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MT 310 - FLUID MECHANICS

Answer all questions Time allowed: Two hours

1. (a)

(b)

Derive the equation for equilibrium, £ = —Vp, where 7, p and p are body force per
i
unit mass, static fluid pressure and the density of the fluid respectively.

Let the density and pressure in a self gravitating gas be connected by the relation
p = C?%p, where C is a constant.

Prove that if the gas is in equilibrium then C?*V?1np+ dnGp = 0, where (7 is the
gravitational constant.

Further show that it p depends on a qiraglv linear coordinate x and the gas is un-

bounded then p = p, sech? [ \/ ;r(rpo} if :’_ =/(iandig = p, when ¢ =0,
r

Let a gas occupy the region r < R, whcre I? is a function of time {, and a liquid of
constant density p lie outside the gas. By e.-ijsm.uning that there is contact between
the gas and the liquid all the time and that the motion is symmetric about the origin
r = 0, show that the motion is irrotational,

If the velocity at » = 2, the gas liquid boundary is continuous then show that the

pressure p at a point P(?‘ t) in the liquid is given by
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(b)

A sphere whose center is fixed and whose radius at time t is a -+ bcoswt, where a,b

and w being positive constants, is surrounded by an infinite mass of liquid of uniform

density p , on which no body forces act. If the pressure al infinity is 7, prove that
1

the pressute at the surface of the sphere is ™ + —lb,r}w')‘ [b — Bbcos 2wt — dacos wt).
4

Find the least value of this pressure.

Let a two dimensional source of strength m 1s situated at origin. Show that the
g

complex potential w at a point P(z) due to this source is given by w = —mln z.

Two sources, each of strength m placed at (—a,0), (a, 0) and a sink of strength 2m

at the origin. Show that the streamlines are the curves

2

(245 = a*(x® - y? + Aay),

where A is a variable parameter. Show also that the fluid velocity at any point is

21na?

—_ where ry, 72 and 7y are the distances of points from the sources and the
("‘1'-"2?':5

sink.

A Write down the Bernoulli’s equation for steady motion of an incompressible inviscid fluid.

If fluid fills the region of space on the positive side of the x axis, which 1s a rigid boundary

and if there is a source m at the point (0, a) and an equal sink at (0,b) and if the pressure

on the negative side is the same as the pressure at infinity, show that the resultant pressure

mpm*(a — b)?

on the boundary I8 =——3v where p is the density of the fluid and a > b.
2ab(a + b)



