
USN 15ME63

Sixth Semester B.E. Degree Examination, Aug./Sept.2020
Heat Transfer

-l-ir-ne: 3 hrs. Max. Marks: 80

hote: l. .lnsx'er un-t' FIVE.f'ull questiotrs, choosirtg ONE "fitll questiofi lrom enclt modtrle.
2. Ltse o./'Ileut urtd kluss Trctns./br dutu hundbook is permittad.

Moclulc-l
1 tt. Dcrive thc 3-D hcat concluction cclualion in Cartcsiiur coorrlinatc systcnl fbr an isotropic

Ittlrlcrill. Al:t, r,i t'rlc :pcciltl li'rrn. ol3-D ltcal e ortdtte lion t'rlttalitrrt. (08 Marks)

a
.2
o

c-
E

u
d
O

a.)

-X
=.!..r
a) i)

nti

C>
2'-

n'E

-c
5lJ 

=(o

ZJ2n

LO
o!

)l
1.

=

9E,), .:.
a-

=)
>1 !
.0"
= c.t)

O=

e:

e)<
*a{

O
o
Z
N

o
c-
C

b. A firrnz.rce ri,all ir made Lrp ol three lavers ol'thicl<ness 250 nrnr, 100 n-rrrr, 150 mrn with
themral conductivities o11.65, I(,9.2 V//rn-K respectively. The inside is cxposeo to gases at

l250"Cl rvith convcction coclllcicnt of 25 Wmr-K ancl outsiclc surlhcc is cxposed to air at

25"C rvith convection coellcient of 12 Wirnr-K. insicle surthcc is maintained at l l00"C.
Delelurinc:
(l) The unknor,vn thcnlal concluctivity
(ii) Or,'crall hcat translcr coclllcient
(iii) All sLrrtacr- ternperalures.

OR
Explain tl,e modcs of heat transfbr with coresponding govcnring laws.

(08 N{arks)

(06 NIarks)2 ',1.

b.
C.

Explain the thrce kincls of boundary conditions to solvc conductiot-t prot,lems. (04 N'Iarks)

A wall of steam boilcr furnac:c is made of layers ol- fire clay of thickness 12.5 cm
(Kr :0.28 + 0.00023T W,'moC) and red brick of'50 cm (Kr:0.7 W/moC) rvhere f is in'C.
The inside surflice telrpcratllre o1'flre clay is ll00"C ancl oLttsicle brick rvall temperrttttt'e is

-5OoC" Calcr,rlate the at'nollltt of heat loss per unit area of the firrnace rvall and the let-npcrature

Module*2
3 a. What clo yoLl mean by critical thicl<ness of insr-rlatiorr'/ Derive an expression for critical

thickness of rnsr,rlation fbr cylinclcr. (05 Marks)

b. ht a therrnal conductivity measuring experiment two identical long rods are used. Onc rod is
made olalunrinirim (l(:200 W/m-K). The other r:od is specitnen. One end of both the rods

is flred to a r,vall at 100oCl, while the other cnd is sr-rspended ir-r air at 25"C. The steady

tellperatllre at the same distancc along the rods wcrc measured and fbLrnd to be 75'C on

alunriniunr ar-rd 60'C on specirxcn rod. Find thern-ral condLrctivity of the specimett. Assume

that the fin is insLtlated at the tip. (05 Nlarks)

c. Show that the terrperaturc distribution uncler lr-rrnpecl analysis is givcn Or, l,=l: s I'iiro

at the intcrf'ace. (06 Marks)

rvhere T, is the initial terlperature anclT, is the surrounding temperatllre. (06 Marks)

OR
What is thc mairr purpose of flns'? Detrne fln cfficiency and fin ctl-cctiveness, (04 N'Iarks)

What are Heisler c:harts'J Expiain thcir significance ir, solving transient conductiolt problerns.'
(0,1 N{arks)
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c. A 12 nm-r cliar-neter mild steel sphcre at,540"C is erposed to cooling ail Ilow at 27"C and

5a.

b.

heat transfbr coe lficie nt of I I '1 Wi rl2-K' Find:

(i) The time requtred to cool the sphere fiom 540'C to 95"C

iiil Instantu,cous heat translbr ratc. trvo minutes aftcr stafi of coolulg

iiiil Total hcal trans{,rrccl ft'on 1hc spherc clLrrilg llrs1 tq'6 mitrttlcs'

Propcrlicsofr:}]ilcistecl arc: p='7850[tg/"''t' c:+ls'Tikg-Kanr1 rr':0045'''-"/i-'t'

Vlodule-J
Wliy nlsrcricll mcthocls arc prcferr.,,t o.o*"lytical ruethods'l Lrst thc nittnerlcal lnethods

rn,hich ar.e uscci in sol'ius hcat condrtcti.n prcbleus. (04 N{arks)

The boLrndary tempcruii,,,"o of a thin plate ate as shou't] in FigQ'5(b)' Dctcrrnine the

(08 Marks)

(06 Marks)

(06 Marks)

tcnlpcrature at the centrc of the platc.

t oo"c

6a.

b

td.

b.

i.* --&*x
r<14:t'*"a

Fig Q5(b )

c. Explarn:
(i) Kilchho[f's law
(ii) Planl<'s law
(iii) Wien's disPlacement 1aw

OR
FIow is Laplace cquation fbr 2D hcat concluclion approxin-ratcd to thc flnitc tilf'fcrcncc

equations? , 
(otl Marks)

Calculate the net racliant lieat exchalrgc per unit area for two large paraliei plates at

tcmperature of 42'7"C. and2'7'C rcspcctivcly. Takc emissivity of hot plate ancl cold plates are

0.9 ancl 0.(r respectively. If u poi,rl-,.d aluminium shiclcl is placed betwcen thcrn. iind

percentage rcduction in the l-rcattransfbr. Tahe emissivity of shielcl as 0.4. (0tt Marks)

Nlodule-'l
With the help of dimensional analysis obtair-r thc fr-rndamental relation botu'ccrt

cl imensionless numbers required for
(i ) Fot'ced cottr cctit-ltt
(ii) Natural convection. (10 Nlarks)

Water at a velocitv of 1.5 m/s enters a 2 cm cliatnetcr heat exchatrgcr tubc at '10'Cl l-he licat

exchalgcr tube w:ril is rnaintainecl at a telnpcrature of' 100"C. lf the lvater is heated to a

tentperature o1' B0oC in the heat exchangcr tube, find tlie length of the cxchanger tube

requirecl. (06 Nlarks)

OR

I

I
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8 a. Define an cxplain the physical significancc olthc tbllor,ving climensiouless t'rLu-ttbers:

(i) (irashol'['numbcr
(ii) Re ynolds nutrtber

b.

c.

I.'or f'lLriil llorv ovcr a f'la1 plate. sketch (i) Vclocity boLrndary layer (ii) 'l'hennal bounclarl,

lar,cr. Clcarl! rncntion sirlicnt poinls on thc llgLrrc. (04 Nlarks)

A tubc o10.03(r ur OD anc'l.10 cm lenglh is rlaintained at r unilbrx') terrperature o1'100"C. lt
is erposed to air at a unitbrnt lernperatru'e rrf 20"Cl. Detcmine the rate olheat transler fiotn
thc surfhce o1'thc tubc v.rhcn (i) tlic tube is vcrtical (ii)the tubc is hor-izontal. (08Nlarks)

(04 Marks)

l)erive i1n cxpression tbr the
(081\larks)

(06 Marks)

\llocluic-5
9 a. What is thc importancc o1- NTU eflbctivcncss urcthod'.)

etlectiveness of a paralle i l1ou, heat exchanger.

l'lr.lw and parallel flow arrangcmcnt.

b. Slic'tch pool boiliug curve lbr t'atcr and c.rplain thc various regimcs in boiling heat translbr'.
(08 Marks)

OR
l0 a. Ltst thc assurlptions maclc in NLrssclt's theory ol laminur filrr condensation on a planc

b.

(..

r.'cltical surlbce . (04 Nlarks)

SatLrratccl stciln at 80'C ctxclenscs as a trirn on a vcrtical platc at a tcrrpel'ature of 70'C.
C:rlcLrlate the irver"aqe heat transf-er coclficient irnd thc rale olsteam condensation per hour.

Assume that the latenl hcat ol'vaporization :it 80'C as 2309 kJ/kg. (06 Nlarks)

An oil coolcr tbr a large ciicscl enginc is to cool enginc oil ljour 60 to +5'C using sea rvater

at an inlet temperature of 20'C rvith a terrpcr'0turc lise of 15'C. Thc design load

Q: 140 KW aud the meein ovcrall heat transler coefflcient based on the outer surface arca

of thc tube s is 70 \Virnr'C. Calculate the heat transfcr surlace area for single pass coLlnter

3 o1'3
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(06 Marks)

(10 Marks)

din-rensions a1'e as tabulated. Both springs
um load o1'2500 N.

(08 Marks)

Sixth Semester B.E. Degree Examination, Aug./Sept.Z|ZO
Design of Machine Elements - ll
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hote: l. ,lnstver uny FlltS litll questiorts, choosirtg ONE Jhtl question from euch module.
2. Ltse o.f hunrl book is pertnittetl.

Modulc- l
Writc thc clif'fllcncc bctivccn a straislrt ancl curvecl bcam.
The cross-sectioti of a curvecl link is a svrnnrctrical trapezium 50rnm deep. The inner width
and ottter rlldth are 5Ornm itncl f5rnur l'especti\/elv. Find the marimLur stress when the link
clirt'ics a load of l5 kN u,l-rich passes lhror-rgh thc c:cntrc of curvature of link. The intemal
radius of link as 50mrn.

4 a. One helical
havc the saL

oR
A lr"rbe witlr 5Ornnr ancl 75nrrn as inncr and outcr diamcter rcspcctivclv, is rcinforced by
shrinkinq a jackcl ol-outcr cliamctcr lOnrrr,. Thc compouncl tubc is to u,ithstand an intemal
prcssllre ol'35 MPa. The shrinkage allowance is such that thc maximum tangential stress in
e ach tube has satlc magnitr-Ltlc. Calculatc shrinkage prcssllre and the original dimensions of
tltc tuhc. Assuure l:. - 2()7 kNr'mml. (16 Marks)

Module-2
a. Explain thc eflbct of slip, crecp ancl centrifugal tension in flat belt drive. (03 Nlarks)
b. Specify he cletails of a V-belt clrive Ibr a 10 kW, ll60 rpm indnction motor operating a fan

at approrintatcly400 rynr. The centre distancebetween pulley is to be close to 1m, o,:34o.
(13 Marks)

OR
another; the
r totiil maxin

Detetminc : (i) The maximurrr load carried by each spling.
(ii) The total dctlcction ole-ach spring
(iii)The-maximum stress in two spnngs.

Tal<e C = 8i CN rrr'.
b. A trr-rck spring has l2 numbers of leaves, two of which ar-e iir1l length leavcs. fire spring

slrpports are 1.05 m apafl and the central bond is 85rnrn r,vicle. The ce ntral load is to be
5.4 kN rvith a pcnnissible stress o1280 N/nll2. Deterrrir"rc thc thickness and rvidth of the
stcel spring leiivcs. The ratio of the total depth to the u,iclth of the spring is 3. Also detc-rmine
the defle ction of the spring. l'ake : E : 0.26x 10" MPa. (08 Marks)

Module-3
A pair of spur gear lvith 20' lLrll c'lepth teeth transr.nits 20 kW at 1500 rpm to the pinion. The
speed reduction ratio is'1. Take r-r-ratcriiil for prr-rion a gear having a permissibie static stress
o1'220 N/mm2 and 193.2 N/nlrr respectivell,. You are rcquircd to chcck thc design fbr

vc llre salne tfee lengttt ilnd ealTy a t()ttt lnaxlmLtm
Outer spring Inncr spring

No. of active coils 6 l0
Wire diarneter,lru') 12.s 9.00
Mean coil diameter. mn-r 100 10

clynamic load ancl prolongcd wcar.

I of2

(16 Marks)
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OR
Design a pair of bcvel gcars at acutc anglc to transmit 40 kW at 1200 rpm of thc pinion r'vith

tire velocity ratio of 6. Assume C-4-5 stccl lbl botlt scars having pcrlnissible stress of
233.,1 Nimrrt. BIIN 200. Tal<e nutlber ol teetlrs on pinion as 25. a - 14ri , O : 45'.
Clonsider contitrttous sen'ice of mediutlr shocks.

Moclulc-4
Design a wonll gear cirire to tlansutit -S kW at 1200 rprr. The spced ratto is to be 25 and the

centre distance 250 mrr. The u,orru rvheei is tnade fiom phosphor bronze with pern-rissible

srrcngth of 82.4 Ninrml ancl harclncss 100 BHN. rvhilc thc wotrtr is ntadc liom steel45 with
pegnissible srre ss 231.4 Nlmr,rr and 200 BHN. Load ltictor (kr) = 1.2-5, cr = 14.5'. (16 NIarks)

OR
A c[ffcrential bond brake shor,vn in Fig.Q8(a) oper"ates ott a drut'tt of dianlcter 600 mm. The

boncl is 3.2x100mnr lncl cocl'lic1cnt of tl'lction is 0.12. e:300..
(i) Find the tbrce requrred al the errd of operating levcr. when the bonci is subjected to a

>trcr: of 55 N tttttt-.
(ii) Find the torcluc applicd to thc br"akc clrLLnl shali.

(16 Marks)

Fig.Q8(a) (08 Nlarks)

b. A cone clutch has a serri-coirc angle of l2o to transmit 10 kWol'750 rpru. The width of thc

face is one lburth of the mean diametcr of friction lining. The normal rntensity of plcssurc

between the contacting sntthce is not to erceed 0.85 Nirnrl'. Attt-t,',',. uuiftim wear

critcrion. p- 0.2. Calculate diurensions ot'clutch. Allowrble shcar stress lor shali tnateriai is
40 Nirrm2. (0ti Marks)

b.

(08 N{arks)

lile lor 9004 of the
radral load that tire

(0ti NIarks)

(06 Marks)

A full bcaring 200n-rm diameter by 200mrr long suppot'ts a radial load 45 kN. fhc joumal

rotates at 1200 rpru and r/c - 1000. The viscosity of the oi1 at its operating tempcrature of
80'C is A.1766 N/ntr, ambient ternperature is 20'C. Using Raimondr and Iloyci curvc

dctcrn,ine thc oil filnr thjckness, coellicicnt o1'lrictiott, heat gettcrated in thc bearitrg. llcat
dissipate d.

Nllodule-5
9 a. Derive Petroff s cquation of lightly loaded bearirTg.

10 a.

b.

A roller bearing has a dynamic load capacit.v of'26 kN. The desired

bearing is 8000 hr and the specd is 300 rpm. CalcLrlate the equivalent

bearing can can'y.

OR
List the factors to be considered whilc sclecting bcarir-rg nlatcrial.

(10 Nlarks)


