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B.E. Degree Examination, July/August 2422
Heat and Mass Transfer

'l'ime: 3 hrs. Max. Marl<s:100

Note: l. Answer any FIVE ./ull questions, selecting atleast TWO questions .froru each parl.
2. Use of Data Handbook is permitted,

PART _ A

a. Derive three dimensional Heat Conduction equation in Cartesian Co-ordinates. (10 Marhs)

b. A composite wall is made up of three layers of thickness 25cm, 12cm and 14cm of matcrial
A, B and C respectively. 'l'he thermal conductivities of A and B are i.8 W/m I( ancl

9.8 Wnt K respectively. 'l'he outside surface is exposed to air at 20"O with convcctron

coefficient of 15W/m2 K and the inside is exposecl to gases to 1200"C with conveclton

coefticient of 48Wm2 K. The inside surtace temperature is ll15"C. Detcr:minc tlic
unknown 'l'hermal conductivity of layer made up of material C. (10 Marl<s)

a. Deljne Fin efliciency and Fin effectiveness with respect to a Irin with insulatcd tip.
(05 Marks)

b. What is Critical thickness of insulation tbr a small diameter wire or pipe? Irxplain its
physical significance. (05 Marks)

c. A wire o1'6mm diameter of'a temperature oI'62"C is to be insulated by a matcrial having
K = 0.175 Wm K. Convection heat translbr coelficient = 8.8Wm2 K. The ambicnr

temperature: 24"C. For maximum heat loss, what is the minirnum thickness ol insulation
and heat loss per meter length? Also find percentage increase in heat dissipation. (10 Marl<s)

a. Obtain an expression lor instantaneous heat transfer and total heat transfer lor lumped hcat

analysis treatment in heat conduction problems. (10 Ytarks)

b. A 12cm diameter long bar inrtially at a uniform temperature o{'40"C is placcd in a medir,rnr

at 650'C with a convection coefficient ot22Wlm2 K, Calculate the time rcquired lor thc bar'

to reach 255"C. Take K: 20Wm K, p = 580 kg/m3 and C, : 1050 J/kg K (10 N{arl<s)

a. With reference to fluid flow over a flat plate, discuss the concepts of velocity boundary
layer and thermal boundary layer, with necessary sketches. (10 Marks)

b. Ave(ical plate0.5mhighand lmwideismaintainedataunifbrmtemperatureof 124"C.It
is exposed to ambient air at 30"C1. Calculate tho heat transfbr rate fronr the plat. (10 Marks)

PAR'I'_ B

a. With the help of dimensional analysis , derive expression lbr the Reynolds numbcr, Prandtl

number and Nusselt number. (10 Nlarks)

b. Water at 50'C enters l.5cm diameter and 3rn long tube with a velocity of 1.5cm/s. 'l'hc tr"rbc

wall is maintained at 100'C. Calculate the heat transf'er coelflcient and total amount of l.rcai

transferred , if the water exit temperature is 70'C.
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(10 Marks)



a.

b. Lrngine oii is to be cooled from 80'C to 50'C by using a single pass counter I'low, conccntrtc

tube heat exchanger with cooling water available at 20"C. Water flor,vs inside pipe of
diameter 25mm at a rate of 0.08kg/s and oil flows through the annulus at a rate of'0.06 kg/s.

l'he heat transfer coelficient for the water side and the oil sicle are 1000W/m2 I( and

80W/nr2 K respectively. Neglecting the tube wall resistance, calculate the length oi'the tubc

required. Take Cpwarcr: 418 J/kg K and Cpoit : 2090 J/kg K (10 Marks)

Obtain the LMTD for a parallel flow heat exchanger.

Derive Nusselts theory of Laminar lilm condensation {br

plate.
E,xplain the diflbrent regimes of pool boiling with the help

Deline the fbllowing .

i) Black body
ii) KLrchoifs law.
iii) Stefan * Boltzman iaw.
iv) Wien's displacement law.

v) Irradiation.
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(10 N{arks)

condensation over a vcrticai {lat
(10 Marks)

of neat sketches. (10 Marks)

(10 NIarks)

the heat exchange pcr unit arcab. -fwo 
large parallel plates are at 1200K and 900K- I)etermme

when r) The surface are black.
ii) The liot surfbce has an emissivity 0.8 and cold one 0.5.

iii) A shield o1'emissivity 0.03 is introduced betweenthe plates having ernissivities 0.8 and

0.5. Also find the percentage reduction in heattransferdue to the shield. (10N'Iarks)
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