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Sixth Semester B.E. Degreg Examiqcf&f,,.Jan./Feb. 2021

Heat and Mass Transfer
_* r;#

4f,&e*Time:3hrs. * ;zu .Max.Marks:80
#%,,;' *q

Note:l. Answer any FIVE full questiont, pffig ONE full quesfioffit euch module.

2. Use of rreil *ansfer aan nq{_,yro is permitted. 
.i:": w 

*

t a. Explainbriefly: .*rr|fu 
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r) 
^ Thermaiconductivitf'H

ii) Thermal diffusivil4q*e '*'

l,) Inerlnal con{ructrvlt)rt ij
iD Thermal diftusiviffi-' miO Overall heat trffiffio-efficient ,, *

, d' ,,;*-'q: oR"
Z a. What do-yq&.mean by initial conditions*andboundary conditions of I, II and III kind.

. (08 Marks)
a. What O:#q*.an by urtttal condftlonsplfio bounoary conoltlons or r, r ano-ur *"fr; 

Marks)

b. A furn{c&ilafl is of thickness 0.2@ond is exposed to;ffiat its inner surface and to air at

its ffiES surface. The gas ana.oig%re maintained -,{ruru'C" and 50'C. The heat transfer

co-efficients of hot gas-and cg.ld Hir sides are 60*WmWm2.K resp-ffively. If the surface

area of the wall is 3nt'. Fidq. 6] ;'3 * , ": U*

ir) Thermal contacffiistance. -a# (08 Marks)

b. Derive general hdkgdnduction equation in Cartdbian co-ordinates. (08 Marks)

Irea oI [ne war ls Jm . rjg*il &*",W , ': Ji) Overall heat trarlpffiefficient YPM 'k%F

ii) The heat transfeffi .dsd " * e*

iil) The surface-terryerature of the wa$S**"r 
..:

Assume that th l conductivity*oGtl_rcfrrall materialffiSWm.K (08 Marks)

.; J\, *** 
u

-,i.,i %ffigdute-z &* s

3 a. Design q{ritidal thickness of i4*ulffin and deriv@ expression for critical thickness ola. Design eqitidal thickness of inguhlion and derivequfo*expression for critical thickness of
insulatk&r a cylinder .ffi "ry **" (08 Marks)

b. An ifubd is attached hgr.{ohdhlly to a large tamk-6t temperature T6_:20O_oC..The diameter

of t.pe Ybd (d) is lcm, lqffiI,l is 30m andthermal conductivity (K) is 65Wm.K. The rod

Bisflipates heat by .ooigd.l$n into ttre uffiffiir at Tu = zlc,with h = l5Wm2K. What is
*:l$p$rpates treat Uy conv*gctio, imo the arpti'ieufair at Tu = Z}oC,with h = l5Wm2K. What is

,#T$ temperature of,*&ffod at l0cm and 2,tffi from the tank? Calculate the heat transfer rate,

WTlttre fin effrcienct' ffectiveness.- @ (08 Marks)

d' -'qtr 
;

.**r:t ,h, oR
Explain pffidl significance ofB{bt number and Fourier number. (04 Marks)

OUtain an ffiression for i4stdhtaneous heat transfer and total heat trasnfer for lamped heat

analysis treatment of co;rdr$Uion problem. (06 Marks)

A l5mm diameter mi@del sphere K= 42WlmK is exposed to cooling air flow at 20"C.

Determine the followingfl

4a.
b.

c.

i) Time required to cool the sphere from 550'C to 90"C-

iD InstantqgeKls''heat,transfer rate 2 minutes after start of cooling. For mild steel

p= 785TffiE/# , cr= 475Jkg K g = 0.045m2/hr. (06 Marks)
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Module-3

5 a. What do you mean by hydrodyna*i.l-td th-.,*al boundarV \+' e'C (04 Marks)

b. Explain physical signifriance of ,.##=
i) Grashoff number ,'-,,,1t,,,,,#i

O Prandtl number ,iu 'er'

iil) Nusselt number. ^ 
4 "=# (06 Marks)

c. A nuclear reactor with its core constructed of-ffi*Bt ve1i9al.qlT:' 2'2mhtgh and 1'4m

wide has been designed on t." .o"""ctiog.14efting of liquid bismuth' The maximum

temperature of the plate surface is limited*toffi'c while the lowest allowable temperature

of bismuth is 340.c. Calculate trr" .qrthffipossible heat dissirp+b&-from both sides of

each plate. For-- the ."r".t,i"&#"qo%fhcient the appffi'ruHte correlation is

Nu = 0.13 (c..ny:i". 
-.-- 

,*. * 
* '' 

,,, $ 
* (06 Marks)

-d;" oR ,..*.

6 a. With the help of dimensional6uaqly"" derive expressionffiich relates Reynolds number'

b. Air at standard conditio4g, o,SdO** Hg at 20"C flou6- dr.t u flat plate at 3m/sec' The plate

is 50cms ;,|]i.-i:6ffi; heat rost ier tour if-HiPnowis.parallel to 50cms side of the

plate. rf 2;#, ffi;iffillr;aflelto irre airflo'fuhfuttu, will bi the effect on heat transfer?

, --c1r^4 -rg+^ :^ lnnorr ;, (08 Marks)
Temperature of tb€@Fte is 100"C' ..* d+ tuo lvrarAsl

#*'J nnoaii{gh
'teh,".F

7 a. Derive un gru*dffiion for effectir.rr." rrt.t-fl9.* heat exchanger in terms 
::"TT:,:i

b. ;ilffi&fo.Ti:"dii ;;;; ,;,ir#*.f"r the fonowine he"+t transfer in a parauel now heat('' 
"fi#;;;;; i, r,.ut.'* bi;-h.rst gases [ + 9-rtw, di = 5cnr' do : 6cm'

ilI%d;i^Is--h. : iaofi# 'c Inrei a{}kb}rtiet l'Tp'ily:: ?1}:i^ry,'1-,11:n, = ffiWlm2 oC, h" = 186ffi,'ffir2 oC. Inlet agdffilet temperattg.,.9s ot 
-hot 

tlulo are

respectively 400oC uii tSp'Cand for cofa nuiO ffi,$i6spectively "5ro"ghnd 100"C' 
Neglect

tt. tob. r.rirt*... Ii##k is maae counter"&#,uwhat is the petoentage of saving in tube

length? -ry# 
** fu*' 

. 
,{" * 

(o8Marks)

,d ffi,,.#' e;n',*#u
tri rr $0"

,d ffi;-u' 
^e;u't*g a. Explain the dif&rhd regimes of pog| *-*lr* using an &....,9,riate boiling curve' Indicate

CHF and f.i*.r.F*ost piints on it' '::' 
$ (08 Marks)

---r't:ir-\a -^ ' ,;-ffih.,"ftr and 1.2m h. s exposed to steam at atmosphericb. A vertical tube of 60mm outstd - ^A 1 -t-.---1^L:^-A il;;ffi#='ffi;0"#,;rid; ffi.t r and 1.2m h s exposed to steam at atmospheric

;r.,,,,,;;,.T# o"*r ,*4.. "ffu& is maintai4ts,e temperature of 50'C bv circulating

toH ryaffihrough the tube4@liulate the following: "

1) {=.Wgdrate of heat trapfg:6 the coolant' *
i'D.* ft rateofcond*fih't8hofstearn .- 

- (08Marks)

,'r-,.*rtffi}S CNj ura heat capacity retioof two fluids.(C)- . ,.._,1 , gt^y"*:)

4 SS' ..d{ "\,***'k 6-*'w Mqffil€t5\---* d S@ ff
*w.' o{i-o omiccirre.^#i radiositv irradiatidn an,

b. Stetcn and exptaip: i| I(irchoffs law ii) Lambert's cosine law- (04 Marks)

f"ihlut.., with emissivities 0.4 (e1) and 0.8 (ez) exchang: h*: by radiation'

If a poliiheO ffiium shield (er = 0.05) is placed between thenq calculate the percentage

i"J"'.tio" in h&trtransfer. (08 Marks)

*, **- rYfrr!*}r#E-J 
-g #iO.g". emlssive;#ffi radiosity, rraai.atiffi a"0 surface resistance to radiation. (04 Marks)- 

t/B.pf"i, tfr. pfryffi significancl.*1,.*-pioperties of view factors- (06 Marks)

c. A steam pdd;eidiamety#F and length 60cm whose surface is at 200oC passes

ir,r"rgi 
"'+.$:&"&rith 

wall at to&Chssuming that the emissivity of the pipe is 0'8, determine

the rale ofMt bss from tf;e p{pe by radiation' (06 Marks)

*'ryfu oR
10 a. Explain briefly the coffiLf a black body' (04 Marks)

*'j. " *{.**rl.
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