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Instructions to Candidates:

0,

% Answer ALL the questions.

0,

% Missing data may be suitably assumed.

Consider a catalytic reactor in which dimerization reaction 2A > A; is carried out,
assuming that each catalyst particle is surrounded by stagnant gas film through which
‘A’ has to diffuse in order to arrive at the catalytic surface, assume the gas film in = 19
isothermal condition, derive the concentration profile in the gas film and the molar
flux through the film when i) Reaction take place instantaneously ii) The rate at
which ‘A’ disappears at catalyst coated surface as Naz=k”’Ca= C k” Xa

In a gas absorption experiments a viscous fluid flow upward through a smll circular
tube and then downward in laminar flow on the outside. Set up a momentum balance
over a shell of thickness Ar in the film
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As shown in figure, note that the momentum in and momentum out arrows are
always taken in the positive coordinate direction, even though in this problem the
momentum is flowing through the cylindrical surface in the negative r direction. Find
velocity distribution in the falling film and obtain an expression for the mass rate of
flow in the film.

A falling- cylinder viscometer consists of a long vertical container (radius R),
capped at both ends, with a solid cylindrical slug (radius kR). The slug is equiped
with fins so that its axis is coincident with that of the tube.
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One can observe the rate of descent of the slug in the cylindrical container when the
latter is filled with fluid. Find an equation that gives the viscosity of the fluid in terms
of the terminal velocity of the slug and the various geometric quantities shown in
figure. Find the velocity distribution in the annular slit.

Consider a long cylindrical nuclear fuel rod, surrounded by an annular layer of
aluminium cladding, within the fuel rod heat is produced by fission: this heat source
depends on position approximately as
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Here S, and b are known constants, and r is the radial coordinate measured from the
axis of the cylindrical fuel rod. Calculate the maximum temperature in the fuel rod if
the outer surface of the cladding is in contact with a liquid coolant at temperature T.
The heat transfer coefficient at the cladding —coolant interface is h., and the thermal

conductivities of the fuel rod and cladding are ke and kc
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Viscous heating in a ball-point pen. You are asked to decide whether the apparent
decrease in viscosity in ball-point pen inks during writing results from shear thinning
(decrease in viscosity because of non Newtonian effects) or temperature thinning
(decrease in viscosity because of temperature rise caused by viscous heating). If the
temperature rise is less than 1K, then “temperature thinning” will not be important.
Develop equation for above stated problem and estimate the temperature rise.
The following estimated data: 10
Clearance between ball and holding cavity — 1.27X 10°m
Diameter of the ball 0.001 m
Viscosity of ink 10PasS
Speed of writing 0.042 m/sec

Thermal conductivity of ink (rough guess)  0.20934 W/m.K



