
Ttme Allowed 3 hours MaXJmwn Marks 200 

Canchdates should attempt any FIVE quesl!ons Assume swtable data, Jj necessary and mchcate them 
clearly Use of Steam Tables, Psychrometnc Chart and Rejhgeratwn Tables Js permllted 

For atr R = 0 287 k.Jikg-K, Cp = 1 005 k.Jikg-K 

y= 1 4, M = 28 966 kg/kg-mole 

(a) Denve the express10n for (Llh\ for a sub stance that obeys the equahon of state giVen by 

n " p~---, 

" " 

(b) 4 kg of water at 4 ooc are mmed ""th 6 kg of water at 1 00 oc m a steady flow process 

Calculate 

(1) the temperature of resultmg nuxture, 

(11) the change m entropy, and 

(111) the unavatl able energy W!th resp eel to the energy rece1 vmg water at 40 oc 

(1 0) 

(1 0) 

(c) An mventor cla1ms to have developed a demce wh1ch reqU1res no energy transfer by work or 
heat transfer, yet able to produce hot and cold stream of atr from a smgle stream ofa1r at an 
mtermed!ate temperature of 21°C and a pressure of 52 bar, separate streams of a1r eX! I at a 
temperature of 1 bar Smty percent of mass entenng the dev1ce eX!sts at the lower 
temperature Evaluate the 1nventor's clatm, assummg 1deal gas as workmg f!U1d and 
neglechng changes m kmehc and p olen hal energy 

(2 0) 

(a) List the o bJ echves of sup erchargmg Sketch the vanous configurahons of supercharger Why 
sup erchargmg 1S not preferred Wl th smgle cyhnder engme? 

(1 0) 

(b) Sketch nearly a sample nuclear reactor and label 11 Explatn bnefly the funct10n of each 
element of the nuclear reactor 

(c) A sharp edged mcular onfice of d!ameter 3 8 em and coeffic1ent of diScharge as 0 6 1S used 
to measure atr consumphon of a four stroke petrol engme Pressure drop through the onfice 1S 
14 5nun of water and barometer reads 75 5 em of Hg The compress10n raho of the engme 1S 6 
and the p!Ston diSplacement volume 1S 2 00 0 cm3 

The temperature of a1r " taken to be 2 6°C At 26 00 rpm, the engme brake power recorded " 
29 5 kW The fuel consumphon 1S 0 14 kg/nun and the calonfic value of fuel used 1S 43960 
kJ/kg 
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Calculate the followmg 

(1 5) 

(1) Volumetnc effic1ency 

(u) Alr-fuel raho 

(111) Brake means effechve pressure 

(1v) Brake thermal effic1ency 

(v) Relahve effic1ency 

(a) What do you mean by cnhcal th1ckness of msulahon for p1pes ? Denve an express10n for 
ophmum cnhcal radms and show the vanahon of heat transfer W!th radms G1ve some 
prachcal examples of usmg cnhcal tlnckness of msulahon 

(1 0) 

(b) A process mdushy employs a counter-flow heat exchanger to cool 0 8 kg/s of od (Cp = 2 5 
kJ/kg K) from 1 20 oc to 4 ooc by the use of water entenng at 2 ooc The overall heat transfer 
coeffic1ent 1s eshmated to be 1600 W/m2K It 1S assumed that the ex1t temperature of water 
W!ll not exceed 80°C Usmg NTU method and takmg NTU = 4 m tills case, calculate the 
folloWing 

(1) Massflowrateofwater 

(u) Surface area requued 

(111) Effechveness of heat exchanger 

(1 0) 

(c) An mdustnal furnace employs a hollow bnck luung The mS!de and outSide surfaces of 
hollow bnck hmng are mamtamed at 900 K and 430 K by placmg the rad!ahon slnelds 1n 
between the hollow space The heat loss to the furnace surroundmgs at 300 K 1S both by 
rad!ahon and natural convechon By sketchmg the arrangement, calculate the number of 
rad!ahon sh1elds needed The emm!SS!V!Iy of the wall and the slnelds may be taken as 085 
The convechve heat transfer co effia en! 1S governed by the expresS! on, 

h= 15 (ilT)033 W/m2K 

(2 0) 

(a) What 1S the purpose of undercoohng m vapour compress10n refngerahon system ? 
D1fferenhate between dty and wet compress10n What are the advantages of one over the 
other? 

(o) 

(b) Draw a neat sketch of a1r-cond1horung system reqU1red 1n Winters Expla1n the workmg of 
d1fferent components m the arcu1t 

(1 5) 

(c) The compressed a1r from the ma1n compressor of an a1rcraft coohng system 1S bled off at 4 5 
bar and 200°C It" then passed through the heat exchanger m w!uch the ram a1r" forced 
through for coohng purposes by the fan dnven by the coohng turbme The cond1hon of the 
mlet to the coohng turbme" 4 bar and 30°C The a1r expands m the coohng turbme upto 07 
bar The 1Sentrop1c effic1ency of the turbme 1S 80% and the flow rate m the turbme 1S 30 
kg/mm By draWing the system and shoWing the process on T-s d1agram, find 

(1) the actual eX! I temperature from the coohng turb1ne 

(u) the power dehvered to the ram a1r blow fan 
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(111) the tons ofrefngerahon, if the cold a1r 1S tempered by mnnng W!th by-passed warm 
a1r and delivered to the cabm cockpit area where il warms upto 25°C before 
exhaushng out to waste 

(2 0) 

(a) The quanhty of water floWing through a channel!S measured notch we1r The water head over 
the notch 1S thnce the breadth of the rectangular notch If the rectangular notch 1S rep! aced by 
a V-notch, calculate the angle of V-notch, other cond!hons rema1rung the same The 
coefficient of diScharge for V-notch 1S 0 6 and for a rectangular notch 1S 0 64 

(o) 

(b) Calculate the mass flow rate of oxygen through a 1 0 0 mm diameter honzontal pipe if the ullet 
pressure 1S 1 06 m of mercUI)' The diameter at the throat 1S 30 mm The ratio of pressure 
between the ventunmeter and the mlet 1S 0 9 Take y = 1 4 and denSity of oxygen gas is 1 42 9 
kg/m3 

(1 5) 

(c) Two mward flow reach on turbmes have the same d!ameter ViZ 0 7 m and the same efficiency 
Both the tu!Uler work under the same head and they have the same veloaty of flow, ViZ 5 8 
m/s One of the runner, A revolves at 500 rpm and the mlet blade angle" 65° If the other 
tu!Uler, B has an mlet blade angle of 11 0', at what speed should il run? 

(2 0) 

(a) Explain the workmg pnnciple of Hot-W!re Anemometty to measure the velocity of flmd W!lh 
the he! p of a sketch 

(1 0) 

(b) State the Buckmgham "theorem and hence obta1n an expresS! on for the thrust developed by 
a propeller wlnch depends upon the angular velocity Ol, approach velocity V dynatu1c 
V!SCOS!ty ~ denSity p, propeller diameter D and the compresS!bihty of the medmm measured 
by the local velocity of sound C 

(1 5) 

(c) A pel ton turbme 1S to work at the foot of dam whose reserv01r level!S 22 0 m The head at the 
full operung at the turbine nozzle 1S 200m and the coefficient of velocity 1S 0 98 The turbme 
1S to operate at 200 rpm and develop a power of 3 7 MW Assummg the blade to Jet speed 
raho as 0 46, eshmate the wheel d!ameter If the blade outlet angle" 16°, determmethe blade 
and hydraulic efficiencies Neglect fnch on all osses 

(1 5) 

(a) What 1S the purpose of speed govemmg m steam turbme? 

DiScuss hydromecharucal govemmg loop 

(1 0) 

(b) Denve the express10ns for ma:nmum blade efficiency and maX!mum power output from a 
smgle stage impulse turbme Give phySical explanahon 

(1 0) 

(c) A steam nozzle rece1ves steam at 40 bar and 400°C at anirul!al velocity of 40 m/s The final 
pressure of steam 1S 10 bar The mass flow rate of steam 1S 2 kg/s The nozzle effiaency 1S 
90% The cross-sechon of the nozzle" circular The angle of divergence iS 6° Calculate the 
throat and e:nt d!ameters and the length of d!vergent porhon Show the representahon of 
process on h-s d! agram and sketch the nozzle and label the dimensiOns calculated 

(2 0) 
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(a) Why are downcomers fewer m number and bigger m d!ameter, while nsers are more m 
number and smallerm d!ameter m a steam generator? 

(o) 

(b) A steam turbine 1S governed by throttling The full load output of a steam turbme, measured 
at the couplmg 1S 5 MW and the losses due to beanng fnchon, the governor and 01l pump 
dnve, etc," 200 kW The steam" supplied at a pressure of 20 bar and 300°C The exhaust 
pressure of steam 1S 0 07 bar The mtemal effiaency raho at full load 1S 0 75 Calculate the 
coupling power of turbme when the steam f1 ow through the turbme 1S 20% of that at fullload 
Assume that the external losses are the same as that of full load, exhaust pressure iS the same 
and the mtemal efficiency raho 1S reduced to 70% at tills load 

(1 5) 

(c) An open cycle gas turbme employs a regenerahve arrangement The a1r enters the compressor 
at 1 bar and 288 K and 1S compressed to 10 bar W!th a compress10n effiaency of 85% The a1r 
1S heated m the regenerator and the combushon chamber hlli ts temperature 1S ra1 sed to 1 70 0 
K and dunng the pro cess pressure falls by 0 2 bar The a1r is then expanded m the turbme and 
passes to regenerator wlnch has 75% effechveness and causes a pressure drop pf 0 2 bar The 
iSentropic effiaency ofturbme 1S 86% By sketclnng the gas turbine system and shoWing the 
process on T-s d!agram, calculate the thermal efficiency and power output if mass flow rate 
ofa1r1S 100 kg/s Take mechanical and alternator efficiency as 98% each, cpg = 1 15 k.JikgK 
and cp, = 1 005 kJ!kgK 

(2 0) 
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IIIBCHANICAL BNGINBBAING 

Ttme Allowed 3 hours MaXimum Marks 200 

Canchdates should attempt Question 1 m Sect! on 'A' winch Js compulsory, TWO IBestwns from lllctwn 'B' 
and TWO IBestwns from Sect! on 'C' 

Question 1 Js of short answer type, hmllmg answer of each part to 30 words Assume swtable data, Jj 
necessary andmcbcate the same clearly 

SECnONA 
(a) What do you mean by alloy steel ? W nte effects of foll owmg alloymg elements on steel 

(1) N1ckel 

(11) Chrommm 

(b) Illustrate the graph1cal companson of folloWing theones of fatlures for two-d!mens10nal 
stress system 

(1) Ma:nmum normal stress theoty 

(11) Ma:nmum shear stress theoty 

(111) D!Stort:ton enerGil theoty 

(c) What do you understand by backlash m gears? Gilong wh1ch arcle 1S 11 measured? How can 
we change backlash dunng mountmg of gears? 

(d) Why 1S gear fuushmg done ? Explam 'gear shavmg' and 'gear furmshmg' fimshmg 
operal!ons 

(e) Explam the pressure angle of cam Why 1S lngh value of pressure angle not preferred? 

(f) What do you understand by 'Selechve Assembly' process? How 1S the range of clearance 
reduced? 

(g) Explam good 'gahng deSign' m mold!ng What are 1ts advantages? 

(h) The torque developed by an engme 1S g!Ven by the equahon g1ven below 

T= 14250 + 2200 sm 28-1800 cos 28 

where 'T' 1S the torque m N-m and 8 1S the crank angle d!11lacement from mner dead centre 
p oS!hon Deternune the mean torque 

(1) What do you mean by 'auto geneous' and 'homogeneous' weldmg processes? 

Metallurgically name the three d!Shnct zones m a we! ded part Enumerate the most 1mportant 
factors govenung the fus10n weld!ng process 

6) Explam 'batch model' and 'mmed model' assembly hnes Enumerate the advantages of 
'mmed model' assembly !me over 'batch model' assembly !me 

(k) Define 'value' D1fferenhate between 'value eng1neenng' and 'value-analySiS' State vanous 
phases of val ue-analyS!S Job plan 

(1) Illustrate the followmg pro babd1ty d!stnbuhons schemahcally and 11 ea fy the1r apphcahons 
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(1) Normal 

(u) We1bull 

(111) Exponenhal 

(m) What do you understand by degree of freedom of planer mechaniSm? State the Gruber's 
Equahon to find the d o f of a mecharu sm 

(o) (1) Explam Lower pairs and H1gher pairs 

(u) What W!ll be the number of mvers10ns m akmemahc chain havmg 'n' lmks ? 

(111) State whether the hehcal gears wlnch are m contact are a 'h1gher pa1r' or 'lower pair' 

( o) What 1S 3 - 2 - 1 pnnaple of lo cahon W!th resp eel to fixture deS! gn? Expl a1n 

(p) A hollow cylmder C I column, 3 m 1 ong has 1ts mtemal and external d! ameters as 8 0 mm and 
1 00 mm resp echvel y Cal rulate the safe 1 oad usmg Rankme Formula, 1S 

(1) both ends are hmged and 

(u) both ends are fixed Take cruslnng strength of matenal as 600 Nlmm', Rankme 
constant 1116 00 and factor of safety 3 

(q) How do the slacks1n PERT and floats1n CPM deade on selechon of en heal path? 

(r) Draw sketch shoWing van ous angles of smgle p omt cuttmg tool for tummg alum1n111m alloys 

(s) What 1S meant by 'mterpolat10n m CNC programm1ng' ? What for are 'G' and 'M' codes 
used 1n NC part programm1ng? 

(t) Draw a flow chart to compute cnpphng load for column Wlth d!fferent end cond1hons 
tr

2EI 
Euler's equahon for cnpphng load 1S P, ~ -

1
-1-

1 = L for both ends lnnged 

1=2L foronefixedandtheotherfree 

c 
I= .{i for one end fixed and one end hmged 

I= U2 for both ends fixed 

SECTION B 
(a) A Simply supported beam of length 10m cames a umfonnly varymg load whose mtenS!ty 

vanes from a max:1mum value of 5 kN/m at both ends to zero at the centre of the beam It 1S 
deS!fed to replace the beam W!th another Simply supported beam wlnch W!ll be subjected to 
the same maX!mum 'Behd!ng Moment' and 'Shear Force' as m the case of the premous one 
Determ1ne the length and rate ofload!ng for the second beam, 1f 11 1S subjected to a uruformly 
d1stnbuted load over 1ts whole length Draw the vanahons of 'SF' and 'BM' m both the 
cases 

(2 5) 

(b) A long shut AS of length I!S of uru form sech on throughout A thrust P 1S apph ed at the ends 
eccentncally on the same S!de of the centre !me Wlth eccenlnc!ty at the end B lw!ce than that 
at the end A Show that the max:1mum bendmg moment occurs at a diStance x from the end A, 
where 
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tankx~2-coskl andk~ fP 
smkl 'IJE£ 

(a) A full J oumal b eanng op erahng under a steady load has the followmg spea ficah ons 

(!) Journal d1ameter 60 mm 

(2) Beannglength 60 mm 

(3) Rachal load on beanng 2 8 kN 

(4) Joumalspeed 1020rpm 

(5) Rachal clearance 005 mm 

(6) V!ScoS!Iy ofod 80 x 10-9 N-s/mm' 

(7) DenSity ofod 860 kg/m3 

(8) Spec!licheato£01! 176k.Jikg-°C 

Usmg Raymonds & Boyd table giVen at the end of the problem, determme 

(1) Summerfield Number 

(11) Power loss m fnchon 

(111) Temperature nse 1fheat generated 1S enl!rely earned by 01! 

(1v) Muumum film tluckness, and 1ts local! on 

(2 0) 

Table- Gnnng Raymonds & Boyd data for Journal beanng for UD = 1 

cr Q Q, p 
Attirude " h/t; s • -• ' =·· Q ,_ 

0 I 0 00 " • • 0 ~ 

0:-t 09 ! "33 "'' 26·4 3"37 0·150 0·540 

0·2 •• (). 6~() 74·02 !2·8 3·59 0·2SO O-S29 

0·4 0·6 0·264 G3·JO H9 3-99 0·497 N84 

0·6 0·4 0·121 50·58 3-22 4·33 0·68Q 0·•115 

(b) A car has a three cyhnder engmewhich produces max1mum torque of200 N-m at 2000 rpm 
The power 1S transm!tted by a smgle plate fnchon clutch of 230 nun outS! de diameter DeSign 
dimenSions of fnchon surfaces Further when the car 1S engaged at a speed of 60 1cm!lu, 
calculate the clutch shp penod (hme) dunng engagement 

Addihonal data as under 

(i) Engme speed at b egmrung of clutch engagement 2 00 0 rpm 

(11) Engmetorque at engagement 100 N-m 

(111) Mass of car (loaded) 1500 kg 

(iv) Wheel diameter 710 mm 

(v) Coefficientoffnchon 0 3 

(m) Perm!SS!bl e pressure for fnchon matenal 0 25 Ninun' 

(mi) Mass moment of merha of engme rotahng parts, flywheel and dnvmg S!de of clutch 1 5kg-m' 
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(mu) Gear reducl!on at d1fferenl!al 4 12 

(m) Torque ava1labl e at the rear wheels 1 0 5 N -m 

Uru form wear theoty may be used for the clutch plate deSign 

(2 0) 

(a) Define Body Centrode' and 'Space Centrode' for ahnk m mechaniSm Expla1n how you W!ll 
find these 

(1 0) 

(b) The crank length of a petrol engme 1S 50 mm and the connecl!ng rod 1S 175 mm long and the 
crank rotates at a uruform speed of 400 rpm Calculate the veloc1ty and acceleral!on of the 
p1ston at d1fferent poS!hons of the p!Ston along 1ts stroke and plot the two curves 

Also find the crank po S!hon at w!uch the p!Ston' s accel erahon becomes zero 

(3 0) 

SEI:nON C 
(a) Enumerate the steps mvolved m 'Powder Metallurgy' process Discuss these steps Name the 

matenals used m 'Powder Metallurgy' What are the hm1tahons of Powder Metallurgy ? 

(1 0) 

(b) What do you understand by forging process? 

Name the typ1cal forging processes Denve the expresS! on for the max1mum force reqmred 
for forgmg a flat stnp State the assumphons made The 1m hal tlnckness of the work- p1ece 1S 
hand the Width 1S 21 

(2 0) 

(c) A stnp of lead W!th 1mhal d!mens10ns 24 mm x 24 mm x 150 mm 1S forged between two flat 
d1es to a final S!ze of 6mm x 9 6mm x 15 0 mm If the co effia en! of fncl!on 1S 0 2 5, determme 
the max1mum forging force The average y1eld stress of lead 1n tens10n 1S 7 N/mm' 

(1 0) 

(a) M1ld steel!S bemg machmed at a cuttmg speed of 200 m/mm W!th a tool rake angle of 10° 
The Widths of cut and uncut tlnckness are 2 mm and 0 2 mm respechvely If the average 
value of coeffiaent offnchon between the tool and the clnp 1S 0 5 and the shear stress of the 
work matenal!S 400 N/mm', determme (1) shear angle and (u) cuthng and thrust components 
of the machmmg force 

(1 0) 

(b) Expla1n the gnndmg process for the folloWing operat10ns (1) Roll gnndmg (u) 1bread 
gnndmg, and explam speed, feed and depth of cut as applicable to gnndmg works 

(1 0) 

(c) Define NC, CNC and DNC Also expla1n the1r development~ and 1mprovements 1n thm 
apphcat10ns 

(1 0) 

(d) Prep are apart pro gram for mach! rung a rectangular contour of 20 0 mm x 1 00 mm S!ze from a 
sU!table MS blank of 5 mm tlnckness Also, a reamed hole of 16 mm has to be made centrally 
m the rectangular contour Take speeds and feeds arb1tranly 

(1 0) 

Stu
de

nt
Suv

idh
a.

in

www.studentsuvidha.in

studentsuvidha.in/
studentsuvidha.in/


(a) A company has factones A, B and C wlnch supply warehouses D, E, F and G Monthly 
factory cap ac1h es are 18 0, 170 and 2 00 uruts resp echvel y Monthly warehouses reqmrements 
are 90, 100, 120 and 180 umts respechvely Urut slnppmg costm Rupees are g!Ven m the 
tab! e bel ow, Determme the !tul!al feaSible soluh on usmg Vogel's ApproX!mal!on and find the 
ophmum d!Stnbuhon for tlus company 

F~ctoncs 

A 

B 

c 

D 

" 
" 
" 91) 

E 

" ,-
40 

F 

40 
-:c-
" -
42 

!20 

G 

l9 
~;,-

" 180 

Supplies 

180 

171) 

200 

(2 0) 

(b) Draw the PERT network for the achmhes whose tlu-ee l!me eshmates are g1ven m the table 

Activity 
Predecessor Optimistic Pessimistic Most likdy 

activity ""'' ""'' ""'' 
A ' ' ' 
' ' 4 ' 
c ' ' 4 

D A ' w ' 
' c 4 ' ' 
' B, D, E ' n ' 
G A ' ' 4 

H G,C 0 ' ' 
From the three hme eshmates obtam the expected hmes of all the achv1hes and slacks of all 
the events Also find the cnhcal path 

(2 0) Stu
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