Problem 4.72 [Difficulty: 4]

4.72 A gate is 1 m wide and 1.2 m tall and hinged at the

bottom. On one side the gate holds back a 1-m-deep body of 4

water. On the other side, a 5-cm diameter water jet hits the _—

gate at a height of 1 m. What jet speed V is required to hold Water jet

the gate vertical? What will the required speed be if the body

of water is lowered to (L5 m? What will the required speed be 1'm

if the water level is lowered to (.25 m?

g
Given: Gate held in place by water jet

Find: Required jet speed for various water depths

Solution: )

Basic equation: Momentum flux in x direction for the wall by = Fg +Fg = %fw“ pd¥+ ,[r_a upV - dA

Note: We use this equation ONLY for the jet impacting the wall. For the hydrostatic force and location we use computing equations
|

XX
Fp = A ' = + —
R=Pc Y =Y¥c AV,
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow
2 Tl"DZ
Hence Ry = V'p'(_V'Ajet) = —pV T
This force is the force generated by the wall on the jet; the force of the jet hitting the wall is then
2 ~D2
Fit = Ry = p-V I where D is the jet diameter
jet X 4 2
w-h
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For the hydrostatic force  F = pg-A = p.g.h.h.wz i.p.g.w.hz Y =Yg+ xx _h R
2 2 Ay, 2 h
w-h-—
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where h is the water depth and w is the gate width
. . , h
For the gate, we can take moments about the hinge to obtain ~FietNjet + FR'(N = ¥) = —Fjerhjer + FRE =0
where hjg is the height of the jet from the ground
2 7D’ h 1 2 h
Hence Fjet =pV 'T'hjet = FR'E = E.p.g.w.h E
, 2 m 3 1 \2 1 m
For the first case (h = 1 m) V=|—x98l—x1mx(1m)” x X —— V=289—
37 2 0.05m) = 1-m s
2 m 3 1 \2 1 m
For the second case (h = 0.5 m) V=|]—x98l—x1mx (05m) x|———:/ x — V=102—
37 2 005m)  1.m s
, 2 m 3 1 \2 1 m
For the first case (h = 0.25m) V= |—x98l—x1mx (0.25-m)” x X —— V =2361—
T 2 0.05m) = 1-m s
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