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ME-701 (GS)
B.Tech., VII Semester
Examination, November 2023
Grading System (GS)
Heat and Mass Transfer

Time : Three Hours
Maximum Marks : 70

Note: 1)  Attempt any five questions.
fep<i aTa wett 1 gt P
it) All questions carry equal marks.
Toft wel & FA 3
i1} In case of any doubt or dispute the English version
question should be treated as final.

fopt oft yepR o ey arerar e & Ry § it umw
& T B SR 7T TR

1. a) Whatis Fourier's law of conduction?
RfeR &1 9 P FE e
b) What is critical thickness of insulation? Explain. 3
TN it e HieTE #4817 e |
¢) Explain about radiation shield.

faferwor gt & AR ° Tansu
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ry layer thickness and

d) Write a short note on bounda ;
dispiaccmcntmickncss, _
Wwiﬁmmﬁw?ﬁmﬁ@m%
ford s

Vi ivity and transmissivity.

e) Define absorptivity, reflectivity 3,1:1
saiushera, wradsfe AR Farursiicar @ aRHId
I

under

Derive expression for temperature distribution,
one dimensional steady state heat conduction fﬂrig

cylinder. ‘
0@ ffelex ¥ e o o fRR ST A1 Wl &
ded AT fur & forg arfyerf@y e Xl

b) A hollow cylindrical insulation has an internal diameter
of 16 c¢m 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 1s 0°C. 4

o @Ee AT SRS &1 AR AR 16 74T 3R
ferd 8 9t 31 JyiaRe FE ~10°C W € &l gl 78
3590 @R 31 ag Bar F1d HIR R 9 d9EH 0°C 8|

3. a) Areactor wall 320 mm thick is made up ofz;n 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 at 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.

ii) 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 At ot o e SR R 4@ (k= 0.84 W/mC) 5. A solid spherical steel ball with a diameter of |0 oM ang
& T HahE wa J et & 3,‘3?31;1 £ w5 @ thermal conductivity of 45 W/(m-K) is initially at Wnifopy,

_ o - i temperature of 300°C, The ball is suddenly quenched in 4 |5,
(=016 Wim'C) 3 = 3eh ¢ 1325°C & oil bath that is maintained at 25°C. The convective heat tn‘nsfs:t

W FEert gl § o aRdel &7 A 25°C B coeficient between the ball surface and the oil is 250 Wi(m?.K)
) I §2 IR g A e e 7 9 A Assume the density of steel is 7800 kg/m’ and the specific
T I & g heat is 500 J/(kgK). 14
1) 9 & 0 g T €U o s g e @ a) Determine if the lumped capacitance method is applicable
SfeTE e 1200°C 21 3f o ) 7w B for the transient analysis.
g Wit 7 & ar TRy 6 §GaIeH F 1 iR b) If applicable, calculate the time required for the ball to
L h 50°C.
WA e | T FEuE B a1 58 e
b) Explainitsi : : N 10 ¥t @ 3R 45 Wi(mK)  arfla arerman arelt @ 319
) Explain its importance and derive the expression to calculate ) o
critical thickness of insulation for a cylinder, 4 TR ¥iei Y fig T 3 3“':}0(:_35 U HHF T W
b TR B WY 3R 0 iR 3 e g &1 e 1 I T 48 At 3 e e & Bt 25°C R
eyl B &) T e & R SRSy w79 T @1 AT #1 7iE & Fag 3R dd & 7§98 919 I
o 250 WAm2K) 81 71 o & wer @1 g 7800 kg/m’
4. a) Two large parallel plates of Im = Im spaced 0.5m apart 21 3iR fafde 3= 500 Jf(](g-K)%l .
ina very large room whose walls are at 27°C. The plates 3) PruiRa = fF 7 ave HIRT RfY 4l Rwewo &
are at 900°C and 400°C with emissivities 0.2 and 0.5 fer 3“11\@
respectively. Find the net h . C oy
to lrl:ecl':;rr{ e e netheat ransier to each plate an? 7) IR am, A ig B 50°C TS T | A T T B
WRAWFRIOSTIB PR Im < Im S A 2 ) 31
VAR @HC & A dan 27°C w31 <8 w02 3k , : :
s . : ‘ 6. a) A horizontal pipe of 6 cm diameter 1s located in a room.
0.5 Gﬁﬂﬁh & T 900°C AR 400°C W &1 7 @ie aiik } The temperature of air is 20°C. The surface temperature
B H G T TR 1T Ff| 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 0t 2 o o A Ty v F A (R B g
T € 43 61 2 gl & 49 R & i ¥ sren wne AT9T 20°C &1 U159 Y Faig 1 aI9HH 150°C 81 arga it
& fore v wmg wfraf@s e o) gfey fiex oiard o g Hag ag @i &l o A
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Derive the momentum equation for hydrodynamic
boundary layer over a flat plate. 6

T HUTE e R gregieraiiies dnT oxa & for nfy wftaon
HTH |

Inacross flow heat exchanger, air is heated by water. Air
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 transfer area of 8.4 m”,
find the exit temperatures of both the fluids. 8

UEh ST Al die Uearaeioi o, gaT ol i g T feT ST
1 741 15°C R tagdeR i w39 et § AR game v
T 2 kg/s & TP g 90°C R WAL IR ¢ IR G
TATE &% 0.25 kg/s &1 THY AT 301 6 250 W/m>.K
#1392 e TR &1 dTd RIFGCR &5 8.4 m?§, a SF
aver gerlt & frer i e |

Explain about convective mass transfer and mass transfer
coefficient. https://'www.rgpvonline.com 6
Tagd TN TAFRRY AR GEHH TIFIRI 07 &6
gR ¥ v

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
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@ PR Toll dlc WEEToR BT ARG HTe dIeH
3R (LMTD) 20 foft Sfcwar 31 6e1 el ISR 20°C R
v e & 3R T kel gemRl 100°C W WA Ral 81 68
o G Y g FaTE X T el el il S
mﬁﬁﬂﬁ@?ﬁﬁlﬂﬁﬁwﬁ$ﬁiﬂﬁﬁﬁw
Rafire 7T &2 e agrd Y gert H QU aell 81 33 Al
el o YT g i it |

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

Roen Faeri ik fFeric F@uEie § <@ MU fafie
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