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I MECHANICAL ENGINEERING 

PAPER-I 
SECTION A 

1. An!;wer any four oftl1e !'allowing: Ｈｅ｡ｾ ｨ＠ auswer should coofonulo a. Hmi1 of :tround 150 words) 

2. 

3. 

(:o) Whal is Prossur<· Angl< in com aclion'/ How is il imponanl in cam design'/ 

(10) 

(b) Why do high ｳ ｰｾ｣､＠ rotating 'Uld reciprocating machinos need to DC bal;Uiccd? rllustrate with 
example. 

(10) 

(c) What ｡ｲ ｾ＠ l'ibcr .Reinforced Plastics (FRP)? Stme !heir ｣ ｨ｡ｲｵ｣ｬ ｯｴｩｳ ｴｩ ｾ＠ properties and u1 knst 
two applicntions. 

(10) 

(d) Dmw a T-T-T diagrMi for a ＰＮｾＮ＠ •'ltrbon steel and indic<ne on it differ,'lll slftlCture.s and 
temperatures. How would you detem1ioe U1e minimum cooling l":I le for obtnining nwtensite 
structure? 

(10) 

(e) What do.:s the ienu · 1-:lnemalicnlly l!<jUil'n lent system· lmply in ｕｾ･＠ mtalysis of mechanismJ<'I 
Stnte the conditions whi<:h it nlll•t sat·isfy l<l be kin<'rnati,•nlly «jllivalenl. 

(a) 

(10) 

A \V:ltt g(:tvemor h.:Lr.: "! Ul ann of tutifonn ｳｾｷ ｴｬ Ｎ［＾ ｮ＠ or ｬ ｾｧ ､Ｑ＠ L and •• mass m :md :1 buJI of muss 
M. Show that wheo revolving wi th an ru1gttlar velod1y co. il makes rullhlgle 0 l(llhe ｶ･ ｊｴｩ ｣｡ ｾ＠

gi,•en hy 

(15) 

(b) Compare the weights of two equally strong beams of circular sections made of ｴｨｾ＠ samo 
m:uerial one being of soli d ｾ･･ ｴｩ ｯ ｮ＠ and I he other or h<)llow ｾ ｣ｲｩｯｮ＠ w ith ｩｮｳｩ､ｾ Ｎ＠ diameter being 
1 f ｯｦ ｴｨ ･｣ｾ Ｑ･ｭ｡ｬ､ｩ•ｭ ･ｴ ･ｲ＠ ( 15) 

ＨｾＩ＠ A gun me1nl sleeve is tix"d securely lu n ｳ ｴ ｾｾ ｴ＠ shall and the ･ｯｭｰｾ ｵｮ､＠ shftll is ｳ ｵｾｪ ･＼Ｇｴ＠ to a 
tort1ue. If the IO«JU< ｾ ｾｾ＠ ｳｬｾ･ｶ･＠ is 1\\•iee the torquo> un the ｾ ｨ｡ｬ ｬＮ＠ find th<> ritti<> uf ﾷｾｾ ･ｭ｡ｬ＠

diameter uf slecw to the diametor uf 01< shaft. 

(a) 

(10) 

A weigln of 40 kgf ｩ ｾ＠ dr<lpped through u height of 600 111111 on h1 a close coiled .,.,mtlression 
•pring whioh ｬ ｮ ｾ ｴ｡ｮｴ ｮｮ｣ｯｬｬｾ ｬ ｹ＠ compress<$ hy 2(X) mm under tht impacL lf the dinmekr of tho 
ｳ ｬ ｾＮＺ ｬ＠ rod of which the spring is made is 2Snul1 find ､ Ｑｾ＠ mean radi!1s or the coils is l 00 mm. 
fiudtho maximum iust311taucuus str<lSs produced by tl1e impact and U1c number of' coi Is in ｴｨｾ＠
spring. Takesbe'\r nJ<Jtlulus of spring ｭｭｾ｡ｬ＠ as S x I 0; kgJ:cm1 

(20) 



1<!1"7 
(b) Al a give point in 3 ｭ｡ｾｨｩｵ･＠ elemenL following stresses measured : 150 ｾ ｾ ｉｐｵ＠ T and .zero 

sheliC on borizomaJ pion• and 75 MPa Con a plane perpendicular to ｴｨｌｾ＠ ｰｬｾｮ･ Ｎ＠ Determine tbe 
str-'SSes at this point on a plane inclined at60Q to the horizontal. (Fig.) (14) 

(c) TI.Ie «JUillion of lhe turning moment cw-ve ora Uu-ee <Tank engine is (500 + 100 sin 30) kglin; 
where e is the cmok nngJe. '111< mass ruotnent of ioenia of the nywbeel is 1000 kg·m2 nod tbe 
me;lll engine speed is 300 r.p.m. CaJculnte the h.p. of the engine. 

(6) 

•t. (ol ()dcnume on •ｾ ＱＱｲ･ｳ•ｩ ｯ ｮ＠ l'<lr the minimum number of teeth on the pinion of a mllling spur 
genr lo avoid interfenmce between t·be flank of U1e pinion •nd Uto tips of the gear tedh. 

( 12) 

(h) A lu•ther brll is to lrnn•mit 10 ll .p. 1hmi a motM running nl 940 r.p.ni. Tile width of ｬｬｾ＾ｬｬ＠ i• 
ｾＮＵ＠ om. Diomcicr nf driving ーｵｬｬ｣ｾ＠ ol' thc molur is .l(Jc.m. The driven pulley nms nl 31() r.p.m. 
and !he distance hct\1-.en the centro of the two ー ｴ ｾｬ｣ ｹ•＠ is J m. l he woighl of leather is I x I o· 
l kg£tm1

. Coetficicut or frt"tion between lcnther nud puUey is 0.3 N. Ａ ｜ｳｓ ｕｕｉ ｾ＠ opcu ｢ｾｨ＠
driw. Neglect sag and slip iu the belL 

(20) 

(o) Whnl ｯｲｾ＠ vnriotl!; hcnttrcotrnents gh•on to ｾ ｬ･､ Ｇ＿＠ State lho purpose of onch of thc$c. Why d<> 
we folio" n two stage hc.atlng and cooling pmctlcc for b03l trent mont of high speed Slecl'l 

(R) 

SECTlON B 

5. '\nswor li ll Y fourol'lhc lollowing: (Each an>wer should Ot>nform tu a llitt it <lf around 150 words) 

ｾｴｴＩ＠ ｐｲ ｯｶｾ＠ lhut theUymunio ｓ ｨ ｾ＿ＺｴｲＡｬ［ ｴｲ｡ｩｮ＠ is glve.n by 

l -= k1 - 2!: tol\1 tf-' 
); 0015 u, 

where his the .:!til> reduction ｾ＼Ｉ･ｮｩ｣ｫｮｴ｡ｯ ､＠ u i,; ｕＱ ｾ＠ orthQgonul rnke "ngle. 

(b) Ddine and ill ustmle the lollowing for n earn operated clamping ､･｜ ｾ Ｌ Ｍ･Ｚ＠

(i) fuse. (x) 

(ii) Tbrow. (0) 

( iii) Evocnlri ci ly. (c) 

Write do\\'n !he .-l,.lit\nsh'l' ｢｣ｬ｜｜･ｾｮ＠ them. 

(c) ｅｾｬｬｬｬｬｩｮ＠ U1e meaning of t he followfng terms· clearly : 

( i ) MCLI 

(ii) Butlbr SIOnlgo 

(iii) Conntd cydo 

(I()) 

( I 0) 



II , 

7. 

3 of 7 
(iv) Macro 

(v) MOl 

(JO) 

(d) Whul is Ptnsma Ar,, Muchinntg'l What fnct<111< inlluencc lhc quality or out 111 Pltv;mu At'< 
M>chinlng? 

( 10) 

(c) Ddirt< the ｬｾｴｮｬ＾＠ ｍｮｴｾｲｩｵｬ＠ ｒｯｱｵｩｲ･ｭｾｮｬ＠ PliUlning Ｈｾ ｉｒｐ Ｉ＠ tutd C11puci1y Rettulrem<11l Plnnrt ing 
(CRP). Whnl do MIU' nnd CRP 11ccompli;h'/ Wh11l role tho ＸＰｾＱ＠ and MPS ploy In thoir 
I n1plcmcnl ttl ion 1 

(a) 

( 10) 

Del1nelh< l<tnll< ｍ［ｾ｣ｨｩｮ｡｢ｩｬｩｴｹＬ＠ Shear Angle ;Uld Chip R<dnction C<Jenicienl. 

In an orthogonal culling ｯ ｾｲ｡ｴｩｯｮ＠ material wn.s Cul \Vith tool having ba\lk rako angl\! = I ; .:. at 
u f<ed rate of0.25 ｭｭ Ｇ ｲｾ ｶｯ ｬｵｴｩｯｮ Ｎ＠ ll lidrness of,'hip \las 0.35 mn1. Culling ｳ ｰｾ＼､＠ \\as 7() 
mlmm :tnd ｾｵｮｩｮ ｧ＠ !\tree Wtlll = 30 kgf, F<ed tot\'< = 10 kgf. ll•i ng U1is data ,·aiL' tllal< ( I) 
ｾｨ･｡ｲ＠ angle, (ii ) W11rk tloue in shear, nnd (iii) Shea'"lr;>in. 

(20) 

(b) For whul type ofworkmaasuremt!nt ｾｩｭ｡ｴ ｩ ｯｮｳ＠ use of ,vork sampling is ｡､ｲｵｩ ｳｳ ｩ｢Ｑ ｾＧＱ＠

I\ work. sampling study is to be made of n messenger spurn io u lnrgc metropolitan ol'tice 
build ing. 1bc building maonger feels the messengers are idle 30° • of the time and he wishes 
to haVI3 a. ＹＵ ｾ Ｕｾ ｯ＠ ooufiden..:e thai thl? atturuoy is within :4°11. How mo.uy observations s.hould 
be ｭ｡､ｾ＿＠

(14) 

(c) Compare ond ｃ＼ｊｮｴｲ｡ ｾ ｬ＠ M. f.M .. and Work l'aotors System of Wor:k Mea.<uremcnt on the point< 
of basic ｣ｯｵ ｯｾｰ ｬＮ＠ ofticienoy and accuraC)' of resulls. 

(n) 

W\!N fOund 10 ｢ｾ＠ 0.50 I em arid 0.0031o.'Jn ｲ･ＡＭＺｰｃ｣ｬｩ ｶｾ ｬ ｹ Ｎ＠ C o.nslruC'I m1 X and 
R ch:l rt which ｩ ｮ ･ ｬｵ､ ｾＮｳ＠ the sj)C'cified ｴｯｬ･ｲ［｜ｩｬｃｾ Ａ［Ｎ＠ F'or ｴｨｾ＠ ｧｩｶｾｮ＠ siluuJicm take ＱｊＱｾ＠ ｜ Ｑ ｴｬｬｵｾｳ＠ of A. 
13 and C 11s O.H7; l.816 and 0.184 respeutivd)'· 

(20) 

(b) Tite .,-.u:Uest sta:r ( ES) and latest st:U1 (LS) times lor activity 6· 7 or a network aro> "" showtt. 
J:Mermine ｾｰｰｲｯｰｲｩｄｉ＼＠ valu.,; ur lll l uOI•'T uctivilios ot' U1e nel\\urk, una show ｴｨ ｾｭ＠ in u 
similar nmnn li!r 

(14) 

ＨｾＩ＠ Why in I'ER'f ｴ ＩＧｊｬｾ＠ of network ｭ ｯ ､ｾｕｩｵｧＮ＠ th0 statisticul distribution ｲ･ｰｲ･ｳｾｵｴｭ ｧ＠ du< tluw 
lime estimates. is takt!n ns » ､ｩ ｳ ｬｲｩ｢ｵｴｩ ｯ ｮﾷ ｾ＠

{6) 



8 (n) 
4 of 7 

A tuming 1\lol has a si><IJ'Jlllt""· ｳｩ ､ｾ＠ cuning edge lingle ｾ＠ 60' and end culling edge anglo of 
100. Whnl should be the fc<d rnle in order II) obtnin u thoor<licol "<ntro l ine nvcmgc 
rough ｮ ｯｳｾ＠ Qf 5 J-111•'? 

(6) 

(b) Discuss the advmitnges of HDM 11> "ompar<d '" other non-tmditiunal methods of mru:hining 
with regard to 

( i) Mat.,1al Removal ｒ｡ｴｾ＠

(ii) Accuracy 

(iii) SUJ11oce ｴｩｮｩｾｨ＠

(c) Write down a Fon.rnn-77 progr<1111t0 """luate ilte roo!$ of the quadratic e<[U.'tlon 

><' -Sx-t- 6 = 0 

Ｈ ｾ Ｉ＠

(6) 

(d) Con•iu.r the assignment of 4 operators to fcJUr mochin.,;. llto a.signrnaut MSIS are ｴＺｴｬｬｬｾｮｴ･､＠
be]OI\ : 

Huchw,, 
ｾ ｴ Ｎ＠ M M \I 
u, ｾ＠ i • 

( JtH ' I Ottll')l '). u 6 .t ｾ＠

''· l J , 
0 !l 4 " D 

' 
Operutor O, cannot he nssigncd machine 1\-f, and opcrntt>r 0, ｣ｾｮｊ ｉ ｉＩｬ＠ !Jc n.•signcd machine M ,_ 
Find tho optiruol "->Sigumcnt. 

(20) 
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MECHANICAL ENGINEERING 

PAPER-II 
SECTION A 

I, Ac!S\\er uny four pnrl<: 

2. 

3. 

(11 ) Ocfino lhc fhll owing: ｦ ｮ､ ｩ｣ｮｴｾ＠ th<rmal offi cicncy hrnl..e lhenunl efficiency, mcclmnicnl 
elli oic:ncy. volocnclc·i" ｯ ｮＧｩ ｾ ｩ ｯｮ｣ｹ＠ and ｲｯ ｬ ｾｴｩｶ＼Ｂ＠ <flicie11L')' "'applied 10 IC engines. 

(b) 

( 10) 

An ｾｾ＠ engine has ｾ＠ fuel air ratio of 0.067. For a brnke power of 74 kW, fmd the amolUll of 
airrequired.ilbruketh.rrnial<llidencyi$l0°o.lf d.!nsity of air is L 15 kgtml and that bf fuel is 
4.6 ｫｧ ｪ ｭ ｾＮ＠ find ｴ ｨ ｾ＠ volume of air and the -volume ofmix- turi'. 

( 10) 

(c) Using MllXWdl's ecJUmion. prove llull. lor a perl..,ct gas internal energy is a !unction of 
tempernluN only and independent of pressure and volume. 

{10) 

(d) l'mw thnl 1\:.vcrsiblc adiabatic work while undergoing ohnngc from stale to state 2 in n 
sleady Jlow s_ystcm per uni t ｭｮｳ ｾ＠ is gh·con by 

• _J u tip 

( 10) 

ＨｾＩ＠ 2 kg Of\vt>t'f at &O"C is mi.xed ［ｾ､ｩ｡｢ ｡ ｬｩ｣｡ｬｬｾ＠ 11ith 3 kg clf wat<r at 30• C in :t constunt pr•ssure 
ｰｲｯ｣ ｾｳ＠ m I bar. Find ｴ ｨ ｾ＠ change in enlf'Op) <>I' hltnl mass M \\;ller ､ｵｾ＠ to ｭｩ ｾ ｩｮ ＱＱ＠ ｰｲ ｯ｣･ｳｾＮ＠

ｓｰＢＢｃｩｦｩｾｯ •＠ ｨｾ｡ｴ＠ of watl.!r aL conS'Iihl { ｰｲｾｳｳ ｵ ｲｾ＠ ｩｩＭｉ ｾ＠ -l. 18 kJfkg-t\ . 

(n) 

( 10) 

Derive an expression tor a Diesel cyole to det.mt1ine its thennnl eliicienay and worl.. output 
a' a function of its compn:ssion mtiQ nod inlet <'Onditions. 

(5) 

(I>) In nn Sl engine w orking on idenl ONo cycle. tbe compre<sion ratio is 5.5. The pressure aod 
temperature >lltlce beginning of compr"-'sion are 1 bar. 27"C respectively. ｐ ｲ ＼Ｚｓｳ ｵｲｾ＠ at Ute cud 
ofcompr,'Ssion is 30 bar. l'iud the pressure :111d urupenll ur< at the end of cnch process ot'tbo 
cycio. Also lind nirl hcnnnl dl:iciencr, mean effective pressure. Talco ·r ｾ＠ lA. 

(25) 

(c) Wtuct is cnrhur<tjon'l Oriclly CXl/ lain varinus faci<>M< affeoti11g ｯｬｬＧ･＼Ｚｌｩｶｾ＠ ｾ｡｣ ﾷ ｢ｵｲ＼ ｴｩ ｯ ｮ ｳ Ｎ＠

(n) 

( 10) 

Discuss brkfly different air r<frigeratiou systems used giving details of the ｣ｹ｣ｬ･Ｎｾ＠ and 1 heir 
components 

(20) 

(b) ｃｯｭｰｾｾｲ｣＠ vapour compression system and vapour absorption system. giving detail,; of tbc 
｣ｾ ｾ ｣ ｴ ･＠ and components ｵ ｳｾ､＠ How wi ll you use ｾｯ ｬ｡ｲ＠ heat lo run the ｲｾｦｲｩｧ･ｲｴｴｴｩｯｵ＠ system 1 



(a) 

r, .. r 1 
120) 

,\ mctn\ pl•te <Jf +mm lllicknc'" and having k = 95.5 Wim•t- is <:l<p<>S'td to gas ternpct'll lure of 
JOO"C' at ouo end nnd coolin!! •t25"C by \VJier ｯ ｮｬｨｾ＠ ollllll ' side. TI1c heolll'nilsfer coefficient 
of 8"' arid water ｾｲ｣＠ 145011 \Vim2 •c ｾｮ､＠ 2250 Wtm2 •c reiJl!X' Iively. Fin(] I he nne of heM 
lr.tMfer, ovornll heat transfer .:oefticient. tempenture on cJoch side oftltu plate. 

(20) 

(b) !'he ーｳ Ｇ･ Ｎ ＼ｳｵｲ ｾ＠ difference "1\p' in l' ipe• of di•metOI' ·l ·, leng1h ·r is found to depend upon 
ve\I)Uity ·v·. visc<Jsity 'I'- density ·p- :•nd pipe roughnes• of lhe ｾ ｵｲｦ｡ ｣･＠ '&' I 1$ing 
l3uc.kislgham · • n-tht-orcm find suil3blt:. nhn·tlim<'ll& ionnl par:un<i.ers. 

(2(1) 

SECTION 8 

5. Answer .my four part': 

6. 

(a) Will• the hdJl of • ｾ＾ ｩｭｰ ｬ ｴ＠ sketcl1 ､ ｩｳｾｾｾＦＤ＠ Use fuoctiooing of a lbcrmos\llllc expMtsion valve. 
What doc, lt control? DiMingul>h bctwce11 int<.'l'ltu lly ond ･ｾｴＮ｣ｭ｡ ｬｬ ｹ＠ cqWtlised Lbermo•lolie 
expnns1o n vnlvt:, 

What nt'<: Uto ollt er L)1l"" of cxp•m•ion v•Jvcs ｌｌ ｾ ･､ ＿＠

( (l)) 

Cb) f:xpl•in Ute tot'DI : T hermodynamic wet bulb kmpcramrc. llow doliS it ditl'.or from W<>t bulb 
tump=turc m<>asurcd by • P"Ychrom<llcr 'I Distiogtsish between dey ｢ｴｾ ｬ｢＠ lompomttsro and 
dew point lempenture. How " ; 11 ) 'OU detennine dew point lemperallsre of •pecilied moist 
｡ｩｾＯ＠

( lU) 

(c) Sketch Rllnld ne cycle on T Ｍ ｾ｡ｮ､＠ p - v dillgram. Derive """Jlfessiou for mass fl ow rate. 
ptm« input to the tntmp, rat,; of bout ｳ ｵｰｰｬ ｾＭ turbino outpuL ralcJ of beat rojcc.liou and 
l!tcnual cfli cioncyfor a givwt net power output of Ute plan I. 

(I OJ 

(d) \Vlul do you undersbnd by the t""'' View foetor of Sb•pe factor used for radiation h<>ol 
exchange? How are dte shaJle ｕｴ｣ｬ ｯｾ＠ for tw<> bodie< eJOOhnnging he-JI by radiation inter-
related? Discll55 theJ-elalionshiJl for view factors in an enclosure. 

(10) 

(e) Oiscu..s Ute chnroctcristic.< offucl • used in S.T. engine•. 

( 10) 

(a ) Wl\llt is shock wave? How is it ､･ｶ･ ｬ ｯ ｶ ･ ､ ｾ＠ Explain ill; signiJi.,.ncu. 

\ IU) 

(b) Whnl is "Degree of Reaotion .. in Turbo l\ lachino. ExploJn tit <> effect of reaction on Ute sbape 
of profiles of blades. 

( I (I) 

(c) 16.5 ｫｧｨｾ＠ ｯｦ ｾ ｵ｢ ｳ ｴ｡ｮ ｣｣＠ al 650"C bnviu!! C,. 3.55 kJ/kg K is u.s<><! to hl!:lt20.5 l:.glscc of 
incoming nuid of <'v = <1.2 kJtl;g K 1\-om J()o•t• If ovcrnll ｨ ･ｾｴ＠ transfer coeffici ent i$ I) 95 
k.W•m' •c ami heat transfer area is 44 m0

• ｣｡ ｬ ｯ ｵｬ ｾｴ･＠ the o\lllet temperatures for (a) oounter 
flo\1 ond ll• J pa.rallclflow nrrangomentlrl Ill.: indln:<:l con to ill btot oxchongc:rr. 



7. (• ) 
7 ur 1 

Au ＺｾＮｸｩＮＬｬ＠ flow compressor ｾｾｧ｣＠ ha• blade root. mid and tip velocities 150, 200, 250 ｭＯｾ＠
ｾｰ･｣ ｴｩｶ･ｬ ｹＮ＠ Stagnation tempernture rise fot the $t:lge Is 2C) K. Ax iol velocity is 150 ｭ ｬ ｾ＠ and 
is constant along Ute mdial dlrcdion. Tbc \\l'lrk d<me ｦｾ｣ｴ ｯｲ＠ is 0.93. At the mjd stream seelinn 
tltc degree of reaction is 50%. Colc.tli•tc UJC> nir, nod blodc •nglcis •t•oot, mid aod tip ｳ｣｣ ｴｩｮｵｾ Ｎ＠

{20) 

n>) 1ltc foll owing dAUI rcf<-"1'10 a free vorte.x turbine rotor blodos at mid·st\!tion: 

Inlet angle 60": Outlet an!! le 65" 

Blade diameter 100 em: Nozzle anglo 70" 

Hub-Tip ｲｴｾｴｩｯ＠ 0.6; $peed 3600 rpm. 

Find the blndc ｯｮｧｬ ｾＬ＠ degree of reaction. blade to gos, speed rntio for mid-•c:clion. 

(20) 

8. A boiler is supplied with 200 kSiltr of ooal of ｢･Ｚｾｴｩｮｧ＠ value 32000 ｫｊ ｩ ｫｾ＠ oud an •mlly$is of coal 
ｬｮ ､ｩ｣ • ｮ･ ｾ＠ t;.'- 82"o. ｈ ｾ Ｍ ＶﾰｴｯＬ＠ 0:-S"o. ａＭ ｨ Ｍ Ｔ ｾ＠ •. 1800 kgihr of dry saturnte<l steam i• produced nt 10 
hnr pressure lrom lecd wntcr at 32•c ' lltc total air sUJoplicd is 1.-' times the minimum air fC(JUiroo. 
·nto temperature of Ouc gtc' is 340' C. Room tcmpcrnlure is 25°C. Find minimum air rc-quir"ment, 
""'"'of dry bumt gas/kg of coni burnt. c<!"h·nlcnt ･ｶ ｡ｰ＼ｾｲｯｴｪｯｮ＠ fi ·om nnd ot lOWC, Lberutll l etl'icietiC)', 
heat carried :11roy by tluc gas l>g of coal. Toke ('1, - 1.005 ｾｊ＠ kg K nt 10 hor. H; Enthnlpy of sntur:ned 
ste•m = 2778.1 k.Jikg. Sc:ns iblc hcatol\<•u(craL''2"r. h · : 134 kJ/kg. 

(JO) 


