
IIIGCHANICAL GNGINGGICNG 

Ttme Allowed Three Hou10 MaXimum Marks 200 

Canchdates should attempt any Glw Questions 

For aJr R = 0 287 k.J/Kg K, Cp= 1 005kJ/Kg K, y = 1 4 

Assume 1 bar= 1 kgfcm2 Jjnecessary 

(a) An 1deal gas 1S heated from temperature T 1 toT, by keep1ng 1ts volume constant The gas 1S 
e'llanded back to 1ts 1mhal temperature accordmg to the law pv" =constant If the entropy 
changes m the two processes are equal, find the value ofn m terms of the ad1abahc mdex y 
(o) 

(b) A cyhnder contams one kg of water and steam at a pressure of 3 8 bar and 0 4 dty Heat 1S 
supphed at constant volume unhl the pressure reaches to 10 bar The steam 1S then expanded 
accordmg to the lawpv =constant, unhl the pressure 1S 2 bar Calculate 

(c) 

(1) Heat transfer dunng constant volume heahng 

(11) Heat transfer dunng pv =constant e'llanS!on 

(111) Temperature of steam after the expans10n 

(1 5) 

An ad1abahc cyhnder of volume 10 m3 1S d1v1ded mto two compartments A and B, each of 
volume 6m3 and 4m3 respechvely, by a tlun shdmg parhhon lmhally the comparhnentA!S 
filled W!th u at 6 bar and 600 K, wlulst there 1S a vacuum m the compartment B Suddenly 
the part1hon 1S removed, the flmd 1n compartment A expands and fills both the compartments 
Calculate the Loss m available energy Assume ahnosphere 1S at 1 bar and 300 K 

(2 0) 

(a) The factors that tend to mcrease detonahon m SI Engme tend to reduce knockmg m CI 
engme Discuss th!S statement W!th reference to the folloWing mfluencmg factors (1) 
compress10n raho (11) mlet temperature (111) self-1gmhon temperahlre of fuel (1v) hme lag of 
1gruh on of fuel, and (v) combushon chamber wall temperature 

(1 0) 

(b) Denve an e'llress10n for a1r standard effic1ency of the folloWing cycle m terms of 
compress10n raho, IL C, andy 

(1) an iSothermal compress10n, compress10n raho, y (11) an mcrease of pressure at constant 
volume (111) an ad!abat1c eXJlanS!on 

(1 0) 

(c) Dunng the tnal of a S!ngle-achng 01l engme, cyhnder d!ameter 20 em, stroke 28 em, workmg 
on the two -stroke cycle and finng every cycle, the folloWing o b servah ons were made 

Durahon oftnal, 1 hour 

Total fuel used, 4 22 kg, calonfic value, 

44670 kJikg, proporhon of hydrogen m fuel, 15% 
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Total number of revoluhons, 21 00 0 

Mean effechvepressure, 2 74 bar 

Net brake load apphed to a drum of 1 00 em d! ameter, 6 00 N 

Total mass of co olmg water arculated, 49 5 kg 

Temperature of coohng water mlet 13' C, out! et 3 8°C 

Atrused, 135kg 

Temperature of a~r m test room, 20°C and temperature of exhaust gases, 370°C 

Assume CPg>m= 1 005 kJikg K and Cp"""" at ahnosphenc pressure= 2 093 kllkg K 

Calculate the thermal effic1ency and draw up the heat balance 

(a) Sketch and descnbe the workmg of a once through b01lder DiScuss 1ts speaal features 

(2 0) 

(1 0) 

(b) DiScuss an 1deal regenerahve cycle for a steam plant Why 1S 1deal cycle not posSible m 
prachce? 

(1 0) 

(c) In a two-stage veloaty compounded 1mpulse turbme the steam leaves the nozzles at a 
veloc1ty of 675 m/s, when the blade speed" 150 rrJs The nozzle angle" 20°, wh1le the 
diScharge angles are 25° for the first row blades, 25° for the fixed blades and 30' for the 
second row blades There 1s a 10 per cent drop m veloc1ty dunng passage of steam through 
each row of blades For the steam flow rate of 5 kg/s, calculate, the power output of the 
turbme and the d!agram effi a ency Also calculate the length of are o ccup1ed by the nozzles 1f 
the1r he1ght " 2 5 mm Steam " supphed to the stage at 1 2 bar, 30 ooc 

(2 0) 

(a) Denve an express10n, m terms of 1m hal and final pressures and the volume of a1r drawnm 
per stroke, for the m1mmum work done m the two-stage compress10n of a1r Assume 
ad!abahc compress10n and perfect 1ntercoohng Neglect clearance and show clearly all the 
steps m the analySiS 

(1 0) 

(b) AJel eng1ne 1S flymg at 300 m/s when the pressure and temperature of the ahnosphere are 0 8 
bar and 230 K respechvely The compressor pressure raho 1S 4/1 and the max:1mum cycle 
temperature 1S 1000 K Calculate, spec1fic thrust, power produced, propulsive effic1ency, 
overall thermal effic1ency and the fuel consumphon Assume 1Sentrop1c effic1ency of 
components uruty, nozzle throat area 0 06 m', calonfic value of fuel43000 kJikg, Cp andy 
for the compress10n process 1 005 kJikg K and 1 4, Cp and y for the combust10n and 
exp ans10n processes 1 1 5 kJikg K and 1 3 33 

(3 0) 

(a) A food storage locker reqmres a refngerahon capaaty of 50 kW It works between a 
condenser temperature of 35° C and an evaporator temperature of -10°C The refngerant" 
ammorua It" sub cooled by 5° C before entenng the expans10n valve by the dry saturated 
vapour leavmg the evaporator Assum1ng a smgle cylmder, smgle-achng compressor 
operatmg at 1000 rpm Wlth stroke equal to 12 hmes the bore, determme (a) the power 
reqmred, and (b) the cyhnder d!mens10ns 

(2 0) 
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1~-S::·c ~ 
l:ntl>olpy, ltJilg ,_,.,.,, 

'""""' vol"""' 111 'lb s.-lllo - 1<111<11 K - U'lllld v_., , ... ,_ 
""" - - ,_ 

_, 2.'l1!7 1S4.D!i6 "'"" .~ .. .,,., - 0.417477 - U92 

" 13.52~ 366.072 1488.5; '·""" """' 1.7(123 '·"""" 4.555 U03 

(b) What 1S 1mpulse fun chon ? Show that 

(1 0) 

F l+rM' 

"'?~ M [2(1+r)(t+1
2 

1M')] 
(c) A supersoruc aeroplane fhes at a Mach number 1 8 at an alhtude of 700 m, where the 

ahnosphenc temperature" l0°C What" the hme that elapses, by w!uch the acoushc 
d1sturbance reaches an observer on the ground after 11 1S d1rectly overhead? 

(a) For the data giVen below for a Pelton turbme, calculate the fnchon factor for the buckets, 
hydrauhc effiaency and mecharucal effic1ency Overall effiaency, 0 82, speed raho, 0 45, 
coeffic1ent of velo a ty, 0 98, Jet deflechon angle, 1 60 o wmdage and b eanng fncl!on losses oc 
(rotat10nal speed)', volumetnc effiaency, 1 

(2 0) 

(b) 3 00 m3/mm of atr at 1 0 o c dty bulb temperature and 90% relahve hum1d1ty " to be heated and 
humHhfied to 35°C dty bulb temperature and 22 5°C wet bulb temperature The reqmred 
cond!t10ns are ach1eved by heahng, hunud!fymg and then agam by heahng The relahve 
hum1d! ty of the atr conung out of the hunu d!fi er 1S 90% Fmd 

(2 0) 

(1) the heahng capac1ty of the first heater and the by-pass factor 1f the surface 
temperature of the cod 1 s 4 ooc 

(11) the capac1ty of the hunu d!fi er m kg/hour 

(111) the heahng capaaty of the second heater and the c01l surface temperature 1f the 
bypass factor!S 0 5, and 

(1v) the hum1d1fymg effi aency of a1r washer (hum1d!fi er) 

(a) Denve from the first pnnc1ples the Euler's equal! on of mohon for steady flow along a 
streamline Obtatn Bemoulh' s equahon by 1ts mtegrahon State the assumphons made 

(1 0) 

(b) A cub1cal tank has Sides of 2m Upto a he1ght of 0 8 m 11 1S filled W!lh water and the rest 
space!S filled Wlth 01! ofspec1fic gramty 0 85 For one veri! cal Side calculate 

(1) the total pressure, and 

(11) the p OS! I! on of the centre of pressure 

(1 0) 

(c) The velo c1ty d!Stnbul!on m a p1p e 1S giVen by 
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where u, iS the max1mum velocity at the centre of the pipe, u 1S the velocity at a &stance r 
from the centre and R 1S the pipe rad!us Obtam an express10n for the mean velocity m terms 
ofu,andn 

(1 0) 

(d) Explam what 1S meant by separahon ofbounda!)' layer Descnbe Wlth sketches the methods 
to control separahon 

(a) Dunng an expenment to measure the temperature of hot gas flowmg through a large pipe 
W!th a small thermocouple located centrally in the pipe, the folloWing date were obtamed 
under the steady state cond!hons 

Velocity of gas m the pipe !me, 4 rrJ s 

Temperahlre of pipe wall, 4 00 oc 

Temperahlre md!cated by the thermocouple, 580' C 

Diameter of the thermocouple JUnchon, 1 5 mm 

Em!SS!V!Iy of the thermocouple, 0 3 

Calculate the hue gas temperature 

The convechve heat transfer coeffiaent can be calculated from Nl.\i = 0 5 RedY' 

The property values may be used at 400°C and are k = 49 72 x 1 o-3 W/m °C, 

~ = 32 68 x 10-6 kg/ms, p = 0 5224 kg/m3 

Comment on the methods by wlnch accuracy of the thermo couple read!ng can be improved 

(1 0) 

(b) Alr flows through a 25 mm diameter tube W!th a mean velocity of 30 rrJs The tube wall 
temperature " 28 ooc and the a1r temperature mcreases from 2 ooc to 26 ooc U smg the S!mpl e 
Reynolds analogy calculate, the length of the tube reqmred and the pumpmg power For 

0 046 
turbulent flow m a tube, take f =----o2 The properhes may be taken at the mean fihn 

Re, 

temperahlre and from the Tables these are 

k= 38 45 x 10-3W/m oc, Cp = 1 0268 kJikg oc, 

p= 0 7306 kg/m3 , ~ = 26 17 x 10-6 kg/ms 

(2 0) 

(c) For forced convechon heat transfer, when fnchonal heahng m the flmd cannot be neglected, 
show by dimenSional analySiS 

Nu = f[Re, Pr,£] c,, 
DiScuss the phySical S!gmficance of each term 

(1 0) 
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Cand!dates should attempt queshon 1 1n Sechon A wh1ch 1S compulsory, nNO quest10ns from Secl!on B 
and Two queshons from Secl!on C Queshon l!S of short answer type hnuhng answer of each part to 30 
words 

SECnONA 
(a) Wnte the number of degrees of freedom constramed m each case by the kmemahc pa1rs ,,, Revolutepa1r 

(u) Cyhndncal pa1r 

(111) Screw pa1r 

(!v) Sphencal pa1r 

(b) Ang1dlmk placed on a smooth honzontal plane 1S shuck by an 1mpulS1ve force at apomt 20 
em d!Stant from 1ts c g, such that 11 starts rotahng about a pomt 5 em away from the c g 
Deternune the rad!us of gyrahon of the hnk and conunent on the relahve locahon of three 
pomts, v1z, pomt of force apphcahon, c g andp01nt ofrotahon 

(c) State the cond!t10ns for a ng1d rotor to be dynam1call y b a! anced 

(d) Show graplucally the vanahon of the raho of damped frequency to undamped frequency 
aga1nst dampmg raho m case of a damped osc11lator 

(e) Thel!ght S!de and slack S!de tenSions m aruruung belt dnve are respecl!vely T1 and T, What 
would be the belt tens10n, when the dnve stops? 

(f) Deternune the tors10nal shffness of a hollow shaft of length L and hamng outSide d!ameter 
equal to 1 51!mes mS!de d1ameter d The Shear modulus ofthemater1al1s G 

(g) A un1form canhlever beam (El constant) of length L 1S carry1ng a concentrated load Pat 1ts 
free end What would be 1ts slope at the (1) free end (11) bU1lt-m end 

(h) If the P01sson raho of an elashc matenal!S 0 3, determme the raho of1ts elashc modulus to 
1ts shear modulus Wnte the formula you use 

(1) How are urulateral and b1lateral tolerances 1nd1cated on d1menS1ons of a component? 
Illustrate each W!th an example 

6) Two matenals as per BIS system of deS!gnahon are 

(1) FG 35 S1 15 (11) CuZn42 Pb 2 

Name them Wlth comple spec!licahons 

(k) Spec1fy the ball S!ze and the magrutude of load apphed m case of Bnnell hardness tester 

(I) What are Vents and Clulls m mould? 

(m) In a surface gnndmg operahon of a workp1ece of S!ze 20 em (length) x 10 em (Width), the 
speed of tab! e 1S 2 5 m/nun and feed 1S 0 2 rum/Stroke Determme the hme for gnndmg smgl e 
surface m a smgle cut 

(n) What 1S gang m1lhng? 
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(o) Define the followmg statements as giVen m APT language 

(1) C1 =CIRCLE/CENTER, P1, TANTO, L1 

(u) FED RAT /4 0 

(p) What do the followmg symbols 1mply m 'Work Study'? 

,,, 01 (u) 

(q) An 1tem can be produced at a fmed cost of Rs 80,000 per annum and a umt vanable cost of 
Rs 40 If the selhng pnce per 1tem 1S Rs 60, determme the break even produchon volume 

(r) G1ve two S!luahons, where you would prefer CPM to PERT 

(s) D!Shngu!Sh between Quahty Assurance and Quahty Control 

(t) Name the two 1mportant conshtuents of CPU m a computer 

(2x20) 

SECnON B 

(a) A square threaded bolt of mean d1ameter 24 nun and p1tch 5 mm 1S hghtened by screwmg a 
nut, whose mean d1ameter ofbeanng surface 1S 50 mm If the coeffiaent of fnchon for nut 
and bolt 1S 0 1 and that for nut and beanng surface 1S 0 15, find the force reqU1red at the end 
of a spanner 0 5 m long, when the load on the bolt 1S 12 kN 

(1 5) 

(b) In a spnng controlled governor of the Hartung type, the lengths of the honzontal and vert1cal 
arms of the bell crank levers are 100 nun and 80 nun respechvely The fulcrum of the bell 
crank lever 1S at a d! stance of 1 2 0 mm from the ax!S of the governor Each revol vmg mass 1S 
8 kg The shffness of the spnng 1s 20 kN/m If the length of each spnng 1s 120 mm, when the 
rad!us ofrotahon 1S 70mm and the eqU1hbnum speed 1s 380 rpm, find the free length of the 
spnng If the rad!us of rotahon mcreases to 120 nun, what W!ll be the correspondmg 
percentage mcrease m speed? Ignore sleeve mass 

(2 5) 

(a) A V -belt of 6 0 em' cross-sechon has a groove angle of 40' and an angle of lap of 15 0 °, ~ = 
0 1 The mass of belt per meter run 1S 1 2 kg The max1mum allowable stress m the bell 1S 85 0 
N/cm' Calculate the horse power that can be transnu tted at abel t speed of 30 rrJs 

(2 0) 

(b) A sohd nght cone of ax1allength h 1S made of a matenal havmg denSity p and elast!C!ty 
modulus E It 1S suspended from 1ts c1rcular base Determme 1ts elongat10n under 1ts own 
we1ght 

(2 0) 

(a) The pressure W!tlun the cylmder of a hydraJJhc press 1S 9 MPa The mS!de d!ameter of the 
cyhnder 1s 25 mm Determme the th1ckness of the cyhnder wall, 1fthe perm!SS!ble tenS!ble 
stress 1S 18 N/mm' 

(1 0) 

(b) A nuld steel shaft has to transnu t 1 0 0 hp at 20 0 rpm DeSign a cast 1ron flange couphng for th 
shaft The allowable stresses are as follows 

Shear stress for shaft and key= 40 Ninun' 
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Shear stress for bolts= 28 Nlmm' 

Shear stress for C I coupmg = 20 N/mm' 

Take beanng stress as tw:tce the shear tress value and number ofbolts for the couphng as 6 

Sketch the Couplmg shoW!ng vanous d!mens10ns 

(3 0) 

SEI:nON C 

(a) DiScuss the effect of Manganese and N1ckel as alloymg elements m steels and cast Irons 

(C) 

(b) D!Shngmsh between (1) Pearhte and MartenSite transformahon (11) Wh1te and Nodular cast 
1ron 

(1 6) 

(c) Wnte a FORTRAN program to read 1n the elements of then x m matnx A and also that of the 
m x n matnx B, and then perform the matnx mulhphcahon operahon 

C=AB 

(1 6) 

(a) Descnbe Themut Weld!ng and menhon 1ts apphcahons 

(1 0) 

(b) A cyhndn cal block of d1ameter do and he1ght ho 1S forged to a d!Sc of d! ameter d and he1ght h 
man open d!e forgmg operahon Determme (1) the final d!sc d1ameter, d (11) the true stram m 
the long1tudmal d!rechon ~ (111) show also that hue long1tudmal stram, ~ 1S tw:tce the hue 
raffia! stram, o, 

(1 5) 

(c) What 1S a DNC system m manufactunng? What are 1ts bas1c components? 

(1 5) 

(a) Workers come to tool store room to enqmre about spec1al tools needed m a parhcular proJect 
The average hme between two amvals 1S 40 sees and the amvals are assumed to be m 
P01sson d!stnbuhon The average hme of the tool room attendant 1S 30 sees Deternune 

(1) average queue length (11) average length of non-empty queues (111) average number of 
workers 1n system mcludmg the worker bemg attended (1v) mean wa1hng hme of an amval 
(v) average W31hng hme of an am val, who W31ls (v1) whether add!t10nal number of tool store 
room attendants 1S needed to m1mnuze the combmed cost of attendants 1dle hme and the cost 
of workers' hme 

Assume the charges of a skilled worker Rs 15 per hour and that of tool store room 
attendant Rs 4 per hour and also 8 workmg hours a day 

(24) 

(b) Wnte short notes on (1) Dynanuc Programmmg 

(11) Product Planmng 

(1 6) 
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