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MT 310 - FLUID MECHANICS
(SPECIAL REPEAT)

Answer all Questions Time: Two hours

Q1. (a) Suppose that the velocity of a flow field for an incompressible fluid is
ng:}:g—yi—zﬁ.

Find the streamlines passing through the point (1,1,1).

(b) Find the possible velocity components so that the surface
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to be a boundary surface for an incompressible fluid.

(¢) If the velocity distribution of a fluid is
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find the circulation around a square of corners (1,0), (2,0), (2,1) and (1,1).

(d) If a stream function for a two-dimensional flow of a fluid is
1h =553y + Tay,

then find the velocity potential.



Q2.

Q4.

(a)
(b)

(b)

(b)

Briefly describe the continuum hypothesis.

Assume that a fluid body occupies the interior of a closed surface at tin

- With the usual notation, show that the rate of change of momentum is g

by

Du,
— dV.
e

State and prove the momentum equation for the motion of an inviscid f

Hence by considering the gravitational field, deduce the result
() H =0,
Rl Sl : : .
where H = — + 7 U + x and x is a scalar potential, for a steady flow.
0

Let a three dimensional doublet of strength g be situated at the origi
Show that the velocity potential ¢ at a point P(r,8, 1), in spherical |
coordinates, due to the doublet can be written in the form of ¢ = pur—2co
Let three dimensional doublets of strength wp; and py be situated at A,
Ay, respectively. Further, doublets are positioned at (0,0, ¢;) and (0,0, ¢3).
their axes being directed towards and away from the origin respectively. §
that the condition for the absence of transport of fluid across the surfag

sphere: 22 + ¢? 4+ 2% = ¢y is

3
2 (C'z) :
251 1
Suppose that a solid boundary I' of a large spherical surface contains fui
motion and encloses closed rigid surfaces S,,, m = 1,...,k. If fluid is at

at infinity, prove that the kinetic energy of the moving fluid is given by

| : 1 do
T == 2dV = = P =—dS,
2[)];-(1 2'()2[ Y on
where the normal n at each surface element dS being drawn outwards f

the fluid surface and the notations given above are in usual meaning.

A solid sphere of radius @ with center O is moving with uniform velocify
in an incompressible fluid of infinite extent, which is at rest at infinity, wl
¢ 1s the unit vector along the axis of symmetry Oxz. Suppose that a vely

potential at P(r,8,1), r > a, is in the form of
d(r,0) = Ar~%cos @,

2



which satisfies the axially symmetric form of Laplace’s equation in spherical

polar coordinates, show that
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Hence prove that the total kinetic energy of the sphere and fluid is given by

1 1 :
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where M and M’ are the masses of the sphere and fluid displaced, respectively.
1 ] : ! Y

Furthermore, obtain the equation of streamlines.




