SOLUTIONS TO PROBLEM SHEET V Fluid Dynamics

1. TREE

(a) Linear shallow-water wave theory:

Dispersion relationship:

w(—w?+ f2+1*(gH)) =0

The phase velocity is dependent upon the mean depth H:
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The disturbance will be felt 100 m away after 16 s.

v'=utv @ : mean flow velocity
downstream:
v) = 9ms~!
(i i=3ms =}
th =11s
v] =12ms!
(if) i=06ms =4}
t) = 8s
upstream:

vh =3ms™!
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vy = 0ms

th = never

(ii) i=6ms! = {

where v] propagation velocity downstream and v} propagation velocity upstream



2. LAKE

Shallowness: horizontal and vertical characteristic length scales such that § = % <1

(a) Here H=10m, L=10’000m
=0=10"2«1
linear shallow-water theory: fis zero, rotation effect neglected, reflection case (b) (script p. 70)
Lake configuration, flow confined at (—L,0), such that boundary conditions:
sin(IL) =0 pe??
=1, = 7, 1 only takes on DISCRETE values

WANTED: periods of the natural oscillation
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(b) longest natural oscillation ~ main tide period

Tyige = 12h=T
2 L agoon T
= Tl = _ﬂ-i = Llagoon = _16
c s 2
12 % 602 x 10
= Llagoon = - 72 * ~ 216 km

longest natural oscillation and main tide have approximately the same period
= RESONANCE flow response.

3. LINEAR SHALLOW WATER SYSTEM

uy = —gh!, (1) height variation — flow acceleration
v'=0= ¢ fu' = —gh, (2) coriolis repartition — height variation
hi+ Hul, =0 (3) flow divergence — height change
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For h' = Asin (k (v — ct))e™" and v’ = (5) I/
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Back to equation (2):
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