
Time Allowed: 3 hours 

Candidates should attempt any five questions 
All questions carry equal marks 

Answers must be written in English. 

M=imumMaJks: 200 

(a) Two idenhcal bodies of constant heat capaaty are at the same imhal temperature T1 A 
refngerator operates between these two bodies unhl one body 1S cooled to the temperature T, 
If the bodies remam at constant pressure and undergo no change of phase, obtam an 
express10n for the m1mmum amount of work reqmred to aclneve th!S 

(b) Descnbe the method used to detenrune the calonfic value of a sohd fuel Explam how the 
coohng correchon 1S made m the method 

(c) The diameter and stroke of a gas engme cylmder are 18 em and 3 0 em resp echvely The rah o 
of expans10n 1S 5 the pressure and temperature of the mmture at the begmmng of compress10n 
are 1 04 kg£'cm' and 100°C respechvely Fmd the index of the compress10n process and the 
weight of the m1xture m the cyhnder, if the pressure at the end of compress10n 1S 7 kg£'cm' 
Also calculate the work done and beat transferred dunng the pro cess, mdicahng the direchon 
of flow Assume, R = 29 3 kgf-mlkg-°K and raho of speafic heats equal to 1 4 for the 
mmture 

(a) What are the four maJor factors wlnch tend to produce or prevent detonahon? What speafic 
act10ns tend to reduce the po SS! bih ty of detonahon? 

(b) Explam how the followmg methods of propulsion are different from each other 

(i) TurboJet (11) Turboprop (111) Rocket 

(c) The followmg data were obtamed dunng the tnal of a smgle cyhnder 2 stroke cycle diesel 
engme 

Cyhnder bore 23 em, stroke 45 em, RPM 350, fuel consumed 0 3 kg/mm W!th a 
calonfic value of 10000 kcal/mm, area ofmdicator diagram 6 0 em' length of diagram 7 8 
em, spnng constant 8 5, load on the brake drum 115 kgf at 1 25 m radius, coohng water used 
1 8 kg/mm, temperature of water entenng and leavmg 1 8°C, air fuel rah o 2 8, exhaust gas 
temperature 41 0°C, mean sp eafi c heat of exhaust gases 0 25 

Calculate IHP, BHP, mechanical efficiency, mdicated thermal effiaency and brake 
thermal effiaency 

Also draw up a heat balance sheet on m1nute baS!S 

(a) What are the advantages of usmg forced circulahon over free circulahon in high pressure 
boilers? 

Explain, W!th the help of a neat sketch, the pnnaple of workmg of the Benson boiler 

(b) Explain the phenomenon of supersaturated flow of steam m a nozzle 
(c) The steam enters a smgle-stage impulse turbme at 380 m/sec and the blade speed 1S 170 

m/sec The steam flow rate 1S 2 2 kg/sec and turbme develops 150 h p Assume the blade 
velocity coeffiaentto be 0 8 For an axial discharge of steam, find (i) nozzle angle, (11) blade 
angle and (111) diagram efficiency 

(a) Obtam express10ns for stagnat10n temperature and stagnahon denSity in terms of Mach 
number and the respechve imhal values for a compresSible iSentropic fimd flow past an 
immersed body 
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(b) An open cycle constant pressure gas turbine plant operates W!th a pressure raho of 6 5 The 
temperatures at the mlet to the compressor and turbme are l7°C and 820°C respechvely 
Assume speafic heat at constant pressure of air and gas to be 0 24 and 0 258 respechvely, 
raho of specific heats for air and gas to be 1 4, calonfic value of fuel 10600 kcalikg, 
effiaency of compressor and turbme to be 0 86 and 0 92 respechvely 

Calculate (i) HP of the plant for u arculahon of6 kg/sec, (11) Thermal efficiency of 
the plant, (111) .Au/fuel raho, (i v) Sp eafi c fuel consumphon 

Take the mass of the fuel into account 

(a) Obtam an express10n for the average heat transfer coeffiaent for a flmd condensmg over a 
verhcal plate, clearly indicahng the assumphons made 

(b) Oil!S heated from 22°C to 56°C by passmg through a tube of 4 em in diameter Fmd out the 
length of the tube reqmred, for an 01l flow rate of 60 kg/mm, if the surface temperature of the 
tube wall " mainlamed at 100°C Assume the folloWing properhes of 01l at mean 
temperature 

p = 895 kg/m3 Cp = 0 52 kcalikg-°C, 

K=O 13kcallhr-m-°C,v=040X10-6 m2/sec 

(a) Explam the pnnaple ofworkmg of a desert cooler, givmg a neat sketch represent the process 
on a psychrometnc chart What are the advantages and disadvantages oftlns compared to a 
Window a1r cond!h oner? 

(b) A vapour compress10n refngerahon machme, W!th Freon-12 as refngerant, has a capacity of 
20 tons of refngerahon operahong between -28°C and 26°C The refngerant" sub cooled bu 
4 oc before entenng the express10n value and the vapour " superheated by 5 oc before leavmg 
the evaporator The maclnne has a S!X -cyhnder S!ngle-achng compressor W!lh stroke equal to 
1 25 hmes the bore It has a clearance of 3% of the stroke volume 

Detenrune (i) Theorehcal power reqmred (11) COP (111) Volumetnc efficiency (iv) 
Bore and stroke of cyhnder The speed of the compressor 1S 1 0 00 r p m 

Saturated Saturated '• ~ ... • '· Temp. oc Pressure m3/g "'"'"" kcal!kg kcal!kg-°K kral!kg-°K 

kgf/cm2 

n 1 1149 0 1492 93 98 133 77 0 977 1 1 39 

" 6 8175 0 027 1 0 6 0 1 139 7 1 0207 1,1334 

Sp eafi c heat of h qmd refngerant = 0 23 kcalikg- °K 

Sp eafi c heat of superheated vapour= 0 14 7 kcalikg- °K 

(a) The reS!Shng force F of a plane dunng flight can be conSidered as dependent up on the length 
of air craft 1, velo a ty v, air msco S1 ty u, a1r denSity p, and bulk modulus of a1r K Express the 
funchonal relat10nslnp between these vanable usmg dimenSional analySiS Explain the 
phySical meanmg of the dimenSionless groups 

(b) Obtain an express10n for the work done per second by water on the runner of a Pelton wheel 
Also obtain an express10n for the maX!mum efficiency of the pelion wheel givmg the 
relat10nslnp between the Jet speed and bucket speed 

Wnte short notes on any four of the foll oW!ng 

(a) Govemmg of impulse turbmes 

(b) Nuclearfuels 

(c) Heat transfer through fins 

(d) Coohngloadestimahon 

(e) Boundary layer theoty 

(f) Comp an son of centnfugal and ax:1al flow compressors 
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IIIGCHANICAL GNGINGGICNG 

Time Allowed: 3 hours 

'DEll ""II 
IECTION A 

(a) Define the draw ab1hty of sheet metal 

(b) List the defects observed m extruSion of metals havmg low ducl!hty 

M=imumMaJks: 200 

(c) Wnte the type of fit (m symbols as per lSI speaficahons) that you would recommend for the 
followmg 

(1) F1g between cyhnder and p!Ston of an IC engme (petrol) 

(11) F1 t between shaft and J oumal b eanng of a turbo generator 

(d) How does forg~ng strengthen the cast metal? List the p01nts 

(e) Two beams of same rectangular cross-sechon havmg one S!de double the other S!de are used 
under SJ!lll!ar loads, but one beam 1S supported on shorter SJde and the other on Wider S!de of 
cross-sechon Detenrune the ral!o of maXImum stresses m the two cases Loads produce on! y 
bemhng 

(f) Draw the Goodman straJght !me and the Soderberg straJght !me for deS!gmng under fahgue 
loads 

(g) A !luck cyhnder 1S loaded by mtemal pressure only IHaw the mcumferenhal and raffia! 
stress d!Stnbuhons along the radms of cyhnder 

(h) Give approXimate compoS!hon of green sand for C02 mouldmg process 

(i) List the followmg tool matenals m order of decreasmg hardness 

(i) High speed steel (11) Diamond (111) Cubic boron mtnde (iv) Ceramic tool matenal (v) 
Sintered hlngsten carbide 

6) Draw roll pressure d!stn buhon on roll surface m rolhng of plates 

(k) In which of the followmg cases the cuthng speed 1S lugher? 

(i) Maclumng for mimmum cost of produchon 

(11) Maclurung for max:1mum produchon rate 

(1) Wnte the spec!licahons (as per lSI) of a gnnd!ng wheel sU!table for gnndmg of hardened 
carbon steel 

(m) List the names of four d!fferent types of feeders sU!table for feed!ng of small parts 

(n) Give names of four pnncipal machmes which are generally employed m a fle:nble 
manufachlnng system 

( o) Give four apphcat10ns of robots m manufactunng 

(p) Give two examples mvolvmg change in the shape of component due to manufactunng 
reqU!rement 

(q) List the funchons ofansenn a cashng 

(r) Draw an operahng charactenslic curve for smgle samphng attnbutes plan and mdicate on it 
the producer's nsk and consumer's nsk 

(s) List four methods of forecashng the demand of a manufactured pro duct 

(t) Some of the symbols used m process charts are given in Fig 1 below Wnte the operahons 
they represent 
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e>D D 0 .... 
IECTION-B 

(a) A !luck waJ!ed cyhndncal vessel With mtemal radius r1 = 0 25m and external radms 
n = 0 35m, has ng~d end plates welded to 1ts two ends (F1g 2) It 1S subJected to a tenSile load 
F=!OOO kN through the end plates, a tw:tshng moment T = 100 kN-m, and, and mtemal 
pressure p = 60 MPa Determme the pnnapal stresses and the absolute maX!mum shear stress 
on the mS!de surface of the vessel Neglect the end effect 

• 
• 

' I 
• ..,, 

~·· 
• "' 

(b) The cross-sechons of three pm-ended columns of same length and matenal for wlnch Euler 
cnhcalload theoty 1S applicable are shown1n F1g 3 The wall tlnckness ofsechons mall the 
three cases 1s equal to 0 lb The areas of the three cross-sechons are also same, Compare the 
Euler cnh callo ads for the three sechons Wluch 1S the best cro ss-sechon of the three? 

(c) In leafspnngs for automob1les a number oftlun stnps are used Why do not we use a smgle 
!luck stnp? 

(a) A dnlhng maclune gearbox has to have S!X speeds based of R1 0 senes, With ma:nmum output 
speed of 18 0 0 r p m the mput speed to the gearbox 1S also 1 80 0 r p m The gearbox has three 
shafts There are three speed changes between the mput shaft and mtermed1ate shaft and two 
speed changes between the mtermed1ate and output shafts 

(1) Detenrune the deSigned gear ral!os 

(11) Determme the number of teeth m each gear p a1r 

(111) Detenrune the gear raho s based on the number of teeth m each gear -p a1r 
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• " • 
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.... 
(b) A centnfugal governor shown m F1g 4 has two masses each of we1ght w connected by a 

hehcal spnng The arms canymg the we1ghts are parallel to the ax!S ofrotahon at the speed 
of 900 rpm If the speed 1S mcreased by 1% 11 reqmres a force of 3 kgf to mamtam the 
sleeve at the same poS!hon Determme---

(1) the we1ght w of masses, 

(11) the shffness of spnng and 1ts 1ruhal extens10n 1f the sleeve moves by 1 em for a 
change ofspeedo£250 rpm 

(c) In analySiS of a mecharusm what 1S a kmehcally eqmval en! system? What cond1hons should 11 
sahsfy to be a k:tnehcally eqmvalent system? 

(a) A bar of c1rcular cross-sechon 1S subJected to altemahng tenSile forces vatymg from a 
m1rumum of 200 kN to a max1mum of 500 kN It 1S to be manufactured of a matenal With an 
ulhmate tenSile strength of 900 MPa and an endurance hm1t of 700 MPa Determme the 
d1ameter of bar usmg safety factors of 3 5 related to ulhmate tenS!ble strength and 4 0 related 
to endurance hnut and a stress concentral!on factor of 1 65 for fahgue load Use Goodman 
stra~ght !me as baS!S for deSign 

(b) Compare the Max:tmum Shear Stress Theoty and the Octahedral Shear Stress Theoty of 
fa~lure m umaX!al tens10n and plane stra1n conch hons 

(c) Select a sUitable b al1-b eanng subJected to folloWing 1 oads 

Rachal load of 600 kgf at 150 rpm for 25% ofhme 

Rad!allo ad of 750 kgf at 60 0 r p m for 20% of l!me 

Rachal load of 200 kgf at 200 rpm for 55% ofl!me 

The loads are steady The outer nng rema~ns stahonaty The beanng has to bave an 
expected average hfe of 2500 hours The shaft d1ameter can be adJusted to the beanng 
selected The data g!Ven below may be used 

No. - 0... w- - ~ hla. 
SliP IJiuun Dlamm IIIUD ll!tlk ql'~ IU'M 

~ ~ .. .. ... " g " ... ~ ~ " ww ~ .. .. 
"'' ~ .. " "" 

., 
" " wu ~ "' .. 

~ .. " "' " 

... "" "' "" '"' "" "" '"" ... ,. 
"" ""' "" ,.. ,., 

"" 
IECTION-C 

.... .... .... 
""' ""' ... 
""' .... 

(a) For a product10n tunung operahon, the records show that at the number of components 
produced depends on the spmdle speed and feed as g!Ven below 
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No,.o(C • • -- .... ....... .. ~ . ..... - 'm .. ~ ,. 
"' .. 

R "" ··~ 
Determme the number of components that could be produced at a spmdl e speed of 2 50 r p m 
and feed ofO 08 nun/rev 

(b) Explam the process of age (precipital!on) hardemng Illustrate your answer W!th the help of 
phase diagram ofAl-Cu alloy 

(c) How W!ll you cany Out the folloWing alignment tests on a honzontal millmg maclune?-

(i) Perp end! culanty of colunm ways W!th Table 

(11) Parallelism of spmdle ax:1s W!th transverse movement of Table 

(111) Alnal float of spindle 

"n-c 
f' 

I 
i ~ 
• 

ISH 1!541/iS~"·IS:rt '-" ,_, __ -
(a) In a forward extruSion process the punch load vis punch travel curve 1S shown m Fig 5 

Determme the coeffiaent of fnchon between the billet and the cyhnderwall 

Denve the express10n used m the above calculahon The cyhnder diameter 1S 100 nun and 
yield strength of matenal b emg extruded 1S 1 0 kg£'mm' 

(b) With the help of freehand diagrams show the folloWing thermo-fonrung processes for 
fonrung of polymers 

(i) Vaccum formmg (11) Pressure fonrung (ui) Blow fonrung 

(c) In draWing of cup shaped components from sheet metal blanks, some of the defects that may 
occur are shown in Fig 6 Given bnefthe causes for each of these defects 

~·9 
tJ~ ... 

(a) Table 1 g!Ves the different achmhes associated W!th a proJect and the1r durahons Draw the 
network diagram and detenrune the cnhcal path Also determme the cnhcal path hme 

Table-! 

Begmmng End!ng Day 
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Event 
Acl!mty 

Begmmng (1) Endmg 6) 
Durahon Day 

A ' ' H 

' ' ' " c ' ' '' D ' ' " 
' ' ' " 
' ' ' " 
G ' ' " 
H ' ' " 
' ' ' n 

' ' ' n 
K ' " " c ' w n 
M w " n 

N " " " 
0 " n " 
' ' " '" 

(b) Tiurty 1denl!cal machmes are bemg used by a manufactunng concern On the average a 
maclune runs for 2 5 days after rep a1r between two consecuhve breakdowns The average cost 
due to loss of produchon 1S rupees 200 per breakdown If standby maclunes are used, the 
da1ly cost per maclune 1S rupees 40 

Deternune the ophmum number of standby machmes A constant failure rate may be 
assumed 

(c) F1gure 7 shows a system W!th redundancy Calculate the rehab1hty of the system for an 
operatmg p eno d of 1 00 0 hours 1 f the failure rates of components are g1 ven by 4 x 1 o·' per 
hour for P, 1 x 1 o·' per hour for Q and 3 x 10-6 per hour for R 

• • 

' 
F!J. 7. 
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