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ADVANCED HEAT TRANSFER
Time Allotted : 3 Hours Full Marks : 70

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words

as far as practicable.

Answer any five questions selecting at least one from each Group.

Symbols bear usual significance if otherwise mentioned.

GROUP - A

1. a) Obtain an analytical expression for temperature
distribution in a plane wall uniform reference

temperature ¢ and ¢, at x and x,respectively and a

thermal conductivity varies linearly with temperature

k=k,(1+Bt) . Discuss the nature of temperature curve

for positive and negative values of f3. S
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An infinite slab of 20 cm thickness

conductivity 20 W/mK separates two:~fluids ~having
temperature 35°C and 25°C respectively. The heat
transfer coefficient on the hot fluid side is 25 W/mZ2K
and that on the cold fluid side is 50 W/m?2K. If the heat
generation rate in the slab is at uniform rate of
6 k W/m3, set up an expression for the temperature
distribution in the slab. Also determine maximum

temperature in the slab and its location. 9

Heat is flowing along a bar of circular cross-section with
diameter d between two thermal reservoir A at
temperature t, and reservoir B at temperature t,. The
bar has a length I The system will also be subjected to
convective heat loss (assume heat transfer coefficient to
be h ) from the bar to the surrounding at temperature

t,- Work out an expression for the heat loss to

surrounding for the system. 8

Water pipes are to be buried underground in a wet soil
(a=2-78x102m?/h) which is initially at 5°C. The soil
surface temperature suddenly drops to -10°C and
remains for 12 h. Calculate the minimum depth at
which the pipes be laid if the surrounding soil

temperature is to remain above 0°C. 6
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GROUP - B :
Derive the differential energy equation for thermal botundary
layer during fluid flow past a flat surface. State clearly the
assumptions taken to derive the expression. Show from
Pohlhausen solution of energy equation for the

above-mentioned situation that

) .
—1=50 when pr=1 6+2+6

a) A fluid is flowing through a tube of radius R in laminar
regime. The maximum velocity of the fluid is held at the

centre of the tube to be V__ . If heat flux through the

tube is constant then determine the steady state
temperature distribution equation in the tube
cross-section. 8

b) A hot plate of 3 cm x 5 cm area at 200°C is exposed to
still air at 30°C temperature. Determine the heat
transfer rate when smaller side is held vertical and
when larger side of the plate is held vertical.

The appropriate correlation for the convection coefficient
is Nu=0-6(Grxpr)>?® 6
Use the following thermo-physical property for air :

p=0-91 kg/m3 ; C,=1-008 kJ/kg K;

n=22-65x10"°Pa-s; k = 0:033 W/mK
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GROUP -C

Why logarithmic mean temperature differénceis nsed to
determine overall heat transfer coefficient of heat
exchanger ? Why temperature correction factor is
required for multi-pass shell-tube heat exchanger ?
Discuss the rating and sizing problem of heat exchanger
design. 3+2+4
Derive a relation between the effectiveness and number
of transfer unit for a counterflow heat exchanger. 5
Determine a relation showing how bubble diameter
generated during nucleate boiling situation is dependent
on the surface tension of the boiling liquid under
consideration. 6
Saturated steam at atmospheric pressure condenses on
the outer surface of the vertical tube of length 1 m and
outer diameter 75 mm. The tube wall is maintained at a
uniform surface temperature of 40°C by the flow of
cooling water inside the tube. Estimate the steam
condensation rate and heat transfer rate to the tube.
What water flow will result in a 5°C temperature

difference of water between the outlet and inlet of pipe ?
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Also calculate the flow Reynolds numbe

assumption of laminar flow conditions

(Pure water property data given at relevant temperature

A =2258-7kJ/kg, p=977 -8 kg/m3,

k=243 kJ/m-h-°C, p=4-06x10"" kg/m-s). 8
GROUP -D

Using the definition of radiosity and irradiation prove

that radiant energy interchange between two gray

bodies is given by the relation
4 ma
Aoy, (Tl -1, )

(L-e ) e, +1/F, +(1-2,)/e,x(4,/4,)

The notations have their usual significance. 7

Two diffuse surfaces, a small disk of area A, and a
large disk of areaA,, are parallel to each other and

directly opposed, ie. a line joining their centres is
normal to both the surfaces. The large disk has a radius
R and is located at a height L from the smaller disk.
Obtain an expression of view factor of small disk with

respect to large disk. 7
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for a unit surface intensity of normal radiation is —
T

time the emissive power. 2+6
A radiation measuring instrument detects all emissions
occurring between 0-6 p and 4-5 p but is unaffected by
frequencies outside the range. What fraction of total
emission from a black surface will be detected for
emitting surface temperature of 2500 K ? The pertinent
data from radiation table is listed below :
At (pK) 1400 1600 11000 11500

Fy . 0-0078 0-0197 0-932 0-94
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Error Function Table

erf (x)=

Jr

2 j: e_tzdt
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