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Time : Tbree Hours
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Answer all questions.
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PartA
l' (a) How is thermal resistance defined ? What is the driving force for heat transfer ?(b) Describe the different tSpes of boundary conditions applied to heat conductiou problems.(c) What is lumpability ? When and how does it work ?

(d) How does fflvn tbickness change if the velocity of a fluid flowing over a ,-rrt"* increases ?(e) Explain Iocal and average heat transfer coefficient in boundary layer flow over a flat p1ate.(0 lvith the help of a neat sketch explain the flow regimes in high speed flow.(g) Discuse the heat tranefer coefEcients in single-phase flow and two-phase flow.(h) w\:t : w^eI+'s displacement law ? At what wavelength does a body at 2000 K emit uraximumradiation ?

(gxb=40marks)

2' (a) Discuss which pr-opgrty or" -"*"i"r"il.Lioes the rate at which it win react to traneienttemperature couditions.

(5 marks)&) e 15 cm' *1t{!:^40 eJeam main carries eaturated-steam at l|.lbar (gauge), and thetemperature is 190" c' The inside and outside diameters of the pipe * rg.a J-. and 16.g cm.respectively' The thermal conductivity of the pipe wall is 6l.l w7-" C. Thepipe is insulatedwith a 10 cm' thick fibre glass bla''lrsi 1n=o.oliw-;cJ.If the outer surfad temperature ofthe insulation is 41o C, calculate the rate of heat loss over a l0 m. section ctf the pipe. Alsocalculate the fractiou of tbe total thermal resistance offered by the pipe wall. Is it justified toneglect the resistance of the metar wal in this t5rpe of problem ?

Or 
(10 markg)

{c) A long cyliad-rical rod ie to be annealed by putting it in a furmace. The initjal tumperature ofrod is 30o c and its.average temperature increasee ta loe C in half an hour. U the eurfaceheat transfer coefficient i8 100 wm.z'c,calculate tue aianeter of the md and the temperaturcof the frunace' Given : density 7900 kg/m8, specific neat o:r k I&g. K ana Trernar couductivityC.2 W-m K.

(15 marks)
Turn over
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3. (a) The exhaust gas from a furna:1flows across the tule bunclle at an undisturbed velocity of

15 m/s. The b-undle consists 
"f 

? ;;;;"r" t"*r u"t 
"i* 

ro"stt"ainal rows of 33-'1 mm' o'd'

and 34 mm. i-d. tubes. ,oa."oiur'f"iu." *"t"" for heating. if tUt g"t temperature is 260" C

and the rube wall temperatur" ?f"L:;;i"il^'?iii-h" eaJriau.fili coefEcient, (ii) the heat

flux to wuter. Cil "J""*t 
has tbermophysieal properties like air'

(15 marks)

ft) 50 kg. o,."ur", per minute is- heated *l *. c to 50" c by passing through a- pipe.of 2 cm.

iliaaerer. The prpe rs heated by cond'ensing 
"""- "" 

itt '*futu 
at iOO" C' Find the length of

the pipe required' r;se the relation'

N = o'023 3uo'8 P"o'4

The properties of vrater are density 9?5 kg/m'3 kinemltic viscosity 0'3641 x 10-6 m'2/s' specific

heat 4.18 kJ/kg' I{' ,Tft"i**f conductiritv 668'? 10-3 W/m-K"
(15 marks)

SaturatedslealEltt..ibarlgauge}pxgTY.eflowsthroughapipeoforrtsidediameter60mm.
bart: horir..,'i,al. .rT)o ;;; ;;;;i lu" C. N"gi""i*g thJresistance of the pipe wall' calculate

rhu rare of bcec lcss n1 ccmbrned .orru"tiiflff""dt;""" from pipe and also the rate of

cc,r:rlensation ':f ste'rJ 
'ln*l*t*t""b' 

"f 
tlil;;;"Jut" is 0'?91 

"tta 
tn"t of the wall of the

roorr is iJ ?Si

caicuiate the percentage reduction rn the beat loss' and the corresponding rad'iation heat

transfercoefBcient,j-fthepipeiscoated*itnu"aluminiunpainthavinge=0.35.(15 marks)

ia.l

C:

{b) A 40 w incandescent electric bulb has a sur{ace temperature of 100" c' The bulb is in a large

room at 30'C. If tbe bulb is considered as a 6 cm' diameter sphere having a surface emissiviw

of 0.8, calculate the raie of thermal "";;;l;t; uy rlaia93n and bv i1:1,::l'Iection 
from

the bulb. If the frlament temperature_J;60 K 
""Lula"e 

the average transmissivity of higher

wavelength r"d;;;il;;h tte gtars. ciass may be assumed to be transparent to visible

5. (a) Hot water at 10,000 kg/h. an$ 10.0" 
c eDters a concentric tube counter flow heat exchanger

having a totai 
"ruu 

ofeO m.2 CqiA *"t"i "t 15' C enters at 20,000 kg/h' and overall heat

transfer coet'Ecient is 1000 w*.2 r. o"ternine the toiai heat transfer rate and the outlet

rcmperarure of the hot and cold fluids' 
(15 marks)

wavelength radiation'

ilr

Write short not€ on Foulng factor'

Dellne fick'; lrst and sccond laws oi diffrrsion'

llow tloes *lrck's iaw rei'rte to F'ourier'i' iaw ?

(15 marks)

(5 marks)

(5 marks)

(5 marks)

[4 x 15 = 60 marks]
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