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The figures in the margin indicate full marks
for the questions

Answer five questions, choosing one from each Unit

UNIT—I

1. (a) Suppose the velocity components for
a two-dimensional fluid system are

given by u=2x+2y+3t, v=x+y+%t

in Eulerian  system. Find  the
displacement of a fluid particle in
Lagrangian system. 8

(b) Derive Eulerian form of equation of
continuity from Lagrangian form of
equation of continuity. 7
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(2)

2. (a) Find the equation of the streamlines
- -
for the flow 3=—(3y2)i —(6x)j at the
point (1, 1). 7

(b) Show that

B 2xyz b= (x2 —y2)z
(x? +y?)? (? +y?)?
_ Yy
w=-— 2
x“+y

are the velocity components of a
possible liquid motion. Also, find
whether the motion is irrotational. 8

UNIT—II

3. (a) Derive Euler’s equation of motion of
inviscid fluid in Cartesian coordinates. 7

(b) Suppose a liquid of density p is flowing
along a horizontal pipe of variable
cross-section and the pipe is connected
with a differential pressure gauge at two
points A and B. Show that if p, — p, is
the pressure indicated by the gauge, the
mass of the liquid through the pipe per
second is given by

m=0102 2p(-2pl_}292)
61 =0y

where 6,, 6, are the cross-sections at
A and B respectively. 8
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A sphere of radius R, whose centre is at
rest, vibrates radially in an infinite
incompressible fluid of density p which
is at rest at infinite. If the pressure at
infinity is P, show that the pressure at
the surface of the sphere at time t is

1 |d?R? (dRJQ
P+=p +|—
2 dt2 dt

An infinite mass of fluid is acted on by a

u
3/2

force

per unit mass directed to the
r

origin. If initially the fluid is at rest and
there is a cavity in the form of the
sphere r =c in it, show that the cavity
will be filled up after an interval of time

1/2
2 5/4
— C
(5”)

UNIT—III

Define the terms—source, sink, doublet
and complex velocity.

Show that

v =c(a2 +x? —yQ)

u =2cxy and

are the velocity
components of a possible fluid motion

and determine the stream function.

Find the image of a source with respect
to a line.

4
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6. (a)

(b)

7. (a)

(b)
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Two sources each of strength m are
placed at the points (-a, 0), (a, 0) and a
sink of strength 2 m at the origin. Show
that the streamlines are the curves

)2

(x2 +y2 =a? (x2 —y2 + Axy)

where A is a variable parameter. 7

Discuss the motion for which Stokes’
stream function is given by

4

2 r2

where r is the distance from a fixed
point and 0 is the angle this distance
makes with the fixed direction. 8

UNIT—IV

Derive the equation for equilibrium of
fluid in a given field of force. )

A small uniform circular tube, whose
plane is vertical contains equal
quantities of fluids whose densities are p
and o, (p >0), and do not mix. If they
together fill half the tube, show that the
radius passing through the common
surface makes with the vertical an angle
n1P=C
pto 6

ta
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9. (g
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Prove that if the forces per unit mass at
(%, y, 2z) parallel to the axes are y(a— 2,
x(la-2), xy, the surfaces of equal
pressure are hyperbolic paraboloids.

State the condition for equilibrium of a
floating body.

A rod of length 2! and specific gravity
whose one end is hinged at a height h
above the surface of a liquid of specific
gravity nd (n > 1) remains in equilibrium
in an inclined position, partly immersed
in the liquid. Prove that the inclination
of the rod to the vertical is

-1 h n
COS —_—
[21 \n-1

Show that a homogeneous right circular
cone of vertical angle 2o cannot float
stably with its axis vertical and vertex
downwards unless its density as
compared with that of the liquid is

greater than cos® a.

UNIT—V

A cone full of water is placed on its side
on a horizontal table. If W be the weight
of the contained water and 2o the
vertical angle of the cone, show that the
thrust on the base is 3W sin o.
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7

(b)

10. (a)

(b)
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Show that the depth of the centre
of pressure of a semicircular lamina
immersed in a homogeneous liquid with
the diameter in the surface is

3nR

16

where R is its radius.

A solid hemisphere of radius R is
immersed in a liquid of density p with its
plane face vertical and centre at a depth
h below the surface. Show that the
resultant thrust is inclined to the
horizontal at an angle

tan ! (SR)
2h

A bent tube of uniform bore, the arms of
which are at right angles, revolves with
constant angular velocity o about the
axis of one of its arms which is vertical
and has its extremity immersed in
water. Prove that the height to which
the water has risen in the vertical tube

is
2 2
P 1_e_w2%
go

where a is the length of the horizontal
arm, p the atmospheric pressure, § the
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density of water and k the ratio of the
pressure of the atmosphere to its
density. S

(c) Find the work done on compressing a
gas. S

* kK
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