COLM_10

Water is sprayed radially outward through 180° as shown in the figure. The jet sheet is in the horizontal
plane and has thickness, H. If the jet volumetric flow rate is O, determine the resultant horizontal
anchoring force required to hold the nozzle stationary.
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COLM_10

SOLUTION:

Apply the linear momentum equation in the X direction to the fixed control volume shown below.
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% I uy pdV + '[“X (PU -dA) = Fp x +Fs x (D
cv cs

where

% I uypdV =0 (steady flow)
cv

O=r  “Ux =dA O=r
qu (puy -dA)= I (Vsin®)| pV RAOH |= pV>RH J- sin 0d0 = —pV' > RH cos 0]
Cs =0 =0
=—pV?RH (-1-1)
=2pV*RH

(Note that there is no X-momentum at the control volume inlet. Also, 7 is an unknown quantity at the
moment.)

Fgx =0

Fs x =F, (All of the pressure forces cancel and only the anchoring force remains.)

Substitute.
F,=2pV*RH )
To determine V, apply conservation of mass to the same control volume.
d
EIPdV*‘IP“rcl'dA:O 3)
cv cs
where
di J- pdV =0 (steady flow)
v
O=r =dA
j pu, -dA =—pQ+ I oV RAOH = —pQ + pV nRH
CS inlet 0=0
outlet
Substitute and simplify.
—p0+pVzRH =0
Y
=— 4
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Substitute Eqn. (4) into Eqn. (2).

2
F, = 2p(”%{j RH ®)

Note that F, = 0 due to symmetry.

Page 3 of 3



