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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 Section A, B,

C and D. All questions carry equal marks.

W/m2K. Find the time required for the

sphere to reach a temperature of

100ºC(T). Also calculate the instantaneous

heat transfer rate after one minute from

the start of the cooling process and the

total heat transferred from the sphere in

one minute. The properties of tungsten

steel are :

 = 7897[kg/m3], C = 0.452 [kJ/kg K],

 = 2.026×10–5 [m2/s] and K = 73

W/mK. 12

Section C

5. (a) Derive an expression for analogy between

momentum and heat energy transfer. 10

(b) Explain hydrodynamic and thermal

boundary layer. 5

6. (a) In the process of estimating the emission

from the sun, it may be treated as

blackbody with the surface temperature

of 5800 K at a mean distance of
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Section A

1. (a) How do the thermal conductivity of gases

vary with temperature ? 3

(b) What do you mean by critical radius of

insulation ? 2

(c) The large furnace wall consists of 250

mm thick common brick layer (k = 0.65

W/m. K), lines on inside with 300 mm

thick layer of magnesite bricks (k = 11.5

W/m.K) The inner side of the furnace is

exposed to hot gases at 1400ºC with

convective heat transfer coefficient of

17.5 W/m2K. The temperature of

surrounding air is 30ºC with convective

heat transfer coefficient of 7.5 W/m2K.

Determine :

(i) Rate of heat transfer through the

wall per unit area.

(ii) Maximum temperature to which the

common brick is subjected. 10

2. Derive an expression for general heat

conduction in cylindrical coordinate system.

15

Section B

3. (a) Define effectiveness. When the use of

fins is not justified ? 3

(b) A steel fin having 8 mm in diameter and

100 mm long is exposed to boiling water

having convective heat transfer coefficient

of 4000 W/m2.K. The thermal

conductivity of steel can be taken as 17

W/m.K How the heat dissipation

performance change, if a material with

thermal conductivity of 45 W/m.K is

used ? All other conditions are same. 12

4. (a) Write 1D, transient....heat.....conduction....

equation....for....(i) Cartesian..co-ordinates

(ii) cylindrical co-ordinates (iii) Spherical

co-ordinates. 3

(b) A sphere of 10 mm made of Tungsten

steel is initially at a temperature of 300ºC.

It is suddenly exposed to a stream of air

at a temperature of 30ºC. The surface

convective heat transfer coefficient is 100
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15 × 1010 m from the earth. The diameter

of the sun is 1.4 × 109 m and that of the

earth is 12.8×106 m. Estimate the

following :

(i) The total energy emitted by the sun

(ii) The emission received per m2 just

outside the earth's surface.

(iii) The total energy received by the

earth if no radiation is blocked by

the earth's atmosphere.

(iv) The energy received by a 1.5 m,

solar collector, whose normal is

inclined at 45º to the sun. The

energy loss through the atmosphere

is 40% and the disffuion radiation

is 20% of the direct radiation. 10

(b) Explain Planck's law and Kirchhoff's law.

5

Section D

7. (a) In a shell-and-tube heat exchanger

saturated steam at 120ºC is condensing

on the shell side. The cooling water enters

the tubes at 25ºC and leaves at 75ºC

determine the LMTD for the following

arrangement :

(i) Counter-flow

(ii) Parallel flow

(iii) Cross flow, water mixed

(iv) Shell and tube with two tube side

passes. 8

(b) Sketch temperature distribution graph for

parallel flow and counter flow : 3

(i) condensers

(ii) evaporators and

(iii) recuperative heat exchanger.

(c) Classify heat exchangers. 4

8. (a) Differentiate between film-wise and drop-

wise condensation. 4

(b) Differentiate between pool boiling and

flow boiling. 4

(c) Explain with suitable sketch the

phenomenon of pool boiling. Also

mentions different regimes with their

importance. 7
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