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INSTRUCTIONS TO CANDIDATES

(1) All questions carry marks as indicated.

(2) Answer any FIVE questions.

(3) Due credit will be given to neatness and
adequate dimensions.

(4) Assume suitable data wherever necessary.

(5) Illustrate your answers wherever necessary
with the help of neat sketches.

1. (a) State Fourier’s Law for conduction and give the
mathematical statement. Derive an equation for
calculating heat flow through a sphere of inner
radius r1 and outer radius r2. The temperature of
inner surface is T1 and that of outer surface is T2

(T1 >  T2). 8
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(b) State any four properties of evaporating liquid that
influences the process of evaporation. 4

(c) Derive an expression for Nusselt number and Prandtl

number by dimensional Analysis. 4

(d) State the utility of forced circulation evaporation and

draw a diagram of a forced circulation evaporation
with horizontal external heating element. 4
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(b) A furnace is constructed with 230 mm thick of

fire brick, 115 mm of insulating brick and then

230 mm building brick. The inside temp of furnace

is 1213 K and outside temp is 318 K. The thermal

conductivities of fire brick, insulating brick and

building brick are 6.047, 0.581 and 2.33 W/mK.

Find the heat lost per unit area and temperature

at the interfaces. 8

2. (a) Discuss optimum and economic thickness of

Insulation. 8

(b) Determine the heat transfer coefficient for water

flowing in a tube of 16 mm diameter at a velocity

of 3 m/sec. The temperature of tube is 297 K and

water enters at 353 K and leaves at 309 K, Use :

(i) Dittus-Boelter equation

(ii) Sieder-Tate equation.

Properties of water at 331 K (58°C) i.e. at

arithmetic bulk temperature. ρ  = 984.1 kg/m3 ,

Cp = 4187 J/kg K, µ = 485 × 10–6  Pa.s,

K = 0.657 W/mK, viscosity of water at

297 K = 920 × 10–6  Pa.s. 8
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6. (a) Define absorptivity, reflectivity and transmissivity

of a body and prove that when any body is in
thermal equilibrium with its surrounding, its

emissivity and absorptivity are equal. 8

(b) Calculate the rate of heat loss from a 6 m long

horizontal steam pipe 60 mm o.d when carrying

a steam at 80 kN/m2. The temperature of the
atmosphere and surrounding is 290 K.

Take emissivity e = 0.85 and

Steafan Boltzmann constant

σ = 5.67 × 10–8 watt/m2 K 4

Film coefficient (hc) for heat loss by natural

convection can be calculated by hc = 1.64 (∆T)0.25

w/m2 K

Steam is saturated at 800 kN/m2  and 443 K. 8

7. (a) What is Wilson Plot ? Describe how to calculate

the individual heat transfer coefficients with the
help of Wilson Plot. 8

(b) Discuss in detail Batch and continuous
Sterilization. 8

8. (a) Why baffles are used on the shell side of shell

and tube heat exchanger ? 4
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5. (a) Differentiate between reboiler and vapouriser.
4

(b) Differentiate between capacity and economy of
evaporater. 4

(c) A single effect evaporater is fed with 5000 kg/hr
of solution containing 1% solute by weight. Feed
temp is 303 K and is to be concentrated to solution
of 2% solute by weight. The evaporater is at
atmospheric pressure and area of evaporater is
69 m2. Saturated steam is supplied at 143.3 KPa
as heating medium. Calculate steam economy and
over all heat transfer coefficient.

Data :

Enthalpy of feed at 300 K = 125.79 kJ/kg

Enthalpy of vapour = 2676.1 kJ/kg

Enthalpy of saturated steam at 143.3 KPa
= 2691.5 kJ/kg

Saturated temp of steam = 383 K

B.P. of water = 373 K

Enthalpy of product = 419.04 kJ/kg

Enthalpy of saturated water at 383 K
= 461.30 kJ/kg

8
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3. (a) “Vertical condenser give lower heat transfer
coefficient than horizontal condenser.” Give reason.

4

(b) “Film boiling is not usually desired in commercial

heat transfer equipment.” Give reason. 4

(c) A liquid of viscosity 1.1 NS/m2  and specific gravity
1.1 is flowing at a rate of 350 cm3/sec through a

20 m i.d. pipe. Calculate the inside film coefficient.

The thermal conductivity of liquid is 0.384 W/mK

and the length of heat exchanger is 5 m. 8

4. (a) Draw a sketch of 2-4 pass heat exchanger and
discuss in detail. Give two disadvantages of

multipass heat exchanger based on pressure drop.

8

(b) Hot oil at a rate of 1.2 kg/sec (Cp = 2083 J/kg K)

flows through double pipe heat exchanger. It enters
at 633 K and leaves at 573 K. The cold fluid

enters at 303 K and leaves at 400 K. If the overall

heat transfer coefficient is 500 W/m2 K.

Calculate the heat transfer area for :

(i) Parallel flow and

(ii) Counter current flow. 8
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