pump_14

Consider the pipe/pump system shown below in which water (with a density of 1.0E3 kg/m® and dynamic
viscosity of 1.3E-3 Pa-s) is pumped from tank A to tank B.

15 cm diameter pipe with a total length

/\ of 40 m and roughness of 0.9 mm .
s =200 kPa | gravity

90° regular
(gage) threaded elbow
A -
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v threaded elbow 0.5m l

The pump to be used in the system has the following pump performance curve.

7.0E+01 90%
—A.
o AY A >

6.0E+01 4 H\’}/ﬁ T %0%

1 70%

>05+01 1 s X\ 609%

T 0
— >
» 1)
é, 4.0E+01 4 1 50% ¢
= 0
§ 3.0E+01 1 40% é
130% @

2.0E+01

1 20%

1.0E+01 - 1 10%

0.0E+00 : : 0%

0.0E+00 5.0E-02 1.0E-01 1.5E-01

flow rate [m3ls]

Curve fits to the pump performance data are given below:
H [m] = (-1.5E3 s*/m%) 0* + (2.8E1 s/m?) Q + (6.3E1 m)
np = (-5.6E1 s*/m° O + (1.2E1 s/m®) O + (2.1E-1)

a. Determine the operating point for the system.
b. Is the given pump efficient for this application? Explain your answer.
c. Do you anticipate that cavitation in the pump will be an issue? Explain your answer.
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SOLUTION:
15 cm diameter commercial steel
pipe with a total length of 40 m
pB =200 kP 90° regular
(gage)=2 threaded elbow
B
10. m
90° regula
threaded elbow

pump_14

re-entrant inlet

T

50m

A Y

Apply the Extended Bernoulli Equation from the free surface of tank A (point 1) to the end of the pipe

leading into tank B (point 2).
72 72
L oig iy = L+aV—+z —-H;p+Hg),
pg 28 pg 28 )

where
p=p4=0(gage) and p, = pp =2.0E5 Pa (gage) (given)

171 ~0 (large tank)

Vy=Vp = Q and «a, =1 (assuming turbulent flow)

2
zp
z;=5.0E0m and z, =1.0Elm (given)
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HL,IZ = f(_j + Kre—entrant +K 1/2 open + 21(9() threaded e

D inlet gate valve elbow zg

(Note that there are no exit losses at point 2.)
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The friction factor, f; is determined from the Moody chart using the Reynolds number in the pipe, Re, and
the relative roughness, &/D. Since the Reynolds number is unknown at this point (since the flow rate and
hence velocity are unknown), assume that the flow occurs in the fully rough zone. The pipe has a
roughness of 0.9 mm. Hence:

£ _ (9.0E—4 m) — 6.0B.3
D (I.SE-I m)
f=32E=2

Hence, the major loss coefficient for the system is:

L 4.0E1 m
Kogior = /| = |=(3.2E-2)| ———— | =8.6E0
et f(DJ ( )(I.SE—lm}

The minor loss coefficients are found from minor loss tables to be:
Kre—emrant =8.0E-1
inlet

Khalfopen =2.1E0

gate valve

K90 threaded 1.5E0

elbow

Re-arrange Eqn. (1) to solve for Hs,12 and substitute the values given above.
Py~ D sz "

Hgp = tay -yt -z +Hpp
’ pg g 2 ’
2

=&+Q—2+z2 —z1+H,

7e 2s(5 )

(2.0E5 Pa) 0’

- - —+ —+(1.0E1 m)—(5.0E0 m)

(1.0E3 ke/m”)(9.8E0 mys” 2(9.8E0 m/sz)[g(l.SE-l m)zJ

QZ
+[ 8.6E0+8.0E-1+2.1E0+2(1.5E0) | -
2(9.8E0 ms? )| 5(1.5E-1 m)’ |

Hy), =(2.5E1 m)+(2.5E3 s%/m’ ) 0°

Equate the system head curve with the given pump head curve to determine the operating point.
(2.5E1 m)+(2.5E3 §7/m* ) Q” = (63E1 m)+(2.8E1 s/m” )0 +(-1.5E3 s?/m” ) 0’

system curve pump curve

(4.0E3 s*/m® ) 0 +(-2.8E1 s/m ) 0 +(-3.8E1 m) = 0
0 =1.0E-1 m*/s
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The velocity corresponding to this flow rate is:

_ 0

v, = 2 =5.7E0 m/s
4
and the corresponding Reynolds number is:
V,D
Re=-2—=6.5E5
v

Hence, the assumption of fully rough turbulent flow is ok.
The pump efficiency at this flow rate is found using the given pump efficiency curve.
np =(-5.6E157/m® )0’ +(1.2E1 s/m3)Q+(2.1E-1)

11p =85%
Since this efficiency is very close to the best efficiency point, this is an efficient pump for this application.

To determine if cavitation will occur in the pump, we would need to compare the NPSH available at the
pump inlet to the NPSH required by the pump (need NPSHA > NPSHR to avoid cavitation). The NPSHA
can be determined by apply the Extended Bernoulli Equation from point 1 to a point at the inlet of the
pump and using the definition of NPSH.

72 72

p V p V

—to_—+z =|—+a—+z| —Hpine T Hs 1inlet
pg 28 ). \pg 28 )

72
NPSHE£L+V—J pi
pg 2g) .. P&

where
Ainjet © 1 P1 = Pam HS,I—inlet =0
NPSHA = Pam — Py Z1 =2 = Hp e
PE

Since pam > pv, z1 > z2, and HL,1-inlee Will be relatively small since there are few loss mechanisms occurring
upstream of the pump, cavitation in the pump will most likely not be an issue.
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