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1. With the usual notation, derive the continuity equation for a fluid flow

in the form
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where pr denotes the differentiation following a fluid particle.
Using the relations z = r cos 0, y = rsin®, express the vector

_ c(—yi+ xj)
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in cylindrical polar coordinates (r,0, z). Hence show that
(a) the motion of an incompressible fluid is possible, with velocity q,

and that the streamlines form a family of circles with centers on

the 0z— axis.
(b) this motion is irrotational with velocity potential ¢ = —cf
(c) streamlines intersect equipotential surfaces orthogonally

(d) the circulation of velocity around any curve in the oxy— plane is

it ! 27e.



9. With the usual notation, derive the equation of motion of an inviscid

ﬂ_uid in the form

A sphere of radius R(t) whose center is at rest, vibrates radially in an
infinite mcompressﬂ)le liquid of constant density p. |
The liquid, which is under no external body force, extends to infinity,
where it is at rest. Show that the motion of the liquid is irrotional with

velocity potential
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If the pressure at infinity i8 Pooy SHOW that the pressure at the surface
of the sphere (r = R), at time t, is

. &
'p:pm+p{RR+§Rﬂ.

If R = a -+ bsinnt where a,b,n are constants such that a > b, show

that in order that there is no cavitation pe > pnZbla +b).

_ State and prove the Clircle theorem for an irrational two-dimensional

flow of an incompressible inviscid fluid moving parallel to xy— plane.

A two dimensional source of strength m is placed at a point
Clz = ¢ outside a fixed circular boundary of centre O and radius a.
By finding the image system or otherwise, find the complex volonty at

any point P(z) where | 2 |> a.

hat the itude of t locity i8 == Where
Show that the magnitude of the velocity 18 5P.CPDP’ where A,B

are the points where OC cuts the circle and D is the inverse peint of
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forces obtain the pressure equation
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with the usual notatio.n,

A solid sphere of radius a, uniform density ¢ moves in a straight line
with velocity U(¢) through an infinite volume of liquid with uniform

density p which is at rest at infinity. Show that
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where F'is the external force acting on the sphere and M = -ra’o and
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Hence deduce that acceleration of a sphere falling vertically in an inf-

nite fluid which is at rest at infinity is

g(o - p)

@)



