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Answer Four (04) Questions only.

motion of a fluid.
If the fluid is incompressible, then deduce that div q=0.

b) Show that the motion given by

by — ax ay + bx .
q= ,— - 7 | 0] ;where a, b are constant,
b § :L'2 + y2 z2 + e

is a possible motion of an incompressible fluid.

B

(i) Determine the equations of the relevant stream lines.

1. a) In the usual notation, obtain the equation of continuity in the form —9it) +v.(pg) =0 for a
£ M AP

(ii) Also test whether this motion is of the potential kind and if so find the velocity potential.

dt

moving under a force F' per unit mass and velocity g.
Hence, by using suitable conditions deduce that

s |
7. (_ .12 §q2 B _(_)) =q A curlg,

where (2 is the scalar potential such that F = V[
A quantity of liquid of density p occupies a length 2a of a straight tube of uniform

tube, where z is the distance from O.

exceed atmospheric pressure by

| : _ 1 d !
2. Derive in the usual notations, the Euler cquation of motion F — ~P = ! for a perfect fluid
PR

small cross
section. The liquid is under the action of a force kz per unit mass towards a fixed point O in the

Show that, when the nearest free surface is at a distance - from O, the pressure at a distance

1 Continued.



3. An incompressible inviscid fluid of uniform density p is in irrotational motion. Show in the usual

notation, the kinetic energy T of the Aluid enclosed by a surface s is given by

T = —%ﬂ.ﬁ- 4’5-—3%5:
where n is the outward unit normal vector to the fluid surface and ¢ is the velocity potential.
A solid sphere of mass M and radius a moves in a uniform liquid which is at rest at infinity.
If the sphere is moving with velocity u, choosing the origin and axis suitably, find the velocity
potential at the point p(r, 6).
Also find the kinetic energy of the liquid.
(Assume that the velocity potential of a sphere in the usual notation as (Ar + Br=?)cosf.)

4.

a) Obtain the velocity potential of a three dimensional source.
b) Three dimensional sources of strength m; and m, are situated at points (2a,0,0) and
(—2a,0,0) respectively.
(i) Find the resulting velocity potential &(r,0) in spherical polar co-ordinates at a point
p = p(r,0) under the axial symmetry.

2

.. m k —2a _ , _

(ii) If — = ; where k is a constant, show that there is no transport of fluid
mo k + 2a

through 22 + 32 = k2 on the plane 6 = ().
(iii) Find the stagnation points on the plane 6 = 0.

5. a) A source and sink of equal strength m are placed at the points (2a,0) and (—2a.0)
respectively in a two dimensional flow.
(i) Write down the complex potential of the systeni.
(ii) Now above system is placed in a fluid moving with the constant velocity —ui. Write
down the new complex potential of the systenn.
(Here i is the unit vector in the direction of positive x-axis. )
b) Let the complex gotential of a 2-D motion is
W(z)=u (: + aT) + 1klog <§> where a,u and / are constants.
2
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a k= . ‘ e o

(i) Show that ¢ = u? (1 - ——2) +—5- Hence find the velocity at infinity in o# direction.
2 2

N

(i) Find the stream function of | z |= a.
(iii) Find the stagnation points.

6. State the Milne-Thomson Circle theorem and its extension.

, a Ao :
A source and sink of equal strength m are placed at the points (ig, 0) within a fixed circular

2a .
boundary | z |= 3 Find the complex potential of 1 system. Show that the stream lines

are given by

5 | B
48a%y® — A (5r2 — 44?) = 3 (rl - —19—) (97% — 16a?); where A is a constant.
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