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1. Attempt all questions.
2. AllowAir and Water properties table

3. Assums suitable data if necessary
Section -I

Derive three dimensional heat conduction equation in cart-e^siaa.coordinates (6)

A composite wall it ."*f"t*O of 1 cm^thitk iton (k : 60 Wim-K)' 4 cm (6)

thick fiber glass (k:0.0?w/m-K) and 0.4 ctii thick asbestos sheet (k: 0'2

wm-K).Determine the overall heat transfer coeiiicient' what is the heat

transfer rare per unit area through the cornposite ivall lb1 a temperafure

difference of 400'C/ Sketch the compiete thermai circuit diagram for this

problem 
OR

An electric cable 10 mm in diameter is to be insulated with rubber' The (8)

insulated cabie is *"f"tta to air at 200C' Find the most economical

thickness of tir" ruUU"r'insuiatioii from heat tiansfer point of view assuming

the cable srtrface t.;p;;;;t of 600C in bare as well as in insulation

condition.
- . r - -  c ^ ! ! ^ . , , i n r y  t t c  ( / R r r h h e r )  -  0  1 4  W i m ' K

A s s u I I l g  l l l t i  l u l l u w  r r 1 6  s u l q  -  r \ \ 1 \ s v v - '  /

hi (H.T.C. on the surface of cable) = 7 Wm'K

Arso f i nd t t "p " r "en tug r in " r .u re incu r ren tca r ry ingeapae i t ywhen
economical insuiation thickness is prcvided'

Explain briefly.on""piof "ritical 
ihickness of insulation (4)

A brass rod in the fonl-of u nn 100 mm long and 5 mm in ciiameter extends tl1)

horizontal lyfroma.urt i"grvhichisat200"C'Theairtemperatureis20"C
and provides a heat transfer coefficient of 30 W/mt-K' What is the heat

t ransfer f romtherod?Evaluatetheternperaturecf therodat50mmfrom
the base and at the free tiP'

Now, if this n" rc ,rpL.JJ by tuo identical fins of 50 mm length. All other

parameters and omJisions remain the same. what is the heat transfer ftom

thiscornbination?Evaluatethetemperatureofthefinatthetip.Comment
on your results. 

OR

Along20cm<i iameiercy l indr ica ishaf tmadeofsta in iesssteel304comes(L2)
out of an oven at a uniform temperature of 600"C' The shaft is then

allorvedtocoolinanenvironmentchamberat200"Cwithanaverageheat
transfer coefiicien;;; il w#''c' Determine the temperature at the

^:**a: ̂ { thp qhA{} 45 min after the stari of the coolir-rg process' Also'
u t i l l t c l  u r  L l r w  r r r s r !

detennine the heai iransfer per i.init length 
"lll1"^ 

shaftrdurins this time

period. {k : 14'9 Wirn-K, Cp - 4i'l J/kgK' p ='tgou Kgrrn J'
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Que.3.

Que.4.

Que.4. (a)

Que.5.

Que.5.

Que.6.

(a)
(b)

Properties at27'C'-

c = 4180J I ks.Pr = 5.9,k= 0'61 LW I m- K' {t= 860x L}a Pa- s
- P  

. .  1 r , - - ^ - ^ - ^ l t ^ l {

(b) #rrv i, u .ountl. flow heat exchanger more effective than a parallel flow (4)

Define themral diffusivity and discuss for liquid, metal and gas

Explain different mode of heat transfer

Section -II

Give the ciassifrcation of Heat Exchanger

A simple heat exchanger is used for ieating 1110 kg of.oil per hourwith

,p..in'.,i*" 2.1 kJ/r;k from2i70Clo-190 C oil florv through inner pipe

made of copper (OD:"2.86 cm, lD = 2'54 cm' k1 350 Wm K' oil side heat

transfer coefficient 635 Wm2 k heating source is water at 93"C flowing at

the rate of 390 kg per hou, *ith water side heat transfer coefficient as 1270

rl,rl# r.lrr"uli;gfa;;rs o'the oil and warer sides are 0.0001 and 0'0004

;t:pw, determirie the length of heat exchanger under parallel and counter

flow conditions' 
OR

Ashe l i and tubes teamcondenser i s tobecons t ruc tedo f2 .5cmoD,2 .2
cmlDsinglepasshorizontaltubeslvithsteamcondensingontheoutsideof
the tuhe at T.o,= 54"C Cooling rvater experiences a 18'C rise at it flovts

throughthetubesat0.Tkglsandin let temperatureof t .a- . - ! , .Shei ls ideheat
transfer coefficient can be"assumed to be constant at I kWm'-K' Calculate

the tube length and the condensation rate per tube'

heat exchanger?
A t h i n , f l a t p l a t e t h a t i s 0 . 2 m b y 0 . 2 m . o n a s i d e i s o r i e n t e d p a r a l l e l t o a n ( 1 1 )
atrttosplieric uirstrcam h*itg a vclocity of 40 m/s' The air is at a

tcmpcraturc of 20.c *rril. tnJprate is maintained at laa"c. The air flows

over the top and bottom surfaces of the plate' and measurement of drag

force reveals a value 
"iO.OiS 

N. What is tire rate of heat transfcr from both

sides of the plate to the air? Properties of air p : 1'125 kglm3 and

f= tt.+ '  10-6Pa.s, Pr = 0'71, k = 0'02635 Wm'K'
OR

Hot water at 90"c enters a 15 m section of a cast iron pipe (k :.52 Wim-K) (11)

whose inner and ori., Jiu-tters are a ,an<l 4'6 cm respectively' at an

average velocity 
"f 

0;'Jr. Trr. out.r surface of the pipe whose emissivity

is 0.? is exposed to cold air in the basement at l0"c providing a convection

coefficient of 15 wmi-r. i"r.i"g the walls of the basement to also be at

10oC, detennine the heat loss from the water' the temperature at which

(s)
(6)

(4)
(8)(a)

(b)

(8)

i
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E

$

water leaves the basement
Explain briefly Stefan Boltzmann law

Defrne followin g dimensional number

(i) ReYnolds Number
(iD Nusselt Number
(iii) Grashof Number

(6)
(6)(a)

(b)

Best of Luck
End of PaPer
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