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T35/T52/M07111/EE/20160708

Time : 3 Hours Marks : 80

Instruction :
1. All Questions are Compulsory.

2. Each Sub-question carry 5 marks.

3. Each Sub-question should be answered between 75 to 100 words. Write every questions
answer on separate page.

4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

(P.T.O.)

1. Solve any four sub-questions.

a) Explain the Rayleigh’s method of dimensional analysis. 5

b) Write the physical significance of the following dimensionless number Re, Nu, Pr,
St, Gr. 5

c) State and prove Kirchhoff’s law of radiation. 5

d) What is Intensity of Radiation? Explain. 5

e) Explain Fourier’s laws of heat conduction. 5

2. Solve any four sub-questions.

a) Explain the general heat conduction equation in cylindrical Co-ordinates. 5

b) An exterior wall of house may be approximated by a 0.1m layer of common brick
(k = 0.7 W/m°C) followed by a 0.04m layer of gypsum plaster (k = 0.48W/m°C).
What thickness of loosely packed rock wool insulation (k = 0.065W/m°C) should be
added to reduce the heat loss or (gain) through the wall by 80%. 5

A B C

Common brick Gypsum plaster
Rock wool
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c) A mild steel tank of wall thickness 12mm contains water at 95°C. The thermal
conductivity of mild steel is 50W/m°C and the heat transfer coefficient. for the inside
and outside the tank are 2850 and 10W/m2°C respectively. If the atmospheric
temperature is 15°C. Calculate the rate of heat loss per m2 of the tank surface area.

5

d) Explain the thermal contact resistance. 5

e) Write the expression for heat conduction through composite wall. 5

3. Solve any four sub-questions.

a) A pipe (K = 180 W/m°C) having inner and outer diameters 80mm and 100mm
respectively is located in a space at 25°C. Hot gases at temperature 160°C flow through
the pipe. Neglecting surface heat transfer coefficients.

Calculate the heat loss through the pipe per unit length. 5

b) A steam pipe of outer diameter 120mm is covered with two layers of lagging, inside
layer 45mm thick (k = 0.08 W/m°C) and outside layer 30mm thick (k = 0.12W/m°C).
The pipe conveys steam at a pressure of 20 bar with 50°C superheat. The outside
temperature of lagging is 25°C. If the steam pipe is 30m long. Determine heat lost
per hour. 5

c) A spherical container having outer diameter 500mm is insulated by 100mm thick
layer of material with thermal conductivity k = 0.03 (1 + 0.006t) W/m°C, where t is
in °C. If the surface temperature of sphere is -200°C and temperature of outer surface
is 30°C. Determine the heat flow in. 5

d) Write the expression for heat conduction through a composite sphere. 5

e) The inside and outside surfaces of a hollow sphere, having inner and outer radii r1 and
r2 respectively, are maintained at uniform temperatures t1 and t2. Find the rate of heat
transfer through the sphere if the conductivity of the material of which the sphere is
made varies according to relation.

K = K1 + (K2–K1) [(t–t1) (t2–t1)]
5

tnf = 95°

t1

water

Air

t2

Tank wall

←

L = 12mm
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4. Solve any four sub-questions.

a) A plate of length 750mm and width 250mm has been placed longitudinally in a stream
of crude oil which flows with a velocity of 5m/s. If the oil has a specific gravity of 0.8
and Kinematic viscosity of 1 stoke. Calculate boundary layer thickness at the middle
of plate. 5

b) Define the term Boundary layer thickness. 5

c) Write the momentum equation for hydrodynamic Boundary layer over a flat plate and
explain. 5

d) Define the term Thermal boundary layer. 5

e) Air at 20°C and at atmospheric pressure flows over a flat plate at a velocity of
1.8m/s. If the length of the plate is 2.2m and is maintained at 100°C. Calculate the
heat transfer rate per unit width using exact methods.   5
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