
IIIGCHANICAL 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) DiScuss flow enerGI Compressed aJr 1S used to e'llel the l!qmd propellant from the 
prop ell ant tank as shown below The 1rul!al pressure of the aJr 1S 20 0 bar The prop ell ant has a 
denSity of 1 12 gm/cc and the propellant tank 1S filled to capac1ty and contams 900 kg of 
propellant The propellant leaves at a constant pressure of 200 N/cm' (20 bar) ConS!denng 
the aJr as the system, determme the work done by the aJr m forcmg the propellant from the 
prop ell ant tank Determme the volume of compressed aJr lank necessaJY to pump all the fuel 
m the rocket Would the use of hehum mstead of atr alter the performance? Is the mlet atr 
temperature 1S of any consequence? 
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(b) The steam, 1mhally at a pressure of 15 bar and a temperature of 250 C, expand reverSibly and 
polytrop1cally to 1 5 bar Fmd the final temperature, work done, and change of entropy, 1fthe 
mdex of expans10n 1S 1 25 (Assume 1 bar= 1 kg£' em' State the assumpl!ons made 

(a) A reverSible eng1ne rece1ves heat from a mmture of water vapor and hqmd water at 1 attn 
and reJ eels 3TI5 kJ!hr of heat at 1 00 K below temperature of a mmture of 1ce and hqm d water 
at 1 atm It dehvers 0 3S6 kW power Fmd the number of degrees separatmg absolute zero 
and 1ce pomt on Kelmn scale 

(b) A workmg flmd goes through a Camot cycle of operal!ons, the upper absolute temperature of 
the flmd bemg 81 and the lower absolute temperature bemg e, The amount of heat taken m 
and reJected by the workmg flmd are Q1 and Q2 respecl!vely On account of losses of heat 
due to conducl!on etc, the heat source temperature T1 1S h1gher than 81 and the heat smk 
temperature T, 1S lower than If T1 = (01 + KQ1), T, = (8, KQ,) where K 1S the same 
constant for both the equahons, show that the effic1ency of the plant 1S g1ven by 

(a) Starl!ng from first law equahon dQ = du + pdv show that change m entropy of an 1deal gas 
system 1S g1ven b 

' v i:Js = C, ln-2+ Rln-2 
r, Vi 

(b) A system operahng m a reverSible cycle recetves 25 kJ of heat at 225 C (1-2) Tlus 1S 
followed by an ad!abat1c expans10n (2-3) to 115 Cat w!uch temperature 15 kJ of heat 1S 
rece1ved (3-4) Then a further ad!abat1c eXJlanS!on (4-5) to 32 C occurs after wh1ch 25 kJ of 
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heat 1S reJected at constant temperature (5-6) followed by an ad!abahc compress10n 
(6-7) F1nd the change m entropy dunng the last process (7-1) wlnch occurs alter ad!abahc 
compress10ns (6-7) to 115 C 

(a) Show that effic1ency of a S!mpl e Gas Turb1ne (Joule cycle) 1S g!Ven by 

(b) The nozzles of a two-row veloc1ty-compounded stage have outlet angles of 22 degrees and 
uhhze an 1 sentrop1c enthalpy drop of 20 0 kJ per kg of steam All movmg and gm de blades are 
synunetncal, and the mean blade speed 1S 150 m/s assummg an 1Sentrop1c effic1ency for the 
nozzles of 90 per cent, find graph1cally all the blade angles and calculate the spec1fic power 
output produced by the stage The veloaty at mlet to the stage can be neglected 

(a) Define Volumetn c Effic1ency of a compressor 

(b) A mulhstage compressor has to be deSigned to supply a1r at 135 bar, wlnle ahnosphenc 
cond!t10n 1S 1 03 bar and 15 C The value of compress10n mdex may be assumed as 1 35 Due 
to prachcal reasons the mtercoolers are not able to cool the a1r below 45 C, wlnle the 
maX!mum temperature allowable m the system 1s 120 C Calculate the number of stages that 
are necessa!)' m the compress10n and the rate of coohng water c1rculated per kg of a1r (Cp = 1 
bikg C) 

(a) Calculate the force F reqmred to hold the curved gate (proJected area 1 x 1m) of areserv01r 
as shownm figure below [Data lxx = bh3/12 for a rectangle and centr01d for a quadrant 1S 
located 2dlh from edge] 

(b) The steady flow 1n an open channel, exposed to ahnosphere, of constant cross-sect10n and 
constant slope 1S conS! dered to depend upon veloc1ty V fl md denS! ty , cross-sech onal area A, 
channel length I, wetted surfaceS, slope of channel~ and gramtahonal accelerahon g Show 
that the followmg rel at10nslnp holds 

:n=f(s,;,*) 
(a) Alr at 0 C and 95% RH has to be heated and hum1d!fied to 25 C and 40% RH by 

preheahng, ad1abahc saturahon m a recalculated-water a1r -washer and then reheahng to final 
state Calculate heahng reqmred m two heaters, make-up water reqmred m washer and 
temperature of a1r wasber 

(b) Ahonzontal 3-mm-tluck flat copperplate 1m long and 0 5 m W!de, 1S exposed m a1r at 27 
C to rad1ahon from the sun If the total rate of madent solar rad1ahon 1S 300W and the 
comb1ned urut-surface Conductance's on the upper and lower surfaces are 20 and 15 W/m2K, 
resp ech vely, determme the eqmh bnum temperature of the plate 

(a) the heat transfer coeffic1ent for a gas floWing over a thm flat plate 3m long and 0 3m W!de 
vanes Wlth diStance 1rom the leadmg edge accordmg to h1(x) = 10x·lA Wim' K 

Calculate (a) the average heat transfer coeffic1ent (b) the rate of heat transfer between 
the plate and the gas 1f the plate 1S at 170 C and the gas 1S at 30 C, and (c) the local heat flux 
2m from the lead!ng edge 

(b) Light lubncahng 01l (Cp = 2090 Jikg K) 1S cooled by alloWing 1t to exchange energy W!th 
water 1n a small heat exchanger The 01l enters and leaves the heat exchanger at 375 K and 
350 K, respechvely, and flows at a rate of 0 5 kg/s Water (Cp = 4177 Jikg K) at 280 K 1S 
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avaJlabl e m suffia ent quanh ty to allow 0 2 0 1 kg/s lobe used for coohng purposes Determme 
the requued beat transfer area for counterflow operahon The overall heat transfer coeffic1ent 
may be taken as 250W/m2 K 
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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 

¥AI'EI% ~II 
IECTION A 

(a) What condthons should be sahsfied, tf a ng~d hnk 1S to be replaced by a dynatmcally 
eqmvalent mass less hnk With two pomt masses at tis ends? 

(b) Define loganthtlllc decrement How 1S tl related to dampmg raho? 

(c) What are pnmaJY and secondaty unbalances m a shder -crank mechamsm? 

(d) State the cond!hon for the stabdtty of a governor Why 1S an iSochronous governor not 
stable? 

(e) Define pressure angle and pnme ctrcle tn reference to cam mechamsm 

(f) D!Shngmsh between modulus of elast!Clty and modulus ofreSJhence of a matenal In what 
S!tual!on 1S the latter property useful? 

(g) E'lllam why max~mum shear stress theoty 1S Widely used m machme deSign With duchle 
matenals 

(h) Wnte Rankme-Gordon formula for buckhng load of columns and explam the mearung of 
symbols used 

(i) Show by Simple sketches the followmg welded JOmts 
(i) Single U-butt 

(11) SingleV-butt 

(111) Single bevel butt 
(iv) SingleJ-butt 

6) Differenhate between a closed coded and an open coiled hehcal spnng 

(k) Wnte down the Compo S!honS corresp ondmg to the followmg sp ec!licahons of steels 

(i) C 15 (u)55 Cr7 (111) 15 Mn 75 (iv)T 105 Cr 1 Mn 60 

(1) D!Shngmsh between wlute and nodular cast-iron 

(m) D!Shngmsh between thermoplashcs and thermosethng plashes 
(a) What 1S conhnuous cashng process? List two pnmary areas m which tlus offers ndvantages 

( o) What four stages are mvolved m the pro cess of reSiStance spot weldmg? 

(p) What are followmg press operahons? 

(i) Blankmg (11) Punchmg (111) Shthng (iv) Lancmg 

( q) Differenhate between a Jig and a fixture 

(r) Give an example for a facihty lo cahon problem m which the o bJ echve my be to 

(i) mmmuze total diStance travelled, 

(11) mmmuze ma:nmum d!stance travelled 
(s) What 1S matenal hand!ng? Name four categones of matenal handhng eqmpment used W!thm 

plant 
(t) What is the purpose of produchon planmng and operahons scheduling? 

2x20=40 
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IECTION- B 
(a) A machme of mass 100 kg " mounted on iSolators havmg shffness of 1 2 x 106 N/m and a 

damping factor of 0 1 A p!Ston of mass 2 kg W!tlun the machme has a mprocahng mohon 
W!th a stroke of 8 em and a speed of 1 80 0 cycles/mm Assummg the moh on of p!Ston to be 
Simple harmomc, determme 

(i) the am ph tude of mohon of the maclune, 

(u) force transm!lted of the foundahon, 

(111) the phase angles of the transm!lted force and maclune mohon W!th respect to the 
excihng force 

" (b) A steel cyhnder havmg 12 5 em outS! de diameter has a wall tlnckness of 1 5 em The cyhnder 
1S used as a pressure vessel to hold flmd at an mtemal pressure of 30 MPa Assume that the 
ends ofnse cylmder are closed Calculate 

(i) the rad!al and tang en hal stress at the mner and outer surfaces, 

(u) the three pnncip al normal strams at the mner surface, assummg that the maten al does 
not yield 

Take Young's modulus = 2 x 1 0" Nlm' 

P01sson's raho = 0 3 

" (a) An electnc motor ruruung at 500 rpm dnves a low speed pump W!th a reduchon of 1 8 1 
through a p u of spur gears, will ch have teeth of 14Wo mvolute form (module = 6 mm) The 
piruon has 20 teeth In order that the mterference does not take place, find 

(i) the max:1mum workmg depth, 

(u) the lengths of path of contact arc of contact 

(111) the max:1mum velocity of shd!ng on either S!de of pitch pomt 

" (b) A vertical spnng loaded valve 1S requued for a compressed a1r receiver The valve 1S to start 
operung at a pressure of 100 N/cm' gauge and most be fully open W!th ahft of 0 4 em at a 
pressure of 120 Nlcm' gauge Diameter ofport!S 2 5 em Assume the folloWing 

Allowable shear stress m spnng steel= 480 N/mm3 

Modulus of ng!diy for spnng steel = 8 x 1 06 Nlcm' 

Spnng mdex (C)= 6 

and calculate W abl' s factor (K) by the folloWing formula 

4C-l 616 
K= +--

4C 4 C 

DeSign a smtable close coiled round sect10n helical spnng havmg squared ground ends Also 
specify imhal compress10n and free length of the spnng 

" (a) DeSign a smtable ord!nary ng1d flange couphng to connect an electnc motor to areduchon 
gear of a machme The motor has a rated output of 80 hp at 600 rpm Workmg stresses m 
matenals to be used for different parts are 

F1ange (C I) shear 1700 N/cm' compress10n 8400 N/cm' 

Shaft (M S) Shear4750 N/cm' 

Bolt, Key (M S) Shear 5800 N/cm', compresSions 9000 N/cm' 

These values take mto account the semce factor and w weakerung effect of the keyway 
Square keys are recommended for fixmg the flanges on the shafts For your calculahons you 
may assume 
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Numberofbolts =4 

OutSide d!ameter ofhub = 2d 

P c d of bolts =3d 

W1dth and depth ofkey = d/5 

where d 1S the d! ameter of the shaft 

Make a fully d!mens10ned sketch of the couplmg (one v1ew only) 

n 
(b) A umform canhlever beam W!lh flexural ng1d1ty El!S canymg a urufonnly d!Stnbuted load of 

magrutude w per urut length on 1ts half length from m1d-span to free end The length of canhlever 1S 
I Denve an express10n for bendmg deflechon at the free end You may use F1rst Theorem of 
Cashghano 

IECTION- C 
(a) Reason outwhy--

(1) a 1 ow cab on steel!S not normal! y hardened by heat treahnent, 

(11) Strength m austen1hc steels 1S mcreased by work hardenmg, 
(111) a two-stage heahng and coohng pract1ce 1S usually followed for neat treatment m h1gh 

speed steel 

(b) Compare the changes m vanous stages observed dunng temp enng of !ugh carbon steel 

(c) FolloWing data relate to a penpheral m1llmg op erahon 

D1a of the nulhng cutter =100mm 

Cutter Speed = 500 rpm 

W1dth of the cutter =100nun 

Depth of the cut =5mm 

Table speed = 100 nun/mm 

Helm angle of teeth =45° 

Length ofworkp1ece =50 em 

W1dth ofworkp1ece =80mm 

Number of teeth oC 

Calculate cuthng speed, maX!mum effechve uncut ch1p th1ckness, plan area of cut, metal 
removal rate and maclurung hme 

'c 
(a) What 1S part programmmg? Explam the steps of prepanng a part progranune for feedmg to a 

convenhonal NC machme 

" (b) Descnbe the operahon of a centre less gnnder and state 1ts advantage over the cyhndncal 
gnnder 

" (c) The amval rate of parts of amachm!St 1S P01sson d!Stnbuted Wlth a mean of 8 per hour A 
part can be machmed man average of 6 nunutes, W!th a standard dev1ahon of a= 8 nunutes 
ConS!derahon 1S bemg g1ven to replacmg tlus W!th an aJJtomated machme that can machme 
each part m exactly 6 mmutes What W!ll be reduchon m the average number of parts 1n 
queue? The reduchon m hme 1n queue? What would happen to be average number m the 
queue 1£ usmg the aJJtomated machmety, the P01sson amval rate were mcreased to 10 per 
hour to match the constant sem ce rate? 
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" (a) Explam what 1S powder metallurgy and smtenng DiScuss thetr ffi'IJ or advantages over other 
processes 

(b) DiScuss any four mechamsm for tool wear 

" (c) A small plant layout job conSists of 10 steps Thm precedence relahonslnps and acl!mty 
hmes are 1dent1fied as follows 

~'~ Predecessor T1me (Hours) 

A None 0 

' None n 
c None " 
D A '' 
' ' '0 

' ' ' G, c,c " 
H D, G 0 

C, H " ' c,c " Draw the netwotk and complete the forward and backward passes What acl!ml!es make up 
the en heal path? Wluch acl!mty has the most slack? 
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