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Example: The Force to Hold a Deflector Elbow in Place

A reducing elbow is used to deflect water flow at arate of 14 kg/s in a horizontal
pipe upward 30° while accelerating it (Fig. 6?0). The elbow discharges water
Into the atmosphere. The cross-sectional area of the elbow is 113 cm? at the inlet
and 7 cm? at the outlet. The elevation difference between the centers of the outlet
and the inlet is 30 cm. The welght of the elbow and the water in it is considered
to be negligible. Determine (a) the gage pressure at the center of the inlet of the
elbow and (b) the anchoring force needed to hold the clbow in place.
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V, = —

m, = m= 14 kg/s

bl 3 s 03,551 Gy (615 Saesl asles 3l a3lizad

m

14 kg/s
= : - = 1.24 m/s
pA, (1000 kg/m’)(0.0113 m~)
14 kg/s
= 20.0 m/s

V, = —

pA, (1000 kg/m*)(7 X 10~*m?)
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T2 T2 =
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V- V2
— P8 20 T2 — 7

P, — P, = (1000 kg/m?)(9.81 m/s?)

P

1, gage

(20 m/s)* — (1.24 m/s)? 1 KN
X - +03 — 8 -
2(9.81 m/s%) 1000 kg-m/s

= 202.2 kN/m* = 202.2 kPa (gage)
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P & P A, = pmV,cos 0 — pmV

* Rx 1, gage“ "1 B 2 B 1 B=pB,=05,

k Fp, = PmV,sin 60

Fpo. = Bm(V,cos — V,) — P,

X

A,

, gage

I N
= 1.03(14 kg/s)[ (20 30° — 1.24) m/
(14 kg/s)[ (20 cos ) S](lkg.m/sz)

— (202,200 N/m?)(0.0113 m?)
= 232 — 2285 = —2053 N

Fe. = BV, sin 6 = (1.03)(14 kg/s)(20 sin 30° m/s)( ) = 144N

1 kg-m/s?



EXAMPLE 6-3 The Force to Hold a Reversing Elbow in Place

The deflector elbow in Example 6-2 is replaced by a reversing elbow such
that the fluid makes a 180° U-turn before it is discharged, as shown in
Fig. 6-21. The elevation difference between the centers of the inlet and the
exit sections is still 0.3 m. Determine the anchoring force needed to hold

the elbow in place.




P o= A, = B,m(—V,) — BmV, = —Bm(V, + V)

1, gage

Fo = —Bi(V, + V,) — P, ... A,

1, gage

— (202,200 N/m?)(0.0113 m?)

= —(1.03)(14 kg/s)[(20 + 1.24) “‘/S](l klg-ll/sz)

= —306 — 2285 = —2591 N



Example: Water Jet Striking a Stationary
Plate

Water is accelerated by a nozzle to an
average speed of 20 m/s, and strikes a
stationary vertical plate at a rate of 10 kg/s
with a normal velocity of 20 m/s. After the
strike, the water stream splatters off in all
directions in the plane of the plate.
Determine the force needed to prevent the
plate from moving horizontally due to the
water stream.
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VLX=‘V1 and V, , =0
% —Fp =0 — pmV,

F, = BmV, = (1)(10 kg/s)(20 m/s)(

11<g-m/s2) = 200N



