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2. flse of lteat Transfer data hantbook is permitted.

I a. Derive an equation."&f transfer through convecffi@S. (08 Marks)

b. Explain the types dl$qass transfer with examples. v (08 Marks)

: "q.&
' ; oBs*\ "

2 a. Derive an*ffifion for heat transfer throu.gh'{adiation. (08 Marks)

b. Oeriv.egr]$6iittion for radiation exctan.db between trvo bod*s. (08 Marks)

":- r{*'iq#@.2. 
^&'3a'Derivett,.a,..dimensionars;affilh*.*,owqffi;,ationinc#futricalcoordinate

system. .,.s-M._r_. M \. e ),* (o8Marks)

b. dxphin the effect of va*i#e thermal conductivffi heat transfer inffis. (os lvlart<s)
'%iir dsme ,. d

.+r o,SqY.n .ffi4 a. Explain the typefuffi#ns with applications,_.W ffiv (o8Marks)

b. Derive an equatiffi,,for an infinitely lon$ffofuniform crossTdtion along the length.="i;J *.'" n . (08Marks)d ,'* ]1'- - -@]L ''. Module-3 fl*k
5 a. OrV q[tp*amospheric pressuGand 20'C is flowing]#rth a velocity of 3m/s along the length

of a ]onS flat plate, 0.3g6kitlb, maintained ut".lm'C. Calculate the following quantities at

x:0.3m. ; I ,"uTM
;q.)-' Boundary laYer thickness '

furyiD Average fric-&iorf:pefficient*''iii) Thickness o'fttffirmal boundary',trayrlr
iv) Rate of,,l&-afu'lransfer from the plate between x = 0 and x = x by convection. (08 Marks)

b. Define fin g@isncy. Derive an equation for the efficiency of
i) infiniteffing fin ii) fin-..with insulated tip. (08 Marks)

6"tr;+d#;,' oR
a. Three 10mm diameter rryd$ A, B and C protrude from a steam bath at 100'C to a length of

25cm into the atrnos@rere at 20"C. The temperature at the other ends are found to be

26.27"C for A,34re for B and 36.96"C for C. Neglecting ttre effect of radiation and

assuming a rurface heat transfer coefficient as 23Wlm'z K, evaluate their thermal
conductivity.d **

-*\
kr$sfl\$

%d

'#-

I of2

(08 Marks)

Download VTU study materials from studentmap.in

https://studentmap.in/vtu/


7 a. With assumption, derive an exp f-l4fp for a counter.ftuw heat exchanger.
"'t'" \*' (O

.i:',..?a,"'tt'' :;: :;:irs 
(08 Marks)

b. 8000 kg/hr of air at 105'C rpu*-'&ffi0 by passing it through'd,,"dounter flow heat exchanger.

*...#Y'r' 15AE53

fr,w

In a thermal conductivity measuring experiment, 2 ido4Ti*{ lbng rods are used. One rod is

made of aluminum with K:200 Wm-k. The other ipffi a specimen. One end of both the

Find the exit temperature ofaffif water enters at lf'p adtd flows at a rate of 7500 kg/hr.

The heat exchanger hasfuai iransfer^area of 2Orqfulhd overall heat transfer coefficient

corresponding to tt i, 4ge6iE' 145 Wlmz K. Take ffi,I'air as lkJ&g K and that of water as

4 I R kl/ks K \;* T *i". 
(08 Marks)4.18 kJ&g K. 

ffi*$

(08 Marks)llel plates iii\,\,

,,*;ffi''"'' d {:"i.."''%todule-5 ..==.3.ki
_4.

b.

,$

0 R,,,,,,:,,',:,.,:.,+l

8 a. Derive * .rar.ffidn for E-NTU relation for q counter flow heat exchanger. (08 Marks)

b. Obtain ,*Mmi.:lion- for the rate of heat hansfer when radiation shield is introduced

ru OR 1,;,r.,, 
* 

o

10 a. Explain ablative hqat @nsfer. ,,,,'1",,1" *llk" (08 Marks)

::W .-...'
9 a. With a neat diagram, explain dif..flrdive mass transfq6&#\a. With a neat diagram, explain diffusive mass transfg6%.#* -k (08 Marks)

b. What is Aerodynamic heatiflg,^exp1ain. --- " 
"#; (08 Marks)

,.ffi b '#?

--;----=-'- - .wlw

b. A iircular plate &ffifficm diameter with*!o,,th $rfaces mainta.iffiHlat a uniform temperature of
100'C is susqffi horizontally in,,"@ospheric air at 20"C.lDetermine the heat transfer

from the plate."-'",:' (08 Marks)

&
,ffie$*&

#
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Explain the modes of heat trans1a.
b.
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Exp lain combined heat tranpftifriaa6chanism.
Briefly explain the boundarii.@ai ions of I't, 2nd, 2nd and.'3'Qkind.

ni:\-

c.
d.

2a.
b.

'l I I I I I I I I *ffi*
,* t. ''&

Fifth Sem es ter B.E. D eg ree Exa m ina-qFe,;{D b" .2019 I J an.2020
Heat and Mass Frff?{sferHeat and Mass Frd?isfer

*W*Y*
Time: 3 hrs. .u%t* _ Max. Marks: 80

sgh, 
e{r t 

,*;;M
Note: Answer any FIW full questions, c"ftqipffip ONE full questionffi!$bach module.

'fu*'q* ryT[ET€-f

ffiffiffiffi

ti-r,"t:*,

6 a. What do you meap bfvelocity boundary layer thermal boundary layer?
b. Explain the sigr{ffiftAnce of following:

D GrashoffN,hrnber
iD Nusseh Ntimber
iiD,#iry*umber

I of2

their corresponding,b,glis equations.
,' 

t;;

- -, t

lsAE53

(06 Marks)
(02 Marks)
(04 Marks)
(04 Marks)

(08 Marks)

(08 Marks)

(05 Marks)

*r-d' ,J*fffuulcd
Explain bffiffiffioundary tuy..'6o-ltc$T'i6iffi along a flat plate.

Calculate thW'Convection heatJos"s from a radiator 0.5m wide and lm higt
temperature of 84'C in a,#*m,[n at 20oC. Treat the radiator as a vertical plate.

fli-il:* 
-

**{l OR

,*:* *

(06 Marks)
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7a.
b.

8a.
b.

9a.
b.

c.

c.

"dF* 
lsAEs3

A plate of length 750mm and width 250mm l"t_^b...**-1&frif 
longitud.inallv in a stream of

crude oil which flo*s *itt u velocity of 5m/s. If tffiaiiYras a specific gravity of 0'8 and

kinematic viscosity of I stroke. Calculate: .w-*l
i) Boundary layer thickness at the middle of gla$ -

ii) Shear stress at the middle of plate n' 'dl ;B

ii't) Friction drag on one side of the ptat9. *"q$' ."o\ (05 Marks)
*,h,.' 

..* ''
Module-4

Stut. *a explain 
' 

* 'tu.s3 
'Lo,t rirchoffls-lu*_.,,-, 

__. u*#s*u #:flii) Stefan-Boltzman's lury*,\--.$ *ri
iii) Planck's law. fl*;rl* , d. . r . ,!. Marks)
i*o tu.g. parallel platgs,r:withtuEmissivity of 0._5 argft*intained at different temperature and
.*"t ung". neat ontyufliiSriti"". Two e[ually larggriffiiation shields with surface emissivity
0.05 are introduced in"prrltt"t to the plates. Find'ifre percentage reduction in net radiative
h.ut trunrf.r. uLk...t 

' 
,,i. 's' (06 Marks)

;,Sa" r"\t ..1.i-,ailir,i;,

, "* Ei$' oH,
With assumptl$ns, derive an expression-ffirLtuttD for a parallel flow heat exchanger.s.' (08 Marks).,ij* "Ei$p" {,. {F (Ud lvrarKs.,
g*he$dltdses (Cp = 1.l2kJlkgfft},fuwing through a[.qpr4]ar heat exchanger at the rate of
fzO$&n" is cooled tom64i.0"C to lz}"C.r,-ff cooling is affected by water
(Cp= 4.il4716g K) that enters tfie'System at 1OoC 6ttrq:rate of l500kg/lu: If 

the 
overall heat

transfer coefficient is 5001*[# k;c, what heat,.6*ihange area is rgciiiire-ti to handle the load
for parallel flow and "ffii*no* arrangemenq?"{";r j' (08 Marks)

*-r ffi'Ba* , s.*

d.u*-# (05 Marks)-',sr 
(05 Marks)

n"rffirt"i-"ra-."ra nuiffit ffn"ing through,,p pbrallel flow heat exchanger are 0.2
s$espectively. The$ff{qt i;mperature offiehot and cold sides are 75"c andz}oc
). The exit iempor#ute of hot wateh^'is'45oC. lf the individual heat transfer

", U",f, riA.. u".#'!dWlm2K. CalculpteThe area of heat transfer (for hot and cold
A ..br tlrc L\ rsiitq1{Ep 't'. (06 Marks)
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Irifth Semester B.E. Degree Examination, Aug./Sept.2020
Fleat and Mass Tiansfer

'l'ime: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions, choosing ONE full question froru euch module.

usNrlli_l-i 1[1 l_]

5a.

b.
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2a.
b.

Module-l
a. Explain heat transfer and its modes with examples.
b. Explain boundary layer characteristics and its types.

c. Briefly explain Fourier's law of conduction.

OR
Briefly explain Stefan Boltzntann law.
Explain combined heat transfer mechanism.
Define the term:
(i) Massconcerttration
(ii) Molarconcentration
(iii) Mass fraction
(iv) Mole fractiorr

Module-2
State the assumptions and derive the general heat conduction
coordinates ior rectan gular element.

(i) Maximum temperature in the system
(ii) Outer surlace tempcrature of two slab

a.

b. A square plate heater (size 15 cm x 15 cm) is inserted betweeil two slab. Slab A is 2 cm

thicl< (K: 50 Wm"C) and slab B is 1 cm thick (K: 0.2 W/m'C). 'fhe outside heat transler

coefficients on both sides of A and B are 200 and 50 W/mzoc respectively. Tcmpcrature of
surroundings air is 25'C. If the rating of heater is 1 KW. Find:

(10 N{arks)

(06 Marks)
(04 Marks)

(08 NIarks)

(04 Marks)

(08 Marks)

equation in Cartesian
(10 Marks)

(10 Marks)

b.

OR
Derive an expression for heat flow through a fin of uniforrn cross section with infinitely long

fin. (10 Marks)

A 50 cm x 50 cm copper slab 6.25 mm thick has a uniform temperature of 300"C. Its

temperature is suddenly lowered to 36"C. Calculate the time required for thc platc to rcach

the ten-rperature of 108"C. Assume p = 9000 kg/m3, c:0.38 kJ/kg"C. Take K'= 370 W/m'C,
h:90 Wm2oC. (10 Marks)

Module-3
Obtain an empirical expression in tenns of dimensionless numbers for hcat transfcr
coefficient in the case of fot'ced convectioit heat transfer. (10 Nlarks)

Air at l0"C and at a pressure of 100 kPa is flowing over a plate at a velocity of 3 m/s. Ilthc
plate is 30 cm wide and at a temp of 60'C. Calculate the following at x : 0.3 rn.

(i) Boundary layer thickness
(iii) Local shearing stress

(ii) Local friction coefficient
(iv) Total drag force

(v) Thermal boundary layer thickness (vi) Local convection heat transfer coefficicnt
(vii) Heat transfer from the plate

I of2
(10 Marks)
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6a.
OR

IJxplain the significance of followrng:
(i) Grashoff number
(ii) Nusselt number

liii) Prandtl number
Explain the following:
(i) Thermal boundary laYer
(ii) Velocity boundary later
Calculate *re convection heat loss.from'a radiator 0.5 m wide and lm high
temperature of 84'C in a room at20"'C. Treat the radiator as.a vefiical plate,

OR
a. With assumptions, derive an expression for LMTD for a parallel flow heat exchanger.

,:,. : (10 Marks)
b. In a counter flow double pipe heat exchanger from 25oC to 65'C by an oil with a specific

heat of 1.45 kJ/kgK and mass flow rate of 0.9 kg/s,, the oil is cooled from 230'C to l60oC' If
the overall heat transfer cobfficient is 420 Wm2"e. ealculate the following:
(i) The rate of heat transfer
(ii) Mass flow rate of water
(iii) The surface area ofheat exchanger

Module-5
Write short notes on:

a. Aerodynamic heating
b. Ablati-ve heat transfer
c. Principle of rocket propulsion
d. Gas turbine combustion chamber

OR
10 a. Explain mass transfer and modes of mass transfer.

b. Briefly explain,the species conservation equation.
c. Explain briefly Fick's'law of diffusion'

174I,153

(10 Marks)

(20 Marks)

(10 Marks)
(06 Marks)
(04 Marks)

b.

(06 Marks)

(0E Marks)
maintains at a

(06 Marks)

Module:4
a. Derive an expression for radiation heat exchanger between two parallel infinite t."lriti!",i..r;

b. Two parallel large plhtes with emissivity (e) : 0.5 each, are maintaincd at dil'ferent
tempeiature and ar,e exchanging heat only by radiation. Two equally large radiations shields
with surface emibsivity 0.05 are introduced in parallel to the plates. Find the percentage of
reduction in net radiative heat transfer. (10 Marks)

**:1.**
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