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Quiz 7. Water flows from a large reservoir through a pipe and then discharges from a nozzle as shown

below.

a) What is the discharge of water Q? The head loss in the pipe itself is given as h; =
0.02(L/D)(V?/2g), where L and D are the length and diameter of the pipe and V is the ve-
locity in the pipe. (Hint: Use the energy eq. between 1 and 3 and continuity between 2 and 3)

b) What is the gage pressure p, at point (2)? (Hint: Assume frictionless flow and use the Ber-
noulli eq. between 2 and 3)

c) Find the force Fp exerted by the flange bolts to hold the nozzle. (Use the momentum eq.)

(Water density p is 1.94 slug/ft> and gravity g is 32.2 ft/s” at 60°F)

Elevation = 100 ft Continuity equation:

Elevation = 60 ft . ‘
XMoyt — LMip =0

D=1ft 6-in. diameter jet
l C_ oD .
) ) R Momentum equation:
T f T

1 -1000ft YE=3(my),  —X(my)

am Energy equation:

gk
. p2 V2
a —® %+$+zi+hp=z:/—o+i+zo+ht+m

P3 = Parm = 0 (gage)

Solution:

(a) Energy equation between (Dand @):

v, Vi _py, V&
/}/Z‘F/Z;A'Zl'i'/p/—j/‘}'i‘i‘z:g‘}'?ﬂ'hl‘ (1)

where, p; = p3 = Patm, V1 = 0, by, = hy = 0, and head loss h is

h; =0.02 (%) (g) = 0.02 (%) (g) (2) « V =V, through the pipe due to continuity

V, is from the continuity between @ and (@ (let d = jet diameter)

A d\?2
oy = VsAs = Vy = V33 = Vs (5) 3)
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Then, plugging (2)+(3) into (1) gives

29(z1-23)
Vo = |———————=33.8ft
*7 oy T

W Q=V34; =V, (%dz) = 6.64ft3/s

(b) Bernoulli equation between @ and ®:

2 2
L e
Y 2g 14 2g

where, p3 = 0 gage and z, = z3.

d 2
pp =L -v) =L (1 - (%) ) = 8311bf/ft? gage

(c) Momentum equation:

For a control volume which encloses the nozzle as shown below,

—l,’f” -— 0 b 0
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Control volume
YE, = mV; —ml,
The control volume force valance shows that
YF, = —Fp + p4;
Then,
—Fg + p2A; = m(Vz — V)

d\2

« Fy = p, (5D%) - pQs (1 - (%) ) = 326 Ibf
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