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QUESTION 1

(a) Dye is continously injected at the point (0, 1, 1) into a fluid with a velocity field

qg=(1,y,2z2).

Show that the position of the dye streak at later times is given by

z=9y% =¥ [6 marks]

(b) Consider the flow field for an incompressible and irrotational fluid represented by
the velocity field
q = —(A + 2Bz)i + 2Byj,

Obtain expressions for the velocity potential and streamfunction for the flow.

[8 marks]

(c) Show that the streamlines of the flow corresponding to the complex velocity
potential
1

satisfy the equation

y

m = constant

[6 marks]



QUESTION 2

(a) The velocity field for an inviscid fluid is given by

u=-ay , v=ar , w=>0
where ¢ is a constant. Assuming that there are no body forces acting on the fluid,
(i) Prove that the flow is incompressible. [3 marks]

(ii) Find the vorticity and rotation of the fluid. [4 marks]

(iii) If the pressure at £ = y = 0 is py, find an expression for the pressure at each

point of the fluid. {56 marks]

(b) A two-dimensional motion of a fluid has a complex potential

a? ik
- il L
w(z) U(z—f-z)—l-%rr 0g z
where U, a and k are constants. Obtain expressions for
(i) the stream function [4 marks]

(i1) the velocity potential [4 marks]




QUESTION 3

(a) A fluid flow had the velocity potential

I
¢ - 12 + y2
(i) Find the velocity components for the flow. [8 marks]
(ii) Show that the flow is both continous and irrotational. [6 marks]

(b) Consider the two-dimensional velocity field

Y . A R
332—11 :::2—1‘]

q‘:.

Calculate the equation of the streamline passing through the point (4,3). {6 marks]

QUESTION 4

(a) State Euler’s equation of motion. [4 marks]

(b) Starting from Euler’s equation, derive Bernoulli’s equation for steady,

incompressible flow of potential kind. [8 marks]

(¢) Find the complex velocity potential for a two-dimensional irrotational

flow with velocity components.
v=kzr , v=-ky

[8 marks]




QUESTION 5

Consider the boundary layer equations in the form

ou Ou _dl’ 0%,
U@'ﬁ"f)é‘y— = UE_‘_VIB_:U?, (1)
ou O
ozt = O )

with boundary conditions

ou
-_— = =0
By 0, on y
v = 0, on y=20
u = Ulz). on y=o00

Define

U(z)=6mz? | n=yz™? | ¢=—6uz/2F(n)

where v; is a constant and use the relationships

dy ' Oz

to show that equation (1) and the boundary conditions (3) transform into

Fm_[_2FFH+(F1)2_2=O

F'(0) = 0,
F(0) = 0,
F'{0) = 1.

where the primes denote differentiation with respect to 7.

[20 marks]




QUESTION 6

Consider the viscous flow of fluid which is confined between two parallel flat plates of
infinite extent in the zy plane. The distance between the plates is 2 with the Jower
plate fixed at ¥y = —1 and the upper plate is located at y = 1. The lower plate is held
at rest while the upper plate is moving with constant velocity Ai. If the velocity field
for the flow is

q = (u(y),0,0),
use the Navier-Stokes equation in the form

dq . 1 2
5 +(q-V)q = —pr+uV q

(a) to show that the velocity profile for this flow is

1 d A
u(y) = Eﬁ&g (v~ 1)+ 50 +D).

[15 marks]

(b) Show that the maximum velocity occurs along

Ap
Y=—Sa-
2%

[5 marks]



QUESTION 7

Water flows out of a reservoir (see Figure 1) down a pipe of cross sectional area, a.

Prove that
(a)
12 1 2 2 o22)°
h={(+ho)'" - 2t [20d)/ (a2 - ] "} -
[12 marks]
(b) the time to empty the resevoir is about
2 A
\/;{(H +he)/2 ~ B} =
[8 marks]

where hg is the depth of the water at ¢ = 0, ¢ is the gravity constant and h and H

are the heights shown in Figure 1.

Area, A

Figure 1:




