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10.

(Use of HMT data book is permitted)
Answer ALL questions.
PART A — (10 x 2 = 20 marks)

What is meant by periodic heat transfer?

Write down the equation for heat conduction through a hollow cylinder for one
dimensional steady state without heat generation.

beﬁne guantum theory.

Differentiate opaque body and perfectly transparent surface.

What is Reynolds’s analogy? -

In what way boiling and condensation differs from other types of heat transfer?
What is the significance of Nusselt Number?

What is thermal radiation and what is its wavelength band?

Define Fick’s Law of Diffusion.

Explain the physical meaning of Schmidt number.
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PART B — (5 x 16 = 80 marks)

(i) A furnace consist of three layers. The inner layer of 10 cm thickness
is made of fire brick (k = 1.04 W/mk). The intermediate layer of
25 cm thickness is made of masonry brick (k = 0.69 W/mk) followed
by a 5 cm thick concrete wall (k = 1.37 W/mk). When the furnace is
in continuous operation. The inner surface of the furnace is at
800°C, while the outer concrete surface is at 50°C. Calculate the
rate of heat loss per unit area of the wall, the temperature at the
interface of the fire brick and masonry brick and the temperature at

the interface of the masonry brick and concrete. (8)
(i) Derive the transient temperature distribution equation for lumped
system analysis. 8

Or

When a thermocouple is moved from one medium to another medium at a
different temperature, sufficient time must be given for the thermocouple
to come to the thermal equilibrium with the new conditions before a
reading is taken. Consider a 0.1 cm diameter copper thermocouple wire
originally at 150°C. Find the thermometer response (i.e. an approximate
plat of temperature vs. time for intervals of 0,40 and 120 seconds) when
this wire is suddenly immersed in (i) water at 40°C (h = 80 W/m?K) (i1)
air at 40°C (h = 40 W/m?2K)

Assume unit length of wire. (16)

A steel tube k = 43.26 W/mK of 5.08 cm ID and 7.62 cm OD is covered
with 2.54 cm of asbestos Insulation k = 0.208 W/mK. The inside surface
of the tube receives heat by convection from a hot gas at a temperature of
316°C with heat transfer coefficient h,= 284 W/m2?K while the outer

surface of insulation is exposed to atmosphere air at 38°C with heat
transfer coefficient of 17 W/m2K. Calculate heat loss to atmosphere for

3 m length of the tube and temperature drop across each layer. (16)
Or
(i) What are the radiation view factors and why they are used? 4)

(i) Determine the view factor (F 1-4) for the figures shown below. (12)
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(i) Write down the momentum equation for a steady, two dimensional
flow of an incompressible, constant property Newtonian fluid in the
rectangular co-ordinate system and mention  the physical
significance of each term. (6)

(ii) A large vertical plate 5 m high is maintained at 100°C and exposed
to air 30°C. Calculate the convection heat transfer co-efficient. (10)

Or

Two large parallel planes with emissivity’s 0.35 and 0.85 exchange heat
by radiation. The planes are respectively 1073K and 773K. A radiation
shield having the emissivity of 0.04 is placed between them. Find the
percentage reduction in radiation heat exchange and temperature of the
shield. (16)

(i) Discuss the various regimes of pool boiling heal transfer. 8)

() Dry saturated steam at a pressure of 2.45 bar condenses on the
surface. of a vertical tube of height 1 m. The tube surface
temperature is kept at 117°C. Estimate the thickness of the
condensate film and the local heat transfer co-efficient at a distance
of 0.2 m from the upper end of the tube. (8)

Or
(i) Compare LMTD and NTU method of heat exchanger analysis. - (6)

(i) Hot exhaust gases which enters a finned tube cross flow heat
_exchanger at 300°C and leave at 100°C, are used to heat
pressurized water at a flow rate of 1 kg/s from 35 to 125°C. The
‘exhaust gas specific heat is approximately 100 J/kgk, and the
overall heat transfer co-efficient based on the gas side surface area

is Uh = 100 w/m2k. Determine the required gas side surface area Ah
using the NTU method. Take ¢y, ¢ at Tc = 80°C is 4197 J/kg.k and

cp, h = 1000 J/kg.k. (10)

CO: and air experience equimolar counter diffusion in a circular tube
whose length and diameter are 1m and 50 mm respectively. The system
is at a total pressure of 1 atm and a temperature of 25°C. The ends of the
tube are connected to large chambers in which the species concentrations
are maintained at fixed values. The partial pressure of CO2 at one end is
190 mm of Hg while at other end is 95 mm of Hg. Estimate the mass
transfer rate of COz and air through the tube. The diffusion coefficient for
COz — air combination is 0.16 X 10~*m?s. (16)

Or
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(i)

Define the non dimensional numbers in mass transfer. ; (6)

Dry air at 27°% and 1 atm flows over a wet flat plate 50cm long at a
velocity of 50 cm/sec. Calculate the mass transfer co- efﬁc1ent of
water vapour in air at the end of the plate.

Take D = 0.26*10“m?%/sec. f=1.1614 kg/m3; u=184.6 10-7 Ns/m2.
Pr=0.707. (10)
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