
IIIGCHANICAL GNGIHGGICNG 

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) A ng1d tank of 0 566m3 volume contams atr at 6895 bar and 21 1 C The tank 1S eqmpped 
With arehefvalvethat opens at a pressure o£8 618 bar and remams open unl!l the pressure 
drops to 8 274 bar If ahre causes the valve to operate once as descnbed, detenrune the aJr 
temperature Just before the valve opens and the mass of atrlost due to the fire Assume that 
the temperature of the atr remams constant dunng d!scharge and atr m the tank behaves as an 
1deal gas 

(b) The scales are so chosen that a reverSible cycle plots clockw:tse as a arcle on theT-S plane 
The tlllmmum and maX!mum values of the temperature are 305 and 627 K and the entropy 1-
23 and 2-85 U/K, respechvely Fmd the cycle work and effiaency 

(a) What 1S B01ler effic1ency and eqmvalent evap oral! on of b01ler? 

(b) In a steam Rankme cycle usmg one stage of reheahng between two turbme cyhnders the 
steam at mlet to HP h!rbme 1S at 100 bar and 500 C The steam at eXIt of LP h!rbme 1S at 0 07 
bar and 1ts quahty 1S 85% The net work ou11u1 neglectmg pump work 1S 1600 Ulkg 
Determme the eye! e thermal effi a ency 

(a) Explam the vanahon of pressure and veloc1ty of steam m flow-d1rect10n m a veloaty 
compounded steam turbme g!Vmg sketches 

(b) Steam at 49 N/cm' and 160 C 1S supphed to a smgle stage 1mpulse h!rbme at the rate of 30 
kg/mm, from where 11 1S exhausted to a condenser at a pressure of 1 96 N/cm' The blade 
speed" 300 rrJsec The nozzles are mchned at 25° to the plane of the wheel and the outlet 
blade angle" 35° Neglect fichon losses and eshmate (1) the theorehcal power developed by 
the turb1ne, (11) the d1agram effic1ency and, (111) the stage effia ency 

The compressor of arefngerahon plant havmg stroke volume of 500 c c runs at 500 rpm and works 
W!th CO, gas The evaporator and condenser temperatures are -15 C and 25 C respechvely The 
hqmd 1n the condenser (usmg another Fr- 12 refngerahng system) 1S undercooled to 15 C, before 
passmg on to the eXJlanS!on valve Assume 1Sentrop1c compress10n W!th an 1mhal qual1ty ofCGI as x 
= 1 and volumetnc effic1ency of the compressor as 0 85 Draw a T-S diagram and calculate the 
folloWing W!th the help of the tabulated data for sahlrated CO,-

(a) cop 

0) 

(c) 

Power reqmred by compressor assummg motor effic1ency to be 0 9 

Actual tonnage capac1ty of the compressor 

t(C) h<kJA<&I v (1113/kgl 
114 ll:lp liq W1p 

-lS 49·62 322·86 0.0010 00166 
lS 127-?S 3011-011 INlOH 110063 
25 U?<H7 283-63 o-oou 00042 

(Speaficheat of vapor co,= 24 Idlkg C) 

.r(kJ!IIgC) 
llq W1p 

tH91Q 1·2561 
fl-469'7 1-(II)~Q 

lh~'Xl3 119912 

p(bar) 

Z2·118 
~0.9] 

IIG32 

(a) Explam, g1vmg smtable sketches, the workmg pnnc1ple of a four-stroke, spark-1gn1hon 
engme along W!th valve hmmg d1agram and 1gmhon system (b) A gas turbme set takes m a1r 
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at 27 C and 1 atm The pressure raho 1S 4 and the maX!mum temperature 1S 560 C The 
compressor and turbme effiaenaes are 0 83 and 0 85 respechvely Determme the overall 
effia ency 1f the regenerator effechveness 1S 0 75 

(a) Two reserv01rs have a difference ofwaterlevels of61n They are connected by ap1pe system 
wlnch conSists of a smgle p1pe of 60 em d1ameter for the first 3000 m and then two p1pes 1n 
parallel, each of 3 0 em m d1ameter and 3 00 0 m long II fnch on factor, f = 0 04, calculate the 
volume rate of flow of water from the lngher reserv01rs to the lower reserv01rs 

(b) A verh cal tap enng p1p e 1S 2 3 m long The d1ameter of the p1p e 1S 1 0 em at the top end and 5 
em at the bottom end If 25 hters/sec of water flows down through the p1pe, find the 
d1fference m pressure between the two ends of the p1p e Neglect 1 osses 

(a) M01st a1r1S heated by steam condensmg mS!de the hthes of a heatmg c01l as shown by F1gure 
Part of the a1r passes through the c01l and part 1S by-passed around the c01l Barometnc 
pressure 1S 1 bar 

60 ' 1 t=214"" I • ,-
' I 

Determme (1) the a1r per mm (m 2) wlnch by-pass the c01l and (11) the heat added by the cod 

(b) In the deSign of heat exchanger for a1rcraft apphcahon, the maX!mum wall temperature m 
steady state 1S not to exceed 800 K For the cond1hons tabulated below, determme the 
maX!mum p ertn!SS!ble un1t thermal reSiStance per square meter of the metal wall between hot 
gas on the one S!de and cold gas on the other 

( ,, 

Hot gas temperature = T, = 13 00 K 
Uru t surface conductance on hot S1 de = h1 = 2 00 Wlm' K 

Urut surface conductance on cold S!de = h3 = 400 Wlm' K 

Coolant temperature= T, = 300 K 
A cold store 7m x 7m x 5m lngh has 1ts walls, roof and floor msulated, so as to have the 
overall heat transfer co effi a en! of 0 19 5 Wlm' K 20 0 tons of potatoes are stored at 5 C when 
the amb1ent temperature 1S 35 C The potatoes are rece1ved over apenod of S!X days and are 
cooled to the storage temperature by a machme workmg 8 hours a day The spec1fic heat of 
potatoes 1S 4 kJikg C Heat of eresp1rahon 1S 16 00 k.J/ton day at 5 C and 4 50 0 kJ/ton day at 3 5 
C The change m heat of resp1rahon 1S hnear Calculate the plant load dunng the loadmg 
penod 

Wnte short notes on any two of the followmg 

Heat pump, Effect of speafic speed on effic1ency of water turbme, Cho1ce of 
d1fferent types of turbmes for hydroelectn c power stahons 
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IIIBCHANICAL BNGINBBBING 

Time Allowed: 3 hours M=imumMaJks: 200 
Coniliilatos should altl!mpt Qw!sti<>n 1 in Soclion A, any TWO in S•cOOn Band any TWO in S•clion C 

Th• numb.,. of marks carriJ>d by •och tpJ!SIK>n is inilllated at II• ""d '!{th• tpli'Stion. 
An.sw= must b• writmn ;, English 

(a) D!Shngmsh between 

~AI'EI% ~II 

IECTION A 

(1) Y1eld stress and proof stress 

(11) Fahgue strength and creep strength 

(b) What 1S the mam d1fference between? 

(1) Bnl!sh standard Win tworth screw threads, 

(11) Amencannahonal screw threads, 

(111) Umfied screw threads, 

(1v) Acme screw threads? 

(c) Descnb e the funchons and appl!cahons o £knuckle and cotter J omts 

(d) Under what cond1hons 1S the gear dnve preferred over belt dn ve? 

(e) D!Shngmsh between 

(1) Dnllmg and bonng 

(11) Planrung and shap1ng 

(f) Explam why and where the shear 1S promded m a pun clung operahon 

(g) Explam the use of 'Half Nut' 1n the opera!! on performed by the Lathe maclune 

(h) What methods are used for changmg the d!rechon ofrotahon? (1) E'lllam the use of nodular 
cast 1ron m eng1neenng mdushy and how 1S nodular cast 1ron manufactured? 

6) Explam the funct10ns of 

(1) Flywheel 

(11) Governor 

(k) G1ve the mam reasons for choosmg mvolutes profile for a gear tooth 

(1) Show the d!Stnbuhon of punch pressure and travel m a sheanng operahon W!th-

(1) msuffic1ent clearance between punch and d1e 

(11) clearance between punch and d!e equal In the tluckness of the plate 

(m) Explam the ongm and apphcat10n of 'THERBLIGS' 

(n) Sketch a tlu-ee-h1gh rolhng m11l and md!cate the d!rechon of rota!! on of rolls and the d!rechon 
of movement of the workp1ece 

(o) Why do we pre-heat and apply heat after weld!ng operahon? 

G1ve one example where pre-heahng and post-heahng 1S done 1n the weld!ng operahon 

(p) Explam why stamless steel!S welded usmg mert ahnosphere 

( q) Why 1S 1t that spot weld!ng of copper 1S not recommended? 

(r) Descnbe the Jonuny test What property 1t determmes? 

(s) What are refractory metals and where are they used? 

(t) D!Shngmsh between 

(1) Plug gauges 
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( •) 

(u) Snap gauges 

SECTION- B 
The speed raho of the reverted gear tram shown m F1g 
gears A and B 1S 3 125 mm and of gears C and D 1S 25 mm 
teeth for the gears No gear 1S to have less than 24 teeth 

• 

.... , • 

1S to be 12 The module p1tch of 
Calculate the smtable numbers of 

(b) A watt governor has an arm of umform sechon of length L and mass m and a ball of mass M 
Show that when revolvmg W!th angular veloaty OJ 11 makes an angle 8to the verhcal, where 

'(M•%) 
cose~ '"'L(M+~) 
Also deternune the angle 8 for the case when bar 1S not of umform cross-secl!on, 1ts radius of 
gyrahon about the p om! of attaclunent bemg k and diStance of CG to the p om! of attaclunent 
bemg d 

" (a) An L 200 x 150 x 20 steel angle" to be welded to a flat plate W!th the long S!de of the angle 
agamst the plate as shown m F1g 2 

Deternune the nummum lengths L1 and L, that W!ll caJJse the angle to cany the maX!mum 
allowable ax:talload The allowable tenSile stress for the matenal m the angle 1S 124 MPa, 
and the allowable sheanng stress m the weld matenal1s 94 MPa Each leg of the weld 1S 15 
mm 
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The crane structure shown m Fig 3 Supports a car of mass 1 80 0 kg If member AB is a steel 
bar 15 nun m diameter 

(i) determme the force transm!tted by member AB, 

(11) Deternune the aX! a! stress m member AB 

" (a) At a given pomtm amaclune element, the followmg stresses were evaluated 100 MPaT and 
zero shear on ahonzontal plane and 50 MPaC on a plane perpemhcular to tlus plane (Fig 4) 
Deternune the stresses at th!S p01nt on a plane havmg a slope of 3 vert:! cal to 4 honzontal 

• Sheer 

"·· (b) The steel shaft of Fig 5 1S in eqmhbnum under the torques shown 

Deternune-

(i) the max:1mum sheanng stress m the shaft, 

(11) the angle of twist of end B of the 16 0 nun segment W!th resp eel to end A, 

(111) the angle oftw!st of the end C W!th respect to end A The modulus ofng1d!ty 1S 80 
GC< 

SECTION- C 
(a) Draw the three orthographic Views of a smgle pomt lathe tool and mdicale the five tool 

angles 

(b) Explam the cuthng achon of the tool in the tunung process 
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(c) What 1S meant by 'tool hfe' and how 1S tool hfe affected by cuthng speed? 

(d) Make a sketch of a qU1ck return mechaniSm of a shaper and show the velocity d!Stnbuhon 

" (a) Descnbe the method of harderung of a 0 8% carbon steel W!th the help of phase and TIT 
diagrams 

(b) Wnte short notes on 

(a) Table 1 gives the different achvihes assoaated W!th a proJect conS!shng of 12 tasks(A, B 
L) m which the folloWing precedence relat10nslnps must hold (X LY means X must be 
completed before Y can start) 

AL C,AL B, BL D, BL G, BL K, CL D, CL G, DL E, ELF, F L H, F L I, F L L, G 
L I, G L L, H L J, I L J and K L L 

Table 1 

Te± A ' c D ' ' G H ' ' K c 
Time( days) " T " " " T n T " " " " 

Draw the network diagram and detenrune the cnhcal path Also determme the cnhcal path 
'me 

" (b) A small plant makes two types of automobile parts It buys cashngs that are maclnned, bored 
anh pohshed (capaahes are given m Table 2) Cashngs for part A cost Rs 2 for part B they 
cost Rs 3 each They sell for Rs 5 and Rs 6 respechvely The three machmes have ruruung 
costsofRs 20,Rs 14andRs 1750perhour 

Table2 

C~A '~' 
Machmmg Capaaty 25perhour 40perhour 

Bonng Capacity 28perhour 35perhour 

Pohslnng Capacity 35perhour 25perhour 

Assummg that any combinahon ofpa1ls A anh B can be sold, what product nux maximizes 
profit? 
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