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1. (a) Derive the continuity equation for a fluid flow i Do
n the fbrm fr * pV.q : 0,

where p"and q are the density and bhe velocity of the fluid respectively. 4,
Hence, show that the equation of ccntinuity for arr incompressible fluid in

Cartesian coordinates red"uces to the to.- $ +* +y :0 , where u,u and.0r dy 0z
u) ate the ca,rtesian components of the velocity.

(b) Show that { (Z*' - r2 ,3rg.3rz) ,where 12 : tr2 + a' + z2 and.,k js a constant,
/4

represents the velocity field in a possible fluid motion of an incompressible fluid

and the the motion is irrotational.

AIso determine the streamlines.

2. (u) Let agas occup)'the region r 4 R, whereRis afunction of time f, and a

liquid of constant density p lie outside the gas. If the velocity af, r : R, the

gas liquid boundary, is continuous, then show that the pressure p at a point

P(r,t) in the liquid is given by

where lI is the pressure at infinity. Here'.' denotes differentiation with respect

to t.
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(b) A spherical gas bubble whose center is fixed and whose radius at tirne t is

(r4-bcosu)tj where a,b and (r) are constants, is surrounded by an infinite mass

of liquid of uniform density P, an which no body forces act' Prove that the

pressure at the surface of the sphere is II * IUzlI' [b - 5b coskat - Aacosut].

Find the least value of this pressure.

(a) Let a three-dimensional doublet of strength pr be situated at the origin. Show

that tire velocity potential o at a point P (r , 
g 

, o) , ,n spherical polar coordinates,

d.ue to the tloublet is given by O : p'r-z cos 0 '

(b) Three-dimensional doublets of strength s ptt, Fz are situated at A arrd B whose

cartesian coordinates are (0,0, a) and (0,Ofb), their axes being directed to-

wards ancl away from the origin, respectively. Show that the 
"ofidition 

for no

transport of fluid a,cross the surface clf sphere 12 + A2 * 22 : ab is A: (;)"'

Wtite down the Bernoulii's equation for steady motion of an incompressible inviscid

fluid.

Given that an incompressibie inviscid fluid of constant density p fills the region of

space on the positive side of the r axis, which is a rigid boundary and there be a

source of strength m at \he point (0, a) and an equal sink at (0, b), where a > b > 0'

If the pressure on the negative side is the same as the plessule at infinit'y, show that

the resultant pressure on the bounda rpm2(a - b)2
rY LS 

2ab(e + b) '
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