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Heat and Mass Tiansfer
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Note: l. Answer any FIYE full questionsl;*e.lqcting at least TWO qqestions from each parl
2. (Jse of lfeil and Mass Traryffiiiatu hand book is peimitted.

i,r pinr _a ffi''
I a. Enumerate various laws goveming heat transfer relation. (04 Marks)

b. Discuss the following modes of heat transfer considering their boundary conditions:
(i) Conduction (ii) Convection (iii) Radiation

c. Write the heat conduction equation for one dimensional, steady state heat flow in a solid
having a constant tKl,,and a constant rate o1'energy generation 'gs' W/m' within the medium
for (i) slab (ii),cflinder (iii) a sphere

d. Derive one dimensional steady state heat'conduction equation for sphere
generatioq,,ruq;;,

'''i :r;
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2a. stribution and

to transient cdhvection.
c. A carbol*,,,,steel shaft of

:AI

gasesi*fe.'at 1200 K and p

'' :, '"'.1.. ' '

4 a. Discuss the following in view of flow over a body:
(i) Velocity Boundary Layer
(ii) Thermal boundary Layer

b. Discuss the following in view of flow inside a duct:
(i) Velocity Boundary Layer
(ii) ThermalBoundary[a]er

Derivffiihe'Sipression for temper i
variabid" ermalconductivity. q$;:Fl'

"q"" 
,'"rt-,'- ,, t ^

b. A wire of 8 mm diameter at a temperature of 60oe"ild.'ki''be insulated fu,y a material havingA wire of 8 mm diameter at a temperature of 60oe"{d.,'fui''be insulated pJ,,g material having

K = 0.174 WmoC. Heat transfer coefficient on''fu outside, h, *,"5o.W/m2K. Ambient
temperarure Tu = 25'C. For maximum heat loss, what is the minimum thickness of insulation
and the heat loss per meter length? Find the increase in heat dissipation due to insulation.
Also calculate increase'in current carrying capacity due to insulation?

What are Biot ald Fourier numbers? Explain their physical significance.
What are Heisler.charts? Explain th+igportance of thase charts in problem solving related

c. Consider a square plate'0.5 m by 0.5 m with one surface insulated and the other surface

maintained at a urri$rm temperature of 385 K which is placed in quiescent air at

atmospheric presstlrb,of 315 K. Calculate the average heat transfer coefficient for free

convection niltAufottowing three orientations of the hot surface:

(i) The platp is'horizontal, and the hot surface faces up
(ii) Theplafi: is vertical
(iii) Th'Clilirte is horizontal and the n* t"f:; faces down. (10 Marks)

012 m which ls heeq keated in a gas-fired furnace whose
a convection coeffi'dient of 80 Wlm2f. If the shaft enters

the furilice at 300 K,,h$ffhkJ6ng must it remain in the fumace to achieve 
;_:#rl"rr#itbmperature of 900 K[ jpiven the propEfftiB$ of carbon steel are p =

'..;,K='-+8.8 
wmK u",,$'8, { 559 J/kgK (08 Marks)
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PART - B ''""f1i"-''""""'

a. Discuss the importance of dimensional analysis for fo.fced convection with related to;

(i) Reynold's number (ii) Prarl$&fiumber
(iii; Nussett number (iv) Stfrime'i{''number (08 Marks)

b. Wltt Uoura ary byer profile, discuss the impgrtantb of hydrodynamic and'thermal layers for

flow inside a fube. ,.*sr.,; .*, d*,:,=..i. (04 Marks)

c. Air at 35oC flows across a cylinder of di ter 50 mm at a velocity tlfffi rnlp. The cylinder

surface is maintained at 145oC. Fidtl...the heat loss per unit length. Properties at mean

temperature of 90oC are p : I k#m3i p, = 20 x 10'6 kg/rnsr:,6 : 
^19r.], 

W/m'C and

Cp : 1.0 kJ/kg.C. Use the relation to solve the problem Nu = 0,027(Re)0 
805(Pr)l . toa Marks)

a. Derive an expression to find the LMTD for counter fl?* }:i _.xchanger. (10 Marks)

b. Oil at 100"C with Co =,,3.6,kJ/kgK flows at a rate of 30000 kglhr and enters into a parallel

flow heat exchanger. C*btulitg water with Co :4.2kt/KgK enters the heat exchanger al l9"C

at the rate of 5006S#&r. Tie heat transfei a,rya'{s 10 m2 and V = 1000 WmzK. Calculate

the following: .:i':'irl+ jo,'1

(i) Outlet tEqpd#ture of oil and water '. 
!!^

(ii) Maxrapnipossible outlettemperature'ofwater (l0Marks)

q

a. Wlttr.,pioPfe' diagram, explain laq.rur'br film condensatioltll.gn vertical plate in view of
Nusselt's theory. (06 Marks)

b. With the help of boiling curve discuss different regimes of boiling 
,of 

water at one

atmospheric pressure. (08 Marks)

c. Air free saturated steam at a temperature of 85"C (P : 57.83 kPa) obndenses on the outer

surface of 225 horizontal fubes of diameter 1,2,crn (outer !ta) afrqsed in a 15 by 15 array.

Tube surfaces are mafurtained at a uniform,'ternperature of TSoC.,Evaluate total condensate

rate per meter leffiSf the tube bundle.'*., - t'i' (06 Marks)

(F,'."' " ...'{fu'r:'3

a. State and discusi the following brieflyi
(D Stefan-Boltzman law

(iii) uW,,#'n'sdisplacementlfui-r' - .., -* (09Marks)

b. Brieflfh'lghlight the impor&nEe ofperfect blaek b;bdy. (03 Marks)

c. A hemispherical furnace of iadius lm has a roof temperature of Tt = 800 K and emissivity

0r = 0.8. The flat ciroulaf floor of the fumace has a temperature of T2 = 600 K and emissivity

€z : 0.5. Calculate the net radiant heat exchange between the roof and the floor. (08 Marks)
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