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Heat TrgwfGr
i$$.*h"%sfl j*J=*'

Note: 1. Answer any FIVE full questions, c&p,.Srrrgr ONE full question ffi:each module.
2, Ifeil fiansfer data hand booffi*llowed. _ @

Wf .-*_
iplain briefly: i) Thermal cond,tir4i&,Sy ii) Thermal diffus'ivjfy. iiia. Explain briefly: i) Thermal cond,qrqitifu ii) Thermal diffusivjfy. iii) Overall heat transfer

coefficient. ' .::" (06 Marks)

b. Derive the general three dimdhffial conduction equat1g-,.n ifi cartesian coordinates.
,**'\ 'o os*+;** (08 Marks)

c. A reactor wall, 320mrddi&, is made up of an inffier of fire brick (K: 0.84 Wm'C)
covered with a laye*p offiulation (K: 0.16 Wm"C) The reactor operates at a temperature

i) Determin€"$iire Srickness of n." brick--dil*I-ihsulation which gives minimum heat loss.
ii) Calculalgrth€ heat loss assuming tlWpfirlating material has a maximum temperature

of 1300"€. i:. (06 Marks)

.1,' 'i::1., .,,.=.*r-1..-OR #M,2 a. What*uiffi,gritical thickness of isI[,rilila*ion? Derive an exp*#sion for critical thickness of
insulation for sphere. ' , -,*fu.r dr. (10 Marks)insulation for sphere. -'*,.n #_ '

b. A wire of 6.5mm diameter at a temperature of OO-'Cfigto be insu
\ru rvr4r[J,,

fifi;;;;;;"-"ter at a temperature of 6g:Wbe insulate-4"$&material having
K:0.I74WmoC. Courection heat transfer aogffi6i"nt is 8.722qk*&C. The ambient
temperature is 20oC. For maximum heat loss, urhat is the minimurn thickness of insulation
and heat loss per meter,leii'lth? Also find percentage increase in.tqaf dissipation. (10 Marks)

-eF'4hq _"; *
. ar. llrf^zlrrlad'l .fl'...... \

a. Derive un "*o*JS; for heat ourrrl.- oerature airffiio, for pin fin, when the tip
of fin is insulated. i=. ::: * # (10 Marks)
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b. A thermocouple junction of sp

stream fr : 4OOwlm'oC, 6 =

expression fo$'ins{hneous and total
A thermocouple junction of spheimction of spherical form is to be used to measure the temperature of gas

/m2oc, K:20WmoC, C :400JlkgoC, p : 8500kg/m3. Calculate the

..,9$M/m'"C. Compute,, the, dissipated b#_T{ibd
flD'::dOR

(06 Marks)

i,,,,,,$ll

a.'Derive an expressibn for temperafure*distribution of lumped system. Also obtain an

expression for instaneous and total heat transfer. (14 Marks)

following: "

i) Junction diameter-n'effid for the thermocouple to have thermal time constant of I
second.

ii) Time required for the thermocouple junction to reach 198"C. Ifjunction is initially at

25"c and..i,$# ed in a r^'onT;l:"-:is at 200"c. (06 Marks)

ii) Prandtl Number
(10 Marks)

a. Explain the phfsical significance of : i). Grashoff Number
iii) Nusselt ntimber iv) Reynolds number v) Peclet number.
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b. In a straight tube of 60mm diameter, water is flowing at,a*:*diocity of 72mls. The tube

surface temperature is maintained,at 70'C and the$o@g water heated from inlet
temperature 15oC to an outlet temperature of 45oC. T?i-ftifl!'the physical properties of water
at its mean bulk temperature, calculate the followin€.,,: ,..i) The heat trans r coefficient from the toU..,,S"r6*pe to the r*rater.

iD The heat generated. :1 ,.

iii) Length oitrb" ,jtj,,,,'.'F ^ .-..,:r*1'..

Take thermophysical properties ut -*Affilm p = 995kg/m3,,,fit:lg 0.617W/m'k,
y: 0.805 x 10{m2ls, P.: 5.42. q (10 Marks)

6a.

b.

,si,'4di}- f,i' r 
Module-4

7 a. Deriv! a;r tkpression for LMTD* i heat exchanger ry,{[$r,e fluids flow opposite to each

b. The flow rates of hot and cold WutEi streams running through a parallel."-tt:y heat exchangerIhe ltow rates oI hot and cold Wiater streatns ruruuqg If-lsugh a paraltel."T}p1P neat excnanger
are O.2kgls and 0.5kg/s resisctively. The inlet temperatures on ,1r" 56i,, d cold sides are

75oC and 20oC respectiye-ffihe exit temperatu€.#hot water is 45'C. If the individual heat

forced convection for the

loik-1. (10 Marks)

are O.2kgls and 0.5kg/s re-spqctively. The inlet

transfer coefficient on &iffiiiaes are 650W/fr-&,.,{F Calculate the, area of the heat exchanger.
*, r:='::xiiio'::' '\, /lotrtr--r.^\(10 Marks)

"-.:"-_:"*Jnl|.b. A vertical cooling fin approximating;a at plate 40cm in height is exposed to standard steam

dt "s' l=# .,,4p*;'* (lt' Marks)

8 a. With a neat diagram,L"puir, rh" *g#;Spoolboiling. ";' (08 Marks)

,*
at atmospfurit pressure. The fiffiintained at a teqpC re of 90". Estimate the following:
i) .]ftie'}*ress of film at thg'tottoin of plate. tllt$T! '
ii) q{@rypfu[ heat transfer*egffi: ient. p

iii) *,ISat transfer rate p -&Tcorporating M.e.,.Adam's correction. (12 Marks)
i.:F' r 5 A,:: -:j; s Module-S.,.:j;:::1,:1; *lit .., 

-ffi

rove that the emis$ivE power of black body.is n-Times the intensity of radiation for a black
'a.rbody 

enclosed in fo. spherical spacq (10 Marks)
b. Consider *W1,,ffif"tlates one at.,,@€ with emissivity e1: 0.8 and other at 227'C with

emissivity*e* *;0.4. An aluminltskiadiation shield with an emissivity e..: 0.05 on both
sides is ptu"ffiU"t*een the pla;esT'Calculate the percentage reduction in heat transfer rate
between the two plates as.jlilesult of the shield. Also determine the temperature of radiation
shield. *_,r,. (lo Nrarks)

-*Y._.-r oR
l0 a. Explain the follo%ingfi) Concept of black body ii) Radiation shield iii) Lamberts

cosine law iv\tiMan Boltzman law v) KirchofPs law. (10 Marks)
b. Two large para,tffilates with emissivity 0.6 are at 900K and 300K. A radiation shield with

one side polished''and having an emissivity of 0.05 and other side unpolished with emissivity
of 0.4 is p;opbsed to be used between them. Which side of shield should face the hotter plate
ifthe !.pw#ature of shield * O" 

ITr_;H"fl 
Justify your answer. (10 Marks)

+iiiir,$*r{i

{ "rq. It

OR
Using dimensional analysis, ob*lfitthb dimensionless pararne,ter in free convection heat
transfer. [- *,!*\r (10 Marks)

A 350mm long glass plate f$'ffi9 vertically in the air at 24'C while its temperature is

maintained at 80"C. Calcr*lateffie boundarv laver thickness at the trailins edse of the olate.maintained at 80"C. CalcA(atpiffie boundary layer thickness at the trailing edge of the plate.
If a plate is placed i" qffinO tunnel and air is blow.i{j'6'V6r it at a velocity of 5m/s, find the
boundary layer thicknefis;ft its trailing edge.


