PROBLEM SHEET IV Fluid Dynamics

1. LAMINAR FLOW IN A WATER CHANNEL

e A sluice gate controls the discharge of water down a channel. If the discharge is increased by
20%, what will be the percentage change in the depth of the water? Compare lecture notes
on page H3.

e Is the percentage in the depth dependent upon the viscosity of the water? Is it dependent
upon the temperature?

2. WATER FLow

If the velocity w in the flow system considered on page 54 in the lecture notes is 1072 ms™!, how
deep is the boundary layer of water at normale temperature? How deep would it be for air with
the same specifications?

3. 2D FLOW FIELD

A two dimensional flow field occupying the domain y>0 is specified in terms of the streamfunction
1, such that

Y= A-sin(kx) - e

Sketch the streamfunction ¢ and the corresponding streamlines.

(a)

(b) Derive expressions for the horizontal velocity components (u, v)
) Derive expressions for the vertical component of the vorticity ¢
)

nder what relative values 'k’ an will the streamfunction e a solution of:
d) Und hat relati lues 'k’ and I’ will the st functi b luti f
%C =vV% where ¢ = % — g—;‘ is the vorticity.

Hint: Use a software package such as Maple, Mathematica, Matlab, ... if you have access.

4. SHALLOW WATER SYSTEM

Consider the one-spare dimension shallow water system:
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or written as:
v, +uvy + fv = 0
h, +vhy +hu; = 0

Non-dimensionalise this set to the form:



Roluz + atz) — o = (IRo)hsz
Ro[voz +v0z]+a = 0
iLg + aiLi + Bai = 0

where
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(a) What is the dimensionless parameter 37

(b) Consider some observed motions such that
U~ lecms !, L ~10km and H ~ 10m
What are the characteristic values of Ry and 37

(¢) To build a laboratory analogue of the lake flow, what should be the depth H of the model,
and how quickly must the laboratory model be rotated? Assume model is such that U ~
1/10cms™! and L ~ 1m.



