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Answer FOUR Questions only

01. In spherical polar co-ordinate (», &), a combination of streaming and swirling flow around a
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cylinder of radius a is given by y =wursind - ———+—1In —) ,where the cylinder is

vertically placed in the fluid.

(i) Show that, on the surface of the cylinder, the velocity components are given by

u, =0and u, =—2usin¢9——£—.
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(ii) Show also that the pressure distribution P on the cylinder is given by
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P=C ——; ,o{4u2 sin’ @ + } ,where C is a constant and p is the

density of the fluid.
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\ Hence show that there is no drag force on the cylinder.

02.A steady, two dimensional flow of an inviscid , constant density fluid passes a
Cylinder of radius a. Suppose the flow can be modeled by a combination of uniform

stream Uj and a doublet of strength ~a’Ui.

2 _ 2
(i)Show that the stream function is given by w =U sin&[r il j
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(ii)Find the pressure distribution on the surface of the cylinder, given that there are no
1 body forces and the pressure is P, at a long distance from the cylinder.

(iii) Check whether above combined flow is irrotational or not?
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03.(a)(i) In the usual notation, derive the Euler’s equation in the form % +(uV)u= —-I_VP +F

(ii)Suppose the flow of a two dimensional inviscid , incompressible fluid is
u=2xti+2yj with body force per unit mass F = 2xi. If the pressure is zero at the

point (1,0),when #=3, find the pressure at the point (2,1).

(b)Find the acceleration at a general point in each of the following two-dimensional
velocity fields. ‘

() y=U{(2xt+4x2)1’+4yl}

(i) u=U@®)yi
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a .
(i) u=U [1 +—2—J sinfe, ,where U and a are constants.
r

04.(a) Obtain the stream function y for a vortex of strength k, where £ is a constant.

(b) Two lines vortices, each of strength k are situated at (£a,0)and a line vortex of
strength —% is situated at origin.

(i) Show that the fluid motion is stationary and find the general equation of
stream lines.

(ii) Show that the stream line that passes through a stagnation point, meets the
x-axis at (£5,0) when 33 (b2 —-a ) =4a°b.

05.(a) By using the Euler’s equation, derive the Bernoulli’s equation L +%u2 —Q =constant
. p

along a stream line. State the assumptions you make, if any.

(b) The cross section of a horizontal channel is an isosceles triangle with an angle 2« at the
apex, as shown in the figure.




(i) write down an expression for the volume flow rate v in terms of velocity # and height
h, where £ is the height of the triangle.

(i) By using the Bernoulli’s equation, show that the specific energy function is constant.

(iii) For a given constant volume flow rate v, determine a relationship between the
critical velocity and critical depth.

06.(a) Show that the torque required to rotate a disc of diameter d at an angular velocity  in a

2
fluid of density p ,viscosity x is given by, r = d’w’p ¢[—"%w—J

(b) A disc of diameter 230mm absorbs 160/ when rotates in water at a speed of 146 rad/s.

‘ (i) What will be the corresponding speed of rotation of a similar disc of diameter 690mm

When it rotates under dynamically similar conditions in air?

(ii) Calculate the power absorbed at this speed?

(Take g, =101.3x10° Ns/m?, p, =1.25kg / m*, s, =1.85x10° N5/ m®)
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