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B.Tech., VII Semester
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Heat and Mass Transfer

Time : Three Hou
SQ\Q aximum Marks : 70
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Note: 1)  Attempt any five questipis.
fol urg weAt ity
if) All question&rry equal marks.
oft wei & T3
i1} In case of any doubt or dispute the English version
question should be treated as final.
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& T B SR 7 SR

1. a) Whatis Fourier's law of conduction?
RReR &1 9 P Fa e
b) What is critical thickness of insulation? Explain.
TN &t e HierE 7 8 7 e |

¢) Explain about radiation shield.
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Write a short notc On bounda
dispiaccmcntmickncss.
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Define absorptivity, reflectivi

e, cRradefer 3R Farre

o
Derive expression for temperature distribution, l;ndcr
one dimensional steady state heat conduction orlg

ty and transmissivity. 3

fieam &t aRMIfRE

cylinder. .
qasﬁlée?ﬂs%qqzﬁsfmnﬁlﬁj?aaﬁﬂww&?
aga aTga R & Ry sfyafds oe #|

A hollow cylindrical insulation has an internal dian‘_ietcr
of 16 cm thickness of 8 cm. The inner surface 1s at
—10°C while the outer surface is at 35°C. Determine the
radius at which the temperature is 0°C. 4

o @Ee SO A &1 HARS AR 16 77! 3R
fierd 8 9t 21 HiaRe §ag —10°C W & T&fdh a8l qag
35°C R &l ag foqr 1d BT O TR A9 0°C 81

A reactor wall 320 mm thick is made up of an inner layer
of fire brick (k = 0.84 W/m°C) covered with a layer of
insulation (k = 0.16 W/m°C). The reactor operates a a
temperature of 1325°C and the ambient temperature is

25°C. 10

i) Determine the thickness of fire brick and insulation

which gives minimum heat loss.

1) Calculate the heat loss presuming that the insulating
material has a maximum temperature of 1200°C. If
the calculated heat loss is not acceptable, then state
whether addition of another layer of insulation would
provide a satisfactory solution.
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320 ) ) vap Rvarey Saw wreR i (k=0.84 WmeC) 5. A solid spherical steel ball with a diameter of 10 ¢y and 5
& F Hiahd wa J et 37‘3.7'\37:7 £ w5 @ thermal conductivity of 45 W/(m'K) is initially at Wnifory,

AU rature of 300°C. The ballis suddenly quenched
(k=016 Wie o temperature of 300°C ¥ quenched ina g,
M) ) 8 8 Reees 1325°C 5 e oil bath that is maintained at 25°C. The convective heat rang.

N g=fea ATTHTA 25° o
. BT & R ofae 25 Cg' coefficient between the ball surface and the oil is 250 W/(m2 )
) I e ek et i e Fuffa & o Assume the density of steel is 7800 kg/m’® and the specific
ty
T gif e g heat is 500 J/(kgK). 14
1) T g & mom a8 g & o5 3ot Tl & a) Determine if the lumped capacitance method is applicable
FftreTa A 1200°C 21 3f T T T for the transient analysis.
' b) If applicable, calculate the time required for the ball to
wiow 7 g, @ TR T B 1 SR
: . reach 50°C.
W wiied } Fﬁm?g%uﬁ vl a1 71
b) - Explainitsimportance @%,em the expression to calculate 1037 2R 3R 45 W/(m K) Bt e Sereear et 3
cntical thickness sulation for a cylinder. 4 e ¥ 1 g e % 300°C & (& FM AT W gl
3 T8 B 3% 1w fioieR & e sl & 21 1S &1 A 0% 48 et T & g Wi § il 25°C R
EEC LR M e B e e R R ———— I @1 A1 81 g &t \ag o ddt & e wagd a9 IR
o 250 WAm2K) 81 71 < & wet 1 g 7800 kg/m’
4. a) Two large parallel plates of Im * 1m spaced 0.5m apart 21 3k fafdre e 500 J/kg K) 21
tna very large room whose walls are at 27°C. The plates &) Pruifa = 5 70 ae HIRST Ry 4l R S
are at 900°C and 400°C with emissivities 02 and 0.5 faru 5“11\@
respectively. Find the net heat transfer to each plate and . C
to the room. paea"? 7) AR @ E, e @ 50°C T Tge § T At T B
@ ad B IRT0SARBE R Imx ImPr A 7@ U |
AR @i § R dan 27°Cm $1 <9F g9 0.2 3R e Cocated i
0.5 39T & o o | T 6. a) A horizontal pipe of 6 cm diameter is located in a room.
P i gﬂﬂ. CIR400°CR 81 5P e iR The temperature of air is 20°C. The surface temperature
IS S RAFRY 7 Ffrg| of the pipe is 150°C. Calculate the free convection heat
b) Derive a general expression for shape factor in case of loss per meter length of the pipe. 8
radiation between two surfaces of same area. 7 6 At e o & At aTEY U e | fRUT 1 g
U 2 &5 91 2 wag) & &9 R & e § sren wRe FIGAT 20°C &1 9159 6t g &1 AI9HH 150°C &1 ugd &t
& for v g FfafE ) SR iex aiard 3 T Hagd ag @y A0
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b) Derive the momentum equation for hydrodynamic

boundary layer over a flat plate. 6

U HUTE e R gregieraiive 9T oxa 3 forg nfty aftaor
HTH |

7. a) Inacross flow heat exchanger, air 1s heated by water. Air

b)
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enters the exchanger at 15°C and a mass flow rate of
2 kg/s while water enters at 90°C and a mass flow rate of
0.25kg/s. The overall heat transfer coefficient is 250 W/m? K.
If the heat exchanger has a heat fer area of 8.4 m’,
find the exit temperatures nf&?&fh he fluids. 8

wmm@amﬁmﬁmﬁmwﬁamm
21 B4 15°C T TR wae e & 3N gan A
R 2kg/s® 90°C TR S T & AR g
TR €% 0.25 kg/s & | FHI TSI OIS 250 W/m? K
21 32 e TSR &l AT RRIFTCRY & 8.4 m? g, Y S

et gt @7 foiesT AT ST |
Explain about convective mass transfer and mass transfer
coefficient. 6

Hag1 THF TAFRRY 3R GEHH TIFIRY 07 &6
qR H a0

The Logarithmic Mean Temperature Difference (LMTD)
of a counter flow heat exchanger is 20°C. The cold fluid
enters at 20°C and The hot fluid enters at 100°C. Mass
flow rate of the cold fluid is twice that of the hot fluid.
Specific heat at constant pressure of the hot fluid is twice
that of the cold fluid. Find the exit temperature of the
cold fluid? 6

b)
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@ PR Toll dle @HoR BT ARG HTe aIgH
3R (LMTD) 20 it fcar 31 &1 /el TeRi 20°C R
T e & o T aker gemRl 100°C W WaY &Rall 31 38
o Qe i Ga FaTg &Y T kel el bl g
TR & ¥ A aielt &1 e werd & PR 9 W
ffare T & v el &) g QU & 81 38 v
verel &1 P aTud s DI

Describe the distinct regimes observed in film boiling
and nucleate boiling, emphasizing the differences in heat
transfer mechanisms and surface conditions that define
each regime. 8

R Faerie IRk gfFeric F@uie § &@ U fAfiE
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