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ME603: HEAT AND MASS TRANSFER
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INSTRUCTI0NS: (1) Alt q*mdare;;dffi
(2) Assume suitable data ifnecessary.
(3) Figure to the right indicates full marks.
(4) Scientific calculator is allowed.
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SECTION-I

Derive the general heat conduction equation in Spherical co_ordinates.
Heat flow oc-curs through the axis ofl solid wtrictr has the shape ofa truncated cone
with circumferential surface insulated. The base is at 300"c and the area of the
section at distance x measured from the base ofthe cone s given by:
4 

=-1.2 (1 - i.5x) m2 where x in meter. If prane at x = o.z in rs maintained at 100"c,
Find out (i) Heat flow (ii) temperature at i = 0. r m (iii) The temperature gradient at
two faces and at x = 0.1 m. Thermal conductivity of soiid material is 2.5 wm .c.

Derive the heat conducrion ,n r*8l*,rou*t a plane wall and also prove it by using
Fourier rate equation.
A steam pipe, 7.5 cm extemal diameter and 25 m long, conveys 1000 kg of steamper hour at a pressure of20 bar. The steam enters the pipe with dryness friction 0.9g
and it is required that the steam at exit from the pipe musl have a minimum dryness
fraction of 0.96; the task is accomplished by suiiaUty lagging the pipe, O" tn.,'oJ
conductivity.of lagging being 0.7 kJ/m-hr-'b. wegtectinlihermaliesiitance of the
:r:am prpe (no temperature drop across the steam pipe), Find out the minimum
thickness. of lagging required to meet the necessary 

"onaiiionr. 
t" t"o,p"rutor. ui

l!:ili*. 
surface of lagging be taken as 25.C.Also Find out the temperature at thepolnt natt way between the inner and outer surface.

Derive two-dimensionar energy equation for thermal boundary rayer on a flate plate.
A thinllat.plate of len'th l ='i rnand breadth b : 0.tt;1, expose to a flow of airparallel to its surface. The velocity and temperature of the free stream flow of air arerespectively u-= 2.5 m/s and 1" = 25.C_ If tire temperature at the surAce of pUte is i= 95'C, Find out heat loss from 50 cm length of plate measured ftom trailid;;;. "

Air at atmospheric pressure and 20'c flow passed at flate plate with a velocity of 4 06d: ,h: plate is 30 cm wide, is heated uniformfy througiout its entire length and ismaintained at.1 sur!9e temperature of 60'c. Make caicurationr fo. td-iJb;neparameters at 40 cm distance lgy_trre leading edge: (i) Thickness ornvaroJyna,Jc!
:9 *Al,b"*dary layers (ii) Local and-averlg, Ai;ti"" coetficient (iii) Locatanq average heat transfer coefficient and (iv) Total drag force on the plate.
P^::S_* :f"al 

energy equation for the U"*d".y iiyri.-write assumptions made 05ror ttus equation.
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P..*ql"h ft: concept of Thermal boundary layer for followrng cases:
(i) Flow ofcool fluid over a warm prate. (ii) Flow of warm flluid over a cool plate.
Explain the concept of Thermal resistance and Thermal diffrrsivity.
Explain the following dirnensionless number:
(i) Grashof number (ii) prandtl number
Explain heat transfer versus thermodynamics with examples.
Explain the measurement of themral conductivity by using Guarded Hot plate
method.

SECTION-II

Derive the equation of Effectiveness for the parallel flow heat exchanger.
Give the classifications ofheat exchangers in details.

OR
What do you mean by LMTD? Derive equation of LMTD for parallel flow heat
exchanger.
A counte_r^flow heat exchanger is used to cool 2000 kgitrour ofoil (Cp=2.5 ktkg K)
from^105'c- to 30'c by the used of water enterinf at r5"c. If the overall heat
transfer coefficient is expected to be 1.5 kwm2 K, make calculations for the water
flow rate, the surface area required and the effectiveness of heat exchanger. presume
that the exit temperature of the water is not to exceed g0'c. use NTU- Effectiveness
approach.

state and explain the following laws relating to thermal radiation and temperature
of radiating body: (i) Wien's displacement law (ii) planck,s law
Define Lambert's cosine law of radiation and prove that the intensity of radiation is
always constant at any angle of emission for a diffused surface.

Derive the net heat exchange 
"n"o.*r 

between two infinite paranel plane with and
without radiation shield.
An industrial fumace in the form of a black body and emitting radiation at 2500"c
for this fumace Find out: (i) Monochromatic emissive po*., ut 1.2 pm length (ii)
wavelength at which the emission is maximum (iii) Maximum emissive poie, 1i.,ojTotal emissive power (v) Total emissive po*"r of th. fumace if it is assumed as areal surface with emissivityp equal to 0.9.

Attempt Any Three.
Explain the meanings of terms: heat capacity ratio, effectiveness and number of heattransfer units as applied to heat exchangers. 

-

Explain the following terms:
(i) Concentrations (ii) Velocities (iii) Fluxes
Explain the Fick's Law.

::lf:: j|: termsab-sorptivity, reflectivity and transmissivity of radianr energy.tsxplarn the salient features and characteristics ofradiation.
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