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Note: This question paper contains t\\io paris \ arrd B.

Part A is conipulsor) \\il.Iich cat'ries l-i nrrirhs. Ansu,et all qLrestions in Part A. Part B

consists of 5 Units. Ausryer aly gne tirllqrrc'stion.fi'otn eaclt Llnit. Each question carries
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(25 Marks)

1^\l,a) What are the physical mechanisnrs associated with heat transf-'er by conciuction,

convection and radiation? l2l
The filament of an incanclescent larnp oi'100 W rating.has a total Surface area."of

5Ornnr? If the surrounding is at 300'C ancl B0% ofttre,polver is convefied'to heat and

;,ii,i.o,';.;;;;;;;:l;;;n;,.;;,,,..or ,r,.',ir.*..,.-r- 
. 

r3l '

Define sensitivity (or') tirne constant ol'l tlrermocouple. 12)

Expiain impofiance of insulated tip soiutioii for the fins ttsed in practice. t3]

Explain the deyelopment of velocitl' boLtnciary layer for flow ot'er a flat plate. l2l
fxplain the concept of BLrlk rrean terrperatlrre and filrl temperature. Indicate where it

is rised. :. . Iil
What is physical itrterpretation of the Cla:hof nttmber and Rayleigh number? l?1 '
Compire aiithmetic niein ana logimean iemperature diff,er"ences ' ''" j ' 

''' [3] j
Define shape factor, irradiation and erlissivity. l2l
Write a note on Nucleate and film boiling. t3]

l0 rnartlis anci tlal, i-tav:e a, b, c as sub qitestions.
'-:,...,:" a ' ';,..,: -1,' .::-t. '......"
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e)
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PA}IT. B
(50 Ma

1" ., I . :- . i , , : r a : , :

, , , 2.a) Shou,that the rare oilrear condLrctiorr tltlotrgh a hollou cl linder is given by
'r r. I -,1 ,

Qt, = -k AtnL :rvhcrc At'' : i.t,j i 
I

i ', : ':
l1;,. ,,f i. ;

t"'i

Ar, Az are being the areas of insiclc arrti oiltside sttt'faces of the c)'linder and x,,, is lvall

thicl<ness.

b) A firrnace r,r,ali is of threc layers, first ia1'er of insLrlation brick of 12 cm thickness of
c'nduetivitl,0.6 W/rr K.'lhe lace is e.rltoseci to g:rses ai 870 0C lrlitil a colii'ectio.! 

,

coeiflcic-nt o1' 1 10 Wirlr I(. This i.ir,,'i is brcl'ctl b1, I i0 ctn layel' 
,of, 

firebrick.tol , ,'
condLrctivitr. 0.8 \\r/rn I(. l-here i:, ii .orltact resistalrce betuie en 'the [a1'ers of '

2.6 r l0-r nr2'C/\\,. l'ire tirilcl Ial.r'is the plate bacliing of 10 mm thickness of
conciuctivitl,ulg \\i/tr l(. The contacl i'esi:;tance betu,cen the second and third layers is

1.5 x 104 *'oClUr.'l'he plate is exposeci to air at 30 i'C r,vith a convectiou coefficient

of 15 WAn2 K. Determiue the heat flou,. the surface temperatttres and the overall heat

iii l

i.,':!

Code No: 136CA .

JAWAHARLAL NEHRU TE,CHNO LO GICAL UNIVERSITY HYDERABAD

,.:....::,.



:..,.......j

r,.. -,. :

i-., i-'

.J{ 1.. i- -'1.
i !: :
\.. .,J : ]

i,

'::r".::'

,,-',:,
:,i
:' "'\ ;..-,
i,.. -'.,, i

b)' ';:",..:'.._

3.a)

I jb)

'1 0\

b)

5.a)

;6.a)
'. b)

7.a)

{) l{
Derive general heat conclLrction eclu;iliotl in spherical coordinates and state the

A spher.ical vessel containing hot,flLrict at 160 
sarlin 

1chem11al gr'ocesf is |f 0:4.*, , ,,1

;r#r,itn,".,;;;; i. n.,od. of Titaniunr o1'25 ,.,',r', il.,i.kniss. The thennal conductivity' I

is 20 W/m K. l'he vessel is insulatecl r,r,ith trvo layers ol 5 crn thick insulations of

thermal conductivities 0.06 arrcl 0.12 \\i/nr I(. There is a contact resistance of 6 x 104

;;;;; ,[;,rrz oar\\r beru,een the nre trl arrcl fit'st insLrlation and between the insulating

lavers. The outside is crposecl to slll'j'otlilLling at 30 0C r'r'ith a convection coefllcient of

;;i,r;,'*.-O"i"rr.i,r. ile rate oi'hcii',- lo:.r. rhe interf-ace tetupera-tLtt'es and the overall

;.?;ffiG;;.#;;;[.'.J",..r,erlletalsLrrfacea1ea...

Derive an expression f,or heat elissipatiorl irr a straight rectangular lin.

if-,"i,""r"t*er rvell is r-nacle ol I tntr thicli rnaterial cf thermal condLrctivity 55 W/m K

^-J rho i-.er r.lirnrarr-,- ic ! r.,r llri: corrvection coefficient on the surfaces is
aiiu iiiL lliilLi ui.ii;l!lLl !\ h

io-uii*ri<. ihe wall rcmperature is 110 C. Th'e thermometer placed in contact with

r,vell bottorn reacls 3g0 "Cl. D*t"r,-,-,ine the IlLrid ternperature and the error as apercentage

of trrLe tenlperatllre ip,0C, Discuss the possible rnethotls to'reduce !he'grtor:,,The length 
':' -, -'- --' 1 , [5-5]of tlre wsll is 6 cm. r )' ' 
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Steaciv cyli,der 0.2 m is cliameter.ol3 rn long, initially at 500 0C is suddenly immersed

il;ti#"t+O oC. The convective hear transf-er coefficient between the cylinder surface

and fluid is 200 tVlm2 I(. Assur-ning ti :-'i0 W/m-K" ct:1.0 x 10-5 '''/t fortlie steel

cylinder-. Calculate alter 20 m inrttcs i) The center temperature ii) the surface

tenrperature and iii) the heat transfer 1o the rvater during the initial 2-0 'minutqs' .: , ',

f,;;fi;;-;rllr.,lrrr oiir,i.r,,"rs /_ *hose rhernal conductivity va'ies lineartv in a

Ir*ri#;;;;#;"a. ,.'r-tb = A1 (l +Bf whe'e &jod B are constarits' rhe wall' 
'

surf-ace atx:0 is maintained at a constanltemperature of 7r while the surface atx: ['is

rnaintained at 72. Assuming steacll'otlc-clitnensional heat transfer. obtain a relation for

(i) the heat transf'er rate thrlLrgl the *'all a,d (,i) the temperature distribution 7 (r) in

the *'all. 
.- 

[5+5]

Exnluirr f ltc Reyloltis Colbttlli ltttllogr li't I.rtttinrt'Ilorr orr-'r a flat plate'

Air rt rtrnoslthlr.ic pl'essU|c rrrtl 200 "( Ilr,$S o\el'a Ilaf plate ivith a velocity ol ) ln/s''

il-;;;;;-'it rr; *,it1e ancl is rn:rirtainecl at 120 0C. Calculate the thicliness of

Velooity and therural bottilclat'-r'la1'e|s lrltl l.rcal heat trarlsfer coefficient at a distance o1'

0.5 m fl.our the lcacling eclge. AssL,rllirtg that tlle florv is on one side of thc plate'

calculat6 the hear trariler-rate. Givcrr], = 0.815 kg/m3, ll:0'036'l W/m I(,

;:';.;;,'f r.l-i 1.rr,,rS riirrl Pr - 0.7. f 5+51

{ ; tt

A irlate 40 cut sqlrer.e hiis a Lruifi,r,,, t,-"i 1e..r'stioll rate of 8 IiW/m2: Water at 2C'oC

ii,,il:';; *"*ui',''. t",,".i,'',';, , r'' !r.r't'tttitt,.' tltc raltte ol.cottiectioit utr'lllr'i.'trl

at the traililg edge ar-rcl also the tc1l1l1.r'i:itLifd at this location.

b) Using clirnensiorial anall,sis. clerive an crPrcssion fbr heat transfer coefficient in tbrcecl

convection in terms of NLrsselt numbet'. lleYnolds t-lt-tmber and Prandtl numbers? [5+5]
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g.a) Liquid nlercur),at 20 
('c 

eutefs a metal iLitrc of 20 mtn ittternal diameter atthe rate of

I kg/s and is treatecl to i0 ('C. The tLrbc \all sLrbjecled to.unifo.rrn':t".,ll'l l::.1,:.'
, ' , , avelug.,.,r,1r.,.a,t1t.c ol'-10 C. Du'tclrrriric thc lens.tll of the ttrbe. Cit;en for the ntetcurl':'

' , t, l"jl,rruo kg/m'. t : s.ziv7- * ;.f i .5 
l,. ir'igznrs, Pr:0'025,iCp:-: t:l lnrg n --:

b) Derive the expression lbr the e{'fectiveness ot-a parallel florv heat exchanger' [5+5]

{iii
9 a) A vertical^s'rrfacc -1 rl high arld 1.E tlr t'icle is subjected to unifbrm heat flux of

1000 W/rnl. T'he sLir.fiice is insulaieLl il'onr tlte othet' side" All ol tlre irlcident heat is

rejected b1 li.ce t.r\lt\t.,..,i.rrr i,,ilie iiin,,.rii.littg lir':rt l0 ur-. \\'lrat l\cl'flge telllpellturc
.:

: i 
ai a velocity of -.tu [r/s. -l-hc cl,lirrtler. su|l'acc tellpet'ature ls nlelnlalllefl al luu L'

Calculate the heat transl'er rate per Lrnil length of tlie cylinder. [5+5]

10.a) Whar is radiation shieltil Sl'ror,r thai pi'esence of n number of radiaiion shields reduce

the radiation heat transtcr b1' a lirctol o1'(n-;1)'

i. ., :,. 
, .. b) pir"urrliio.ced-flow boili,g itt zi hoiizont:il tube;- S'"rpport the answer with suitable

11.a) Draw tire boiliiig curve arrd ictentilj the burnout point on the curve' Explain how

burnout is causecl. Why' is the bulnoLrt r)uint avoicied in the design of 'ooilers?

b) Two very large parallel plates are mal,rtained at uniform temperatures of Zr :1000 K

andTz: g00 K ancl har,e emissivity o1'tr : tz:0.2, respectively. It is desired to reduce

the nel rate of radiation heat transfer bet*reen the tr,vo plate.s to one-fifth by placinq ihin

' ,, . , il*irl,;. ri,..G-1i,fr 1r crnissiritl's ol- 0.15 on.both sides between the pl:.i?
I ' , tl 

b.terrnine tlte nutttt-rer ol'slteets tltat ncccl to be inserted' l)+)'l
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