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2.5 Hydraulic jump (q=u here )

Consider the jump as shown in a channel of width d and horizontal bed. The
suffixes 1 and 2 refer to conditions before and after the jump, and we consider the
fluid bounded by A;B, and A,B,. In time §t, the fluid has moved to the region
bounded by A}B] and A%B%3. Then at the two locations we have the following

quantities.
Height h, h,
Mean velocity q, qz
Pressure pglh, — z) pglh, — z)
Thickness’ q,0t_ q.0t
Mass m, = pdh,q,6t m, = pdh,q.6t
Conservation of mass shows that m;, =m, and the flow rate Q is the same at 1 and 2
Flow rate dh,q, =Q dh.q, =Q
Momentum m,q, m,q,
h, h,
Force in flow direction F,= I pgd(h, — z)dz F, = ——I pgd(h, — z)dz
0
— Lpgdh? = —}pgdh?

Force equals rate of change of momentum gives F, —F, = (m,q, — m,q,)/6t or

2
§Pgd(hf ""hz)"‘_‘ pQ(q, —q,) —'pc(l) (hl2 hl) Hence either h, —h, =0, in which case the

flow is continuous and there is no jump, or

;-
A2
h,h,(h, +h,) = é}i—f’
For given upstream conditions this equation determines h, and hence q, =Q/dh,.
Kinetic energy im,a3 im,q3
Work done by force F,q,0t Foq,6t
If D6t is the amount of knetic energy lost in time §t, conservation of energy gives
(Fiq; — F,0,)0t = im,q3 —ima? + Dét,
from which it follows that

3
D = 2pgd(h1Q1 §Q2) -+ %PQ(Qf —-q§) = %PEQ(M —h,) +;Q (hz 1)
- 2
(h, —h,)?
— 1 2 1
or D = 3pgQ >hih,

Since D >0, h, >h,. In a hydraulic jump, the level of the water rises and the speed

falls. For the flow upstream,

q; . Q? { — h,h,(h,; +h,) —1 (h, —h,)(h, + 2h,)

gh, ~ gd’nd 2h? ~ 2h? /
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