2301 Fluid Mechanics
Notes

Based on the 2011 autumn lectures by Prof E R
Johnson

The Author has made every effort to copy down all the content on the board during lectures. The
Author accepts no responsibility what so ever for mistakes on the notes or changes to the syllabus

for the current year. The Author highly recommends that reader attends all lectures, making his/her
own notes and to use this document as a reference only.
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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 AiB} and A3B;. Then at the two locations we have the following

quantities.
Height h, h,
Mean velocity qQ, dz
Pressure pe(h, —z) pelh, —z)
Thickness’ q,0t, qx0t
Mass m, = pdh,q,5t 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 dhyq, =Q
Momentum m,q, m2Q2
h, h,
Force in flow direction Fy= I pgd(h, — z)dz F,= —I pgd(h, — z)d=z
0 0
= lpgdh} = —}ogdh}

Force equals rate of change of zmomentum gives F, —F, =(m,q, —m,q,)/6t or
2pgd(hf _hZZ_. 0Q(a, —q,) —Q(-—l-— ——-) Hence either h, —h, =0, in which case the
flow is continuous and there is no jump, or
P
foghuolh, 4B s 22
ihothy +ho) = pry
For given upstream conditions this equation determines h, and hence q, = Q/dh,.
Kinetic energy imaf im,aq3
Work done by force Fiq,0t Foq,6t
If Dt is the amount of knetic energy lost in time 6t, conservation of energy gives
(qul = F2q2)5t = %mzqg = %‘mqu + Dﬁt,

from which it follows that

D = lpgd(hia, —h3a,) + 3pQaf—q3) = %Pnghx—hz)Jr;sz(h—z——)
(hiy - B, )"
= lyooB2 —IJ)
or D =305y,

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

falls. For the flow upstream,

@, _ _Q _, _hhu+h) | (b, —hh, +2h)

gh, ~ gd%n? 2h? - 2h?
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