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Answer FOUR questions only.

i.

(a)

(b)

(a)

{h

By considering the equilibrium of an arbitrary volume V of fluid at rest, derive the
equation of equilibrium in the form pF = grad p.

A mass of incompressible gas extends from infinity to the surface of a rigid sphere
r = a.The temperature being constant, the pressure p and density p of the gas are
related by an equation of the form p = K p where K is a constant. The external force
per unit mass at a point P is given by F = ﬁﬁ%, where 4 is a pésitive constant and
r =zt +yJ + zk is the position vector of point P with respect to O, its magnitude
being denotetl by v. Show that the pressure exerted on the surface of the sphere is
P = Dok Kn; where p, is the pressure at infinity.

o . . D , .
Derive the continuily equation of the form Eg + pdiv(q) = 0, for any arbitrary
control velume of & moving fluid irrespective of its shape and size. g and p fluid
velocity and fuid density respectively.

Hence deduce the continuity equation. for an incompressible fluid in terms of Carte-
stan Coordinate.

Consider the fluid fow fleld which is given by ¢ = a2yl + yzzj_' — (2wyz + 2Dk,
Prove that this is a case of a posiible incompressible fipw feld.

Given v = 2)% and w = 2zy:. the two velocity components. Determine the third
component such that it satisfies the continnity equation.

1 D
Given Euler’s eqnation of motion F — = grad p = — for a perfect flud, show that
P

Dt
_ oo 1 By 'S
it can be written in the form F — - grad p= = + grud | == ] — ¢ x curfy.
Fe, ot 2 = -

Using the result in Part (@), dervve Bernoulli's equation for irrotational motion of
an inviseid homogeneous fluld of coustant density,
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{c) Consider a horizontal nozzle discharging into the atmosphere. The inlet has a bore
arca of 500mm? and the exit has a bore area of 250mm? . Assuming there is no
energy loss calculate the flow rate when the inlet pressure is 400 Pa .

4. A stream of liquid has velocity V' at infinity in the nepative z—direction, the sphere
r = 2, being a rigid boundary. Moreover the velocity potential of the flow is given by

4
¢=V (-r + —26030> .
T

{a) Derive the components of velocity and hence obtain the stream function,
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(b) Find thee equation of a streamline which is at a distance a from the axis, at infinity,

and show that such a streamline meets the plane § = 7, at a point where r = b,

given by (bz - %) = a?.

4
5. The complex potential of a fiuid Aow is given by W(z) = U (z + —) where U is positive
Z

constant,

(a) Obtain the equation for the streamlines and velocity potential lines and represent
them graphically.

{b) Fiud the complex velocity at any point and determine its value far from the origin.

{(¢) Find the stagnation points of the flow.
6. The components of flnid velocity ¢. in terms of cylindrical polar coordinates r. 4,z are
- (l - ’;3) cosfl 7 (] + ’::i) sinf. 0 respectively.

() Verifv that this velocity represents irrotational motion of an incompressible fAuid.
and find the velociiv potential,

() Deseribe the hehaviowr of veloeity on the surface of the cylinder + = o and at

iy
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