
Ttme Allowed Three Hou10 MaXJmwn Marks 200 

Canchdates should attempt any FIVE quesl!ons Asswne swtable data, Jj necessary, and mdJcate them 
clearly Use of Steam Tables, Psychrometnc Chart and Rejhgeratwn Tables Js permllted 
For aJr R = 0 287 k.Jikg-K, Cp = 1 005 kJ!kg-K 
u= 1 4, M = 28 966 kg/kg-mole 

(a) Expla!n the terms (1) co effic1ent of cub1 cal exp ans10n, ~ and (11) co effia en! of compresS1b1hty 
K Hence, show that ~/K = (E!PiiiTJv 

(b) U smg Maxwell's and other equat10ns, show that 

Hence show that 

Cp-Cv= ~' T v/K 

(o) 

(1 0) 

(c) A reverSible engme 'A' absorbs energy from a reserv01r at temperature T 1 and reJ eels energy 
to a reserv01r at temperature T, A second engme 'B' absorbs the same amount of energy as 
reJected by eng~ne 'A', from the same reserv01r at temperature T, and reJects energy to a 
reserv01r at temperature T3 What wdl be the relahon between T~, T, and T3 1f (1) the 
effiaenaes of both the eng~nes 'A' and 'B' are the same and (11) the work dehvered by both 
the engmes 1S the same ? 

(1 5) 

(d) An 1deal gas 1S heated at constant volume unhl 1ts temperature 1S 3 hmes the ongmal 
temperature, then 11 1S expanded iSothermally hll1t reaches 1ts ongmal pressure The gas 1S 
then cooled at constant pressure hll1t 1s restored to the ongmal state Determme the net work 
done per kg of gas 1f the 1m hal temperature 1S 3 50 K 

(1 0) 

(a) Make a detaded companson of S I and C I eng~nes W!th respect to baS!c cycle, fuel, 
mtroduchon of fuelm the cyhnder, 1 gmhon, compress10n rah o, speed, effic1ency and wetght 

(1 5) 

(b) DiScuss the em!SS!ons from S I eng~nes and C I engmes On what factors do these enuss10ns 
depend 7 D1 scuss how these em!SS!ons can be controlled 

(1 0) 

(c) Expla!n clearly what do you understand by superchargmg How 1S 11 aclueved? What 1S the 
effect of supercharg~ng on the folloWing parameters 

(1) Power Output 

(11) Mechan1cal Effic1ency and 
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( ,, 
(111) Fuel Consumpl!on 

(1 5) 

An 1ron plate oftluckness Land thermal conduchv1ty K 1S subjected to a constant heat flux q0 
Wlm' at the boundaJY surface at x = 0 From the other boundaJY surface at x = L, the heat 1S 
d!SS!pated by convechon mto a flU1d at temperature Too W!th a heat transfer coeffic1ent h 
Develop the expresSions for the surface temperatures T1 and T, at the surfaces x = 0 and x = 
L, respechvely 

For the folloWing data, calculate the surface temperatures T 1 and T, 1 f L = 2 em, K = 2 0 W/m 
'C, q0 = 1 0' W/m2

, Too= 50°C and h = 500 W/m2 °C 

(1 5) 

(b) Explam clearly what do you understand by the terms veloaty boundaJY layer and thermal 
b oundaJY layer G1ve the1r 1mp ortance m the field of engmeenng 

The veloc1ty profile for boundaJY layer flow over a flat plate 1S g1ven by 

u - u 2 L _ _1_ L l(l(l') ,.,- ~ 2 5x 2 5x 

If the boundaJY layer tluckness 1S g1 ven by 

Jx= 4280 ux 
13 u~ 

develop the express10n for the local drag co effi a ent c, over a diStance x = L from the leadmg 
edge of the plate 

(1 5) 

(c) Detenmne the net rad!ant mterchange between two parallel oX!d!zed 1ron plates, placed at a 
d1stance of 30 mm, hamng S!ze of 4 m x 4 m The surface temperatures of the two plates are 
120° C and 40° C respechvely The em!SS!V!ty of both the plates" 0 736 

(1 0) 

(a) An 1deal vapour compress10n refngerator US!ng Freon -12 operates between temperature hm1ts 
of-10° C and 40° C The refngerant leaves the condenser d!y saturated The rate of flow of 
refngerant through the urut 1S 15 0 kg/hr 

Calculate the refngerahng effect per kg of refngerant, the coeffic1ent of performance and the 
cap aaty of the plant 1£ 

(1) the refngerant leaves the condenser dty saturated as stated 

(11) the refngerant" sub cooled to 20° C before throttlmg 

Assume that the enthalpy of refngerant before throttlmg 1S approXimately equal to the 
enthalpy ofhqU1d refngerant at under-cooled temperature of 20° C and take 1t ash,= 50 59 
kJ/kg G1ve your conunents on the result Solve the problem by US!ng tables 

(2 5) 

(b) Define human comfort G1ve the factors govemmg ophmum effechve temperature Outhne 
the mam pomts conSidered for coohng load eshmate and heahng load eshmate 

( ,, (1 5) 

A slup 1S sathng m the ocean The captam of the slup observes an1ceberg floahngm the sea at 
a d!stance and he eshmates the V1S1ble volume of the 1ceberg above sea level as 600m3 If 
the denSity of the 1ceberg 1S 915 kg/m3, detemune the total volume and we1ght of the 1ceberg 
The denSity of the sea water may be taken as 1 02 5 kg/m3 
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(o) 

(b) Explam prachcal uhhty of ventunmeter and p1tot tube Start:tng from first pnnaples, denve 
the expresS! on for discharge of a hqm d through a ventunmeter 

If the coeffiaent of discharge of a ventunmeter 1S 0 96, the ventunmeter constant 1S 0 3 
m"isec and ventun head 1S 0 2m, find diScharge through the ventunmeter 

(1 5) 

(c) A aty has one m1lhon populal!on and water supply to the c1ty 1S from a reserv01r 10 km 
away The tlllmmum reqmred water supply 1S at the rate of 150 htres per head per day The 
supply 1S made m two slnft~ each bemg for 8 hours Durahon The full supply level of the 
reserv01r 1S R L 1 80 0 0 and 1ts lowest level!S R L 1 0 5 0 0 The del1vety end of the mam 1S at 
R L 22 5 m The head loss at the dehvery of the mam 1s 12 m Fmd the d!ameter of the p1pe 
reqmred Assume fnchon factor equal to 0 04 

(2 0) 

(a) A mcular cyhnder ofhetght 200 mm andradms equal to 80 mm 1S open at the top lt!S fixed 
on a table at 1ts centre wh1ch can be rotated by a motor Detenrune the speed of rotahon of the 
tab! e so that one-tlnrd of the area of the bottom of the cyhnder gets exposed At the begmmng 
of the rotahon the cylmder was filled W!th a hqU1d 

(1 0) 

(b) A cyhndncal tank 1S placed W!th 1ts ax!S verhcal A c1rcular onfice of 40 mm d!ameter 1S 
fitted at 1ts bottom The supply of water mto the tank 1S at umform rate and at the same hme 
water 1S diScharged through the onfice A manometer tube 1S fitted on the S!de of the tank to 
md!cate the level of the water An observer starts the stop watch when water level was at 60 0 
mm It was found that water level becomes 800 mm after one nunute Agam the observer 
starts the stop watch when water level was at 1 m and 11 was found that water level becomes 
1 1m m one mmute Calculate the d1ameter of the tank by assunung coeffic1ent of d!scharge 
for the onfice equal to 0 6 

(2 5) 

(c) Show that the fnchon factor 1S mversely proporhonal to the Reynolds number m case of 
lanunar flow m arcular p1pes (5) 

(a) Explam the terms stable, unstable and neutral eqU1hbnum m reference to the floahng bod1es 

(o) 

(b) Compare the veloc1ty prof1les for lammar flow and turbulent flow m p1pes and comment on 
ili= 

(c) Areachon turbme has to be deSigned to develop 370 kWunder ahead of70 m wh1le runrung 
at speed equal to 750 rpm 

Raho ofW!dth of runner to the outer d!ameter of 

runner= 0 1 

Raho of 1nner d1ameter to the outer d1ameter = 0 5 

F1owrat10=0 15 

Hydraul1c effic1ency = 95% 

Mecham cal effic1ency = 84% 

C1rcumferenh al area o ccup1ed by th1ckness of vanes = 5% 
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Assummg veloaty of flow constant, calculate gmde vane angle at mlet and runner vane 
angles at mlet and outlet The radial veloaty 1S equal to 3 5 m/sec 

(3 0) 

(a) DiScuss the importance of d!mens10nal analySis Explam clearly Buckmgham's x theorem 
method and Rayle1 gh' s methods of dimensiOnal analySiS 

A arcular cyhnder of a given Length/Diameter raho is kept m steady rota!! on at N revol/ sec, 
m a umform stream offlmd of velocity v Assummg that the power reqmred to mamtam the 
mohon depends on denSity p, kmemahc V!SCOS!ty u of the flmd, and the d!ameter D of the 
cyhnder U smg Rayleigh's method show that 

P~ pu
3 f(vD, ND'l 

D c c 

An airplane flies at an alhtude W!th a veloaty of800 km/hr The pressure and temperature at 
that all! tude are 1 206 x 10 Nim' and 217 K respecl!vely Calculate 

(i) the max:1mum p osS!ble temperature on the airplane skin, 

(11) the max:1mum p osS!bl e pressure mtenS!Iy on the airplane body, 

(111) the cnh cal velo a ty of a1r relahve to the airplane, and 

(iv) the max:1mum p osS!bl e velocity of the a1r relahve to the a1rpl ane 

(C) 

(c) Define Froude number, Reynolds number, Mach number, Euler number and Weber number 

(l) 

(d) ConS!denng Froude number as the cntenon of dynatll!c S!milanty for a certain flow S!luahon, 
work out the scale factors for velocity, hme, d!scharge, accelerahon, force, work and power 
m terms of the scale factor for length 
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IIIGCHANICAL GNGINGGICNG 

Ttme Allowed Three Hou10 MaXJmwn Marks 200 

Canchdates should attempt Quest! on 1m lllctwn A winch Js compulsory, TWO questions from llectton Band 
TWO questions from llectton C 

Question 1 Js of short answer twe, hmllmg answer of each part to 30 words 

Assume swtable data, ll necessary and u'!dJcate them clearly 

SECnONA 
(a) State the cond1hon~ wlnch should be sal!sfied to obtam a kmemahcally eqmvalent system 

With two lumped masses for a connechng rod execuhng plane mol! on 

(b) What 1S meant by hunhng m case of engme With governor? Is the degree ofhuntmg more or 
less m case of iSochronous governor as compared to unstable governor? 

(c) What 1S meant by (1) pressure angle, and (11) p1ch pomt of a cam-follower mechamsm? 

(d) Define contact ral!o of two mahng gears and menh on 1ts 1mp ortance m deSign of gear dnve 

(e) How does dampmg m a smgle-degree freedom system affect the natural frequency of 
v1brahon? E'lllam 1ts e'llresS!on m terms of system parameters 

(f) Menhon the relahonsh1p between three elast1c constants 1 e, elashc modulus (E), ngHhty 
modulus (C), and bulk modulus (K), for any elashc matenal How 1S the P01sson's raho (p) 
related to these modulu? 

(g) State what 1S meant by kmemat1c mvers10n of a mecharusm Name any one of the 1nverS1ons 
of double shder -crank mecharu sm, as used 1n prachce 

(h) If a rod of bnttle matenal1s subjected to pure tors10n, show W!th help of a sketcl! the plane 
along wh1ch 11 W!ll fail and state the reason for 1ts failure 

(1) The d1ameter of a nuld steel rod 1 s to be reduced from 70 mm to 65 mm by plain tunung m a 
smgle pass at speed of 30 0 rpm and feed of 0 4 mm/rev Determme the matenal removal rate 
(MRR) m cub1 c cenhmeter ( cc )/mm that W!ll occur dunng the aforesaid machuung operahon 

6) Keepmg the other parameters same, what W!ll be the effect of mcreasmg the d1ameter of the 
straight fluted plain nulhng cutter on the average uncut ch1p tluckness and why? 

(k) How 1S "Bend Gllowance" (BA) calculated m sheet metal workmg? 

(1) How 1S the wax pattern mode for an mveshnent castmg and why 1S the master pattern made 
overSize? 

(m) What 1S meant by BaS!c Length Urut (BLU) of CNC machme tools? Detemune the BLU of a 
CNC machme tool whose work-table 1S moved by a 4 nun p1tch lead screw dnven by a 
stepper motor havmg 20 0 steps m one rotat10n/revoluhon 

(n) N arne any four weld!ng processes wluch are employed for permanently J ommg two d!SS!nul ar 
metals 

(o) How fine through holes of d1ameter less than 50 nucrons can be made 1n 1 0 mm th1ck 
alummmm sheets? 

(p) Menhon the relahve advantageous charactenshcs of polymer products and the1r 
manufactunng over those of S1m1lar metal pro ducts 
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( q) Enumerate four purposes o fkeepmg mventoty 

(r) What are the properties to be sahsfied by a compehhve S!tuahon to be called a 'GAME' With 
reference to operat10n research? 

(s) Define "Dynam1c Programmmg" and Bellman's pnnc1ple of ophmahty 

(t) Illustrate the Simplest form of ALLOCATION PROBLEM by Three Mathemat1cal 
Equahons 

(2x20=40) 

SECnON B 
(a) Two parallel shafts md!cated m figure below are connected by an mtermed!ate shaft Wlth a 

Hooke's JO!nl at each end Show how the JOmts should be onented to obtam a constant 
angular veloaty raho between the dnvmg and dnven shafts 

The mtermed1ate shaft of the above arrangement has amass moment ofmertla 3 gm' and 1S 
mchned at 300 to the axes of the dnvmg and dnven shafts If the dnvmg shaft rotates 
urufonnly at 2400 rpm With a steady mput torque of 300 Nm, detenrune the max:1mum 
fluctuahon of the output torque 

(2 0) 

(b) A smgle cylinder honzontal reaprocahng engme mechaniSm has a crank of 8 em length and 
connechng rod 36 em length The engme speed 1S 2000 rpm clockwise Determme the 
veloc1ty and accelerahon of p!Ston when the crank" 315° from mner dead centre Also 
determme the angular accelerahon of connechng rod and total accelerahon of1ts m1dpomt 
Use relahve velo c1ty and accelerah on method only 

(1 0) 

(c) Determme the addendum of the teeth of a gear p a1r conS!shng of two spur wheels each havmg 
30 teeth to have a m1rumum contact raho equal to 2 The c1rcular p1tch 1S 2 5 em and pressure 
angle!S 200 

(1 0) 

(a) A steel bolt of d1ameter 10 mm passes through a brass tube ofmtemal d!ameter 15 mm and 
external d!ameter 25 mm The bolt 1S hghtened by a nut so that the length of tube 1S reduced 
by 1 5 mm If the temperature of the assembly 1s raised by 40°C, eshmate the aX!al stresses 
m the bolt and the tube before and afterheahng Malena! properties for steel and brass are 
E, = 2 X 105 N/mm2, '4 = 1 2 X 10-S>D C and E, = 1 X 105 N/mm2, 0:, = 1 9 X 10-S>D C 

(1 0) 

(b) A sohd phosphor bronze shaft 60 mm m d1ameter 1S rotahng at 800 rpm and transm1thng 
power It 1S subjected to tors10n only An electncal reS! stance strain gauge mounted on the 
surface of the shaft With 1ts ax:1s at 45° to the shaft ax:1s, g!Ves the strain read!ng as 3 98 x1 o-< 
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If the modulus ofelashcity forbronze!S 105 GN!m' and P01sson's raho 1S 0 3, find the power 
bemg transmitted by the shaft Bendmg effect may be neglected 

(1 0) 

(c) Fmd the slope and deflechon at the free end of a canhlever beam of length 6 mas loaded 
shown m figure below, usmg method of superpoS!hon Evaluate their numencal values usmg 
E=200 GPa, I= 1 x 10-4m4 andW= 1 kN 

(1 0) 

'w >W w 

1<---•m--~ 

'm 
(a) A steel rod of diameter 50 nun 1S forced mto a bronze casmg of outSide diameter 90 mm, 

producmg a tenSile hoop stress of 30 MPa at the outS! de d!ameter of the casmg Fmd 

(i) the rad! al pressure between the rod and the casmg, 

(11) the shnnkage allowance and 

(111) the nse m temperature wluch would JUSt ehnunate the force fit 

Assume the followmg matenal properhes E, = 2 x 105 MPa, ~s = 0 25, a,= 1 2 x 10-5/°C 
andEt= 1 x 105 MPa, ~t=O 3, a,= 19 x 10-5/°C 

(2 0) 

(b) A cyhndncal billet of40 mm d!ameter and 100 nun length 1S reduced by mdirect (backward) 
extrus10n to a 15mm d!ameter usmg Flat Dies If the Jolmson equahon has a 0 8 and b = 1 5 
and the flow curve for the work metal has K = 750 MPa and n = 0 15, detemune 

(i) extrus10n raho 

(11) hue stram (homogeneous deformahon) 

(iv) extrus10n stram 

(iv) ram force 

(c) Menhon the maJor essenh al consh tuents of any F1 e:nble Manufactunng System (M F S) used 
for produchon by machmmg Also state the basic funchons of those conshtuents (sub 
systems) 

(1 0) 

SEC:nON C 
(a) Compare the sohdificah on hme of two ophmum S!de-n sers of the same volume when one has 

a cyhndncal shape and the other 1S of square parallelopiped 

(2 0) 

(b) Name the processes by which external screw thread can be produced (both manually usmg 
tools andinmachmes) 
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(1 0) 

(c) For reSiStance spot weldmg of two al umuu um sheets, each 2 mm tln ck, a current of 50 00 A 
was passed for 0 15 sec The total reSistance was estimated to be 75 ~0 and the nuggest 
diameter and thickness were measured to be 5 mm and 2 5 mm respechvely What would be 
the proport10n of heat energy uhhzed for weldmg if the melhng energy per urut volume for 
alummium 1S taken as 2 9 Jimm3? 

(1 0) 

(a) Dunng tunung a carbon steel rod of 160 mm diameter by a carbide tool of geomehy, 0°, 0°, 
1 0°, 8°, 15 °, 75 °, 0 (mm) at speed of 4 0 0 rpm, feed of 0 3 2 mm/rev, and 4 0 mm depth of cut, 
the followmg observahons were made Tangenhal component of the cuthng force, P, = 
1200N 

Ax!al component of the cuthng force, Px= 800 N 

Chip thickness (after cut), a, = 0 8 mm 

For the above maclumng condihon deternune the values of 

(i) Fnchon force, F and normal force, N actmg at the chip-tool interface 

(u) Yield shear strength of the work mat en al under th!S maclurung cond! hon 

(111) Cuthng power consumphon m kW 

(2 0) 

(b) When a rectangular sechon, 100 mm W!de and 60 mm !luck, 1S rolled to some thickness in 
one pass W!th rolls of 4 00 mm d! ameter m hot rollmg, where coefficient of fnct10n 1S 0 3, 

(c) 

(i) What iS the highest posSible reduchon m that pass? 

(u) What wdl be the 'length of contact' W!th the rolls? 

(111) If the mean rolhng pressure 1S 500 MPa, what 1S the total rolhng load? 

(1 0) 

(c) What are the detnmental effects of the !ugh cuttmg temperature on the macluned 
product and the cuthng tool? 

(u) How can such cuthng temperature be reduced W!th out sacnficmg pro ducliV! ty? 

(6+4 =10) 

(a) A certam company produces tea trays and ash trays out of sheet metal FolloWing data 1S 
given on cap aaty ava1labdity and economics of each pro duct 

Department Available 

""' 
Deternune the ophmum produchon schedule Each ash tray contnbutes Rs 20 to the gross 
profit and each tea tray contnbutes Rs 30 to the gross profit Total dally fixed costs amount 
toRs 45,000 

Solve tlns problem graphically What 1S the ma:nmum net profit per day at the ophmum 
produchon level, mclud!ng the effect of fixed cost? 

(2 0) 

(b) What 1S a "Trend Lme" m sales forecashng by Time Senes AnalySiS? 
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In a company the sales figures for a part1cular product for 16 consecuhve quarters were 
recorded as follows 

""~" Uruts sold 

' 1 00 0 

' 3000 

' 4000 

' 2000 

' 1 00 0 

' 3000 

' 5000 

' 3000 

' 2000 

w 4000 

" 6000 

" 3000 

n 2000 

" 5000 

" 7000 

" 4000 

Deternune the trend hne for tlus product 

(1 0) 

(c) W1th reference to cnhcal path method define the followmg terms W!th a bnef descnphon of 
each of them 

(1) Cnhcal path 

(11) ProJect graph 

(111) Early start and early firush hmes 

(1 0) 
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