
IIIBCHANICAL BNGINBBAING 

Ttme Allowed Three Hours MaXimum Marks 200 

Canchdates should attempt any FIVE IBestwns Assume swtable data Jjnecessaryandmcbcate them clearly 

For aJr R = 0 287 k.Jikg-k, Cp = 1 005 kJ!kg-k v = 1 4, M = 28 966 kg/kg-mols 

SEC:nONA 
(a) An msulated tank of 1 m3 volume contams aJr at 0 1 MPa and 300 K The tank 1S connected 

to a lngh pressure !me m wh1ch aJr at 1 M Pa and 60 0 K flows The tank 1S qU1 ckly filled With 
aJr by op emng the valve between the tank and lngh pressure !me If the final pressure of aJr m 
the tank 1S 1 MPa, detenrune the mass of atr wlnch enters the tank and the entropy change 
assoc1ated Wlth fillmg process 

Take Uruversal Gas Constant R= 8 314 k.Jikg-mol-k ? 

(2 0) 

(b) By usmg Maxwell's relahons of thermodyn=cs, show that Joule-Thomson co effi a en!, ~ of 
gas can be expressed as, 

(1 0) 

(c) A heat dnven refngerahon system absorbs heat from low temperature TE and reJects 11 to 
temperature Tc Tins 1S run by heat supphed from a lngh temperature source at temperature 
T 11, T H > T c > T E U smg first and second 1 aws of thermo dynam1cs den ve the express10n for 
max1mum COP of refngerahon system 1n terms of temperature 

(1 0) 

(a) An automob1le carburettor havmg 1ts float chamber vented to the ahnosphere 1S tested at sea 
level cond!t10ns 1n the factory Without an a1r cleaner The ma1n metenng system of tlus 
carburettor 1S found to )'!eld a fuel-a1r raho of 0 065 The venture throat pressure 1S 0 84 bar 
Th!S carburettor 1S now 1nstalled man automob1le and a1r cleaner 1S placed on the ullet to 
carburettor The a1r flow rate W!th and Wlthout the a1r filter 1S 230 kg!hr The pressure drop 
through the filter 1S found to be 0 035 bar at sea level cond1hons Assummg z = 0 and onfice 
coeffic1ent to be constant calculate 

(1) the ventun throat pressure Wllh the a1r cleaner 

(11) fuel-a1r raho Wlth the a1r cleaner 

Assume mcompresS!bl e flow 

(1 5) 

(b) Explain the workmg of a representat1ve Nuclear Power plant W!th a smtable d1agram List the 
vanous nuclear fuels that can be used 

(1 5) 
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(c) Explam the workmg pnnc1ple of a Turbo-Jet engme W!th a sU!table figure 

(1 0) 

(a) A mcular p1pe of radms r0 1S bemg lagged W!th msulahon of thermal conduchv1ty k If 
convechve heat transfer co effi aent 1S h, denve the express10n for cnh cal msulahon th1ckness 

(o) 

(b) Alr W!th an average veloc1ty of 10 rrJs at 300 K enters a copper tube of 11 2 mm d!ameter 
and 25m length The tube walliS mamtamed at 373 K by condensmg steam at ahnosphenc 
pressure Usmg LMID method, determme the temperature of a1r at outlet of tube Average 
prop erh es of a1r are 

k = 0 02624 W/m-k, Cp = 1 005 kJikg-k 

p=1174kg/m3,v=1568x10m2/s 

Pr= 0 7 

Nu=366+ 
0668(d!L)RePr 

1+ 0 04(drePr) 

Nu=0023Re02 Pr04 

Re<2300 

Re>2300 

where, d and L are d1ameter and length of tube resp echvel y 

Assume heat transfer coeffiaent to be constant and neglect conduchon thermal reSiStance of 
copper 

(2 0) 

(c) The cross-sechon of a very long black body enclosure conSists of a sem1c1rcle W!th 1ts 
d1ameter D as base The temperature ofsem1-arcle 1S 1000 K and that of d!ameter!S 500 K 
Determ1ne the shape factors for d!ameter-sem1arcle comb1nahon and the rad1ahon heat 
transfer rate 

Per umt Width (m terms of D) 

Stephan-Boltzman constant 5 64 x 1 0-B Wlm' -K 

(1 5) 

(a) If gas 1S used as refngerant m Reverse Camot refngerahon cycle Draw T-s and p-v d1agrams 
W!th heat reJ echon and heat absorph on temperature ofT E and T c resp echvel y 

Show that th!S cycle reqU!res two compressors and two expanders Fmd the1r work 
reqU!rement and the COP of the cycle 

(1 0) 

(b) Dense a1r 1S used as refngerant m Reverse-Brayton or Bell-Coleman or Joule cycle Draw T-s 
and p-v d1agrams for the cycle Denve the express10n for COP m terms of pressure raho If 
temperatures at the end of heat absorphon and heat reJechon are ooc and 30°C respechvely, 
the pressure rah o 1S 4 and the pressure m the cooler 1S 4 bar, determme the temperatures at all 
state pomts and volume flow rates at mlet to compressor and at eX! I of turbme for 1 TR 
coohng capac1ty 

(1 5) 

(c) In an a1r-cond1honed space, 50 kga!s of fresh a1r at 45° C dry-bulb temperature and 30% 
relat1ve hum1d1ty" mtroduced The room a1r at 25°C dty-bulb temperature and 50% relahve 
hum1d!ty 1S rearculated at 450 kga!s The m1xed a1r flows over a coohng c01l wh1ch has 
apparatus dewpomt of 12' C and bypass factor of 0 15 Determme the cond1hons at outlet of 
coohng cod, RSH RLH, the coohng load of c01l and the condensate rate The saturahon 
pressure of water at reqU!red temperatures are 
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I ~,,c _-
1,.) 
' ~ 

-, - -
I pw' ib,l-'1 
J_ -----

!1.01'·1111) 

(I IJ. 11 611 

h- 1 005 t+ W (2500 + 1 88 t)kJ!kga 

t " m oc and kg a refers to kg of dry aJr 

(1 5) 

(a) Descnbe the workmg pnnc1ple of a P1tot-stal!c tube With the help of a neat sketch and explam 
how 11 can be used to measure the flow rate ? 

(1 0) 

(b) Determme the throat d1ameter of a ventunmeter man mstallahon of 100 mm d!ameter p1pe 
canymg water The max1mum range avaJ!able m water-Hg d1fferenhal pressure gauge 1S 50 

em of Hg def!echon Fmd the maX!mum throat d!ameter wlnch Will mduce full gauge 
deflechon when the flow rate 1S 20 1/s Assume Cd = 0 9 84 

(c) 

(2 0) 

Atr at 10 bar and 500 K stagna!! on cond!hons flows through a nozzle The area at the e:nt of 
nozzle 1S 0 25 x 104 m' The pressure at eX!! 1S 2 bar Determme the veloc1ty, spec!lic 
volume and mean flow rate through the nozzle 

(1 0) 

(a) ConS!denng 1Sentrop1c flow m a nozzle show that 

" I ' ) r, lr+1 
where, * refers to M = 1 and subscnpt zero refers to stagnahon conch hon 

(C) 

(b) Den ve Darcy-W etsb ach equahon for head loss m p1p e due to fnchon 

m 
(c) A reserv01r, sup ph es 4 5, 00 0 m3 of water m 8 hours Dunng th!S hme, the 1 eve! of water m the 

reserv01r drops from 125m to 75 m The head loss m the p1pehne 1S 15m Determme the 
d1ameter of the supply p1p ehne usmg 4 f = 0 04 m Darcy W e!Sbach equahon 

(1 5) 

(d) G1ve the express10ns for the followmg d!mens10nless numbers and lughhght thetr phySical 
S!gruficance 

Reynolds Number (Re) 

Mach Number (M) 

EulerNumber(E) 
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Weber Number 

Froude Number (Fr) 

(1 0) 

(a) Denve the Euler's equahon for rotahng maclunes and explam the phySical S!gruficance of 
each term 

(1 0) 

(b) What 1S the effect o fblade outlet angle on the performance of centrifugal compressors? 

(1 0) 

(c) Define the speafic speed for turbines stahng the approXimate range for vanous types of 
turbmes What 1S the phySical S!gtuficance of specific speed? 

(1 0) 

(d) What 1S meant by cam tahon and what are the methods of av01 dmg it? 

(o) 

(e) What 1S the purpose of draft tube m turbmes? 

(o) 

(a) Find the ophmum mtermed!ate pressure of a two stage reciprocatmg compressor if mter­
coohng 1S done up to a temperature TOJ which 1S greater than the mlet temperature 

(1 0) 

(b) Show the Reheat cycle and Regenerahve feed water heahng cycle on T -s diagram H!ghhght 
the1r S!gtuficance on the performance of steam power plant 

(o) 

(c) The followmg parhculars refer to a two row velocity compounded impulse steam turbme 
(wheel) 

Steam velocity at nozzle eX! I= 600 m/s 

Nozzleangle=l6° 

Mean Blade Velocity = 12 0 m/s 

EX!! angles first row of momng blades= 18° 

fixed gmde blade= 22° 

second row of movmg blades= 36° 

Steam flow rate= 5 kg/s 

Blade fnchon coefficient= 0 85 

Determme 

(i) the tangenhal thrust (11) the aX!al thrust 

(111) the power developed and (iv) the d!agram efficiency 

(2 5) 
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IIIGCHANICAL GNGINGGICNG 

Ttme Allowed Three Hou10 MaXJmwn Marks 200 

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

Asswte swtable data Jjnecessary, andmcbcate them clearly 

SECnONA 
(a) Why are the bolt~ subjected to 1m pact, made longer? 

(b) Why are antnfncl!on beanngs not used at very lngh speeds? 

(c) If two canhl ever beams of 1denh cal d!menS!ons but made of m1ld steel and gray cast 1ron are 
subjected to same p01nt load at the free end, W!llnn elast1c hm1t, wh1ch one Will deflect more 
and why? 

(d) D1fferenhate clearly between 'shall' and 'axle' 

(e) Wluch pnnc1ple reduces the problem o fkmeh cs to eqmval en! problem of stahcs ? 

(f) What 1S the magrutude of conohs accelerahon for a shder shd!ng at 10 em/sec on a hnk 
wlnch1Srotahngat60rpm? 

(g) Why somehmes the ax!S oftranslatmg roller follower m a cam-follower mecharusm 1S offset 
from the ax:t s of cam rotahon? 

(h) N arne the different types of cast irons and menhon, w!uch type 1S the hardest 

(i) Compare die cashng W!th mveshnent cashng wrt produchon rate, melhng pomt of work 
matenals and abihty of producmg complex shaped products 

6) N arne three processes of manufactunng long low carbon steel tubes 

(k) What are the relative advantages of submerged arc weldmg over convenhonal open a1r 
manual arc welding and why ? 

(1) Why are the 1 athe-11imlles made hollow? 

(m) How does apphcahon ofcuthng fhud help m reducmg cuthng forces and improvmg tool hfe 
and surface quahty? 

(n) In which maclnne tools, teeth of mtemal spur gears can be cut and wlnch one of those 
machme tools works fastest? 

( o) What are meant by 'A -60-K -8-V' when used for a gnndlng wheel spec!licat10n? 

(p) What do you understand by the term aniSotropy? State any 3 matenals where the aniSotropy 
1S an important conS!derahon 

( q) What 1S the difference m the analySiS of thick tubes compared to that for thm tubes ? State the 
basic equahons descnbmg stress dlstnbuhon m a thick tube 

(r) State a generalized quanhtate forecast model What are the posSible nature of mdependent 
vanables when usmg extrapolahon of a hme senes concept? 

(s) State Jolmson's rule for scheduling of n Jobs requmng two operat10ns on two separate 
faahhes where the sequence cannot be altered 
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(t) State Pareto's pnnc1pl e State some of 1ts appl!cah ons 

(2x20=40) 

SECnON B 
(a) The b eanngs of a shaft at A and B are 5 m apart the shaft cames three eccentnc masses C, D 

and E wlnch are 160 kg, 170 kg and 85 kg respechvely The respechve eccentnaty of each 
mass, measured from the ax!S of rotahon 1S 0 5 em, 0 3 em and 0 6 em, and the &stance from 
A 1S 1 3 m, 3 m and 4 m respechvely Determme the angular poS!hon of each mass W!th 
respect to C, so that no dynarruc force 1S exerted at B, and also find the dynarruc force at A 
forth!S arrangement when the shaft runs at 100 rpm 

(1 5) 

(b) The total sleeve movement m a Hartnell governor 1S 3 em The mass of the rotatmg balls 1S 
1 5 kg each At the m!d-poS!hon of the sleeve, the sleeve arm, wlnch 1S 6 5 em long, 1S 
honzontal The ball arm has a length of7 5 em At the m!d-poS!hon of the sleeve, the balls 
rotate at arad!us of 10 5 em 

Due to maladJushnent of the spnng, the eqml!bnum governor speed at the topmost poS!hon 
of the sleeve 1S 41 5 r p m and that correspondmg to the lowest po S!hon 1S 4 3 0 r p m 

Deternune (1) the shffness and 1m hal compress10n of the spnng and (11) the reqmred 1mhal 
compress10n of the spnng to g1ve an eqml!bnum speed at the topmost poS!hon wh1ch 1S 10 
rpm more than that at the lowest poS!hon Neglect the moment due to the we1ght of the 
balls 

(1 5) 

(c) Two standard full depth gears of pressure angle 14Y,' have a module of5 nun The p1ruonhas 
15 teeth wlnle the gear has 60 teeth If the addendum of the gear 1S equal to the module-

(!) show that the gear W!llmterfere W!th the pm10n 

(11) to what value should the pressure angle be mcreased m order to el1nunate the 
mterference? 

(1 0) 

(a) A pa1r of stra1ght teeth spur gears havmg 20° full depth mvolute teeth" to transm1t 20 kW 
Thep!ruonrunsat300rpm andthespeedraho!s3 1 

The folloWing data are g1ven 

Number of teeth on p1ru on = 15 

Serv1ce factor C, = 1 

' Veloc1ty factor C, = -- where v 1S the p1tch !me veloc1ty mm/sec 
CH 

0 91 2 Tooth form factor y = 0 154---

' where T = Number of teeth 

Face Width= 14m where m =module m mm 

Allowable stahc stresses for pm10n and gear matenals are 120 MPa and 100 MPa 
respect1vely 

Check the gear for wear 1fthe surface endurance hm1t 1S 600 MPa and modulus of elashaty 
forp1ruon and gearmatenals are 200 GPa and 100 GParespechvely 
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(2 0) 

(b) A transmiSSion shaft, rotahng at 500 rpm, dnves a m1lhng machme wlnch requues 3 75 kW 
at 750 rpm A 300 nun d1ameter cast 1ron pulley 1S mounted on the transm1ss10n shaft A 
prel1m1naJY deSign proposes usmg a belt 4 75 nun th1ck, wh1ch has a denSity of 970 kg/m3 

The allowable stress 1S 2 MPa Two pulleys rotate m oppoSite d1rechons and the centre 
d1stance of the shafts 1S 750 mm The coeffiaent of fnchon 1S 0 3 for both the pulleys 
Determ1ne the Width of the belt 

(1 0) 

(c) A 5 em d1ameter sohd shaft 1S welded to a flat plate by 1 em fillet weld What W!ll be the 
maX!mum torque that the welded j omt can sustam 1f the perm!SS!ble shear stress m the weld 
matenal!S not to exceed 8 kN/cm ? 

Deduce the express10n for the shear stress at the throat from the baS!c theoty 

(1 0) 

(a) Denve an express10n for the d!storhon energy per umt volume for a body subJected to a 
uruform stress state, g!Ven by the pnnapal stresses CJ1 and CJ2 W!th the th1rd pnnapal stress CJ3 
bemgzero 

(1 0) 

(b) A beam of rectangular cross-sechon 50 nun W!de and 100 mm deep 1S Simply supported over 
a span of 15 0 0 mm It cames a concentrated load of 50 kN, 50 0 mm from the 1 eft support 

Calculate-

(1) the max1mum tenSile stress 1n the beam and md!cate where 1t occurs, 

(11) the vert1cal deflechon of the beam at apomt 500 mm from the nght support 

E for the matenal of the beam= 2 x 105 MPa 

(2 0) 

(c) The magmtudes of normal stresses on two mutually perpend!cular planes, at a pomt 1n an 
elashc body are 60 MPa compresSive and 80 MPa tenSile respechvely F1nd the magrutudes 
of sheanng stresses on these planes 1fthe magmtude of one of the pnnapal stresses 1S 100 
MPa tenSile F1nd also the magmtude of the other pnnc1pal stress at th!S pomt 

(1 0) 

SECnON C 
(a) How does a cuthng tool fat! ? 

(1 0) 

(b) List the d!fferent methods sU1table formakmg through holes of d!ameter around 4 nun m a 2 
mm th1ck glass plate State bnefly the workmg pnnaple ofultrasomc machmmg (USM) 

(1 5) 

(c) In a dnllmg operat10n under a g1ven cond!t10n, the tool hfe was found to decrease from 20 
mm to 5 mm due to mcrease 1n dnll speed from 200 r p m to 40 r p m What W!ll be the tool 
hfe of that dnll under the same cond!hon 1fthe dnll speed 1S 300 rpm ? 

(1 5) 

(a) What are the m8Jor const1tuents of h1gh speed steel (HSS) and uncoated smgle carb1des 
wln ch are used as cuthng tool mat en als ? How are those carb1de to ol1nserts manufactured? 

(1 0) 

www.studentsuvidha.in

Stu
de

nt
Suv

idh
a.

in

studentsuvidha.in/
studentsuvidha.in/


(b) How much force Will be requued to pierce a arcular hole of diameter 20 mm m a 2 mm !luck 
mild steel plate With the he! p of f1 at ended die and punch m a press tool ? The shear strength 
of the work mat en al!S 3 50 M Pa 

(1 0) 

(c) Name the mstruments by which diameter ofmacluned arcular holes can be measured and 
menhon theu apphcahon cap abihhes in terms of preas10n and d! ameter range 

(1 0) 

(d) The thickness of a rectangular brass plate of length Lw and Width B., has to be reduced by t 
mmm one pass by a helical flutedplam or slab nulhng cutter of length I,(> B.,), diameter D, 
and number of teeth, Z, at cuthng velocity, V, m/nun and feed, So mm/tooth How Will you 
determme the hme that Will be reqmred to accomph sh the afore son d work? 

All other d!mens10ns are m mm 

(1 0) 

(a) A tram reservahon faahty has 5 counters each capable ofhandlmg 20 request per hour The 
persons commg for reservahon amve at a mean rate of 90/hour Assume that each person 
comes With one request only 

Calculate-

(i) the mean number of persons at any hme at th!S facihty 

(11) the mean hme a person spends at the faahty 

(111) the average length of queue at each counter 

when (1) the hme to serve a request 1S constant and (2) the hme to serve a request 1S 
exponenhally d!stnbuted With the same mean rate i e 20/hour 

What would happen to the queue if the am val rate was to reach 1 0 5/hour 

(2 5) 

(b) Why do we need mventoty? Explam why we need to ophnuse the order quanhty The 
demand for a component 1S 10000 pieces per year The cost per item 1S Rs 50 and the mterest 
cost 1S 1% per month The cost as so aated With pl acmg an order 1S Rs 240 What 1S the EOQ ? 

(1 5) 
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