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\S~<> Heat and Mass Transfer \"'~~"<)
Time: 3 hrs. //~ ~ I'Marks: 100

Y::;0 'I' Note: 1. Answer any FIVE full questions, selecting (o~ 0
'C;'/::' at least TWO questionsfrom each part. /~~:"~)

<,[,----) 2. Use of heat and mass transfer data book is:jJ!rmitted.
~~ /-t/. /\ PART - A '0::\

1 a. Defi~e :herini~;~sivity. . \~;~?) . . (04.Marks)
b. The inside tem~~~flt"'l\~ofa furnace wall with k = 1.35 N/m.Kr:2QO"mm thick IS 1400 C. The

heat transfer coet~~ibflt at the outsid~ surface is a function(~~--l~perature difference and is
give~ by (h = 7.85 ~P.;1»~~T) W~m.K. where. ~T is t~~~~erature difference. betwee.n
outside wall.surface a~~.J~:r{oun?mgs. Determme the 1'5t~~heat transfer per Unit area, If
the surroundmg temper~~~ .S 40 C. e:::' -.) (08 Marks)

c. The temperature distribuhory::a~r.oss a wall, 1 m thick- ~t~certain instant of time is given as
T(x) = 900 - 300x - 50x2

, ~he';-e T is in degree~e)~hts and x in metre. The uniform heat
generation of 31000 W/m3 i~~!,e'sent in w<\:lf~~)area. 10m2 having the properties
p.= 1600 kg/m , k = 40 W/m.K 'l:\W= 4 kJ{~t~-0etermme .
(~~ The rate of heat transf~r entelJ~i)l~ ~aJt~!iX= 0 and leavmg the wall at x = I m.
(ii) The rate of change of mternal e-ne~i,y~<jlfttlewall
(iii) The time rate of temperature ch~nge ~p~~0, 0.5 m. (08 Marks)

2 a. Define fin effectiveness. When the uszof~sJ~ not justified? (03 Marks)

b. A plane wall k = 45 W/m.K 10 cm(t~I~)gs.ilefa~ed at a uniform rate of 8xl06 W/m3
• The

two sides of the wall are maintainydat)80·C(aii~?/i20·C. Neglect end effects, calculate
(!~ Te~~erature distri?u~,~l~,~~dos~the-pl~):)) BRARY
(ll) Position and magnitude-of maximum {~1JlPflf~ture. CMRI:T LI. 560 037
(iii) The heat flow ratyj<;ijn:each surface of{~~%~!e. BANGALORE (09 Marks)

c. A very long rod, 25 mm i~i~i)1eter, has one end mii:J~J1ed at 100'C. The surface of the
rod is exposed to ambi~ 't),all~:af25'C with convecnorl (..,((e{ti9ient of 10 W/m2.K. What are
the heat losses from the-r~4s!constructed of pure copper /i(h--K = 398 W/mK and stainless
steel with K =14 VvjtQ~'K)?Also, estimate how long th'i?:r~tt,~)must be to be considered
infinite. ,,-'> "<:::; \S";;:)'\ (08 Marks)

3 a. Define Biot numbf;~nd Fourier number. (~/ ~.", (03 Marks)
r~1 ~

b. An aluminium wite;-l/ mm in diameter at 200'C is suddenly expp'sed:to an environment at
30'C with h =(8~~)W/m2K. Estimate the time required to cool the~~~\o 90'C. If the same
wire to plac€\irt;:arr stream (h = 11.65 W/m2K), what would be tim~Jr}}>fu)redto reach it to

\" , 1/
90'C. Ass~e'fhermophysical properties C = 900 J/kg.K, P = 2700 kgi~;0\= 204 W/m.K.

I'~ \ \" / '\":J~ (09 Marks)
c. A lon~§~»~rical shaft 20 ern in diameter is made of steel k = 14.9 W/m.k~)R:~~900 kg/rrr',

C =r477'1/kg.K and ex = 3.95 x lO-Qm2/s. It comes out an oven at a uniform <te-",erature of-," '/.:.60f}:0'Jhe shaft is then allowed to cool slowly in an environment at 200'C with aO)average
}fo:~1t:insfer coefficient of 8~ W/m2X. Calculate the temperature at the centre di·(\~~".~aft,
\'4,5 tflm after the start of cooling process. Also calculate the heat transferred per UrHt:~t~t9gth

1":::':~Dtheshaft during this period. (08'Ma~ks)
4 a. Explain velocity and thermal boundary layer. (04 Marks)

b. A fan provides air speed upto 50 mls is used in low speed wind tunnel with atmospheric air
at 27'C. If this wind tunnel is used to study the boundary layer behavior over a flat plate
upto R, = 108

• What should be the minimum plate length? At what distance from the

leading edge would transition occur, if critical Reynolds number Re" = 5 X 105? (08 Marks)
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c,;:')Calculate the approximate Reynolds numbers and state if the flow is laminar or turli~r~~t for
(~::jJ'e following: ~L:./

-- ,.-;\; i) A 10m long yatch sailing at 13 kmlh in sea water, p = 1000.() ~3 and
(./ />. c- I)

// /) ~ = 1.3xl0-3kglm.S. li"'0
~&i) ~ compressor disc of radius 0.3 m rotating at 15000 rpm in air at\~'~~r and 400·C

/~(~ \ ~ () \:./ .
\ <\\\) 1 46 1O-6p r\_ ()\\ ~4 d -' x k 1m S to0 l

.~~ ~ ~ - (110 + T) g '!(-::':~/
(i _ .. " \.:.<) }
"'~';:7/ PART - B - ,~~,

a. Define Gras~tt!)~mber and Stanton number. ,(9\~ (04 Marks)
b. Air at 27·C ar(d;;t;-~osphere pressure flows over a heated pl£~e~!ith a velocity of 2 mls.

. 0-/ (0'\ • r:»
The plate ISat u'1~fortl'ltemperature of 60 C. Calculate the heat::t~ansfer rate from first 0.2 m
of the plate. \':.::) /\ r,:\\'~:::/ (08 Marks)

c. Air at velocity of 3 m1,g-'ihuat 20·C flows over a flat plate (~n.rt its length. The length, width
and thickness of the ~)atj(~te100 em, 50 em and 2 cm~es'p~ctively. The top surface of the
plate is maintained at 1~'"Q/-ralculate the heat lost IDx~try~plate and temperature of bottom
surface of the plate for the t~ state conditions. T~~fmal conductivity ofthe plate may
taken as 23 W/mK. ~\ (\ Cs;'(~ •. '·•• n••••L (08 Marks)~-> (~"\~' ~PUU lIBRARY

. . \\:/" .' \>-)) IJANGALOR-a. Classify heat exchange tn three Di-Q~5nlassesfr'\ '- E 560037 (04 Marks)

b. Hot en~ine oil is to be co~led in a.~9~.~1~.pJr~,9Jnter ~ow he~t exchanger. The copper tube
has a diameter of 2 em with neglIgfu1e4n1¢J<~~Js. The inner diameter of outer tube IS3 ern.
The water flow through the inner tubtMtt a!$ite of 0.5 kg/s and oil flows through the annular
space at a rate of 0.8 kg/s. Taking thelvera~~-: ..t~,mperature of water and oil as 4TC and 80·C
respectively. Assume fully developep ~~,&c;.ulate overall heat transfer coefficient of flow
conditions of the heat exchanger. c;::""';,) (o~; (12 Mar~s)

c. Calculate the overall heat trans~/cbefficlellt p~~ed on outer surface of a steel pipe
K = 54 W/mK with inner and oilie:r-).i;jametersas 1'51rl~and 35 mm respectively. The inside
and outside heat transfer co~~vcjJffi§ are 1200 W~~l~ 2000 W/m2K respectively.

(( (\ ~::::-<....:::::\ (04 Marks) ,
a. Discuss modes of conde~Jlt-iQ[i/ ~~_ (04 Marks)

b. Saturated steam at 90·G,W9'i¥0 kPa is condensed on outer>S'urface of a 1.5 m long, 2.5 m
diameter vertical tub033Mtained at uniform temperat~.;5f::.'?O·C. Assuming film wise
condensation, c~Ic~~.ate):l~ heat transfer rate on the .tube surl\c,e:;:::,~ (08 Marks)

C. A tube 13 mm 1I1(~t~f diameter and 1.5 m long IS used to c(0..6~nse the steam at 40 kPa
(Tsat= 76°C). ~~Qti: the heat transfer coefficient for this tub;~~1a~ horizontal position

":-,~,,) ,-.0 '
(b) vertical POS{1~hi Take average tube wall temperature as 52·C. (q}/ (08 Marks)

---.;:.1 - .--_:\
'\7rJ /,. ,-) ,

a. State and eX~.ln Kirchoff's law of radiation. \(::;;~()) (02 Marks)

b. A pipe &r~ng steam runs in a large room and exposed to air at 30·C\2fti~ pipe surface
tempel~(~~is 200·C. Diameter of the pipe is 20 em. lfthe total heat loss per ~~Jre length of
the p~pe'·isJ1.9I93 kW/m, determine the emissivity to the pipe surface. (,v(~(08 Marks)

" '" h I I . / ,.7c. In.z.a.Q'l~9t erma enc osure at uniform temperature two small surfaces A and Bcare<flaced .
Tije"if~diation to the surface by the enclosure is 6200 W/m2. The absorption rates:;,b'y theIt"'- '1: 2 2 " I);,..

(\~,~rl3:ceS~ and Bare 5500 W/m and 620 Wlm . When steady state ISestabhshed,\c~Ie(~j~te
c;..~he following: ~\:/-""'--../ ...

(i) What are the heat fluxes to each surface? What are their temperatures?
(ii) Absorptivity of both surfaces.
(iii) Emissive power of each surface
(iv) Emissivity of each surface.

(08 Marks)
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(10 Marks)
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