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Chapter 3 Pressure and Fluid Statics

;. 3-75 A quarter-circular gate hinged about its upper edge controls the flow of water over the ledge at B
: where the gate is pressed by a spring. The minimum spring force required to keep the gate closed when the
water level rises to 4 at the upper edge of the gate is to be determined.

Assumptions 1 The hinge is frictionless. 2 The atmospheric pressure acts on both sides of the gate, and thus
it can be ignored in calculations for convenience. 3 The weight of the gate is negligible.

Properties We take the density of water to be 1000 kg/m’ throughout.

Analysis We consider the free body diagram of the liquid block enclosed by the circular surface of the gate
and its vertical and horizontal projections. The hydrostatic forces acting on the vertical and horizontal plane
surfaces as well as the weight of the liquid block are determined as follows:

~J Horizontal force on vertical surface:
Fy=F,=P,,A=pghc-A= pg(R/2)A

= (1000 kg/m>)(9.81m/s*)(3/2 m)(4mx 3 m) L
1000 kg - m/s?

=176.6 kN
Vertical force on horizontal surface (upward):
Fy =Pp,A=pghcA= pghbonomA

= (1000 kg/m>)(9.81 m/s%)(3 m)(4 m x 3 m) . -
1000 kg - m/s”

=353.2kN
The weight of fluid block per 4-m length (downwards):

W= pgV = pgwx R’ | 4]
= (1000 kg/m > )(9.81 m/s?)[(4 m)x(3 m)? /4] ..
£ ' 1000 kg - m/s?

=277.4kN
Therefore, the net upward vertical force is

F, =F,-W =3532-277.4=75.8kN

Then the magnitude and direction of the hydrostatic force acting on the surface of the 4-m long quarter-
circular section of the gate become

Fp =F2 + F2 =(176.6kN)? +(75.8KN)> =192.2 kN
Fy  75.8KN

= 2058 _0429 > 6=232°
Fy 176.6kN

kil tan @ =

. Therefore, the magnitude of the hydrostatic force acting on the gate is 192.2 kN, and its line of action
passes through the center of the quarter-circular gate making an angle 23.2° upwards from the horizontal.

The minimum spring force needed is determined by taking a moment about the point 4 where the
hinge is. and setting it equal to zero,

D My=0 > FpRsin(90-6)~FygR=0

pring
Solving for Fyying and substituting, the spring force is determined to be

F = Fpsin(90-0) = (192.2kN) sin(90° - 23.2°) = 177 kN

spring
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