
MGCHANICAL GNGINGGICNG 

Time Allowed: 3 hours 

Candidates should attempt any five questions 
All questions carry equal marks 

Answers must be written in English. 

M=imumMaJks: 200 

(a) 3 kg of atr at 1 50 bar pressure and 87°C temperature at cond!hon 1 " compressed 
polytrop!cally to cond1hon 2 at pressure 7 50 bar mdex of compresSion bemg 1 2 It 1S then 
cooled at constant pressure to cond1hon 3 and then finally heated at constant temperature to 
1ts ongmal cond1hon 1 Fmd the net work done and heat transferred 

(b) 500 kJ of heat 1S removed from a constant temperature heat reserv01r mamtamed at 835K 
The heat 1S recetved by a system at constant temperature of 720 K The temperature of the 
surroumhngs the lowest avaJ!able temperature 1S 280K Illustrate the problem by T-S 
d!agram and calculate the net toss of avaJ!able energy as a result of tlns 1rreverS1ble heat 
transfer 

(a) DiScuss the 1mportance of nuclear fuels and the:tr properties reqmred 1n the development of 
vanous nuclear power plams 

(b) A S!mpl e Jet carburetor has to supply 5 kg of a1r per nunute The a1r 1S at a pressure of 1 0 1 3 
bar and at a temperature of 27°C Calculate the throat d1ameter of the choke for a1r flow 
veloc1ty of 90 m/s Take veloaty coeffic1ent to be 0 8 Assume 1Sentrop1c flow Assume the 
flow to be compresSible 

(a) What are the advantages of usmg large capac1ty bo1lers? W1th neat sketches descnbe the 
operat10n of a Benson B01ler 

(b) In a steam power plant operahng on Rankme cycle the steam enters the h!rbme at 70 bar and 
5 50 oc W!th a velo aty of 3 0 rrJs It diScharges to the condenser at 0 2 0 bar W!th a veloc1ty 9 0 
m/s h the steam flow rate 1S 3 5 kg/s find the thermal effi aency and the net power produced 

(a) Alr!S eXJlanded reverSibly and achabahcally m a nozzle from 13 bar and 150°C to a pressure 
of 6 bar The mlet veloc1ty of the nozzle 1S yen small and the process occurs under steady 
state flow cond!hons Calculate the e:nt velo c1ty of the nozzle 

(b) A gas turbme umtrecetves a1r at 1 bar and 300K and compresses 11 ad!abahcally to 6 20 bar 
The compressor effic1ency 1S 88% The fuel has aheahng value of 44186 kJikg and the fuel 
a1r raho 1S 0 0 1 7 kg fuel/kg of a1r The h!rbme mtemal effia ency 1 s 90% Calculate the work 
of turbme and Compressor per kg of a1r compressed and thermal effic1ency For products of 
combushon Cp = 1 147 k.Jikg K y= 1 333 

(a) An a1r compressor has e1ght stages of equal pressure raho 1 35 The flow rate through the 
compressor and 1ts overall effic1ency are 50 kg/sand 82% re11ecl!vely If the a1r enters the 
compressor at a pressure of 1 0 bar and temperature of 3 13 K detenrune 

(1) State of a1r at the e:nt of the compressor 

(11) Polytrop1c or small stage effiaency 

(111) Effic1ency of each stage 

(1v) Power reqmred to dnve the compressor assunung the overall effic1ency as 9 0% 
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(b) One stage of an 1m pulse turbme conSists of a convergmg nozzle nng and one nng of movmg 
blades The nozzles are mchned at 22° to the blades whose l!p angles are both 35° If the 
veloc1ty of steam at e:nt from the nozzle 1S 660 rrJs find the blade speed so that the steam 
shall pass on Without shock Fmd the d!agram effic1ency neglechng losses 1fthe blades are 
run at tills speed 

(a) Show that temperature d!stnbuhon m a sphere of radms R havmg a surface temperature of 
Tw, m wh1ch heat 1S generated at a uruform rate of qg W/m3 1S g1ven by 

' [r(r)-rw]~ q!: (1-r'l R') 

where k 1S the thermal conduchv1ty of the sphere matenal 

(b) A chem1cal havmg spec1fic heat of 3 3 kJ/kg K floWing at the rate of 20,000 kg/h enters a 
parallel flow heat exchanger at 120°C The flow rate of coohng water" 50 000 kg!h W!th an 
mlet temperature of 20°C The heat transfer area" !Om' and the overall heat transfer 
coeffic1ent 1S 1050 Wim' K Fmd the outlet temperatures of water and chem1cal and 
effechveness of the heat exchanger Take for water spec1fic heat= 4 186 kJ!kg K 

(a) A refngerahon maclnne" reqmred to produce 1ce at ooc from water at 20°C The machme 
has a condenser temperature of 28 K wh1le the evaporator temperature 1S 268K The relahve 
effiaency of the machme" 50° and 6 kg of Freon -12 refngerants" c1rculated through the 
system per m1nute The refngerant enters the compressor W!th a dryness frachon of 0 6 
Speafic heat of water 1S 4 187 kJ/kg K and the !at end heat of 1ce 1S 335 KJ/Kg Calculate the 
amount of 1ce produced m 24 hours The table of properhes of Freon-12 1S g1ven below 

Temperature L!qmd heat Latent heat Entropy ofhqmd 
K hl&e hl&e kJ!kg K 

en on 1 38 0 0 2232 

"' "' 1 54 0 0 12 51 

(b) A small aud!tonum" reqmred to be mamtamed at 22°C dty bulb temperature and 70% 
relat1ve hmmd1ty The amb1ent cond!h ons are at 30 oc dty bulb temperature and 75% relahve 
hmmd!ty The amount of free a1r c1rculated 1S 200 m3/m1n The reqmred cond!hons are 
ach1eved by first coohng and dehmmd1fying through a coohng c01l havmg apparatus dew 
pomt of l4°C and then byheahng W1th the help ofpsychrometnc chart find 

(1) The coohng capaaty of coolmg c01lm tons ofrefngerahon and 1ts bypass factor 

(11) The amount of water vapour removed by the co olmg c01lm kg/h 

(111) Assummg hle b pass factor as 0 2 determme the capac1ty of the heahng c01l1n kW 
and 1ts surface temperature 

(a) The vel oc1ty pro file for lammar flow m the b oundaty layer of a flat plate 1S g1ven by 

~~sm(; ;) 

where u 1S the veloaty of flmd m the boundaty layer at a verhcal d!stance y from hle plate 
surface and U 1S the free stream veloc1ty Prove that the boundary layer tlnckness 5 may be 
g1ven by the express10n 

5
_ 4795x 
- (Re,/12 
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where Re, 1S the Reynolds number of the flmd at a d!stance x from thelead!ng edge of the 
plate 

(b) A swmllmng pool 12 m long and 7m Wide holds water to a depth of 2m If the water 1S 
diScharged throllgh an opemng of area 0 2m at the bottom of the pool, find the hme reqmred 
to empty the tank Take co effic1ent of d!scharge for the op emng as 0 6 

(c) G1ve the range of spec1fic speed vall!es of the Kaplan FranciS h!rbmes and Pelton wheels 
What factors deade whether Kaplan FranciS or a Pelton wheel type h!rbme would be l!sed m 
a hydro -electnc proJect? 
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IIIGCHANICAL GNGINGGICNG 
Time Allowed: 3 hours M=imumMaJks: 200 

Coniliilatos should altl!mpt Qw!sti<>n 1 in Soclion A, any TWO in S•cOOn Band any TWO in S•clion C 
Th• numb.,. of marks carriJ>d by •och tpJ!SIK>n is inilllated at II• ""d '!{th• tpli'Stion. 

An.sw= must b• writmn ;, English 

PAI'EII ~II 
IECTION A 

(a) State the cond1hons for a four-bar hnkage to be called a Grashofs hnkage and also when 
tlus lmkage would become a double- crank mechamsm 

(b) Define the coeffiaent of fluctuahon of enerGI m case of a flywheel HowlS 11 related to the 
coeffic1ent of fl uctuah on of speed? 

(c) What 1S hunhng m a cenlllfugal governor? When does 11 occur? 

(d) When can on say that a mbrator s stem 1S cnhcally damped? How 1S cnhcal dampmg 
coeffic1ent related to mass (m) and spnng constant (k) of the s stem? 

(e) What 1S a Gyro? HowlS g Glroscop1c torque (1) related to spm veloc1ty (OJ,) and precess10n 
veloc1ty (OJp)? 

(f) State the fundamental law of geanng State when the meshmg surfaces can be called 
conJugate 

(g) Sketch mtemahonal melllc V -thread With flat root and e'llress vanous d1menS1 ons m terms 
ofp1tchp 

(h) D!Shngmsh between urulateral and b1lateral tolerances 

(1) Define hue stress and hue stram m a Simple tenSile test E'llress the1r relahons With the 
correspondmg nonunal quanhhes 

6) How 1S touglmess d!fferent from reSilience of amatenal? G1ve an example where the former 
1S more 1mportant 

(k) State D1Stort10n Energy Theoty for fa1lure 

(1) From the aspect of corroSion explam how a hn plated 1ron sheet 1S d1fferent from a galvaruzed 
1ron sheet 

(m) D!Shngmsh between the microstructures of pearhte and plate marten S!te formahon 

(n) What effects are brought about b the folloWing m plashes? 

(1) Remforcements 

(11) Plashazers 

( o) What 1S the d1fference between austempenng and ord!naty temp enng 

(p) What do you understand from mechmab1hty of a matenal? List any two propert1es wh1ch 
have a beanng on machmab1hty 

(q) D!Shngmsh between electrochem1cal mach1rung and electro- chenucal gnndmg 

(r) List an four factors, wh1ch determme a plant layout 

(s) What 1S ABC mventoty system? 

(t) Define the asSignment problem and 1llustrate 11 by an example 

IECTION-B 

(a) A steel shall of7 5 em d!ameter has an alummmm d!Sc of 30 em outSide d!ameter shrunk on 
1t The slmnk allowance 1S 1 part per 1000 Fmd the tangenhal and rad!al stresses at the 
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mterface d1me to shnnk-fit Calculate also the rpm ofrotahon, at wlnch the shnnk-fit 
lo ssens up Neglect the expans10n of the shaft caused b rota!! on Take 

P01sson' s raho for both metals 

E for steel 

F for alunuruum 

DenSity of alummmm 

oC 

=210x103 MPa 

=71 x 103 MPa 

= 2 76 g/cm3 

" (b) A umform beam of span Land flexural ng1dit EI 1S Simply supported at1ts ends, It!S eammg 

( ,, 

a load W at a diStance b from the left hand support and subjected to an ax:1al force P 
(compresSive) Denve the express10n for the deflechon of the beam What would be the 
deflechon under the latralload when b = U2? What 1S the en heal value of P for wlnch the 
deflechon becomes vety large? 

The crank of a four-bar mecharusm shownm the above figure 1S balanced and rotahng 1n 
anh-clockW!se direchon at a constant angular speed of 200 radlsec The parhculars of the 
mechaniSm are 0 2A = 5 em AB = 45 em AG3 = 22 5 em 0 4B =20 em 0 4G2 =10 em 0 20 4 
=35cm W,=12kg W,=3kg I,=686kgcm2 I,=550kgcm2 G,andG,aremass­
centres of lmks 3 and 4 W3 W4 the:tr respect1ve masses and I3, I4 the1r respechve mass 
moment of Inerha about thetr mass-centres For the g1ven angular poS!hon of the crank 2 
draw veloc1ty and acelerahon diagrams and find the angular accelerahons of lmks 3 and 4 
Deternune also the forces actmg at the pm-Jo!nls A, Band the external torque wh1ch must 
be apphed to hnk 2 Ignore the gra~l!tahon effects 

An mtegral pulley shown m the above figure 1 s restramed m 1ts movement about 1ts own ax:1s 
b a tors10nal spnng of shffness K and a hnear spnng of st1ffness k A 1 oad of mass m 1S hung 
from the smaller pulley by means of an 1nextenS1ble stnng Usmg D' Alembert's pnnc1ple 
denve the equahon of mohon for small osc1llahons and deternune the natural frequency 
Take J as mass moment of mert1a of the pulley about 1ts ax:1 s 

c 
(a) A Single start square thread screw clamp 1S to be deSigned for a compresSive load of20 kN 

The pad offers a fnchon torque of 30 Nm Calculate 

(1) the p1tch and diameter of the screw 

(11) hetght of the nut and 

(111) d1mens10ns of the tommy bar operahng the screw Assume 
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Ma:nmum force at the end of the tommy bar 

Safe compresSive stress for the screw 

Safe beanng pressure for the screw and nut 

Safe bendmg stress m the handle 

Co efficient of screw thread fnchon 

= 250 N 

= 100 MPa 

= 8 MPa 

= 95 MPa 
= 0 15 

" (b) A shaft ruruung at 50 0 r p m cames a pulley 1 00 em d!ameter wlu ch dnves another pulley m 
the same direchon W!th a sped reduchon of2 1 by means of ropes The dnve transnuts 250 
H P Angle of grooves" 40° The &stance between pulley centres" 200 em The coefficient 
of fnchon between the rope and pulley 1S 0 2 The rop weighs 1 2 kg/m and has a safe 
allowable stress of 175 N/cm' It 1S recommended that the imhal tens10n m the rope should 
not exceed 800 N Fmd the number of ropes reqmred and rope diameter Calculate also the 
length of each rope 

SECTION -e 
(a) Draw conhnuous-coohng-Transformahon (C-C-D diagram for an eutect01d steel and 

explam how the coohng rate affects the microshucture of the transformahon products 

" (b) What properhes are expected of the alloys used m beanngs? Descnbe the rote of hard 
p arhcles and soft matnx m the funchorung of a b eanng alloy 

" (C) Machme components are received from two vendors Vendor A supphes 75% of the 
components known to mclude 50 defechve and Vendor B's supply of 25% components 
mcludes 10° defechves When a sample ofS!te 5 "mspected, only one defechve component 
1S found By tlus mformahon determme the postenor probability that the components are 
delivered from Vendor A, from Vendor B 

" (a) Explam the difference between orthogonal and obhque cuthng In an orthogonal cuthng 
process the folloWing o bservahons were made 

Depthofcut =025mm 

Chip thickness ratio = 0 45 

Widthofcut =4mm 

Cuthngveloaty =40m/mm 

Cuthng force component parallel to cuthng velocity vector = 1150 N 

Cuthng force component normal to cuttmg veloatyvector = 140 N 

Rake angle of the tool = 1 8° 

Deternune resultant cuthng force, power of cuttmg, shear plane angle fnchon angle and force 
component parallel to shear plane 

" (b) List the vanous gear cuthng processes How are they clasSified? Descnbe W!th Simple 
sketches the pnnciple and workmg of a gear shaper 

" (c) How 1S the sU!tabihty of a sheet metal for deep draWing operahon assessed? Discuss the 
effect of punch and die profile radu on the thickness changes which occur dunng draWing an 
also theu effect on max:1mum punch load 
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(a) Two products are manufactured by passmg sequenl!ally through three maclunes T1mes per 
maclune allocated to the two products are hnuted to 10 hours per day The produchon l!me 
and prof1t per umt of each product are 

Produchon T1me (M1nutes) 

Product Maclune 1 Maclune 2 Maclune 3 Profit (Rs) 

' " " ' " ' ' ' " " 
(1) F1nd the ophmal mm of the two products usmg S1mplex Method 

(11) Idenhfy the maclune (s) W!th abundant capac1ty at the ophmum soluhon 

(111) For each machme W!lh full uhhzahon determme the worth per un1t mcrease m 1ts 
capaaty 

(1v) Wluch of the three machmes should be g!Ven h1ghest pnon ty for capac1ty mcrease? 

" (b) What arc essenhal components of Pro duct10n Planmng? Explam then W!th Simple examples 

" (c) Wnte bnefly on 

(1) Surface mtegnty of macluned parts 

(11) Value engmeenng 
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