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INSTRUCTIONS:

1. The question paper contains 5 questions each of 10 marks and total 50 marks.

2. Attempt all questions.

3. The missing data, if any, may be assumed suitably.

4. Before attempting the question paper, be sure that you have got the correct question paper.

5. Tables/Data handbook/Graph paper etc. to be supplied to the candidates in the examination hall.
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A field V(x,y,z) is said to be irrotational if [V x V] = 0. Examine which of the following fields are
irrotational?

(i) Vx = by Vy =0 Vz=0
(i1) Vx = bx Vy=0 Vz=0
(iii) Vx = by Vy = bx Vz=0
(iv) Vx = -by Vy= bx Vz=0
Solve the following:
(1) TV (if) TXV
(iif) 0T (iv) T: VW

where ¢ & T are second order tensors, V & W are first order tensors.

Predict the viscosity (in cp) of hydrogen-Freon-12 (dichlorodifluoromethane) equimolar mixtures at
25°C and 1 atm.

Component MW H (poise)
H, 2.016 88.4 X 10°
Freon-12 120.92 124.0 X 10°¢

Predict the thermal conductivity of molecular oxygen at 300 K and low pressure.
Given, Lennard-Jones parameters: o = 3.433 A, e/k = 113 K; Molar heat capacity = 7.019 cal/g-mole.

For a layer of liquid flowing in laminar flow in the z direction down a vertical plate or surface,
determine the velocity profile. Where & is the thickness of the layer, x is the distance from the free
surface of the liquid toward the plate and Vz is the velocity at a distance x from the free surface.

(i) What is the maximum velocity Vz,max ?

(ii) Determine the expression for the average velocity Vz,av and also relate it to Vz,max.

Using Navier-Stoke’s equation, determine the velocity distribution in steady, laminar flow of an
incompressible and viscous fluid between two parallel plates placed horizontally while the upper plate
moves steadily in a direction parallel with the other plate kept fixed.

An incompressible, isothermal Newtonian fluid is held between two vertically placed co-axial cylinders.
Determine the velocity distributions for the flow of the fluid when
(i) The outer cylinder is rotating at an angular velocity ®2 while the inner cylinder is stationary.
(ii) The inner and outer cylinders are rotating at angular velocities of ®1 and ®2, respectively.

Use Navier-Stoke’s equation.

A heated sphere of radius R is suspended in a large, motionless body of fluid. It is desired to study the

heat conduction in the fluid surrounding the sphere in the absence of convection.

(a) Determine the differential equation describing the temperature T in the surrounding fluid as a
function of r, the distance from the center of the sphere. k = Thermal conductivity of fluid.

(b) Integrate the differential equation and use these boundary conditions to determine the
integration constants: atr=R, T=Tg; andr = o, T = Ta.

(c) From the temperature profile, determine an expression for the heat flux at the surface. Equate
this result to the heat flux given by “Newton’s law of cooling” and show that a dimensionless heat
transfer coefficient is given by Nu = hD/k = 2 in which D is the sphere diameter.

(d) In what respect are the Biot number and the Nusselt number different?
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§B.4 THE EQUATION OF CONTINUITY"

[ap/at + (V- pv) = 0]

Cartesian coordinates (x, y, z):

wp
T (pv ) + 5 (pv.,) += (pfoz) = (B.4-1)
Cylindrical coordinates (r, 8, z):
d
P 417 o)+ 12 ooy + L uy =0 (B4-2)
Spherical coordinates (r, 6, ¢)
ap J _
E"-;E(Wzv' rsmoz?()(pv”sm R)k rsmoad;(ﬂv‘)_o Ka)
* When the fluid is assumed to have constant mass density p, the equation simplifies to (V- v) =
§B.5 THE EQUATION OF MOTION IN TERMS OF 7
[pDv/Dt = —=Vp — |V 7] + pgl
Cylindrical coordinates (r, 8, z):*
v, v, v, v, av, vz\ _ _9p d _ _ Te
p<—+ vt Tt 7)—- - [rar(T,,)'f'r(;o + o T rJ+pg, (B.5-4)
av, av, v, 90, av, v, Toy — T,
p(a;’+ 'ary+7ﬂa_60+v’ az"+7”)=—%£—[}mr(rz-rw)+rﬂo ;—z‘r,,,+ L "’]+pg,, (B.5-5)
v, v, vy, v, F
"(EE gt Tt az) = _£ - [lr,% (rr) + %aiof‘” = %’L’] * g )

® These equations have been written without making the assumption that 7 is symmetric. This means, for example, that when the usual

assumption is made that the stress tensor is symmetric, 7,, — 7,, = 0.

§B.6 EQUATION OF MOTION FOR A NEWTONIAN FLUID
WITH CONSTANT p AND

[pDv/Dt = =Vp + pV?v + pgl

Cylindrical coordinates (r, 0, z):

v v, v, v} a v, ¢
p &v t+ v, et o v_o bt 4 v, U _Je) _p { m i l i (W,) 4 l r + r _ g
ot ar T a6 oz T ar ar \7 ar Pod o2 ro
v, vy U, IV vy v\ _ 19 af1a . | v, t?zv
”(at“"W“L BTt )T i M a\rHa )t itz
av, v, v, dv, v\ dp 19 /( v\ 10 v,
"(W“"W Tae ) et HMra\"a) e ) T8
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Table E2 Collision Integrals for Use with the Lennard-Jones (5-12) Potential for the
Prediction of Transport Properties of Gases at Low Densities*™
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