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1. In the usual notation, obtain the equation of continuity in the form 5% +div(pq) =0
for a moving fluid. -
Deduce that divg = 0 if the fluid is incompressible. :
: - k*(~yi + zj)
Show that the motion given by g = W : where'k is a constant, is a possible
motion for an incompressible fluid.
o . Determine the equation of the relevant stream lines. Also test whether this motion
— is of the potential kind and if so find the velocity potential.
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2. a) The Euler equation of a moving fluid is given by F — —yP = —D—; ; where I is
e
the external force per unit mass, P is the pressure, /) is the density of the fluid
and g is the velocity of the fluid particle.
If the external force is conservative, obtain the Bernoulli equation for an irrotational
motion of an incompressible fluid by using above equation.

e b) Stationary infinite circular cylinder with radius « placed vertically in a uniform
stream of incompressible irrotational fluid, for which undisturbed velocity —uvz;
where v is a constant and 7 is a unit vector in the direction OX, which is
perpendicular to the axis of the cylinder. Let P be a point in the fluid with
OP = r, where r > a and O lies on the axis of the cylinder. Find
(i) the velocity potential at any point in the fluid and
(ii) the velocity at any point on the cylinder.

Show that the pressure will be positive every where on the surface of the cylinder
3pv
if P > — ,0 ; where P, > 0 is the pressurc at infinity.
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i . Continued.
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3. An incompressibe inviscid fluid of uniform density p is in an irrotational motion.
Show that the kinetic energy T of the fluid enclosed by a surface S is given by o
1 do = . . : : 2
= _——2—p / ¢%ds . where ¢ is the velocity potential, n is the inward unit normal
vector to thse surface element ds of S and the fluid is at rest at infinity.
Find the values of A and B so that (Ar + %)cosé) represents the velocity potential
of the motion of an incompressible fluid, which fills the space between a solid sphere
of radius b and a concentric spherical shape of radius a(>> b), when the sphere has
a velocity u and the shell is at rest.
TpbPut (20 + a?)
3(a? — b3)

Prove that the kinetic energy of the fluid is . where p is the density

of the fluid.
Discuss the case when a — oco. &

4. A simple source of strength m is placed at the origin in an irrotational flow moving
with velocity w in the direction of OX axis. Show that the velocity potential at any

point P in the flow is T urcost - where r = OP and § is the angle XOP.
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Deduce that the velocity at P in the plane X OP has components (— + ucosh, —usind),
=

respectively along and at right angle to OF.

Hence show that the stream lines are given by

—-m = : - ' 5
—_ and the stream lines lie on the surface ur?sin®6 — 2mcosf = -«
USIN,

TZ% + r2cotl =

constant.

A two dimensional doublet of strength pi is placed at the point z = ia in a stream
of velocity —V¢ in a semi infinite liquid of constant density occupying the half-plane
y > 0 and having y = 0 as a rigid boundary. Show that the complex potential of the
ion is W(z _V~+_2,u__z_
»motlon is W(z) =Vz e
Show also that, for 0 < p < 4aV, there are no stagnation points on the boundary,
and that the pressure on it is minimum at the origin and maximum at the points

z = +av3.
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6. State the Milne Thomas Circle theorem and its extension.
A source and a sink of equal strength m are placed at the points (a,0) and (—a,0)
respectively within a fixed circular boundary {Z| = 2a. Show that the stream lines
are given by
16a2y® + \y(r? — 4a?) = (% — 16a%)(r? - a®) ; where )\ is a constant and that the
20msinf

fluid speed at the point (2a,0) is —————~
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