pipe 24

You purchase a cottage at a lake and need to install a pump to feed water to the house. You plan to pump

water at night to fill a storage tank you’ve installed next to the cottage. The pipes and fittings you have

chosen to use for the installation are listed in the table below.

a. What is the minimum head rise across a pump that is capable of providing a flow rate of 18.93 liters
per minute (= 5 gpm) of water to the tank?

b. What power should be supplied to the pump assuming the pump efficiency is 65%.

'
0.61 m —
(=21t ‘|‘ |
O
1524 m T Y
(=50 ft) B pump tank
N
3.05m =
(=10 ft) lake J
T
System Component Amount
straight, smooth plastic pipe, 5.08 cm (= 2 in.) diameter 28.96 m (=95 ft)
re-entrant inlet 1
regular 90° flanged elbow 10
union 8
fully open globe valve
fully open gate valve 4
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SOLUTION:
0.61 m ; —1>
(=21t
-
1524 m '&\\\}‘I\i(\\\\\"\\\\\\\\ NN
(=50 f) A pump .
NI
3.05m =
C 10 2) f \ lake J
ANAOONNW
Apply the Extended Bernoulli Equation from point 1 to point 2.
172 72
(i+aV—+zj —(L+aV—+z] -H,, ,+H,
PE 2g 2 prE 28 1
where
pZ - pl pdtm
7,%0
V,=V, = ”%2 and o = 1 (assuming turbulent flow)
4
n—z1=15.24 m
72 2 V2 v, v, v
L -2 Z K ma or -t Kin]ct + 1OI(clbaw + 8I(unian — +K lobe ——+4K ate
7 J Zg g 2g 2 %a]ve 2g \g/alve 2g
fL+K +10K,,  +8K . +K, . +4K Ve
D inlet elbow union %Lc;sg %:{30 zg
(where I7P = 172 = ”% )
4
H =?

S,1-2

Substitute into the Extended Bernoulli Equation and re-arrange.
v, vV,
L4z = (f +K,,. 10K, +8K +4K ] +H

g

elbow union globe gate S,1-2
valve valve 2

L v,
HS,1—>2 = (Z2 ) (1 + f D + Kmlet + 101<elbow + 8Kumon %/1352 + 4K§/;}\elcj 2g
H = 1 L K 10K 8K K 4K 80"
S,1-2 — (ZZ - Zl ) + + f5+ inlet + elbow + union + %L(;\t/): + %z;{se 72'2—1348'
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Use the given data to determine Hs,1-2.
z2—z1=1524m
L=2896m
D=5.08 cm=5.08¢e-2 m
Kiniet = 0.8
Kelbow = 03
Kthreaded union — 006
Kglobe valve = 10
Kgate vatve = 0.15
0=18.93 L/min = 3.154e-4 m*/s (= 5 gpm)
g2=9.81 m/s? (= 32.2 ft/s?)

The friction factor is found using the Moody chart for a smooth pipe and a Reynolds number of:

7 4(3.154e-4 m*/s
e op a0 s

— = = ~ 7900
v =y zDv  r(5.08e-2 m)(le-6 mz/s)

(The turbulent flow assumption is valid!)
= f=0.033 (from the Moody diagram)
| Hy, ,, =15.28m| (= 50.14 )

Note that the head loss is much smaller than the elevation head.

The power is related to the shaft head by:
W, W,

H _Tsio2 s

ST g pOg
Ws,Hz = pQgHS,Hz

Using the given data (o= 1000 kg/m?):
~W. =473 W (= 0.06 hp)

S,1-2

Since the efficiency is n = 65%, the power that must be supplied to the pump is:

_Ws,Hz . _ _
= | =727 W| (=0.1 hp)

supply ,’,’ supply

Page 3 of 3

pipe 24

(11)
(12)
(13)

(14)

(15)

(16)

(17)



