Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.

21ME62

Heat Transfer

P

Max. Marks: 100

Time: 3 hrs.

Note: 1. Answer any FIVE full questions, choosmg ONE full questton from each module.
2. Use of HMT data handbook is permitted.

E “. Module-1
£ 1 a. Explain the modes of Heat Transfer. (04 Marks)
] Derive General 3D heat conduction equation in Cartesian coordinates. (08 Marks)
g c. An exterior wall of a‘house may be approximated by a 0.1 m layer of common brick
B (K = 0.7 W/m°C) followed by a 0.04 m layer of gypsum plaster (K = 0.48 W/m°C). What
; thickness of loosely packed rock wool insulation (K = 0.065 W/m°C) should be added to
f; reduce the heat loss or (gain) through the wall'by 80 percent? (08 Marks)
I QR

2 a. Derive 2-D Heat conduction equation. for Hollow cylinder. (10 Marks)

b. A standard cast iron pipe (ID = 50 mm and OD = 55 mm) is insulated with 85 percent
magnesium insulation (K = 0.02 W/m°C). Temperature.at the interface between the pipe and
insulation is 300°C. The allowable heat loss through ‘the: pipe is 600 W/m length of pipe and
for safety, the temperature.of the outside surface. of insulation must not exceed 100°C.
Determine:

()  Minimum thickness of insulation requir
(i1) The temperature of inside surfa
20 W/m°C."

F

of pipe assummg its thermal conductivity
i (10 Marks)

3 a. Derive heat dissipation equation‘for a fin with insulate ‘end. (10 Marks)
b. A steel réd)"(K 32 W/m°C);12 ' mm in diameter and 60 mm long, with an insulated end is
to be used as a spine. It is exposed to surroundings with a temperature of 60°C and a heat
transfer coefficient of 55 ‘W/m?*°C. The temperature at the base of the fin is 95°C.
Determine:
(1) Fin efficiency
(i) The temperature at the edge of the spme

(i11) The heat dissipation (10 Marks)

4 OR
4 a. Obtain an expressmn for Instantaneous and total heat transfer for lumped system analysis of
heat conduction. ‘ (12 Marks)

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

b. A 50 cm x 50 cm copper slab 6.25 mm thick has a uniform temperature of 300°C. Its
temperature is suddenly lowered to 36°C. Calculate the time required for the plate to reach
the temperature f’108°C Take p = 9000 kg/m’, ¢ = 0.38 kJ/kg°C, k = 370 W/m°C and

h =90 W/m*C, (08 Marks)
Module-3
5 a. Explain: (1) Stefan Boltzmen law  (i1) Wien’s displacement law  (ii1) Radiation shield
(v) Black body (10 Marks)
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Consider two large parallel plates one at t; = 727°C{with emissivity €1 = 0.8 and other at
t, = 227°C with emissivity &, = 0.4. An alumin m radiation shield with an emissivity,
g3 = 0.05 on both sides is placed between the plates. Calculate the percentage reduction in
heat transfer rate between the two plates as a result of the shield. (10 Marks)

,,,,,,

Explain how Stefan Boltzman constant ‘is determined using Stefan ‘Boltzman apparatus
experimentally. , (10 Marks)
An electric heatmg system is mstalled in the ce111ng of a room 5 m (length) x Sm (w1dth) X

(10 Marks)

(i) Boundary layer thickness (i) Th rma} boundary layer thickness (08 Marks)
A cylindrical -body of 300 mm diameter and 1.6 m height is maintained at a constant
temperature is. 36.5°C. The surrounding temperature is 13.5°C. Find out the amount of heat
to be generated by the body per hour if p = 1.025 kgm?®, C, = 096 kJ/kg°C,

1

=15.06 x 10° m?%s, K = 0.0892 k m-h°C and Be= %K . Assume Nu=0.12 (Gr. Pr)'”.
. (12 Marks)
Explain the significance ‘
(1) Reynolds number .. t
(111) Grashoff number (1v) Stenton number (10 Marks)

A1r at 30°C and a ”””” " atmospheric pressure ﬂows at a Velomty of 2.2 m/s over a plate
respectively. Usmg exact solution calculate the heat transfer rate from:
(i) First half of the plate  (ii) Full plate  (iii) Next half of the plate
The properties of air at temperature 60°C are p = 1.06 kg/m®’, p = 7211 kg/hm,
V =18.97 x 10° m%/s, Pr = 0,696, k = 0.02894 W/m°C. (10 Marks)

oo Module-5

With a neat sketch; explam the different reglmes of pool boiling. (10 Marks)
A vertical plate 350. mm high and 420 mm wide at 40°C is exposed to saturated steam at
1 atm. Calculate the following:
(i) The film thickness at the bottom of plate.

(i) The maximum velocity at the bottom of plate

(111) The total heat flux t “gdplate. (10 Marks)

OR
Derive the expression for LMTD ofa parallel flow heat exchanger. (10 Marks)
Water (C,, = 4200 J/kg°C) enters a counter flow double pipe heat exchanger at 38°C flowing
at 0.076 kg/s. It is-heated by oil (C, = 1880 J/kg°C) flowing at the rate of 0.152 kg/s from an
inlet temperature of 116°C. For an area of 1 m” and U = 340 W/m*C. Determine the total
(10 Marks)
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