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Before answering the question-paper candidates

should ensure that they have been supplied to correct

and complete question-paper. No complaint, in this

regard, will be entertained after the examination.

Note : Attempt Five questions in all, selecting at

least one question from each Unit. The use

of properties tables, charts, graphical plot is

permitted.

of 10 mm from the surface, after 2 minutes of

exposure (iii) energy removed from the

plate/m2 during the period.

h = 60 W/m2-K,  = 7850 kg/m3,

C = 460 J/kg-K,  = 1.6 × 10–5 m2/s. 15

4. What is the difference between Fin

effectiveness and Fin efficiency.

Derive expression for temperature distribution

and heat dissipation in a straight fin of

rectangular profile for the (i) Infinitely long

fin and (ii) Fin insulated at the tip. 4+6+5

Unit III

5. (a) Derive an energy equation for thermal

boundary layer over a flat plate.

(b) Air at 65ºC flows over a heated plate at

121ºC with a velocity of 0.9 m/s.

Determine local heat transfer

coefficient at a distance 0.6 m from

the leading edge of the plate and heat

transfer for 0.60 m length, taking

width of plate as 1 m. For air take :

 = 0.96 kg/m3, Cp = 1.01 kg/kg-K,

 = 2.14×10–5 kg/m-s, kf = 0.03 W/m-K,

Pr = 0.69. 8+7
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Unit I

1. (a) Define thermal conductivity and explain

its significance in heat transfer. How do

the thermal conductivity of liquids and

gases vary with temperature ? 6

(b) A metals piece, 50 cm long is in the

form of a sector of a circle of radius

10 cm and includes an angle of 
2


. The

thermal conductivity of the metal piece

varies as :

o(1 T)k k  ,

where ko =111.63 W/m-K and

 = – 1 × 10–4 W/m-K2

Calculate the heat transfer rate, when the

two ends of the metal piece are

maintained at temperatures of 100ºC and

20ºC. Assume heat flow takes place in

axial direction only. 9

2. At a certain time, the temperature distribution

in a long cylinderical tube with an inner radius

of 250 mm and outside radius 400 mm is

given by

T(r) = 750 + 1000r – 5000r2 (ºC)

where r is in meters. The thermal conductivity

and thermal diffusivity of the tube meterial

are 58 W/m-K and 0.004 m2/h, respectively.

Calculate : (i) Rate of heat flow at inside and

outside surfaces per limit length, (ii) Rate of

heat storage per unit length and (iii) Rate of

change of temperature at inner and outer

surfaces. 15

Unit II

3. Discuss Biot and Fourier number mentioning

their physical significance.

A 50 mm thick iron plate is initially at 225ºC.

Its both surfaces are suddenly exposed to an

environment at 25ºC with convection

coefficient of 500 W/m2-K. Calculate :

(i) the centre temperature, 2 minutes after the

start of exposure, (ii) temperature at the depth
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6. (a) Determine (i) the wavelength at which

the spectral emissive power of a tungsten

filament at 1400 K is maximum, (ii) the

spectral emissive power at that

wavelength and (iii) the spectral emissive

power at 5 m.

(b) Calculate the view factor F1-2 between a

small area dA1 and a parallel circular

disc A2. The elemental area dA1 is

located at the axis of the disc A2 at a

distance L. 8+7

Unit IV

7. A pipe (k = 59 W/m-K) with an inner diameter

of 3.75 cm and wall thickness of 0.318 cm is

externally heated by steam at a temperature of

180ºC. The water flows through the pipe with

a velocity of 1.22 m/s. Calculate the length of

pipe required to heat water from 30ºC to 90ºC.

Heat transfer coefficient on steam

side = 11.3 kW/m2-K.

For water :  = 982 kg/m3, Cp = 4186 J/kg-K,

Pr = 3.42,  = 528 × 10–6 kg/m-s,

kf = 0.645 W/m-K. 15

8. A vertical plate 350 mm high and 420 mm

wide, at 40ºC, is exposed to saturated steam at

one atmosphere. Calculate (a) Film thickness

at the bottom of the plate (b) Maximum

velocity at the bottom of the plate (c) total

heat flux to the plate. Assume vapour

density is small compared to that of the

condensate. For steam take : hfg = 2257 kJ/kg

at Tsat = 100ºC,  = 406 × 10–6 kg/m-S,

kf = 0.668 W/m-K,  = 977.8 kg/m3 at

Tf = 70ºC. 15
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