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(a) Determine stream lines and path lines for the flow whose velocity field is given by
2z —q z
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(b) Using the definition of a fluid particle’s acceleration, determine the acceleration
for the following flow field
Gg= (Aa;yzt, Bz*yt, Cryz*t)

where A, B, are constant and z,y, z,t are variables.
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fluid flow;
(i) Show that velocity is potential kind
(ii) Find the velocity potential

w = 0, are the velocity components of three dimensional

(a) In the usual notation, derive the following equation of continuity for a fluid flow
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(b) For a incompressible irrotational fluid show that the above equation reduces to
Laplace’s equation

+ V- pg=0.

Vi =0,
where ¢ is the velocity potential.
(¢c) Show that the following velocity
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is a possible motion of an incompressible fluid flow.
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(a) In the usual notation, derive the Euler’s equation of motion,

df = 1

for an incompressible, unsteady fluid flowing under a conservative force.

(b) Using part (a) drive the Bernoulli’s equation

1, 8¢ dP
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(c) Show that at the steady state, equation in part (b) reduces into
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(d) A large open water tank has a small hole at the bottom through which water flows
out due to gravity. The water level in the tank is maintained at a constant height 5.
Assume that the pressure at the top of the water surface is atmospheric pressure
Fy and the velocity of water at the top surface is negligible. Using Bernoulli’s
equation, derive an expression for the velocity v of the water as it exits the hole.

(a) Suppose z = z + iy, and the complex potential function w = f(z) = ¢(z,y) + 1¥(z, y)

where ¢ : velocity potential and, ¢ : stream function. If e is unigue through out

2
the region, then w is said to be analytic or regular through out the region. Derive
the Cauchy-Riemann Equation.

(b) For a given fluid flow w = 22, discuss the behavior of velocity potential and, stream
function.

(c) If the uniform stream is incident to the positive z-axis at angle «, show that the
complex potential equal to uze ™,
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5. (a) Let ©(r,0.4) be the velocity potential at any point having spherical polar coor-
dinates (r,f,%) in a field of steady irrotational incompressible flow. State the
Laplace’s equation using spherical coordinate system.

(b) If a solid sphere, center o, radius ¢, moving with uniform velocity ufc, in incom-
pressible fluid of infinite extent which is as rest at infinity. Consider oz is the axis
of syminetry and the direction of the unit vector k.
(i) Find the velocity potential of the fluid for r >> a.
(ii) Find the kinetic energy of the fluid.

6. (a) In the usual notation, state the complex potential w due to the line source and
sink.

(b) Ifw =

-

|621|€* in usual notation, Discuss the flow due to a uniform line doublet
z

— zl
at O of strength p per unit length, its axis being along (f()

(c¢) Find the equation of the streamline due to uniform line sources of strength m
through the points A(—1,0), 5(1,0) and a uniform line sink of strength 2m through
the origin.

1
Hint: log(x iy} = 3 log(z? + y?) £ ¢ tan™ (z/y)
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