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E./B.TECH. DEGREE EXAMINATIONS, MAY/JUNE-2011
REGULATIONS 2008
FOURTH SEMESTER
ME 41— HEAT AND MASS TRANSFER
MECHANICAL ENGINEERING

Time: Three Hours Maximum: 100 marks

10.

(Use of approved heat and mass transfer data book can be
permitted)

ANSWER ALL QUESTIONS
PART-A (10x2=20 marks)
State Fourier's law of heat conduction.

Write down the general differential equation of heat
conduction in cylindrical coordinates.

What is a theymal boundary layer?
What are the types of convection?

State Nusselts theory ¢f condensation.
Define effectiveness of heat exchangers.
State Stefan’s Boltzman law.

What is shape factor?

What are the types of mass transfer?

State Fick’s law of diffusion.
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11. (a) Derive general differential equation of heat
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conduction in Cartesian coordinates.
Or

A solid cylinder, 100 mm in diameter
generating heat at a uniform rate of 7 x 106
W/m3, The thermal conductivity of solid is 190
W/mK and its surface temperature is
maintained at 100 °C. Caleulate the following:

i) temperature at the centre of the cylinder

ii) temperature at the distance 25 mm from the
centre.

iii). temperature gradient at 25 mm radius
iv) heat flux at the surface.

' Engine oil at 80 °C flows over a flat surface at

40 °C for cooling purpose, the flow velocity
being 2 m/s. Determine at a distance of 0.4 m
from the Teading edge the hydrodynamic and
thermal~ boundary layer thickness. Also
determine the local and average values of
friction and convection coefficients.

Or

A water heater is fabricated by a resistance
wire wound uniformly over a 10 mm diameter
and 4 m long tube. The resistance element
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maintains a uniform heat flux of 1000 W/m?.
The mass flow rate of water is 12 kg/h. and its
inlet temperature is 10°C. Estimate the
surface temperature of the tube at exit.

Water enters the tubes of a small single-pass
heat exchanger at 20 °C and leaves at 40 °C.
On the shell side, 25 kg/min of steam
condenses at 60 °C. Calculate the overall heat
transfer coefficient and the required flow rate
of water, if the area of the exchanger is 12 m%.
The latent heat of water can be taken as 2359
kJ/kg at 60 °C. Take the specific heat of water
as 4174 J/kg K.

Or

Explain shell and tube heat exchanger with
neat sketch. Why are baffles used?

Two square plates of size 1.5 by 1.5m are
placed parallel to each other at a distance of
0.45m. The temperature of one plate is kept
at 950 °C, whereas the temperature of the
other plate being 350 °C. Calculate the net
energy exchange between these plates, by
thermal radiation.

Or
Consider a cylindrical furnace, whose radius
is lm and equal to its height. The base and
top surfaces have emissivities 0.4 and 0.8,
respectively, and are maintained at uniform
temperatures of 700K and 500K. The curved
cylindrical surface approximates a black body
and is maintained at 400K. Calculate the net
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rate of radiation heat transfer at each surface
during steady state conditions.

Calculate the diffusion coefficient of water
kept in an open pan 25cm in diameter and
9cm deep. The water is at 30 °C and is
exposed to dry atmospheric air. The rate of
diffusion of water vapour is 8.54 x 10 kg/h.

Or

A tray 40 cm long and 20cm wide is full of
water. Air at 30 °C flows over the tray along
the length at 2m/s. The moving air at 1.013
bar and partial pressure of water in the air is
0.007 bar. Calculate the rate of evaporation, if
the temperature of the water is 25 °C. Take
for air p = 1.2 kg/m? v = 15 x 106 m?/s and
Da = 0.145 m¥h. The density of water at
25°C can be taken as 0.0281 kg/m3.
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