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FOURTH SEMESTER
MECHANICAL ENGINEERING
ME 41 — HEAT AND MASS TRANSFER
(REGULATIONS 2008)

Time : Three hours Maximum : 100 marks

Answer ALL Guestions.
PART A — (10 x 2 = 20 marks)
1. Whatare the modes of heat transfer?

2. Write the one dimensional steady state heat conduction
equation.

3. Write the convection law.
4. List the advantages of dimensional analysis.

5. What is meant by pool boiling?
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Why the counter flow heat exchanger are better tha
parallel flow heat exchanger?

Write the Stefan Boltzman constant value..
What is emissivity value of Black body?
Write the short notes about diffusion mass transfer.

Write the equation for. Figké lawy of diffusion-

PART B -—(Bx 16~ 80 marks)

(a) Set up an equation representing temperal
variation in terms of surface temperature for
dimensional steady state heat conduction throu
plane wall. There is no internal heat generation
thé thermal conductivity has 2 linear variation

temperature.

Or

() The tip of a copper constantan thermocouple
may be jdealized as a sphere 2.5 mm in diaz
The probe is to measure the temperature of
atmosphere pressure flowing with & veloc
3 mis. Initially the probe and air are
temperature of 20°C. The air temperature su
changes to and 18 maintained at 995°C. Work
time yequired for the thermocouple to ind
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temperature of 200°C. Also determine the thermal
time constant and temperature indicated by
thermocouple at that instant,

Air at 25°C and at atmospheric pressure flows over a
flat plate at 3 min/sec, If the plate is 1 m wide and
the wall is maintained at 75°C, calculate the
following at locations. *=1mand x = x. from the

leading edge

® Hydrodynamic and thermal boundary layer
thickness

(i}  Local and average friction \cgeﬂicients,
(i) Local and average heat transfer coefficients
(iv) The total rate of heat transfer and

() - The total drag forcé due to friction. Properties
of air at 50°C are

# = 1098ke/m?, ¢, = 1.005 Kikg K.
¥ =17.95 104 m¥s and k = 0.0282 W/m K.

Or

Air at 27°C and ami pressure flows over a flat with a
velocity of 2 my/s, Estimate

@  The boundary layer thickness at a distance of
20 cm and 40cm from the leading edge of the
plate and

(i) the mass flow that enters the boundary layers
between x = 20cm and x =40 cm . take # of

;
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air at 27°C as 1.85 x 10-® kg/ms. Assume un
depth in z-directions. If the plate is heated ove
its entire length to a temperature of 60°(
calculate the heat transfer in

(iil) The first 20 cm of the plate and
(iv) The first 40 cm of the plate.

(v) Compute the dfag force exerted on the firs
40 cm of the plate: Properties of air at 316.5 ]
are v = 17.36 x"10- ‘m¥s, k = 0.02749 W/m K
pr=07and C, = 1.006 KJ/kg K.

Explain briefly about Boiling regimes with graph.
‘ Or

A steam \c;ondenser\ is transferring 250 kW o
thermal enérgy at a condensing temperature o
65°C. the cooling water enters the condensers a
20°C with a flow rate of 7500 kg/hr. Calculate the
log méan temperature difference. If overall hea
transfer coefficient for the condenser surface i
1250 W/m? deg, what surface area is required tc
handle this load? What error would be introduced i
the arithmetic mean temperature difference is used
rather than the log-mean temperature difference?

K 450
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Assuming the sun (diameter = 1.4 x 10° m) as black
body having a surface temperature of 5750 K and at
a mean distance of 15 x 101° m from the earth
(diameter 12.8 x 10 m) estimate the following :

(i)  The total energy emitted by sun

(i) The emission received per m? just outside the
atmosphere of the earth

s Or

Determine the radiant heat™ exchanger in W/m?
between two large parallel plates of emissivity
08 and 0.5 held at the temperature of 1000 K and
500 K. If 4 thin copper plate of emissivity 0.1 is
introduced as a radiation shield between the two
plates.

Derive an expression for diffusion on one gas
through a stagnant gas in terms of logarithmic mean
partial” pressure. Consider temperature and
pressure of the system to be constant.

Or

A distillation column containing a mixture of
benzene and toluene is at a pressure of 1
atmosphere and 100°C temperature. The lquid and
vapour phases contain 30 mol% and 45 mol% of




[image: image6.png]benzene. At 100°C temperature, the vapour pressure
of toluene is 70 kN/m? and the diffusivity is
5 x 10 m¥s. Work out the rate of interchange of
benzene and toluene between the liquid and vapour
phases if resistance to mass transfer lies in a film
0.25 mm thick.





