
Ttme Allowed Three Hou10 MaXJmwn Marks 200 
Canchdates should attempt any FIVE queslions 
All queslions carry equal marks 
Asswne swtable data Jjnecessary and u'!dJcate them clearly Use of P- H Chart and Psychometnc Chart Js 

permllted 
For aJr R = 0 287 k.Jikg K, 
cp=l005kJ!kgK,y=l4 
Assume 1 bar= 1 kg/em', ifnecess31)' 

SECnONA 

(a) U smg Maxwell's rel allons, show that for a pure substance 

Tds = c,di- TvfJ dP 

=CdT+Tf_dv 
' K 

where~ iS coeffiaent of cubical expans10n, K 1S coefficient of compresS!bil!ty and C, and C 
are specific heats at constant pressure and at constant volume respechvely 

(1 5) 

(b) State the Clausms mequal!ty m words 

An mventor claJms that he has developed a heat engme wluch absorbs 1200 k.J and 800 k.J 
fromreserv01rs at 800 K and 600 Kelvm respechvely and reJects 600 kJ and 200 k.J as heat to 
reserv01rs at 400 K and 300 K respechvely It dehvers 1200 kJ work Detemune whether the 
heat engme 1S theoreh cally po sSJ ble 

(1 5) 

(c) A mass m of fhud at temperature T1 1S mmed With an equal mass of the same flmd at 
temperature T, Prove that the resultant change entropy of the umverse 1S 

2mc 
(Ij+T,)/2 

..Jr,r, 
(1 0) 

(a) Expla!n clearly the terms pre-igruh on, detonal! on and diesel knock 

(1 0) 

(b) What 1S superchargmg? Explam the thermodynamic cycle for a supercharged I C engme 
Which engme 1S more sUitable for supercharg~ng- spark igtlihon engme or compress10n 
igruhon eng~ne? Why? 

(1 0) 
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(c) A 16 -cyhnder d! esel engme has a power output of 80 0 k W at 9 00 revol uh ons per mmute The 
engme works on the four stroke cycle and has a fuel consumphon of 0 238 kglkW hr The 
pressure m the cyhnder at the begmrung ofmJechon 1S 32 4 bar and the maX!mum cyhnder 
pressure 1S 55 bar The mJector 1S set at 214 bar and maX!mum pressure at the inJector 1S 
around 60 0 bar The co effi aent of diScharge for the mJ ector 1S 0 6 The sp ec1fic grav1ty of the 
fuel!S 0 86 Calculate the onfice area requued per mJeclor 1fthe !nJechon takes place over 10 
degree crank angle 

(1 0) 

(a) A layer of 5 em th1ck msulahng bnck havmg conductnnty of 1 5 W/m K 1S placed between 
two 0 5 em tlnck steel plates The conduchv1ty ofm1ld steel!S 50 W/m K The faces ofbnck 
adJacent to the plates are rough havmg sohd-to-sohd contact of 30% of the total area The 
average he1ght of the aspenhes" 0 1 em 1f the outer plate surface temperatures are 100°C 
and 50 ooc respechvel y, calculate the rate of heat transfer per urut area The conduchv1ty of 
a!r1S002W/mK 

(2 5) 

(b) Alr at 25° C flows over a thm plate W!th a veloc1ty of 2 5 m/sec The plate" 2 m long and 1 
m W!de Eshmate the thermal boundary layer tlnckness at the tra1lmg edge of the plate and 
total drag force expenenced by the plate At 25° C, the denSity of a1r" 1 2 Kg/m3 and 
kmemah c V!Sco S!ty 1 s 1 5 x 1 0-6 m2/s Prandtl number for a1r 1 s 0 6 9 

( ,, (1 5) 

Alr enters a chamber at 5°C dty bulb temperature (DBD and 2 5°C wet bulb temperature at 
the rate of 1 0 0 m3/ mm and at the pressure of 1 bar Wlnl e passmg through the chamber, the 
a1r absorbs 50 kW heat and p1cks up 35 kg!hr of saturated steam at 11 ooc Show the process 
on a psychrometnc chart and find the dty and wet bulb temperatures of the leavmg a1r At 
11 0 °C, enthalpy of saturated steam " 26 91 3 kJ/kg 

(2 0) 

(b) Develop an express10n to calculate 1deal COP of a vapour absorphon refngerahon system 
Descnbe 1ts components A vapour absorphon system has a source temperature of 11 ooc and 
refngerahon temperature of-5 oc and amb1ent temperature of 35 oc 

Calculate 1ts COP 

(2 0) 

(a) What 1S meant by boundaty layer th1ckness, diSplacement tlnckness, momentum th1ckness 
and energy th1ckness? 

(1 0) 

(b) What 1S the phySical S!gmficance of Reynolds number and Mach number? G1ve examples of 
the1r area of apphcahons 

(1 0) 

(c) 01l ofmscoS!ty 0 97 p01se and 0 9 spec1fic grav1ty flows through ahonzontal mcularp1pe of 
100 mm d1ameter and 10m length Calculate the pressure d!fference between the ends of the 
p1pe What 1S the type of flow? 

(2 0) 

(a) D!Shngmsh d1fferent types of flows preva1lmg m flmd flow problems 

(1 0) 

(b) What assumphons are made m denvmg Bemoulh's equat10n? 

(1 0) 
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(c) Find the diScharge of water flowmg through an mchned ventunmeter of 30 em mam S!ze and 
1 5 em throat S!ze The difference between the mam and the throat pressure measured by an 
mverted hqmd manometer W!th the hqmd of spec!lic gramty of 0 6 gives a readmg of 30 em 
The loss of head between the mam and the throat 1S 0 2 hmes the K E of the mam 

(2 0) 

(a) Explam flmd couphng and torque converter and their area of apphcahon 

(1 0) 

(b) What 1S the importance of govemmg? Explam W!th sketch a Simple govemmg mechaniSm for 
a turbme 

(1 0) 

(c) A pipe of 300 mm d!ameter and 1000 m length connects two reserv01rs kept at 15m level 
difference Fmd the flow through the pipe !fan addihonallength of500 of300 mm d!ameter 
pipe 1S cotmected at the later half of the eX!shng pipe, find the mcrease m d!scharge Neglect 
mmorlosses Take f= 0 02 

(2 0) 

(a) DiScuss the relahve ments and dements of aX!al flow compressor over centnfugal 
compressor 

Alr at a temperature of 300 K enters a ten stage a:nal flow compressor at the rate of 3 5 
kg/sec The pressure ratio 1S 6 0 and the iSentropic efficiency 1S 90% The process 1S adiabahc 
and the compressor has symmetncal stages The ax1al velocity of 120m/sec !Suruform across 
the stage and the mean blade speed of each stage 1S 200m/sec Assume that the temperature 
change 1S same m each stage 

Determme the d!rechon of the a1r at enhy to and e:nt from the rotor and the stator blades 
Also find the power grven to the a1r Take Cp = 1 005 k.Jikg and K = 1 4 

(2 0) 

(b) A De lave! turbme has a mean blade speed of 1 80 mp s The nozzles are mclmed at 17° to the 
tangent The steam flow velocity through the nozzle 1S 550 m/sec For a mass flow of 3300 
Kg/hour and for aX!al e:nt cond!t10ns, find 

(i) The mlet and outlet angles of the blade system 

(11) The power output 

(111) Diagram effiaency 

(2 0) 
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IIIBCHANICAL BNGINBBAING 

Ttme Allowed Three Hou10 MaXimum Marks 200 

Canchdates should attempt IBestwn 1 m lllctton A whJch Js compulsory TWO questions from lllctton Band 
TWO questions from llectton C Question 1 Js of short answer type, hmltmganswer ofeachpart to 30words 

Assume swtable data, Jjnecessaryand u'!dJcate them clearly 

SECnONA 
(a) D!Shngmsh between Computer educahon and Computenzed educahon 

(b) Study of amachuung operahon y1elds the cycle hme of 9 0, 8 0, 9 0 and 10 0 mmutes The 
observed worker was rated at 90% ProvHlmg an allowance factor of 15% compute the 
standard hme for the operahon 

(c) D1fferenhate between forecashng and pred!chon 

(d) What 1S JIT? What 1S the pnmaJY benefit denved from 1ts adophon? 

(e) What 1S concurrent engmeenng? 

(f) Why a large sphere sohd!fies and cools to amb1ent temperature at a much slower rate than 
does a smaller sphere? 

(g) Comment on the macluned surface charactenshcs o blamed after the ED M pro cess 

(h) What 1s d1ffus10n weldmg? 

(1) What 1S temper embnttlement m alloy steels and what are 1ts effects ? 

6) D1fferenhate between cold, warm and hot work:mg of metals 

(k:) Group the followmg mto thermosets and thermoplashcs 

Actyhc, Gilk:yds, Pol)'!nude, Nylon, Epoxy, Phenohc, S1hcone and WC 

(1) What 1S meant by pomt of contraflexure or pomt of mflex10n m a beam ? Show the same for 
the beam g1ven below 

., .. 
j<----·•~-t--•·----1'--'•-

(m) A tens10n member W!th a cross-sechonal area of 30 mm' reS!Sts a load of 80 k:N Calculate 
the normal and shear stresses on the plane of maX!mum shear stress 

(n) D1fferenhate between shut and colunm What 1S the general express10n used for 
determmahon of the1r cnhcalload? 

( o) D!Shngmsh between stress concentrahon factor and stress 1ntenS1 ty factor 

(p) Why two umversal JOmts W!th an mtermed1ate shaft 1S generally used m prachce for 
transm1thng mohon from one shaft to other, havmg angular m1Sal1gnment? Sketch the 
arrangement 

(q) What 1S meant by 6 x 7 Lang Lay- fught Lay Wlre rope? 
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(r) Two gears havmg an angular veloaty ral!o of 3 1 are mounted on shafts whose centres are 
136 mm apart If the module of the gears 1S 4 mm, how many teeth are there on each gear? 

(s) Whether the S!ze of the flywheel for an 1nline mulhcylinder engine ofpart1cular hp can be 
reduced by mcreasmg the number of cylinders ? If so, why? 

(t) What 1S the d1fference between wh1rlmg and cnhcal speed of a shaft? Menhon two phySical 
parameters of the shaft- beanng system, wlnch can mcrease the en heal speed of the shaft 

(20x2=40) 

SEC:TION B 
(a) A smgle cylinder two stroke verhcal engme has a bore of 3 0 em and a stroke of 4 0 em W!th a 

connechng rod of 80 em long The mass of the rea pro cahng parts 1S 12 0 kg When the p!Ston 
1S at quarter stroke and movmg down, the pressure on 1t 1S 70 Niem' If the speed of the 
engme crank shaft 1S 250 rpm clockwise, find the hmung moment on the crank shaft Neglect 
the mass and 1nerha effects on connechng rods and crank 

(b) The turmng moment exerted on the crank shaft of the above engme 1S giVen by 

T= 10,000 + 2000 sm 28-1800 cos 28 

(1 5) 

where 8 1S the crank angle measured from T DC Assummg the load torque to be constant, 
determme 

(1) the power of the engme when tummg at 250 rpm 

(11) the moment ofmerha of the flywheel1f the speed vanahon from the mean speed 1S 
not to exceed± 0 25% 

(111) the angular accelerat10n of the flywheel for 8= 45° 

(1 5) 

(c) Can the above engme be completely balanced? If ye~ explam the method o fb alancmg If not, 
what 1s the techruque adopted for mmmuzahon of unbalance Fmd out the mass reqmred at a 
radius o£30 em from crank shaft for such balancmg Also find the resultant unbalance force 
at the crank p oS!h on, as g1ven m part (a) 

(1 0) 

(a) A steel tube of1nner diameter 100 mm and wall tlnckness 5 mm 1S subjected to a tors10nal 
moment of 1000 Nm Calculate the pnnc1pal stresses and onentat10ns of the pnnc1pal planes 
on the outer surface of the tube 

(1 0) 

(b) A hel1cal spnng B 1S placed !nS!de the co1ls of a second helical spnng A, havmg the same 
number of co1ls and free ax:1allength and of same matenal The two spnngs are compressed 
by an ax:1allo ad of 2 1 0 N wh1ch 1S shared between them The mean c01l d1ameters of A and B 
arc 90 mm and 60 mm and the W!re diameters are 12 mm and 7 mm respechvely Calculate 
the load shared by mdiv1dual spnngs and the max:1mum stress 1n each spnng 

(1 5) 

(c) A canhlever tube of length 120 mm 1S subjected to an aX!al tens10n P = 9 0 kN, a tors10nal 
moment T = 72 0 Nm, and a bendmg load F = 1 75 kN at the free end The matenal 1S 
alumm1um alloy W!th an j'!eld strength of 276 MPa Fmd the th1ckness of the tube lim1hng 
the outS! de d1ameter to 50 mm so as to ensure a factor of safety of 4 

(1 5) 
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(a) DeSign a set of stepped pulleys to dnve amaclune from a counter-shaftthatruns at 220 rpm 
The centre d!stance between the two sets of pulleys 1S 2m The d!ameter of the smallest step 
on the countershaft!S 160 mm The maclune!S to run at 80, 100 and 130 rpm and should be 
able to rotate m etther d!rechons Fmd the length of the belt reqmred for both cases 

(1 5) 

(b) When two cylmdncal parts are assembled by slmnk:tng or by press-fithng, a contact pressure 
1S created between the two parts If the rad!i of the i!Uler cylmder are a and c and that of the 
outer cyhnder are ( c - 5) and b, 5 b etng the radial mterference, the contact pressure 1S g!Ven 
b, 

~ "[W-,'W-,'1] 
p c 2c'(b' a') 

where E 1S the Young's modulus of the matenal Can you outlme the steps mvolved m 
devel opmg tlus important deS! gn equahon? 

(1 5) 

(c) A hollow shaft of diameter rah o 3/8 1S reqmred to transmit 60 0 k W at 11 0 rpm, the max:1mum 
torque bemg 20% greater than the mean The shear stress 1S not to exceed 63 MN/m' and the 
twist in a length off 3 m not to exceed 1 4 degrees Determme the diameter of the shaft 
Assume modulus of ngidity for the shaft matenal as 84 G Nlm' 

(1 0) 

SElmON C: 
(a) Descnbe the maJor imperfechons that may be present m the crystal shucture of metals How 

do they mfluence the mecharu cal properh es of maten als ? 

(1 0) 

(b) What are super alloys ? DiScuss m bnef the compoS!I!ons, properhes and apphcahons of 
these alloys 

(1 0) 

(c) Give a step-by-step procedure for the cold chamber die-cashng process Also diScuss the 
advantages and hmitahons of hot and cold chamber processes 

(2 0) 

(a) DiScuss in bn ef the flank and crater tool wear mechaniSms 

In a certam machmmg operahon W!th a culhng speed of 50 m/mm, tool hfe of 45 nunutes 
was observed When the culhng speed was mcreased to 100 m/mm, the tool hfe decreased to 
10 nunutes Eshmate the cuthng speed for ma:nmum produchmty, if tool change hme 1S 2 
mmutes 

(1 0) ,,, Explam the d! fference between hard and soft auto mal! on Why are they so called ? 

(l) 

(11) What are the feature of an mtelhgent robot? 

(l) 

(c) Descnbe any four common types ofd!sconhnmhes that may develop m a weldedJomt What 
remed! es you suggest to av01 d them ? 
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(1 0) 

(d) DiScuss the techrucal and economic reasons leadmg to the development of Non Tradihonal 
Machmmg (NTM) processes 

(1 0) 

(a) Demand for a certam item has been as shown below 

The forecast for Apnl was 100 uruts W!th a smootlung constant of 0 20 and usmg first order 
exponenhal smootlung, what 1S the July forecast? What do you thmk about a 0 20 smootlung 
constant? 

n. •• Actual O..nand 

""' 200 

""' 
., 

..... ,., 
(b) ConSider the folloWing Jobs and theu procesSing hmes at corresp ond!ng machmes -

Durahon (Hours) 

Maclune 1 Machme 2 Maclune 3 

M ,, ~ ' 
A u ' 0 

' ' ' ' 
c 0 ' ' 
D ' ' 0 

Usmg Johnson's rule, find the ophmal sequence 

(c) Assume that the foll oW!ng specify a generalized hnear programmmg problem 

Maximize 

f(x)=2x 1+ lx, 

subject to 

2x1+x2?.4 

x1x2?.0 

(1 0) 

Graph tlus problem, idenhfymg the tlu-ee constramt equat10n hnes and the feaSible zone 
common to all of them Plot dotted hnes for values of3, 6, 9 and 12 for the obJechve funchon 
f(x) What appears to be the lughest feasible value of f(x), and for what values ofx1 

and x, does it occur? 

(2 0) 
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