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Important Note : 1. On completing your answers, compulsorily draw diagonal
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USN 15AU62
Sixth Semester B.E. Degree E/x ylatlon, June/July 2018 1
Heat and Ma;ég ransfer
A NS
Time: 3 hrs. \‘\5\5 Max. Marks: 80

Note: 1. Answer any FIVE full qu stzbns, choosing one full question from each module.
2. Use of Heat trans, (\/ei&{aia hand book and steam tables are permitted. i

=\ Module-1

1 a. Explain the boundary.gandition of 1%, 2™ and 3 kind. (06 Mari(s)

b. An electrical re of mattress type is inserted in between two slabs of different

materials on pai l heater. On one side, the material has a thermal conductivity of

0.174 W/ »@d 10mm thick. On the other side of the heater the material has a thermal

conductj i 0.05W/m°®k and 25mm thick. The convection heat transfer co-efficient from

the t@um\)e and thickner slabs are 23.26 and 11.63 W/m?*°K. The temperature of tkhe

surro@,ﬂmg air on both the sides is 15°C. If the energy dissipation for each square meter fo R
ﬂw\mattress is SkW. Neglecting edge effects. Find: i) The square temperature of the s B

/\Q\\Eé of he temperature of the mattress assuming it to be the same as the inner surface @f) )
Q\, labs. ( ¥ks)
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2 a. Determine one dimensional conduction equation for cylindrical coordmam Starting from
3-dimensional equatlon x/ (10 Marks)

b. A furnace wall is made up of three layers of thickness 250mm, “and 150mm with
thermal conductivities of 1.65, K and 9.2 W/m°C respectlvely {' Sihside is exposed to
gases at 1250°C with a convection co-efficient of 2'5W/m2 (&n e inside surface is at
1100°C. The outside surface is exposed to air at 25°C w wc nvectxon coefficient of 12

W/m*°C. Determine: \Qﬂ

i) The unknown thermal conductivity K. %n :

ii)  The overall heat transfer coefficient. C,m (06 Marks)
|

N

Module-2 © ;
3 a. What is physical significance of critical fék]%ss of insulation? Derive an expression for
critical thickness of insulation for a sphe: Qj?’% (08 Marks)
b. A thin rod of copper K = 100W/m°&\I2'5 mm in diameter spans between two paraﬂel
plates 150mm apart. Air ﬂows /I)vgﬁr he rod providing a heat transfer coefficient ;of
50W/m*°C. The surface temperﬁt /M the plate exceeds the air by 40°C. Determine: i) 'I*He
excess temperature at the ceng.@& the rod over that of air and ii) Heat lost from the rod|in

watts. \\ﬁ\ (08 Marq(s)

< OR ,
4 a. Derive an expre ssig C@' temperature distribution under lumped system analysis in terms
Biot and Fourigr ‘nﬁgﬁbers (08 Marks)

b. Anegg w1th¢m\§%*r‘rdlameter of 40mm and initially at 20°C is placed in a boiling water pan

for 4 ml‘? \21’1 Hound to be boiled to the consumers taste for how long should a similar egg
for same ¢gnsumer be boiled when taken from a refrigerator at 5°C. Take the followmg
prop@lbs for egg, K = 10 W/m°C, p = 1200 kg/m’, C, = 2kJ/kg°C and h = 100 W/m*C. |
\y\\\> (08 Mar[{s)
<:;....;.> 1of2
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: Module-3 A Q%
| 5 a. Explain briefly with sketches: i) Velocity boundatg‘\v@r thickness ii) Thermal boundar:
layer thickness. {?\\\\‘ (08 Marks
l b. A 15cm outer diameter steel pipe lies 2m vertigal ly”dnd 8m horizontally in a large room witl
! an ambient temperature of 30°C. If the plp@%}&ﬁ% is at 250°C and the emissivity of steel i
j 0.60. calculate the total rate of heat los :\‘ “the pipe to the atmosphere. Properties of air a
140°C are p = 0.854 kg/m’. C, =5\\.\§“"1<J/kg K, K = 0.035 W/mK, P, = 0.684 anc
" y=27.8x 10 m%s. (:N;\f/) A (08 Marks
' O
| 8\\‘&)/ OR
© 6 a. With the help of dimeq;.i{iq;’& ahalysis, derive expression for the Reynolds number, Prandt
_ number and Nusselt Qmee . (08 Marks
' b. A liquid metal flo \S\Qﬁ?tfﬁe rate of 4 kg/s through a constant heat flux 6cm inner diamete
tube in a nuclear Reactér. The fluid at 200°C is to be heated with the tube wall 40°C abov:
the fluid temyserattire. Determine the length of the tube required for 25°C rise in bulk fluic
temperatu@&ﬁisi%g the following properties p = 7.7 x 10° kg/m’, y = 8 x 10 m%s
Cpo = 130%e°C, K= 12 W/m K and P, = 0.011. (08 Marks
NN\
> 5 Module-4 e
7 a. @&7@)\ assumptions determine L.M.T.D. for parallel flow heat exchanger. (08 M;wks
lﬁggifﬁ an open heart surgery under hypothermic conditions. The patients blood is coole H\E"{éﬁ;‘n
. &> the surgery and rewarmed afterwards. It is proposed that a concentric tube counter 0w hea
Py :,3/ exchanger of length 0.5m is to be used. For this purpose, with a thin wallcﬂﬁ'im(%r tub.
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having a diameter of 55mm. If water at 60°C and 0.1 kg/s is used to heat bjo@fﬁ/ering the

exchanger at 18°C and 0.05 kg/s. What is the temperature of the blood lee{ﬁié‘%thé exchange
and the heat flow rate. Take Uy = 500W/m’K, C, of blood ?\2&5(\ JikgK, C, o

water = 4.183 kJ/kg K. 3 ) (08 Marks
2\
OR P(\\\fﬁ
Clearly explain the regions of pool boiling with neat sketc] \(\9' (08 Marks

Saturated steam at 110°C condenser on the outside of a:baty’of 64 horizontal tubes 25mn
outer diameter Im long arranged in a 8 x 8 square array. @Icu[ate the rate of condensation i
the tube surface is maintained at 100°C. The pmﬁ@ies of saturated water at 105°C ar
p = 954.7 kg/m’, K = 0.684 W/m’K, i = 271 %1103 kg/ms and hg, = 2243.7 kJ/kg. (08 Marks

>

State and explain: i) Kirchhoff’s law:,\t\jgf? Plank’s law; iii) Wein’s displacement law
iv) Lambert’s cosine law. s (08 Marks
An enclosure measures 1.5m \{ijm with a height of 2m. The walls and ceiling ar-
maintained at 250°C and t Qﬂ@%}”ét 130°C. The walls and ceiling have an emissivity o

0.82 and the floor 0.7. Detéy T“é"the net radiation to the floor. (08 Marks
A~ /‘,’/) ) “ OR
For a Black Bo@yﬁf:@lb’sed in a hemispherical space, show that emissive power of blac:

body is timesgh%ﬁensity of radiation. (08 Marks

Two largelgﬁg‘éﬁé‘l) plates with emissivity 0.5 each are maintained at different temperatur
and are p@ﬁﬁhﬁ ing heat only by radiation. Two equally large radiation shields with surfac:
emissiyity @05 are introduced in parallel to the plates. Find the percentage reduction in ne

r%i{au\/ heat transfer. (08 Marks
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