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Question One: (30 marks)

A two dimensional source of strength ¢ is placed at a distance A from an
infinitely long wall. Body forces are absent and pressure at infipity and in
the region behind the wall{i.e.}z > @) is P, the stagnation pressure

(a} Sketch the problem [3 marks]

(b) Show that the magnitude of the force, F', per unit length of the wall, in
the z—direction, is given by .

2
—Pq
e ;
darh
where p is the density of the fuid [13 marks]
The veloctty field of an incompressible flow is given by
v = —2ayi — 2ax],
where a is a constant
(e) Show that the flow is irrotational [4 marks]
[5 marks]

{d) Determine an expression for the velocity potential

{e) Determine an expression for the stream function. Given that ¢ > 0,
sketch the streamlines if the flow is confined in the region z > 0

[5 marks]
Question Two: (20marks)
Consider a velocity potential in ¢ylindrical coordinates given by
: cos 8
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, P T
{a) Write down an expression for the velocity v [3 marks]

{b) State the relationship beiween the components of velocity, the velocity
potential and the stream function. Hence obtain an expression for the
stream function. By changing to Cartesian coordinates, show that
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where &k is a constant. Hence sketch the streamlines [17Tmarks]



Question Three: (20 marks)

{a) Show that if
éi:é‘h"ﬁﬂa : --1-{#11

satisfy Laplaces equation, then the sum also satisfies Laplaces equation
[3 marks]

(b) If the velocity components of & two-dimensional flow are
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where k is a constant, show that this flow is incompressible(11marks]

{c) Define the following terms

{i} upstream velocity
(i} stagnation plane
[8maris]

Question Four: (20 marks)
(a) A complex potential w can be expressed as follows
W = ¢+

where & is the velocity potential and ¥ is the stream function, Derive
the relationship between ¢ and ¥ (& marks]

(b} A fixed eylinder is placed ina Niquid which is moving steadily and imota-
tionally. If A is the moment about the origin, then neglecting external
foices, show that :

M = real aﬂin'—l f* diﬂ-)?dz
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where 1 i the complex potential, p density and the integral is taken
around the contour of the cylinder [11marks]



Question Five: (20marks)
(a) Distinguish between
(i) inviscid and viscous flow

(i) compressible and incompressible flow
{4marks]

(b} The complex potential of a fiow is given by
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where a is a constant. Determine the velocity potential and the stream

function. Hence sketch the streamlines and the equipotential lines
[16marks]



