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Reg. No.

Question Paper Code : C 1382

BB Tech, DEGREE EXAMINATION, APRILIMAY 2010

Sisth Semester,

Mechanical Enginceriny

BE 1951 — HEAT AND M

S TRANSTER
(Common to 1B (Part Time) Fifth Somoster, Regulation 2005)
Regolation 2008
Time Three hours Masimurn : 100 marks
Use o eat and Mass transfer data ook permitted
Ansver ALL questians

PART A — (10 % 2 = 20 marks)

1. Why is the one-dimensional heat-flow assumption important in the ani
2 Point out the various factors which affect the thermal conductivity of
material.

2 ow boundary layer thicknoss is defined?

4 Whatis e difference betwoen Nussolt numbor and Biot number?

5 Distinguish belween mechanism of flm wise condensation and érop wise
candensation.

6. What advantage does the effectiveness-NTU wethod have over LMTD method?

7. What are ragiation share factors and why are they used?

& “Radiation from thick layers of polytropic gases approaches black body
radiation within the wave lonth of its bands”. Comment upan the validity of
this statement,

9 cannot_atmospheric evaporation rales be calculaed with ordiniry

colar diffusion cquations?

10, State Fields law of diffusion. Define the various

ol wsed i given their
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PART B — (5 16 = &0 marks)

@ Write the Raurier rate equation for heat fransfor by canduction
foren. (10)

Give the physical significance of cacl
Determine the steady heat transfer per unit area through o 5.8 o
thick homogenous slab with its Lo faces maintained at uniforn:
Lemperatuecs of 35°C and 25°C. The thermal conduetivity of wal
material 51,9107 kWinC @©

o

(i) An snternally corled copper conduetor of 2 em outer radins and
.75 em inner radivs caries a eurrent density of 5000 arsplem”
A constant. temperature of T0°C is maintained at the inner surface
and there is no heat transfer through insulation surrounding e
copper. Set wp an equation for temperature distribution through
copper. Proceed 1o caleulate the maximun mperature of copper
and the radius at which it accurs. Also find the internal heat
transfer rate and check that this equals the total enerzy generation
i the conductor.

Tor capper © thermal canductivity (k| = 380 Wim'C and the

resistivity p=210°° Qe an

(i A very long copper rod 20 s in diameter oxt

ends horizontally
intained sl 100°C. The surfuco of Lo
o is exposed to an air enviranment al 20°C wih convective heat
transfer coeffieiont of £.5 Wian*"C. Workout the heat loss if o

fromm a plane beated wall

“hermal conductivity of coppor i< 400 Wim-C. Further cstimate hoss

lon ke rod be in order Lo be considered inficite. It}

(0 Air L 27°C and 1 aun fows over & fat plate at a speed of 2 mfs
Calewlate the baundary Jayer thickness at distances of 20 and 10 cm
frurm the leading edge of the plate. Caleulate the mass flow that
enters the boundary layer betsveen x = 20 em ard x = 40 em. The
viscosity of air at 27°C is 15510 kygn.s Assume unit depth in
the z direction, an

i) Air at 1 atm and 36°C flows across a 5 em diameter cylinder af o
velocity of 50 mis The eylinder surface is maintained at o
Lomperature of 1530°C. Caleulate the heat loss por unit Jenglh of tho
evlinder. 6

o

A flat plase 70 em long and 1.0 m wide is placed in a wind tunnel where
the flow conditions are M =3, p=1/20 atm and T'=—40°C. How much
coning must be sed to maiatan the plate tersperature at 35°C7 (16
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@ Water at 1 atm boils in a stainless-steel kitchen pan with
SF =80, Fstimate the heat flus which will be obtained. T the
same pan operates as a pressure cooker at 0.17 MPa, what percen:
inercase in heat G might be expcted? ®

i) ot oil at 100°C s used to heat air in a shelland-tube heat
exchanger. The oil makes six tube passes and the air makes one
shell puss; 2.0 ks of air are Lo be heated from 20 to 80°C. The
specific heat of the oil is 2100 JfkgC and its flow rate is 3.0 ks
Caleulate the area roquired for the heat exchanger for
U=200Win*oC. @

or

Hot weter at 98°C Mows theough & 2-in schedule 40 horizontal steel pipe
(k = 5 Win“C) and is exposed to atmospheric air at 20°C. The water
velocity is 25 ems. Caleulate the overall heat transfer cocfficient for thist
situation, based on the outer area of pipe. 6)

(i) Caleulate the radiation equilibrium temperature for a plate exposed
0 2 solax flux of 700 W' and a surrounding fompezature of 25°C
i the surface s conted with

(1 white paint or
(20 flat black Lacquer
Neglect convection )

i) Consider a thin hollos eslinder of & em diameter and 10 em length,
I the radiant shape factor of the cireulax surface of this eylinder is
0.172, make caleulations for the shape factor of the curved surfuce
of the eylinder with respeet to itselr ®

or

The sun mey be regarded as a black budy with a surface temperature of

5600 K at a mean distanee of 15 x10" m from the carth, The diaeter of

the sun s 14x10%m and that of the corth is 128 x 10°m. Blake

ealeulations for

) the total energy radiated by the sun,

) tho energy received per m? just outside the carth's atmazphere,

i) the total energy te earth would receive if 1o encegy swere blacked
by the carth's atmosphere, and

) Uie enorgy reecived by 4 125 <125 m solar callector whose
perpendicular is inclined at 35°C Lo the sun. The cnergy I

Uhrouigh the atmosphere is 33% and the diffuse radiation is 15% of
dieet radiation, (16)
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41 90°C temperature flows at 45 s past @ wet lat plate 0.5 1
long. Make calculations for the mass transfer coficiert of vater
wapour in air. Assume that 1he water vapaur content of air initially
is negligible and take the following thermo physical propertics of

D=0.256 10" ms; je <1.86 10 * kgfm - C, - 1005 kl/kgC;
P, 0,701 and p=1165 kgim® an

i) Write out the momentum, enorgy and eoncentration cquations and
bring ot their similarities

or
Rain left a thin flm of water on a tile of the roof of a house in an
Indian sillage. Wind blows aver the tile along its 10 cm exposed length
The atmospheric air and the tilo surface are both at 25°C.
The relative hurnidity of te air is 40%. Wind speed = 10 Knvh, birary
diffusivity = 2.88x10°m¥e , §, 0.6

@ Caloulate the average mass transfer coolficient between the tile

surface and the air

) What is the mass transfer rate (per wail width of the tileat which
water leaves the tile surfnee? (16)

i [SRETES





