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PCME 4305
Sixth Semester Examination — 2012
HEAT TRANSFER

Full Marks —70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a)
(b)
(c)

(h)

How heat is transferred from one body to other ih conduction mode ?
Whatis thermal diffusivity and what does it signify ?

Write the governing equation for a 3-D steady, constant property heat

conduction equation.
What is the criterion for a fin to be considered as a long fin ?

What happens to the conductivity of a gas when it temperatures increases

and why ?

For fluids having Prandtl no greater than 1 which boundary layer thickness

is greater and why ?
What is Raleigh No and what is its significance ?

What is meant by ‘fully developed flow condition” in flow through pipes ?
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(i) Define a ‘diffused reflection’” and how it is different from a specular

reflection ?
() Define a ‘compact heatexchanger' and give one example.

2. Astainless steel ball of diameter 1 cm, at 350°C is suddenly immersed in a liquid
at 100°C. The convective heat transfer coefficient for the cooling is 100 W/m?K.

Estimate the time required for the ball to reach a temperature of 150°C. 10

3. A 30 mm OD steam pipe is to be covered with two layers of insulation each
having a thickness of 25 mm. The average thermal conductivity of one insulating
material is 5 times that of the other. Determine the % decrease in heat transfer if
the better insulating material is put next to the pipe than when it forms the outer
layer. Assume that the outside and inside surface temperatures of the composite

insulation are fixed. 10

4. Airat20°C flows over a thin plate with a velocity of 5 m/s. The plate is 2.5 mlong
and 1.5 m wide. Estimate the boundary layer thickness at the trailing edge of the
plate and the total drag force experienced by the plate. Also calculate the mass
flow of air which enters the boundary layer between x = 30 cm and x = 90 cm.
Air properties can be assumed as Kinematic viscosity = 19 x 1076 m?/s, Air
density = 1.2 m3/kg. 10

5 (a) Classifythe different type of heat exchangers. 3
(b) The water flows through a pipe (ID of 3.2 cm and wall thickness of 0.3 cm)

with a velocity of 1.22 m/s. The thermal conductivity of the pipe material is
60 W/mK. It is externally heated by steam at a temperature of 180°C.
Calculate the length of the pipe required to heat water from 30°C to
90°C assuming the heat transfer coefficient on the steam side to be
11.3 kW/m2K. 7

6. Ahorizontal pipe of 20 cm outer diameter at a surface temperature of 100°Cisin
aroom where the air is at 20°C. The pipe is 3 m long. What is the heat loss per
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meter of the pipe. The correlation for heat transfer from a vertical plate is
given by Nu, = 1.16 Ra, " for 109 < Ra, < 10'? and a cylinder can be
considered as a vertical plate when D/L > 35/(Gr)"*. Air properties may be
assumed as Prandtl no = 0.7, Kinematic viscosity=19x10¢ m?s, thermal
conductivity = 29 x 1073 W/mK. 10
7. Acomposite slab consists of two large plane walls with an evacuated space in
between. The thicknesses of the walls are 20 cm and 30 cm respectively, they
have thermal conductivities of 1.0 and 0.5 w/mK and the emissivities of the
surfaces facing each other are 0.5 and 0.4 respectively. The convective heat
transfer coefficients in the outer surface of the left wall and that of the right wall
are 20 W/m?K and 10 W/m?K respectively. Calculate the steady state heat flux
through the composite slab. 10

8.  Write notes on the following : 2.5%4
(a) Fin effectiveness and fin efficiency
(b) Radiation Shield
(c) Pool boifing
(d) E-NTUchart.
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