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FACULTY OF TECHNOLOGY

B.Tech. III Year I – Semester (Main) Examination, November / December 2012

Subject: Heat Transfer

Time: 3 Hours       Max. Marks: 70

Note: Answer All the five questions using internal choice. 

Use of Steam table is permitted.

1.(a) i) What are the various modes of heat transfer? Explain the mechanism in 
each mode. 

4

ii) Determine the heat flux across 15.2 cm thick slab when one face is kept        
at 500 K and the other face at 280 K. The thermal conductivity of the slab 
material varies linearly with temperature in accordance with the equation      
k = ko(1+BT) where ko = 0.0346 W/m.K and B = 3.6x10-3 oK-1. 

5

iii) A long hollow cylinder has its inner and outer surfaces maintained at 
temperatures Tb and Ta respectively. The inner and outer radii are b and 
a respectively. Calculate the temperature profile in the solid section of the 
cylinder and determine the flux at both surfaces. Assume steady state 
condition, thermal conductivity ‘k’ remains constant.

5

OR
   (b) i) Derive an expression for rate of heat transfer by conduction in a series of 

three compound resistances.
6

ii) A steel pipe (K=50 W/m.K) of I.D. = 100 mm and O.D. = 110 mm is to be 
covered with two layers of insulation, each having a thickness of 50 mm. 
Thermal conductivity of the first insulation material is 0.06 W/m.K and 
that of the second is 0.12 W/m.K. Calculate the loss of heat per metre 
length of pipe and the interface temperature between the two layers of 
insulation when the temperature of the inside tube surface is 2500C and 
that of the outside surface of the insulation is 50oC.

8

2.(a) i) Explain the physical significance of Nusselt and Reynold numbers. 6
ii) Using dimensional analysis, prove that the heat transfer during forced 

convection can be represented by the following relationship: 
NNu = f(NRe,NPr) where NNu, NRe, NPr represent Nusselt, Reynolds and 
Prandtl number respectively.

8

OR
   (b) i) Discuss the practical uses of Nusselt equation 6

ii) Air at 20oC is flowering along a heated flat plate at 150oC at a velocity of 
3 m/sec. The plate is 2 m long and 1.5 m wide. Calculate the thickness of 
the hydrodynamic boundary layer and the skin friction coefficient at       
30 cm from the leading edge of the plate. Kinematic viscosity of air at 
20oC is 15.06 x 10-6 m2/sec.

8

3.(a) i) What are surface extended heat exchangers? What is their specific 
application in chemical industry?

6

ii) Discuss the various regimes of boiling heat transfer with the help of a 
boiling curve for water.

8

OR
   (b) i) Explain the following:

a) Drop wise and film type condensation
b) AMTD and LMTD
c) Sizing and rating of heat exchangers

6
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3.(b) ii) Cold fluid is flowing through a double pipe heat exchanger at a rate of     
15 m3/hr. It enters at 303 K and is to be heated to 328 K. Hot thermic fluid 
is available at the rate of 21 m3/hr and at 383 K.
Data:
Specific heat of thermic fluid = 2.72 KJ/kg.K
Density of water = 1 gm/cm3

Specific heat of water = 4.187 KJ/kg.K
Find out the log mean temperature difference of counter current type of 
flow by the following steps:

a) Outlet temperature of hot fluid
b) Temperature difference at two ends
c) LMTD

8

4.(a) i) Discuss the methods of feeding the evaporator. 6
ii) A single effect evaporates operates at 13 kN/m2. what will be the heating 

surface necessary to concentrate 1.5 kg/s of 10% caustic soda to 40%, 
assuming a value of overall heat transfer coefficient as 1.5 kW/m2K? 
Steam has been used for heating at 390 K and heating surface is 1 m 
below the liquid level.
Data given: 
Boiling point elevation = 30 K
Feed temperature = 290 K
Specific heat of the feed = 4.0 kJ/kg.K
Specific heat of the product = 3.26 kJ/kg.K
Specific gravity of the boiling liquid = 1.40 

8

OR
   (b) i) Draw a neat sketch of backward feed multiple effect evaporation system 

and discuss the salient features. When is backward feed operation 
preferred over forward feed?

7

ii) A triple effect evaporator concentrates, a liquid with no appreciable 
elevation in boiling point. If the temperature of the steam to the first effect 
is 395 K and vacuum in the last effect brings down the boiling point to 
325 K, what are the approximate boiling points of liquid in first and 
second effect? Assume the overall heat transfer coefficient as 3.1, 2.3 
and 1.1 kW/m2 0Kin first, second and third effects respectively.

7

5.(a) i) State Kirchoffs and Wien’s laws of thermal radiation. Derive the Wien’s 
law from basic Planck’s distribution law.

5

ii) Calculate the radiation heat exchange for unit area between two parallel 
infinite walls, the temperature of which are 400oC and 100oC if

a) both are black surfaces
b) wall at 400oC is black body and wall of 100oC is grey with emissivity 

of 0.5.
c) both walls are grey with emissivities of 0.8 and 0.5 respectively.

Assume Stefan-Boltzmann constant as 4.92 x 10-8 kcal/hr.m2.K-4.

9

OR
   (b) i) Derive the equation for heat transfer by radiation for

a) two large parallel plates
b) one surface completely surrounded by another

Assume both surfaces are grey.

6

ii) Two large parallel plates having emissivities of 0.4 and 0.6 are 
maintained at 1000o and 500o C respectively. The radiation shield having 
an  of 0.03 on both sides is placed between two plates. Determine (a) 
heat transfer rate / unit area before and after placing the shield (b) 
temperature of shield when placed.
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