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Heat T

Time: 3 hrs.

Note: l. Answer any FIVE full
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2. Use of lfeil Transfer

the heat transfer frg,^q Se inner surface ofthe hallow shape.

100

ONEfull questianfrom each module.

(10 Marks)

and heat flow using lumped parameter
(10 Marks)
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I a. Explain with suitable ske1gfues; tiffie tlJilrrrdJ" t<inai]{,boundary conditions, (06 Marks)
l t,-,It,,:- L.-:^{t.,. ,-".' ij"? ,q '.-'"'b. f rxptain trriefly: ;.; , ' . *o .(i) , Ihermalconduc,l&itf "*."-'

(ii) ' Thermal diftusiyrp
(iii) fhermal ct5ffi:tgi?tesistance ' **.k1. (06 Marks)

c. A mild steel tgfi'kJof wall thickness 2ffir is used to store water at 95'C. Thermal

conductivitry-oFmild steel is 45 Wm-'C, artdthe heat transfer coefficient inside and outside
"' 

'tt4 "f
the tankd{eib5O Wl-'-oC and 10 \H/ms-"C respectively. If the surrounding air temperature

is 2Q'lQ,,eui$ulate the rate of heat;tffi, r per unit area of th"€ tank. (08 Marks)
'r.r $r 
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, 

,-*'

+,e oR l& if **.=.
2 a. Derive an equation for crikmkthickness of insula{.ion in cylinder. " (06 Marks)

b. A small dh;;; ,";uffi ouhide diametg}#d mm is covifed;'with as asbestos

(K = 0.1105 Wm-K) affi,ieft in the atmospli'dri*or%ir at 30oC. Ihe film coefficient between(K = 0.1tOS Wlm-f; ufffli"t in the atmosphBriq:"air at 30oC. Ihe film coefficient between

air and asbestos is 5 Wm2-K. If it is deqired tb maximize the heat transfer rate from the

contents of the ,,.e*hl to the air, deterna.iuellthL thickness oftft'bestos cover needed and alsocontents of the 
"qS"El 

to the air,

the rate of heat flow at this thick_rii;SF".s-/

icloress offi,Uestos cover needed and also

the vessel to$e maintained at 120'C.
,d (06 Marks)

c. An.insulq[eddteam pipe hav11g
j.i",

diameter of 30 un is to be covered with two layers

of insu$iha each tiaving u thigffi$s of 25 
",ry. Th*."lverage thermal conductivity of one

materi$L{3."5 times that of ffirilfer. Assuming ttrg-t}t3 inner and outer sutface temperatures

.,i roi$8rite irrsulati, o.#ffid, how rnu"(,*flt tfle heat transfer be reduced when the

bptttr corrducting matsrlal is next to the pipethan it is outer layer? (08 Marks)
"*. ..'1q I ,& t1t" . -,,,,,.. .';* {i*". q,'. { "' " ,

:"**)Y ...$#ru Module-2ir6iif'ry$ tfr'l 

-

a. 
*rberive the expressfdh fot temperatureo,,piitribut:a. 
*rberive the expresffi for temperaturq,pistribution and rate of heat tansfer from a fin when

its end is instdqtg'd. ,.,.*I:Yr (10 Marks)

b. A handle offiiiidle used for po*o**fi molten lead at 327"C is 30 cm long and is made of
2.5 cm x 'ffis"cm mild steel ,bar stock (K = 43 Wm-K). In order to reduce the grip

temperature, it is proposd.i:h;nake a hallow handle of mild steel plate 1.5 mm thick to the

sarne rectangular'shapffiit" ,,r.fr"" heat transfer coefficient is 14.5 Wm2-K and the

ambient temperature isTlgC, estimate the reduction in the temperature of the grip. Neglect

OR
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b. A 50 mm thick iron plate [K : 60 wm-K, p : 7350#g/fffi co: 460 J/kg-K] is initially at

225"C. Suddenly the plate is immersed in a $uid- i.iiedium maintaining at a uniform

temperarure of 25oC with a surfuce heat transfego.iEg&.nt of 500 Wm2-K. Calculate:

(i) The temperature at the centre of the plate9",ffinutes after the start of cooling
(iii Temperatu re at adepth of 10 mm from=p-1te'iurface 2 minutes a{ig,fug start of cooling

iilil Temperature at the plate sur{ace 2 ryi*iii# after the start of coohrdl'r.

iirj The energy..*or"d fiom the pl.atefuFm2 d.rting this time. (10 Marks)

,t#
5a.Exp1ainimplicitandexplick.6-qpw*cretizationdd}ffi",siona1transientheat

conduction problem. '{T ,. 
* - (08 Marks)

b. An iron rod L - 5 c"m dohg of diameter D _:.- 2 cm with thermal conductiviry

K: 50 W(m*C) p."Iq$!q$&om a wall and is exffi''8 to an ambient at T- : 20oC and

h = 100 W(m2-"C;. The-liase of the rod is at Ts: 320"C and its tip is insulated. Assuming

1-D steady state hp4;ffow, calculate the tempoerature distribution along the rod and the rate

ofheat flow intqtfo"ffi;irbient by using finite$ifterences method,

Assume tb" i"{${Uit guess for temperatur6 as ZOO"C and the length of the fin is divided into

5 equal plSfu.";' (12 Marks)
'YrB :

t:!

:*.* J,.-i*"oR d\
6 a. Define-frffid explain the following:*'t.' dF* ;

(0 KirchofPs law .::, ., h;t *ffit
(ii) Stefan Boltzman law*';,,. " " 

Lo ,r**o'""'

iiiil wein's displucem.nttffi '@' \'s# (06 Marks)

b. A fumace wall emits ra&ffion at 2000 K. Trdifl$ngit as black bo.py rediation, calculate:b. A fumace wall emits ruffid,n at 2000 K Tretfiing it as black bo.py rediation, calculate:

(i) Manochromqfic radiant flux density d"tI*$hr wave length-..ffi
(ii) WavelengtQ$,fuhich emission i.rnrxi,flum and the coffiponding emissive power

(iii) Totalem!#{tpo*.t **_} * *' _ (06Marks)

c. Emissivities of trvo large parallel itdps maintained flo80!'C and 300"C if 0.3 ,nd.0_l
respectiveJy. Find the nEt r^uai"n-q6f"i'txchange p"r,r@or these plates. Find the percentage

reductioq*in heat transfer wherX[,fiolished aluminiurrqradiation shield of emissivity 0.06 is

ptace$,1toe,i{veen them. Also""Agdpfre temperature of.thE-shield. (08 Marks)

.,.'" rll *r*
u. -tii$tui" with neat slffis: (i) Velocityb<iiih8ary layer (ii) Thermal boundary layer

=t,* +rlq* '" ,- * (06 Marks)

6. Atmospheric air qiB,0O K flow with#ffiLelocity of 5 m/s, along a flat plate of length I m long.

The plate ngp%l,1riatn of 0.5 m. Tlgtoial drag force acting on the plate is determined to be

18 r 10r {flhi'mi"g the Reffid's-Colburn analogy, estimate the average heat transfer

coeffrcient ftii-flow of air oy,er ttte plate. (06 Marks)

c. Water flows with a mearmsmlocity of 2 mls inside a circular pipe of inside diameter 5 cm.

The pipe is considercffi@"'*U" a smooth pipe and its wall is maintained at a uniform

temperature of 100"C by sing steam on its outer surface. At a location where the fluid
is hydrodynamicatrl,y, aid thermally developed, the bulk mean temperature of water is 60'C.
Calculate the h96ffisfer coefficient byusing:
(i) Dittus-Bbdlftiequation
(ii) Sieder-$ateequation
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(08 Marks)
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8 a. Explain the physical significance of the following $jrne*{onless numbers:

(i) Reynold's number (ii) PgaffiSffumber

iiii) Nussett number firl daqiiftnumber (08 Marks)

b. A cross flow heat uftgti*g". with both threads unrnixed having a heat transfer atea of 8.4 m"

is to heat air (Cff+,t"OOS f^.g-"C) with waetl&u,:4180 J/kg-"C). Air enters at l5'C with

2.0 kgls,whilq ffi"water enters at 90oC 'dim+O.ZS kg/s. The overall heat transfer coefficient

is 250 WdfuP. Calculate the exit terppe*futures of both air water as well as total heat

transfeeSp*."- *'o * (10 Marks)
,. "i .$' ,ffif=dtu *fb;*,fu:, q "\ ! 8"4'

l0 a. Explain different regimes o{nogl boiling with neatg"l$tclibs. #e" (06 Marks)

b. saturated water at 100"ci$fuiled with a copper$q,$rE element hagq_*th".uting.surface of

500 sq.cm, which is mgffied at a unifonrr,rtedi rature of l15oC. Cblculate the surface

heat flux and rate ofevaflefation. ,*," j.{, *.*- * (06 Marks)

c. Air free saturated p{eutdi at Ty = 85"C condffison- the outer supf& e of 725 horizontal tubes

b. Consider a square plate 0.5 m by 0.) m Yqlfq$e surlace msulateo %I*:j|" otner surrase

maintained at a uniform temperature uotffiOoC which is placed- 
*i\ 

quiescent air at

atmospheric pressure and 40oC. Calcu&(-the average heat transfeffioefficient for free

convection for the following orientatidqg;of the hot surface: .& e'"i

(i) The plate is horizontal with ffifffface faces up

fiil the plate is horizontal wiQtof iurface faces down *d6""
iiiil The plate is vertical .:'ryiq%''} .* (12 Marks)

*f*# ! i'
,**,rh

9 a. Derive an expression fOfffiD for parallel flow he@$kchanger antl the assumptions made'

-, 
, *' (10 Nlarks)

b. A cross flow heat &dflaoe.. with both threads,unrnixed having a heat transfer area of 8'4 m"

Air free saturated St"u* ut Tv = 85oC .ond.rri"s on the outer surfaee of 225 horizontal tubes

of 1.27 cm OD qlringed in a l5-by-lffi;r. Tube surfao"s',$ maintained at a uniform
,:*. \,

temperature 1$ffi'C. Calculate fh*{}bl condensation rBtflper meter length of the tube

uundle. d h 
'F 

oo. (08 Marks)
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