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ME-701 (GS)
B.Tech., VII Semester

Examination, May 2023
Grading System (GS)
Heat and Mass Transfer
Time : Three Hours
Maximum Marks : 70
Note: 1)  Attempt any five questions.
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i1) All questions shrty equal marks.
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iii) Use DATA book if Needed.
If 3Maedes gl 3IeT §& BT UART B

iv) In case of any doubt or dispute the English version
question should be treated as final.
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1. Give the answer in brief with neat sketch (within 100 words)
T o WAy e XA F R R (100 s )
a) State Lambert's cosine 1aw and jts significance. 4
drraré a1 pioat A R ST Tee gaman;

B 'b) Explain the nced of NTU method gver the LMTD .
o State the merits and demerits of Ny method OVeTI?]\&/}?[%
method. . y
LMTDGE%WNTUﬁﬁamgmﬁ o
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c) Dcﬁncf about diffusjon apd explain Fick's law of diffusion,
EXplaln the term mass dlffusl\"ity 6
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a) Consider a 0.8 m high and 1.5 m wide double-pane
window consisting of two 4 mm thick layers of glass

(1_< = 0.78 W/m°C) separated by a 10 mm wide stagnant
~airspace (k= 0.026 W/m°C), Determine the steady rate

! ofheat transfer through this double-pane window and the

temperature of its inner surface for a day during which
the room is maintained at 20°C while the temperature of
the outdoors is —10°C. Take the convection heat transfer
coefficients on the inner and outer surfaces of the window
to h;= 10 W/m?°C and h,= 40 W/m?2°C, which includes
the effects of radiation? . . 10
U 0.8-Hi—-Sxt @R 1.5 H =i sqer-3 e R R &
foras wig &I g 4 Hdf 71d o= (k=0.78 W/m°C) &, st
10 Bt =S fRR arg I A 31671 81 (k= 0.026 W/m°C),
T Sa—haerd a8l & ATy | T g i fRR =%
IR e &7 & oty g9 s1iaRes Tag @& ava= FuRkfRy
g, R Ih SRM TR 1 20 3l AT R 9919 Rar sirar
& STeIfeh ATER 1 A gt & 10 foft ik Rasdhr
& 31iaRep 3R aTd wagi R Hag T ERIeRT 1ories @y
h,= 10 W/m?°C &R h,= 40 W/m?°C T & 9N, R

- fafesRer & ware anfie §)

b) A copper wire of radius 0.5 mm is insulated with a slj.eaﬂﬁng
of thickness 1 mm having a thermal conductivity of
0.5 W/m-K. The outsjdc surface convective he?lt transfer
coefficient is 10 W/2-K. If the thickness. of insulation

- sheathing is rajseq by 10 mm, then comment on the
electrical current-carrying capacity of the wire. 4
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0.5 feft ot &1 U T &7 aR 0.5 Wing it @t
ATt are 1 A AT & sirexor & arer aregar <aar 1
e AT T THT EEIRY iy 10 W/m?-K &1 9f2
grgerer e B AT 10 e qgr & omeh &, @Y AR Y
faea URT-g& &mdT WR ot &)
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2 TERT /A58 IR W7 gy 2 srafis et 900 R AR
3R 0.25 f01 /At By ceprrr vamg e W @A
Lot THT GEARYT ories 250 W/m2K &1 a2 i easior
P1 BT TRAHR & 8.4 m2 &, d 2 oxer aeredf & Frarg
AIUHTH hT UdT ST |

a) A stainless steel tube (kg = 19 W/mK) of 2 cm ID and
' 5 em OD is insulated with 3 cm thick asbestos _ ,
(ky = 0.2 W/mK). If the temperature difference between a) A long rod 12 mm square section made of low carbon
the innermost and outenn;ast m}‘f{faces is 600°C, Find th: steel protrudes into air at 35°C from a furnace wall at
heat transfer rate per unit length? 200°C. The convective heat transfer co-efficient is
2 ft ID @ik 5 /N ORH  vH WA Kl =T estimated at 22 W/m2K. The conductivity of the material
(ks = 19 W/mK) 3 QI (e (k, = 0.2 W/mK) & is 51.9 W/mK. Determine the location from the wall at
ST ST &l AT 3R SANICLSL -Eliiéi gﬁ_ o which the temperature will be 60°C. Also calculate the
TIOHI T 3iaR 600°C &, G Hf TH1S TS H ST SR temperature at 80 mm from base. Attempt the question
R o hifATl . with derivative approach. 7
b) Derive expression fortemperature distribution, under one e e et 9T U it B 12 et @t s 200 R
i i tate heat conduction for a cylinder. ' )
dimensional steady state heat condu y " = ‘Irg"t . 3 35 Rt w zar
wop RicieR & forg v Al fRRR e 74T A1 & e et &1 Sl if axcriaeor s 22 W/m?K TR STHIAG
e farRor & ferg erfireafh e v &1 |t S grerEar 51.9 W/mK 81 SlaR | 99 w1 @1
wm equation for hvdrod , fRrerfRor % R W grome 60°C BT STTHR 3 80 At ov
a) Derive the momen ion for hydrodynamic _
) boundary layer over a flat plate. : 7 AT N aResfre | e g <p |TI UL T T
e e TR EESIEA® T ORer & 31 W wefte<or |
= Gy : 'b)  Explain the Significance of Dimensiqnless num?ers.
" b) _Inacross-flow heat exchailger, air is heated by water. Air - Write down the a4y antages and limitations of dimensional
" enters the exchanger attl g g{}coénd admass flow rate of 2 kg/s analysis. - ' 7
while water enters 2 and a mass flow rate of g - £ g Ry &
0.25 kg/s. The overall heat manster coefficient is 250 Wmz k. SIS oy e T
Ifthe heat exchanger hggoia thmfjer areaof 8.4 m2, find ;
3 the exit temperatures e fluids. | 7 Contd...
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b)
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Derive the momentum equation for hydrodynamic
boundary layer over a flat plate. .1

ee i TR RSN HiHT Ra % farg e SHieRor
T PR
Aijr at 20°C flows through a tube 8 cm dia with a velocity

of 9 m/s. The tube wall is at 80°C. Determine for.2 tube
length of 5 m, the exit temperature of air. . 7

20°C TR 1Y 9 m/s & 9T J Som 2 drelt U@ el @
e el ¥ ogd &l JA 80 Rt ST W 81 5 HIX
S

Explain the boiling heat transfer phenomenon and regimes

of boiling with neat sketch. i

ﬁmwwqﬁaﬁwwmzﬁwaﬁzﬁ -

Tores T O | FEERe
plain the significance of Shape factor. Determine the
shape factor from the base of a cylinder to the curved
 surface. Also find the shape factor from curved surface
to base and the curved surface to itself. 7
WW%Wﬁmaﬁlméswﬁwgs
e Ry D ST IO 5 8 ST e SR 60
E @@mwmw“ﬂ%aﬁm:
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b)
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Define Radiosity and irradjation-
AR 3R Rafdemor o) gt 0T

What is Fouling? What are its effects o heat exchang
performance?

e a2 #7 @ TR & FaE 0% FD T T
g7 |
Explain the condition under which

and cold fluid temperature lines Wi q
the effect of such condition in the case of counter flow

cxchangers. 6
T Rl & aweT o fors agd 1 3R 83 ga A
mﬁﬁmwmumuﬁhmﬁaﬁ%mﬁ
@ﬂ@ﬁﬁimaﬁgﬁaﬁl
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the slope of the hot
1l be equal. Indicate

s e e o
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