
MGCHANICAL GNGINGGBING 

Time Allowed: 3 hours M=imumMaJks: 200 
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Candidates should attempt any five questions 
All questions carry equal marks 

Answers must be written in English. 

PAI'EII~ 
0 14 m3 of steam at 2 0 bar and 2 50 oc " expanded reverSibly and p olytrop1 cally to 2 bar Fmd 
the final temperature, work done, heat transferred and change of entropy, 1f the mdex of 
e'llanS!on 1S 1 25 

The spec!lic heats of a gas are of the form c, = a+ kT and Cv = b + kT, where a, b and k are 
constants and T!S m K Denve the formula T' v•-b e"'-= constant, for ad!abal!c expanSion of 
the gas 

A closed system contams 0 5 kg of atr It e'llands from 2 bar, 60'C to 1 bar, 40'C INnng 
e'llanS!on 11 rece1ves 2 k.J of heat from a reserv01r at 100' C Assummg atm, asphenc 
cond!t10ns to be at 0 95 bar and 30' C, calculate (1) the max~mum work (11) work done an 
atmosphere, and (111) change m avaJ!ab1h ty 

Prove that for the same compress10n ral!o the Otto cycle 1S more effiaent than the D1esel 
cycle 

Sketch and explam the workmg of a Simple carburetor Glso e'lllam how the slow ruruung 
and compensahngJets work 

The volume rahos of compress10n and e'llanS!on for a Diesel engme as measured from an 
md!cator d1agram are 1 5 3 and 7 5 resp echvely The pressure and temperature at the 
beguuung of compress10n are 1 bar and 27°C Assunung an 1deal engme, determme the mean 
effechve pressure, the raho of max1mum pressure to mean effechve pressure and the cycle 
effiaency 

Glso find the fuel consumphon per kWh 1f the md!cated thermal effic1ency 1S 0 5 of 1deal 
effia ency, mecharucal effi a ency 0 8 and calonfic value of 01l 4 20 00 kJikg 

(a) What do you understand by nuclear fiss10n? What are the essenhal reqmrements to cause 
nuclear fiss10n? IHaw a neat d!agram of a unclear reactor and explam the funchon of 
d1fferent components 

(b) Followmg ob servahon' s were made dunng the tr1al of a gas fired b o1ler of steam power plant 

Generator ou11ut 50000 kW 

Steam cond1hons pressure 

Feed water temperature 

Steam output 

Percentage compoS!hon 

of fuel (natural gas), 

by volume 

H1gher calonfic value 

of gas 

50 bar, temperature 500°C 

80°C 

65 kg/s 

CH=965, 

CJ-1,;=05 

(rest mcombushbles) 

38700 kJ/m3 at 

1013barand15°C 

Gas consumphon 6 5 m3/s 

Calculate the bo1ler effic1ency and the overall thermal effia ency based on the lower calonfi c 
value of the, fuel 
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(a) Menhon the types of nozzles you know Where are these used? 

(b) From first pnnaples, prove that maX!mum diScharge per urut area m a steam nozzle at the 
throat 1S giVen by the express10n 

where p 1 and v1 are pressure and sp ec1fic volume at the mlet and r 1 s the 1ndex of exp anS!on 

(c) At a parhcular nng of a reach on turbme havmg 50% degree of reach on, the blade speed 1S 70 
m/s The mass of steam 1s 5 kg/s dry saturated at 1 5 bar Both fixed and movmg blades have 
mlet and eX! I angles of 35° and 20° respechvely Deteruune 

(1) the power developed m kW by the p atr of nngs, 
(11) the blade he1ght, wluch 1s to be one-tenth the mean blade nng d1ameter, 

(111) the heat drop by the pa1r 1fthe steam expands W!th an effic1ency of 80% 

(a) G1ven the rad1al eqmhbnum equahon m the form 

dp~pV,' 
dr g r 

where v, 1S the tangenhal component ofveloc1ty of a gas element of denSity p at a radius r 
the pressure bemg p, denve the free vortex equahon statmg dearly the assumphons made 

(b) A centnfugal compressor has a pressure rat1o f 4/1 W!lh an 1Sentrop1c effic1ency of 82% when 
ruruung at 16000 rpm It takes 1n atr at 17°C Gmde vanes at mlet g1ve the atr apre-wh1rl of 
20°to the ax:tal d1rechon andradu and the mean diameter of the eye" 200 mm, t absolute a1r 
veloc1ty at mlet 1S 120 rrJs At eX!! the blades are radically mchned and the 1mpeller hp 
d1ameter 1S 5 50 mm Calculate the shp factor of the compressor 

(c) Descnb e W!lh a neat sketch the workmg of a turboJet eng~ne 
(a) What 1S effechve temperature ? Sketch a comfort chart and expl atn 1ts S!g!Uficance 

(b) The propert1es of atr m a room are temperature 35°C and relahve hum1d1ty 70 per cent 
Determme (1) the parhal pressure of atr, (11) the hunudity raho, (111) the saturahon raho, (1v) 
dew p om! temperature, (v) denSity of the a1r -vapour mmture, (m) the enthalpy of mmture per 
kg of dry atr Assume room pressure to be 10132 bar and the spec1fic heat for the super­
heated vapour as 1 863 kJ!kg K Solve the problem W!lh the help of steam tables 

(c) A Freon -12 refngeratorproducmg a coohng effect of20 k.J/s operates on a Simple cycleW!th 
pressure hm1ts of 1 509 bar and 9 607 bar The vapour leaves the evaporator dty saturated 
and there 1S no under coohng Deter V mme the power reqmred by the maclune 

If the compressor operates at 3000 rpm and has a clearance volume of 3% of stroke volume 
determme the p!Ston diSplacement of the compressor For compressor assume that the 
expans10n follows the lawpv113 =constant 

(a) Denve the equat10n for temperature distnbuhon1n a fin W!th an msulated hp Then obtatn an 
express10n for heat d!SS!pahon be mtegrahng the convechve 1 osses along 1 ts surface 

(b) Define the terms NTU and effechveness Denve an express10n for effechveness of a 
counterflow heat exchanger m terms of NTU and capaaty raho 
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(c) 

( ,, 

(c) 

Show that the heat etllltted per urut area from a black body m the hemiSphere above the body 
surface 1S g1ven by 'lb = JC! where I 1S the black body rad!ahon emitted per uru t hme and solid 
angle subtended at the source, and per urut area of etlllthng surface normal to the mean 
duechon m space 

Define the terms boundaJY layer tluckness, d!Splacement tlnckness and the momentum 
tluckness and diScuss the1r prachcal uhl!ty 

Obtam an express10n for the spec!lic speed of a hydraul1c turb1ne and explam 1ts 
S!gruficance G1ve the range of spec!lic speed values of the Kaplan, FranciS turbmes and 
Pelton wheels 

A centnfugal pump has an 1mpeller With mner and outer d!ameter of 150 and 250 mm 
respecl!vely The pump dehvers 0 05, m3/s of water when ruruung at 1500 rev/nun The 
veloc1ty of flow through the 1mpeller remams constramt at 2 5 m/s The blades are curved 
back at an angle of 3 0 to the tangent at eXIt and the mlet 1S 3XI al The d1ameters of the such on 
and dehvery p1pes are 150 mm and 100 mm respechvely The pressure head at such on 1S 4 m 
below and that at del1vety !S, 18m above atmosphere The power reqU1red to dnve the pump 
1S 18 kW 

F1nd 

(1) the vane angle at ullet 

(11) the overall effiaency, and 

(111) the manometer eff!C! ency 
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IIIBCHANICAL BNGINBBAING 

Time Allowed: 3 hours 

~#1~~1'1 ~II 

IECTIOIII A 
(a) State Grashofs en tenon for a1mmovabd!ty of a four bar hnkage 

M=imumMaJks: 200 

(b) In an e'llenment on forced v1brahon response of a smgle degree of freedom system, 11 1S 
found that half power pomts he at llequenc1es 40 and 44 Hz Fmd the damp1ng factor of the 
system 

(c) Name any two cenmfugal governors, w!uch are gra~l!ty controlled State w!uch one 1S more 
senS!hve 

(d) In reference to a cam-follower mechamsm define 

(1) fume arcle (11) pressure angle 

(e) The elashc and shear module of an elashc matenal are respechvely 2 x 10 10 Pa and 8 x 1010 

Pa resp echvely Determme P01sson' s ral!o of the matenal 

(f) A uruform beam of length L 1s canymg a umformly d!SIWibuted load w per urut length and 1S 
Simply supported at1ts ends What would be the max~mum bendmg moment and where does 
11 occur? 

(g) Euler's cnhcalload for a column With both ends lunged s found as 40 kN What would be the 
change 1n cnhcalload, 1f 1ts both ends refixed? 

(h) A thm cyhndncal vessel ofmtemal d!ameter d and tluckness t 1S closed at both ends and 1S 
subjected to an 1ntemal pressure p How much would be the hoop and long1tudmal stress m 
thematenal? 

(1) A power screw has a helm angle a and coeffic1ent of fnct10n ~ E'llress the cond!hon to be 
sahsfied by the screw to be selflockmg 

6) State the modes o f1 oad!ng on a steel key cotmechng a belt dn ven pulley to shaft 

(k) What are the mam consh tuhng elements of brass and pho 11hor bronze? 

(1) Group the folloWing matenals mto thermoplashcs and thermoses PVC, Bakel1te, Teflon 
Form1ca 

(m) How much surface rouglmess 1S denoted by the folloWing? 

(n) N arne the form of welds, wh1ch are represented symb ohcall y as 

,,, 
(u) 

( o) In at tummg operahon determme the matenal removal rate, 1f depth of cut = 2 mm feed per 
revoluhon = 0 5 nun and the surface veloc1ty of the JOb p1ece =50 Wnunute 

(p) N arne any two advantage~ wluch a hot workmg pro cess has over the cold workmg pro cess 

(q) List any two advantages of Rowan plan of wage mcenhve for d1rect workers 

(r) In a PERT analySiS, the cnhcal path of a proJect 1S of 120 day With a vanance ofl6 (days)' 
Deternune the 9 5% confidence hm1ts of the proJ eel complehon hme 
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(s) There are two carmanufactunng factones A and B, producmg same model of cars They are 
employmg 1200 and 3000 workers and producmg 15 and 50 cars per month respecl!vely 
Find ab our produchvity of each firm 

(t) What 1S a compiler m a computer? 

(2x20) 

IECTION- B 
(a) A sohd shaft of diameter 3 em 1S fixed at one end It!S subjected to a tenSile force of 10 kN 

and a torque of60 Nm At ap01nt on the surface of the shaft, determme the pnnapal stresses 
and the max:1mum sheanng stress 

(1 5) 

(b) The equahon of the turmng moment for a three crank engme 1ST,= 25 0 -7 5 S!n 38kNm, 
where 8 1S the crank angle measured from inner dead centre The reS!stmg torque exerted by, 
the dnven maclnne 1S given by T, = 25 0 + 3 6 sm 8 kN m The moment of merha of the 
flywheel!S 360 kg m' and the mean engme speed 1S 450 rpm Calculate 

(i) power of the engme 

(11) maX!mum fluctuahon of flywheel energy per cycle, and 

(111) the coefficient of fluctuat10n of speed 

(2 5) 
(a) The hnk of a mecharusm 1S subjected to ax:1l compresSive force It has sohd circular cross­

sechon W!th d!ameter 9 mm and length 200 mm The two ends of the hnk are lnnged It 1S 
made of steel havmgyield strength =400 mm' and elashc modulus= 200 kN!mm' Calculate 
the cnhcalload that the hnk can cany Use Johnson's equal! on 

(1 6) 

(b) An automol!ve Single-plate clutch conSists of a pa1r of contachng surfaces The inner and 
outer d!ameters of fnchon plate are 120 mm and 250 mm respectively The coeffiaent of 
fnchon 1S 0 25 and the total ax:1al force 1S 15 kN Calculate the power transmithng capacity of 
the clutch plate at 50 0 rpm usmg (i) uruform wear theoty and (11) uruform pressure theoty 

" (a) An epicyclical gear tra1n as shownm Fig 1 has a sun wheel S of 30 teeth and two planet 
wheels P-P of 45 teeth The planet wheels mesh W!th the internal teeth of a fixed annulus A 
The dnvmg shaft canymg the sun wheel transm1ts 4 kW at 360 rpm The dnven shaft 1S 
connected to an arm, will ch cames the planet wheels Determme the speed of the dnven shaft 
and the torque transm!tted, if the overall effiaency 1S 95% 

(1 6) 

A 

(b) A transmiSSion shaft supporhng two pulleys A and Bare mounted between two beanngs c, 
and c, as shown in Fig 2 Power 1S transm!tted from pulley A to B The shaft 1S made of 
plam carbon steel havmg ulhmate tenSile strength= 600 Nlmm' and yield strength 380 
N/mm' Determme the shaft diameter on the baS!s of tors10nal ng~dity, if the perm!SS!ble 
angle of tw:tst between two pulleys 1S 0 50 and the shear modulus of the matenal 1S 80 
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kN!mm' The perm!SS!ble shear stress may be taken as 30% of the y1eld strength or 18% of 
the ulhmate tenSile strength, wh1chever 1S nurumum Check for1ts- safety 

(24) 

~ r / !'\l 
-- . - ---· 

~ C1 ~ ~ c," "' 
120 J:-200 

B 
'180~ 201);. 

"""' -~ - .. ~ "" Ftg. 2 

"'"" • 
IECTION- B 

(a) DiScuss the factor~ wluch govern the selechon of a matenal for amachme component 

(1 3) 

(b) Descnb e bnefly d1fferent stages of temp enng process m steels 

(1 2) 
(c) What are the pnnc1pal uses of(1) low carbon (11) medmm carbon and (111) h1gh carbon steels? 

Menhon also the amount of carbon present m these steels 

(1 5) 
(a) What 1S upset forgmg and how 1S 1t done? What are theu linu tat10ns? 

(1 0) 

(b) Explam the workmg pnnc1ple of ECM DiScuss how the maclurung rate m tlus process 1S 
affected by the followmg (1) rate of flow of electrolyte (11) temperature of electrolyte (111) 
applied voltage between tool and workp1ece 

(2 0) 

(c) Descnbe bnefly the operahon of a maclumng centre 

(1 0) 

(a) Ifm a lot 10 percent components are found defect1ve, find the probab1lity, that m a random 
sample of 5 components not more than one 1S defechve 

(1 2) 

(b) Descnb e clear! y the funchon of rouhng, scheduling and d!sp atchmg 

(1 2) 

(c) What 1S ABC analyS! s? Descnb e bnefl y the procedural steps taken m th!S anal Y"' 

(1 6) 
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