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PCCH 4301
Special Examination — 2012
HEAT TRANSFER

Full Marks —70

Time-3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.
Assume suitable notations and any missing data wherever necessary.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10
(a) State Fourier's law of heat conduction.
(b) Differentiate between free convection and forced convection.
(c) Whattypes of evaporator is suitable for viscous, heat sensitive, and highly
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fouling heat solution ?

Draw the flow pattern of 1-2 and 2-4 Shell and tube heat exchanger.
State Kirchoff’s law of radiation.

Define Prandtl number and write its significance.

What is Leidenfrost point in the boiling regime ?

Why baffles are introduced in the shell and tube heat exchangers ?
Write Dittus boilter equation. '

What is boiling point elevation ?

If three plane walls are in series, then what will be the overall resistance ?
2

The following data relate to a large rectangular combustion chamber for a
furnace made of 220 mm common brick, lined on the inside with 220 mm
thick layer of magnetic brick. Temperature of gases =1 300°C, Temperature
of surrounding = 40°C, heat transfer coefficient, inside surface = 16.4
W/m2 °C, heat transfer coefficient, outside surface = 11.5 W/m? °C,
Thermal conductivity of common brick = 0.65 W/m°C, and Thermal
conductivity of magnesite brick = 3.5 W/m°C. 8
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(a) Define fin efficiency and fin effectiveness. 2
(b) Derive an equation for heat transfer and temperature distribution for a

rectangular fin with infinite length. 8
Derive Nusselt’'s equation for film wise condensation over a vertical plate. 10
(a) Define Biot's number. 2

(b) Calculate the amount of energy required to solder together two very
long prices of Cu wire, 1.5 mm in diameter that melts at 190°C. The
wires are positioned vertically in air at 20°C. Heat transfer co-efficient

h =20 W/m? °C and thermal conductivity for Cu = 330 W/m°C. 8
(a) The effective temperature of a body having an area of 0.12 of 0.12 m?,
calculate the following : 5

(i) Total rate of energy emission
(if)  Wavelength of maximum monochromatic power.

(b) Determine the net radiant interchange between two parallel placed plates at
a distance of 25 mm from each other and having sides 3 m. The surface
temperatures of two plates are 100°C & 40°C. The emissivity of both the
body may be taken as 0.736. 5

A counter flow concentric tube heat exchanger is used to cool 0.12 kg/s of crude

oil by using cooling water at a rate of 0.18 kg/s in the inner tube (ID = 20 mm,

OD = 40 mm). The inlet and outlet temperatures of oil are 95 and 65°C

respectively. The water enters at 30°C. Neglecting tube wall resistance, fouling

factor and heat loss to the surroundings, calculate the length of the tube. 10

Data:

Crude oil :

Cp =2131J/Kg°C, p=0.0325 Ns/m?, K = 0.138 W/m°C

Water :

Cp =4174 J/Kg°C, p = 725x 1078 Ns/m?, K = 0.625 W/m°C, Pr = 4.85.

Write short notes on any two : 5x2
(a) Thermal boundary layer

(b) Dimensional analysis for forced convection

(c) Film wise condensation.
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