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Sixth Semester B.E. Degree Examination, July/August 2022
Heat Transfer

-l'in-rc: 3 hrs Max. Marks: 100

Notc : l. Answer ony FIVE Jull questiotts, choosing ONE full question from euch module.
2. Use oJ'Heat Trunsfer Dutu Hondbook and Seum tables nre permitted.
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Module- l

[,rxplain difforent modes of l"leat transfcr citing one oxample for eaclr mode. 105 NIarks)(t.

b A steanr pipe of 4cm outer radius is covered rvith a layer of asbestos insulation of lcm
thickness, thcrmiil conductivity,0.l5 W/m"C that is in turn covered by 3cm thick giass libre
insulation (l(:0 05 W/nro C) The surface of steam pipe is at 330"C and the outer surfacc of
glass libre laycr is at 30"C. Detennine interface tomperature and the heat loss pcr mcter
length o1'pipe (07 N'Iarks)

c. Obtarn the 3-D heat conduction equation in Cartesian co-ordinates stating the assumptions
rnade. (Ott NIarks)

OR
a. What are Boundary Conditions? I,txplain BC 3'd kind for cylindrical geometry. (05 Marks)

b. A wire of 2rnm diameter is hcated electrically while it dissipates heat to the ambient with
h = 125 Wm'C. Il'the wire is covered with 0"2mm thick insulation with K : 0.175 Wrr' C.

What are your interplsljlions orr irrcrease or decreass in heat loss from the wire?
(07 Marks)

c. Explain the lbllowing terms rvith illustrations : i) Variable thermal conductivity
ii) Series and parallel arrangement o1'thermal resistances.

a.

b

iii) 1'hermal diffusivity.
iu)'l'hcrrnal contact resislurrce.

Module-2
Iixplarn the signilicance ol'Iln e lllciency and fin el'l-ectiveness

(08 N{arks)

(05 NIarks)

A cylrndcr lnt long arrcJ -50mm rn diameter is placed in an ambience at 45'C with
h : l7\Nlm2 oC. It has 12 nurnbers of longrtudinal straight fins (K : l2O WmoC !

height = l2.7ntm, thickness = 0"76mm). Ilvaluate the total heat transf.er rate if thesc lins
behave as end - insr:latecj fins rvhen the cylinder surface tcmperature is held constant at

I 50'C (07 N'larks)

c. A spherical therrnocouple .function of'0.706mm diarneter measures gas temperature. fhe

convective heat translbr coel'flcient on the beacl surlace is 400Wm' "C. If the proper-ties of
.jr-rnction material are givento be K=20Wim'C; C,,=400 J/kg K , 6- 8500 kg/m3.

Estimate the time taken by bead of reach 298oC, when placed into a hot stream of gas at

300"C. The temperature of the bead rs inttially at 30'C (08 Marks)

OR
a. Explain the signif icance of Biot numbcr and Fourier number in transient heat conductiott.

(05 N{arks)

b. Ari ordinary egg can be approxirnated as a sphere of 5cm diameter. 'l'he initial temperature

of the egg is 5"C belbro it.is dropped into 95oC water with convective heat transler

coe{llcient ol' 1200W/rrl' "C. Assume the egg properties to be satne as that of watcr and

evaluatc the time requircd fbr the centre of egg to attain a temperature of 70'C. (07 N{arks)
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A hot surface at 100"C is to be cooled by attaching 100 numbcrs of'pin f ir.rs 3crll lorlg.

0.25crn diameter made of alurninurn (end insulated).(K : 231 W/tn'C) wliilc srtrrounclins

medium is at 35W/m2C and 30'C. the lm x 1m systemhas heat dissipatiott throurgh thcsc

fins of equal size. Determine the rate of heat transfer from the fin ntounted sttrlitcc.
(08 NIarl<s)

Module-3
Explain Explicit schemc ol'solution to the One - dimensionztl transient hcat cotidLtctiotl

problem without heat gettcratiott. (10 llarks)
b. Briefly ilh-rstrate the applications connected with Slelan [Joltzmann law. A sLtrlhcc is

rnaintained at a temperature of 800K and radiates hcat to another surfacc at 500K with a

tunity view factor. I{'the enrissivity of the surIaces are 0.85 evaluate thc net cxchatrgc o1'hcat

between these two sur{aces by radiation pr()cess. (10 }'larlis)

OR
Briefly explain the use of numerical teclrniques to solve the heat transfer problen.rs. lixplain
the process of discretizate based on finite diff.erence methodology. (10 llarlis)
Explain the following laws with refbrence to thermal rachation heat transt'er :

i) Stefan - Boitzmann law ii) Wein - Drsplacement law iii) Kirchhoff s lau'
b

iv) l.amberts Cosine rule

Explain the formation of
piate.

(10 )larks)

Module-4
bourtdary layers (thennal and hydrodynamic) fbr {low ovcr it llat

(05 t\'larl<s)

Engine oil at 60"C flows over the upper surfuce ol'a 5nr long liat plate whose tenlpcratLtrc is

20'C with a velocity of 2nVs. Determine the total drag fbrce and the rate of hcat translcr pcr

unit width of plate. (07 \'larlis)
c. Distinguish between Free convection and Forced convection on basis of tlie associittcd

dimensional numbers (0tl r\'larks)

OR
a. Explain the concept of developed and developing florv with respect to intemal l1orv throLrgh

circular pipe . (05 \'larl<s)

b. A long IOcm diameter steam prpe whose external surface is at 1lOoC passes tlirough sornc

open area that is not protected against winds. Determine the rate of l-ieat loss fi'ont thc pipc

when air is at 1 atmp and 10oC moving at Bm/s. (07l'larks)

c. A 6m iong section of an 8cm diameter horzontal pipe passes through a largc root.n rvhosc

temperature is 20'C. If tire outer surface temperature of the pipe is 70'C, evalualc tltc ratc of-

heat loss from the pipe by natural convection. (otl \larl<s)

a. Discuss the different regimcs orooo##Fr.,rrr. (10 N'tarks)

b. Steam condenses at 60"C on shell side of a steam condenser , while coolurg watcr flou,s

inside tubes at 3kg/S. The inlet and outlet temperature of'water are 20o(l and 50"(.

respectively. Considering U,r:2000 W/rn2'C. Clalculate the surlace area requirccl.(to i\tarks)

OR
I0 a. Distinguish between Drop wise and Fihn wise condensation. (0tl tlarks)

b. A2 * shell pass , 4 tube pass heat exchanger is used to cool processed water fi'ont 75"(. tcr

25oC on thc tube side at a ratc oi5kg/S wrth cold water entering shell side at l0'C with {lorv

rate of 6l<9/5. If {.J,, : 750 W/rn2 oC, find heat exchange area. (12 l'larks)
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