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Sixth Semester B.E. Degree Examination, July/August 2022

Heat Transfer

I'ir-r-rc: 3 I'rrs. Max. Marks: 100

Notc: l. Answer my FII'E Jfull questions, choosirrg ONE full question Jrom euch moclule.

2. Heat truns.fer data hook ullow,ed.

a. Derive gene ral 3 * dirnens,unu, n.orTffiu*au* cquation in Czirtcsian coorclinalcs. (10 Nrarks)

b. A cornposite wall is made up of thrce layers of thickness 25cm, 10cm and l5cm of ntalcrial
A, B and C respectively. Thermal condtrctivities of A and B are 1.65W/mK and 9.2WinrK
respectively. The inside is exposed to gases at l250"Cl u,ith a convectiort cocfficicrrt of
25Wlm2K and insicle surfirce is at 1100'C. The outside surface is exposed to air at 25"C with

b.

convection cocflicient l2Wnt2"C. Deten-nine :

i) The unknown thermal conductivity 'C'
ii) Overall heat trtrnsl'er coetficient.

OR
What clo yoll mean by boundary conciitions o['1",2"d and

rclation for all boundarv conditions.
Explain bricfly :

i) Thcrrlal c()ntilct rcsistance
ii.1 Thcrrnal di ['fusivity.

c. It is clesireci to incrcase the heat dissipation ovcr the sur{ace of an electronic devicc ol
spherical shape of 5n'im raciir-rs exposeci to convection with heat transler coefficient
h: lOWim'K by encasing it in a transparent spherical sheath of K:0.04W/nr K. l)eternrinc
the diameter of shcath lor maximum heat f'lorv fbr a temperature drop of 120"C from the

clevice surface, detennine the heat flow for barc and sheathed device. (07 N{arks)

a. Derive an cxpression for ,.,rn"ruruoYfi*H3on and heat transfbr tor a pin fin with the tip
insu lated, (10 N{arks)

b. A rod (K:200W/mK), 10mrn in diameter and 5cm long has its one end tnaintained at

100"C. The surface of the rod is exposed to arnbient air at 30"C with couvcctive heal

transter oocfficrent of I 00W/m2K. Assurning other end is insulated.

i) Tlre temperature of the rod at 25rnm distance fiorn the end at 100'C
ii) Heat dissipation rate fi'om the surface of the rod
iii) Elliciency and effectivencss of fin.

OR
a. Show that the tcmperature distortion under lumped analysis is given by

T * T. -Bil.
T,, - T.

b. A l2crn c'liametcr long bar initially at a unitonn,temperature of 40"C is placcd in a nrediunr

o1'65OoC r,vith a convective cocfllcicnt ol22Wlm2K calculate the tirnc requircd fbr the bar

-i |liIr

a,

2

=s
=
-
,
-'t

a-
_c
a!)

=X
.= .l

7. --i,
.1 ,J

t=

1z

/J,),
a'

=._
2---,
-43

c,

.7

,-.
,a ):a

;?;)
==>r!
:lt "

=7,2=
c-Ui>

oi
_ al

'/.

=-
-=

(10 N{arks)

3"' kind? Write mathematical
(09 \{arks)

(04 N{arks)

(10 N{arks)

(10 N{arks)

to reach 255'C.'fake K:20 WirnK; e: 1050J/kg K ; p: 580 kg/m3.
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(10 N{arks)



Module-3
a. Explain the physical significance of :

i) Nussclt nutnber
ii) Rcynolds nurnber
iii) Prandtl nunrbcr
iv) (irashol'f'number

v) Stanton number.

transfer.
b. A cylindrical body of 300mm diameter and 1.6n"r

temperature of 36.5"C. Thc sun'onnding tempcrature is

to be gencrated by the body pcr lTour if
p : i.025kg/mr; Cp : 0.96kJ,4<g'C

y: l5.06 x l0 6rn2/Sl k:0.02411W/moC anci

n - l-,, ' Assrrrnc Nu - o.l21cr.Pr)' 29ft

lttN{u6l

(10 NIarks)

( 10 )larks)
hcight is rnaintaincd at a coltstattt

I3.5'C. Find out the anroutrt of'hclt

( 10 1\'l a rks)

b. Air at almospheric pressllre and 200oC llows over a p late rvith a ve loc ity o l' 5 t-t-ti s. '['hc 
p latc

is l5mm wicle and is rnaintaincd at a temperaturc of 120"C. Calculatc thc thickncss oi'

hydrodynamic and thcnr,al boundary laycr and the local hcat transfcr coc['ljcicrrt at a

distance of 0.5m frorn thc lcadrng edgc. Assume that flow is ol1 one side of thc platc.

Take :p:0.815kg/r1r; yt:24,5 r l06NS/rnr:Pr:0.7andk:0.0364W1rnK. (l0llarks)

OR
a. Using dirnensional analysis. obtain thc dirnensionless pararnctcr in lrcc cotlvcctiotr hcitl

b.

Module-4
Derive an exprcssion for LMTD fbr countcr {'low lrcat exchernger. State the assuttrptiotls.

(10 N'larks)

An oil cooler consist of straight turbcs ol2crn OD and l.5cnr ID enclosecl rvith in a pipc and

concentric with it. The extemal pipe is rvell ir,sulated. The oil flows thrrcugh thc trtbcs at

0.05kgls (Cp:2 kJ/l<g'C) and cooling fluicl tlorvs in the annulus in opposite dircctiort at thc

rate o1'0.ikg/s (CP:4kj/kg'Cl). Thc oil enters thc cooler at 180'C and leaves at 80"C uhrlc
cooling liquid enters the cooler at 30'C. Calculate the length of'lhe piprc rcqr-rircd i1'hcat

translbr coefllcient liom oil to the tube surlhce is 1720W/m2oC and frorn trtetal sr,rrlhcc tcr

coolant is 3450WAn2oC. Neglect the resistance o1-the tube wall. (10 \Iarks)

OR
With a neat diagrarn explain thc re gins of pool boiling. (otlN{arks)

Diffcre ntiate lllm wise and clrop wisc condensation. (0'l llarks)

A vertical platc 30cm x 30crn is exposed to stear-t-t at atmospheric pressurc.'l-hc platc

tcmperature rs 9[J"C calculatc the lreat transfbrrcd and rnass ol steatl conclcttsccl pcr hoLtt'

also dctenrrinc the filnr thickness at bottom of platc.

Take thernto physical properlics at 99'C aIe Pe : 960kg/nr'; l-, : 282 x 10 
(' 

hginrs .

K : 0.6iw/rr1oc; hq: 2255kJlkg: T*1 : 100"c. . (0n ),rarks)

8a.
b.
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Module-5
ur. Statc and explain the following :

i) Stcfan Boltzman larv
ii) Kirchlro tI's lar,v

iii) Planks larv
iv) Wcins clisplacerncnt larv
v) Lambcrl cosine law. (10 }ilarks)

b. Calculatc the net racliant hcat cnergy pcr ,r' nr"a for two largc parallel platcs at a

temperaturc of 427"C and 2J"C respectivcly. e (hotplate) :0.9 and e (cold platc) - 0.6. Il
1:olishecl alurrinum shield is placed betrveen thern, find the percentage reduction in hcat

transfbr. Also cleterminc the tcrnpcralurc of shield, e :0.4 {br shicld. (10 Marks)

OR
For a block body enclosed in a henrisphcrical space prove that emissive powcr o1'thc black

body is n tinres the intcnsity ol'radiation. (10 vlarks)

An electric heating system is insulated in ceiling of a roorn 5m x 5m x 205m. l'hc
temperature of ceilir-rg is ll5K, whereas under equilibriurn condition the walls arc at 2951(.

If the floor is non sensitive to lacliation and emissivities of the ceiling and wall arc 0.75 and

0.65 respectively calculate the racliant heat loss frorn the ceiling of rvall. (10 VIarks)
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