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10.

(Use of HMT databook is permitted)
Answer ALL questions.
PART A — (10 x 2 = 20 marks)
Define coefficient of thermal conductivity.
Define Biot number and state its physical interpretation.
How is natural convection different from forced convection?

For a laminar flow over a flat plate, the local heat transfer coefficient, &, is

known to vary as x 2, where x is the distance from the leading edge of the
plate. What is the ratio of the average coefficient between the leading edge and
some location x on the plate to the local coefficient at x?

Define critical heat flux or burnout point.
What is fouling in heat exchangers?
Define emissive power.

State Kirc’hoff’s law of radiation.

State Fick’s law of diffusion.

Why mass transfer is not considered in a homogeneous medium?
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12.

(a)

(b)

(a)

PART B — (5 x 16 = 80 marks)

(i) Calculate the heat loss for a red brick wall of dimensions 5m x 4m X
0.25m. The temperature of the inner surface is 110°C and ‘that of
outer surface is 40°C. The thermal conductivity of red brick,
k= 0.7 W/mk.

(i) Calculate the temperature at an interior point of the same wall,
20cm distance from the inner wall.

Or

A turbine blade 6cm long and having cross sectional area 4.65cm? and
perimeter 12cm is made of stainless steel (k = 23.3 W/mK). The
temperature at the root is 500°C. The blade is exposed to a hot gas at
870°C. The heat transfer coefficient between the blade surface and gas is
442 W/mK. Determine the temperature distribution and rate of heat flow
at the root of the blade. Assume the tip of the blade to be insulated.

Experimental measurements of the convection heat transfer coefficient
for a square bar in cross flow yielded the following values :

(@) 7y =50W/m’K when V, =20m/s

(i) Ty =40W/m?K when V, = 15m/s.

Assume that the functional form of the nusselt number is
Nu = C(Re)* (pr)*, where ¢, m and n are constants

(1) What will be the convection heat transfer coefficient for a
similar bar but with L = 1 m and air velocity is 15 m/s.?

(2) What will be the convection heat transfer flux from a similar
bar but with L = 1 m when V = 30m/s, if the bar surface
average temperature is 50°C and the free stream fluid
temperature is 25°C?

Or
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(b)

(a)

(b)

(a)

(b)

Water flows inside a tube of 15mm diameter and 4m long at a velocity of
0.05m/s. The water gets heated from 40°C to 120°C while passing
through the tube. The tube wall is maintained at a constant temperature
of 160°C. Find the heat transfer.

Dry stream at 100°C condenses on the outside surface of a horizontal
pipe of O.D = 2.5 cm. The pipe surface is maintained at 84°C by
circulating water through it. Determine the rate of formation of
condensate per metre length of the pipe.

Or

A vertical plate 500mm high and maintained at 30°C is exposed to
saturated steam at atmospheric pressure. Calculate the following :

(i}  The rate of heat transfer

(ii) The condensate rate per hour metre of the plate width for film
condensation.

The properties of water film at the mean temperature at 65°C are :
£, = 980.3 kg/m3Ke = 66.4 x 102 W/m® C, pe= 434 x 106 NS/m? and

hy, = 2257 K/kg.

Assume vapour density is small compared to that of condensate.

A 40mm diameter spherical container used for storing liquid nitrogen
under atmospheric condition (boiling point = 90K) is insulated by
enclosing it concentrically within another sphere of 0.75m diameter. The
intervening annular space between the spheres is completely evacuated
and the material for both spheres has surface emissivity of 0.4. Make
calculation for the radiant heat flow if the temperature of the outer
container is 400 K.

Or

A square room 4m x 4m and height 3m has all its wall perfectly
insulated. The floor and ceiling are maintained at 300K and 280K
respectively. Assuming an emissivity value 0.75 for all the surfaces,
make calculations for the wall temperature and net heat interchange
between the floor and ceiling. Take floor to ceiling shape factor as 0.28.
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(a)

(o)

A plastic membrane 1mm thick has hyarogen maintained at pressures oi
2 bar and 1.5 bar on its two sides. The binary diffusion coefficient of
hydrogen in plastics may be taken as 8.5 x 10- m%s. If the solubility of
hydrogen in the membrane is 1.5 x 10-3 kg moles/m? bar and the
temperature is uniform at 25°C, calculate the molar and mass diffusion
of hydrogen through the membrane under steady state conditions.

Or

Determine the diffusion coefficient of carbon tetrachloride into air from
the data that evaporation of carbon tetrachloride 0.012 gm/hr from a tube
of 2cm dia and length 15em at a temperature of 0°C make dry air
at 760mm Hg. The vapour pressure of carbon tetrachloride at 0°C is
33 mm of Hg.
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