
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 mass m of water atT11S !Sobancally and achabahcally mmed With an equal mass of water 
T, Show that 

(T1 +T,)12 
DS,<ml~2mC1 ln r;;;;c 

~z;r, 

and prove that th!S 1S non -negallve 

(b) The mass analySiS of a hydrocarbon fuel!S as follows 

C = 84% H, = 15% and the balance 1S mcombushble matenal Fmd (1) mass of atr reqmred 
per kg of fuel for complete combust10n, (11) analySiS of wet exhaust gases, by mass and 
volume, 1f 20 kg fuel are supphed, (111) parhal pressure of the steam formed 1n the exhaust 
gases 1fthe total pressure of the exhaust gases 1S 1 03 kg/em', (1v) heat earned <Neay by dty 
exhaJJst gases formed per kg of fuel1f the temperature of exhaJJst gas" 375°C and the 
amb1ent temperature" 24°C Take Cp for dty gases= 0 24 kcalikg'K 

(a) What are advantages of closed cycle gas turbme over the open cycle? 

(b) Explacn the pnnaple of workmg of a battery 1gn1hon system used for a 4-cyhnder petrol 
engme, g!Vmg a heat c1rcU1t d1agram 

(c) A four strokelmuted pressure cycle (d!esel) engme draws 1 2 kg/sec of au at 1 03 kg/em' and 
27°C Compress10n rat1o of the cycle " 16 Pressure raho dunng constant volume heat 
add1hon 1S 2 0 Total heat added 1S equal to 550 kclikg of atr m the cylmder Detemune (1) 
pressure, volume and temperature at all sal1ent pomts, (11)% of heat added dunng constant 
pressure pro cess, (111) cut-off rail o (1v ), thermal effia ency, (v) mean effechve pressure 

Represent the cycle on p-V and T-s planes Assume Cp = 0 24 kcal/kg°K and C = 017 
kcal/kg°K 

(a) Why 1S 'bleed!ng' used m steam turbme plant? Obtacn express10ns for we1ght of steam bled, 
m each of the three heaters, and effiaency of the plant What 1S the effect of bleed!ng on 
effiaency of the plant? Assume that the bled steam does not nux With feed water 

(b) What are the sources of atr leakages mto a condenser? Explacn the affects of acr leakage on 
the performance of a condenser 

(c) Steam enters, m a stage of 1mpulse-reachon turbme, With a speed of 280 m/sec at an angle of 
22°m the d1rechon of blade mohon The mean d!ameter of the rotor, wh1ch rotates at 3200 
rpm, 1S 10m The blade hetght 1S 10 em The spec1fic volume of steam at nozzle outlet and 
blade outlet are 36m3/kg and 4 1 m3ikg respechvely The turb1ne develops 620 hp find (1) 
the we1ght of steam used per sec, (11) blade angles, (111) enthalpy drop m each stage, (1v) 
degree of reachon and (v) stage effic1ency Assume combmed effiaency of nozzles and 
blades as 90% and cany over coeffiaent as 0 8 

(a) Obtacn an express10n for the 1ntercooler pressure m terms of 1ruhal and final pressures for 
work done to be nurumum m a two stage reaprocahng acr compressor staling clearly all the 
assumphons made 

(b) DiScuss the ments and dements of centnfugal compressors over ax:tal flow compressors 
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(c) A gas turbme power plant works between pressures of 1 kg/em' and 3 kglm' and 
temperatures of 285°K and 1100°K The 1ntercooler cools the a1r at 2 3 kg/em' to 285°K 
before the a1r 1S sent to the second stage compressor The compressed a1r from the second­
stage compressor passes through a regenerator, whose effecl!veness 1 s 0 72 and then through 
the combushon chamber The heated a1r 1S then expanded m a !ugh-pressure turb1ne to 2 3 
kg/em' and 1S then reheated to 11000K The a1r 1S finally expanded m the low-pressure 
turbme to kg/em' Assummg the compressor and turb1ne effiaenaes to be 85% determme 
(1) the raho ofcompress10n work to the turbme work, (11) power developed for an air flow of 
3 0 kg/see, (111) the thermal effiaency of the cycle, (1v) heat rejected per sec to the coohng 
water m the 1ntercooler and (v) heat rejected per sec to the atmosphere Assume that all the 
components are mounted on the same shaft Sketch the flow d1agram of the turb1ne and 
represent pro cess on T -S plane Also assume Cp = 0 24 and raho of sp ea fie heats to be 1 4 

(a) Obta1n an express10n for ra1hahve heat transfer between two gray surfaces connected by a 
smgle refractory surface usmg electncal network method 

(b) 5000 kg!hr of od " to be cooled from 70°C to 50°C m counterflow double p1pe heat 
exchanger by usmg water at 20°C flowmg at a veloc1ty of 8 0 m/sec The S!ze of the 1nner 
copperp1pe 1S 1 8 em ID and 2 1 em OD, 01l flows through the annulus between th!S p1pe and 
a 3 em ID steel p1pe Thermal conduchv1ty ofcopper!S 330 kcal!hr-m°C F1nd (1) LMTD, (11) 
heat transfer coeffic1ents on water and 01l Sides, (111) overall heat transfer co effia en! and (1v) 
length of p1p e reqmred 

Assume the followmg data for 01l and water at the1r mean temperatures 

Property (Unilll) 

I; (l:glm') 
C,.(kcaJbo..o-(,') 
X (kcal.>br-m"C) 
"(l:gf-seWIII') 
y(mlJs«;} 

00 

,.. 
0.489 
0.126 
152 X 10"' 
1.726 J. IIY' 

"'z 
1.0 
o.m 
102..4 X 1(1"" 
UI06 x.l 0"' 

-'----~~~~----~--

(a) Expla1n the pnnc1pl e of workmg of a thermo stah c exp ans10n value, gnnng a neat sketch 

(b) What are the deS!fable properhes of refngerants used m vapour compress10n refngerahon 
systems 

(c) It" deS!fed to ma1nlain a hail at 23°C DBT and 60% R H The ahnosphenc cond!hons of air 
are 42°C DBT and 22% R H Suggest an 31r-cond!t10mng system and explain the workmg of 
11 Represent the process on psychrometnc chart and express equahons for capac1ty of the 
eqmpment used 

(a) A tank has the form of a frustum of a cone W!th 1ts larger d! ameter 'D' at the top The he1ght 
of water m the frustum 1S H Obta1n an expresS! on for emptymg all the water through an 
onfice of area 'a', located at the bottom of the frustum m terms of H, a, D etc 

(b) The folloWing 1nformahon pertains to an mward flow reach on turbme 

Output= 500 hp, Speed= 750 rpm, Head= 70m Ax!allength of blade at mlet = 0 1 x 
wheel d1ameter at ml et, raho of outer and 1nner d! ameters = 0 5 flow raho = 0 17, hydraul1 c 
effia ency = 9 2%, overall effic1ency = 84% 

Assume rad1al diScharge, constant veloc1ty of flow throughout and area blocked by blade 
th1ckness as 5% of area of flow 

Determme (1) d1ameters at mlet and outlet, (11) Widths of wheel at mlet and outlet, (111) Gmde 
blade angle, (1v) rare angles at mlet and outlet 

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

(a) Lift and drag and the1r coeffic1ents 

(b) Geometnc, kmemat1c and dynam1c S1m1lanty 

(c) F1ooded evaporator 
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(d) Modem h1gh pressure bo1lers 

(e) Types of combushon chambers used m C I engmes 

(f) Advantages of gas turbmes over I C engmes 
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IIIGCHANICAL GNGINGGICNG 

Time Allowed: 3 hours M=imumMaJks: 200 

Caniliilates shouklaJte .. t Question 1 in Section A, any TWO in Section Band any TWO in Section C. 
The number of marks carried by each question is indicaJed at the end of the question. 

Answers must be written in English 

WAP~!Q,,II 

IECTION A 
(a) What 1nformahon regardmg sl1der -crank mecharusm 1S o blamed from Klem' s construchon? 

(b) What 1S Canales acceleral!on? Express tlns m terms of relevant quanhhes 

(c) Descnbe an ep1cychc gear frame and hst 1ts ments 

(d) Why 1S mvolutes curve uruversally used as gear tooth profile? 

(e) Why V -threads are not preferred on power screws? 

(f) Why does torque transmitted by a belt dnve decrease at lngh speeds? 

(g) What 1 s the funchon of a flywheel1n a punchmg press? 

(h) In a three d1mens10nal stress field, state the relahonslnps between the pnnapal stresses 
accordmgto the en ten a 

(!) max~mum shear stress theoty 

(2) maX!mum d!stort:ton energy theoty and represent graph1cally the safe workmg zone 
for two d!mens10nal cases 

(1) A canhlever havmg a square cross-sechon supports a vert1calload at 1ts free end Compare 1ts 
free end deflechon under the followmg two cond1hons 

(!) When the Sides of the square are verhcal and honzontal 

(2) When d! agonal s of the square are verh cal and honzontal 

6) Why m an 1-sechon preferred over a sohd rectangular sechon for use as a beam sechon? 

(k) W1th reference to sheet metal workmg, d!Shngu!Sh between a compound d!e and a 
comb1nahon d1e 

(1) What 1S submerged are weld!ng and what are 1ts ments? 

(m) Descnb e mveshnent castmg and state 1 ts sp ec1al men ts 

(n) List the desuable properhes, W!th reasons, of amouldmg sand 

( o) What are the funchons of cuthng flmd 1n metal cuthng opera!! on? 

(p) Descnb e the methods of e'll onenh al deternunahon of temperahlre on metal cuthng tool face 

( q) What 1 s meant by maclunab1h ty of a work matenal, and how 1s 1 t measured? 

(r) Why 1S 11 necessary to perform electron b ea1mmaclurung m !ugh vacuum enmronment? 

(s) Explain hole-standard and shall-standard systems of tolerance and urulateral and b1lateral 
methods of spec1fymg hm1ts 

(t) What 1S meant by selechve assembly and when 1S 1tused? 

2x20=40 

SECTION-a 

(a) A loaded porter governor has 4 hnk each 25 em long, 2 revolmng masses each we1glung, to N 
and a central dead we1ghtwe1ghmg 200 N Gil the hnks are attached to respechve sleeves at 
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rad!al diStances of 4 em from the ax!S of rotahon The masses revolve at a radms of 15 em at 
m1rumum speed and at a radms of 20 em at maX!mum speed Determme the range of speed 

" (b) What 1S meant by kmehcally eqmvalent system and what 1S 1ts apphcahon? 

The connectmg rod of a gasohne engme 1S 30 em long between 1ts centres It has a 
mass of 1 5 kg and mass-moment of merha of70 kg-em' Its centre of grav1ty 1S at 20 em 
from 1ts small-end centre Detemune the kmehcally eqmvalent 2-mass system of the 
connechng rod 1f one of the masses 1S located at small-end centre 

" (a) A 100 mm long steel bush, havmg 80 mm !nS!de d!ameter and 40 nun wall th1ckness, 1S 
sluunk fit on a steel shaft W!th d1ametral mterference of 0 04 mm, Young's modulus of 
elasnaty and P01sson's raho of the steel are 200 GPa and 0 3 respechvely Coeffiaent of 
fnchon between the bush and the shaft 1S 0 25 Detemune the ax1al force that 1S to be apphed 
to remove the bush from the shaft 

" (b) A torquetransffi!thng sohd steel shaft of 100 mm d!ameter!S replaced by a hollow one of the 
same mater1al havmg 1ts outSide d!ameter lw!ce 1ts mS!de d1ameter Max1mum stress m the 
hollow shaft remamed same as that m the sohd one Compare tors10nal ng1d!ty of the two 
shafts 

" (a) A rectangular steel plate 1S welded as a canhleverto a vert1cal column and supports a smgle 
concentrated load P and shownm F1g 1 Determ1ne the weld S!ze 1fshear stress m the same 
1S not to exceed 140 MPa 25 

(b) An electro rue motor dnven power screw moves a nut m a honzontal plane agamst a force of 
75 KN at a speed of 30 cm/mm The screw has a smgle square thread of 6 mm p1tch on a 
m8Jor d1ameter of40 mm Coeffic1ent of fnchon at screw threads 1s 0 10 Eshmate power of 
the motor 

SECTION -C 
(a) What 1S shear m punchmg and blankmg d!es? Why 1S 11 promded? Winch component of the 

d1e-punch comb1nahon 1S th!S shear promded to? 

" (b) DiScuss the funchon of blank holder m a draWing d!e What 1S meant by redraWing and why 
1S 11 needed? Sketch the shape o fblank holder for a redrawmg d1e 

" (c) A cyhndncal cup Without flange 1S to be drawn from a 2 nun th1ck duralum1n sheet The cup 
shall have d!ameter of 15 mm and he1ght of 40 mm reduchon rat1o m first draw and m 
subsequent draws may not exceed 40% and 15% respechvely Determme the blank S!ze and 
the number of draws necessary 
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( ,, In a turmng operahon, life of the 
sp1ndle speed and feed as follows 

Spmdle speed (rpm) 80 

" cuthng tool has been observed to vaty With change m 

106 125 

Feed (mm/rev) 

Tool hfe (mm) 

035 030 025 

110 60 54 

Determme tool hfe when the operahon 1S performed at sp1ndle speed of 130 rpm With a 
feedof022mm/rev 20 

(b) Define the terms tolerance and allowance 

Nommal d1ameter of a cyhnder bore and the fittmg p!Ston 1S 65 mm Tolerance on 
both p!Ston and bore 1S speafied as 0 05 mm and the reqmred allowance 1S 0 09 mm 
Determme hm1t S!Zes of the p!Ston and the bore and also the largest clearance between the 
two based on base hole standard 

" (c) What 1S a bmlt-up edge and how 1S 11 formed dunng metal cuthng operahon? What factors 
mfluence 1ts formahon and what 1s 1ts effect on performance? 

" (a) A garment manufactunng concern pro duces two types of garments and each type 1s processed 
m three sechons of the factory Mao-mmutes requued by ea type for 1ts processmg 1n 
d1fferent sechons, profit y1elded by each type and man-nunutes avonlable m the sechons are 
g1ven m the table below 

l:'roc:essing mao-minute in -Difli:n:ot aectiom:! b. per pi0ce 

,., ' ""' ""'' Ganneottypel " 30 ' '" Oannent typo n 60 '" ' "' Avail abe m.m. 
mimtte /day """ 630 '" Deternune (1) number of da1ly produchon of each type so that prof1t becomes ma:nmum, (11) 

amount of th!S ma:nmum pro fit and (111) the sechons, resources of wh1ch are fully uhhzed 

" (b) A component can be manufactured m e1ther of two machmes Operahng deta1ls of the two 
machmes are g!Ven below 

IRm""'ine ... -.. ........ ,,_ - " .. 
Cost uf taoli.ng .. ,. ...... -·- 70 !!l:il!. ,,_ 
M•cflittiog 1abourlh<nu" ... .... 
Settihs labom/huul .. , ..... -- , ...... _ 

10 lime& lOIII -- --Deternune the break-even quanhty for produchon of the component and also compare 
economy of the two processes after the break-even p om! 
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(c) A med! cme manufactunng company, for packmg the:tr product, uses glass pluals wlu ch they 
collect from a nearby factory m batches at equal mterval of hme throughout the year 
Deternune econom1c batch S!ze for each collechon on the baS!S of the folloWing data 

Eshmated annual requ:trement 

Purchase pn ce 

Cost oftransportahon 

Cost of storage 

Interest of mveshnent 

Mm1mum mventoty to be 

250,000 p1eces 

Re 1 perp1ece 

Rs 100pertnp 

Rs 10 per thousand per year 

15%peryear 

mamtamed at any tune 1000 p1eces 

and calculate cost of mventoty per p1ece mclud!ng all charges 
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