 0.10
180° regular 2.0 1.5 0.95 0.64 0.41 0.35 0.30 025 0.20
180° long radius 0.40 0.30 0.21 0.15 0.10
Tees:
Line flow 0.90 0.90 0.90 0.90 0.24 0.19 0.14 0.10  0.07
Branch flow 2.4 1.8 1.4 1.1 1.0 0.80 0.64 0.58 0.41
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Uncertainty up to +50%. Dependent upon specific design, varies by manufacturer
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Solution

Flow discharge to the reservoir
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* The entire kinetic energy of the
discharging fluid is dissipated through
viscous effects, regardless of outlet shape
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Solution

Minor Head Losses
e Sharp entrance
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Solution

* Applying Eq. (1):

hp=30m+14.2m+2.0m—

hp — (Zz

20X103—

m

9790—
m

* Power input to the fluid by the pump:

N
P =yhyQ = 9790 (44.2m) 5.7 x 10

p = 2470’%’" — 2.47 kW

* 70% Pump efficiency, n=0.7

Pshaft - =

P
n

2.47 kW

= 3.5 kW

=442 m

S

Answer

-3 m3

Q=57"%/s
hy =14.2m
Yh,=20m

Water at 20°C (Table A.1)
p =998 kg/m3
Yy =pg = 9790 N/m3
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1 Solving the Colebrook Formula using Goal Seek

. Darcy Friction Factor, f 0.02113 < Converged Solution for f
4+ Relative Roughness, £/D 0.00088
s Reynolds Number, Re 1.37E+05
6
il e/d 2.51
» |Colebrook Formula -8.04E-05| €— 172 + 2 log(3_7 ' 3 Req f1/2) =0
’ Residual —
9 Data --> What if Analysis --> Goal Seek

END NOTES
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