
MBCHANICAL BNGIHBBAING 
'""' ' ' 

Ttme Allowed Three Hou10 MaXJmwn Marks 200 

Canchdates should attempt any FIVE IBestwns All questions carry equal marks 

ForaJr R= 0 287 k.Jikg K, 11 = 1 005kJ!kg K, y= 1 4 

Assume 1 bar= 1 kg £'em', 1fnecessaty 

(a) Show that the cycl1c mtegral of dQ IT for a reverSible cycle 1S equal to zero 

Q, 
~ _f'-1, =5MJ 

(1 0) 

A revemble engme as shown m the above figure dunng a cycle of operahon draws 5 MJ 
from the 400 K reserv01r and does 840 kJ of work Fmd the amount and d1rechon of heat 
mterachon With otherreserv01rs 

(1 5) 

(c) Exhaust gases leave an mtemal combust10n engme at 800' C and 1 atmosphere, afterhavmg 
done 1050 kJ of work per kg of gas m the engme (=:of gas= 1 1 kJ!kg K) The temperature 
of the surroundmgs " 3 0 oc 

(1) How much avatlable energy per kg of gas 1S lost by throWing away the exhaust gases? 

(11) What 1s the raho of the lost avaJ!able exhaust gas energy to the engme work? 

(1 5) 

(a) Descnbe the method of determmmg the calonfic value of a l!qmd fuel by means of Bomb 
Cal on meter How correchon for co ohng 1 s o blamed m th!S method? 

(1 2) 

(b) What 1S meant by Evaporahve Coohng used m I C Engme prachce? E'ljllam how the exhaust 
valves of heavy duty I C Eng1nes are cooled 

(1 3) 

(c) Descnb e four methods for controlling d1esel knock, g1vmg advantages and hm1tahons of each 
method 

(1 5) 

(a) For the analySiS o fheat exchanger problems, m wluch cases NTU method 1S apph ed? 

(1 5) 
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(b) 8, 0 00 kg!hr of aJr at 1 0 5 C 1S cooled by p assmg il through a counter flow exchanger Fmd the 
eX! I temperature of aJr if water enters at 15 oc and flows at a rate of 750 0 kg!hr U = 14 5 
W/m2K, A= 20m' Solve the problem by the NTU method 

(2 0) 

(c) Alr at 2 00 k Pa and 2 00 oc " heated as il flows through a tube ""th a diameter of 25 mm at a 
velocity of 10 m/s Calculate the heat transfer per umt length of tube if a constant heat flux 
cond!t10n " mamtaJned at the wall and the wall temperature " 20°C above the a1r 
temperature, all along the length of the tube How much would the bulk temperature mere as e 
over a 3 m length of the tube? 

(1 5) 

(a) An aJr condih omng system 1S deSigned under the followmg cond!t10ns 

Outdoor cond!t10ns- 30°C dbt, 75% R H 

Reqmred mdoor cond!t10ns- 22°C dbt, 70% R H 

Amount of free a1r circulated - 3 33 m3/s 

C01l dew pomt temperature - 14 o C 

The reqmred condihon 1S achieved first by coolmg and dehumid!ficahon, and then by 
heahng Eshmate (i) the capaaty of the coohng cod m tonnes, (11) the capacity of the heahng 
c01lm KW, and (111) the amount of water vapour removed m kg/ s 

(2 0) 

(b) What are the d!fferences between heat pump and refngerah on eye! e? 

( ,, 

What 1S the relat10n between (C 0 P) Heat pump and (C 0 P) Refngerator? What are the 
differences between Kelvm Planck and ClaJJsms Statements of 2nd Law? 

4 fL v' 
Show that the loss of head due to fnchon m pipes can be expressed as h1 = ~c;';C;­

dx2g 

Where f = coefficient of fnchon 

L =Length of pipe 

V = velocity of flow through pipe 

h, = loss of heat due to fn chon 

(2 0) 

(2 0) 

(b) Determme the rate of flow of water through a pipe of d!ameter 20 em and length 50 m when 
one end of the pipe 1S connected to a tank and other end of the pipe 1S open to the ahnosphere 
The pipe 1S honzontal and the height of water in the tank 1S 4 m above the centre of pipe 
ConSider all mmor losses and take f= 0 009 The loss of head (hJ at the entrance of a pipe 

v' 
may be taken as 0 5 -,, 

(2 0) 

(a) With the help of a d!agram expla!n the d!fferences between (i) Lammar Bound31)' Layer, (11) 
Turbulent Bound31)' Layer and (111) L=nar Sub-Layer 

(2 0) 

(b) Find the d!Splacement thickness and the momentum thickness for the velocity d!stnbuhon m 
the bounda!)' layer given by u!U = y/5 where u 1S the veloaty at a &stance y from the place 
and u = U at y = 5, where 5 = bound31)' 1 ayer thickness 
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(2 0) 

(a) What 1S throttle govemmg of steam turbme ? 

(1 0) 

(b) Steam at 29 4 N/cm' absolute and dry saturated comes out of rotor of a reachon turbme 
havmg 1denhcal bladmgs The veloaty of steam entenng mto the turbme 1S 100 m/s The 
mean blade he1ght1S 4 em and the eX! I angle of the movmg blade 1S 20 The blade veloc1ty 1S 
4/3 hmes of ax1al flow veloc1ty at the mean radms If the steam flow rate 1S 2 5 kg/s find (1) 
the rotor speed, (11) h p developed, (111) the diagram effi a ency, (1v) the percentage mcrease 1n 
relat1ve veloaty m the momng blades, and (v) the enthalpy drop of steam m blade passage 

(a) Show that the discharge through areaprocahng pump can be expressed as Q = ALN/60 

where Q =diScharge through pump per second 

A = cross-sechonal area of the p!Ston 

L =length of the stroke 

N =rpm of the crank 

(3 0) 

(2 0) 

(b) A double achng rec1procahng pump, runrung at 40 rpm 1S dischargmg 10m3 of water per 
mmute The pump has a stroke of 40 em The diameter of the p1ston 1S 20 em The del1vety 
and suchon heads are 20m and 5 m respechvely Fmd the shp of the pump and horse power 
reqmred to dnve the pump 

(2 0) 
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MI!CHANICAL I!NGINI!I!AING 
,, ''"' < 

Canchdates should attempt questwn 1 m lllctwn A whJch Js compulsory, TWO questions from lllctton Band 
TWO questions from lllctwn C, Questwn 1 Js of short answers type, hmltmg answer of each part to 30 
words 

SECnONA 
(a) D!Shngmsh between fahgue strength and fahgue hm1t 

(b) G1ve two ex amp! es of parts where the deSign en ten a 1s ng1d1ty and not the strength 

(c) A nght hand hehcal gear 1S bemg cut on a m1lhng machme What changes m machme 
sethngs have to be made to cut a left hand hehcal gear of same p1tch and number of teeth ? 

(d) What 1S resonance? Why 1S 11 generally avo1ded? 

(e) Explam the effects of alloymg Chrommm and N1ckel1n stamless steel 

(f) List at least two factors that promote tranS!hon from duchle to bnttle fracture 

(g) D!Shngmsh between creep and fahgue 

(h) Descnbe two d!shngmshmg features of Robots, wlnch make them d1fferent from 
convenl!onal matenal handhng eqmpments 

(i) Explam the difference between Roughness and Wavmess 

6) Menl!on two types of d!slo cal!ons 

(k) Give the reasons for plothng averages of samples mstead of md!vidual values m X control 
ch~ 

(1) What 1S the dire chon of movement of the carnage wlul e cuttmg left hand thread on a lathe? 

(m) What are the pnncipal conshtuents of brass ? 

(n) In R C C, why 1S steel remforcement promded at the top of the neutral ax!S for a canhlever 
beam? 

(o) When do you prefer a belt dnve to a gear dnve? 

(p) State the Kennedy's theorem W!th reference to mstantaneous centres 

(q) Statethelawofgeanng 

(r) D!Shngmsh between Jig and a fii!Nre 

(s) Why are hydrodynamic beanngs used for gnnd!ng machmes m preference to ball or roller 
beanngs? 

(t) Menhon the name of the pro cess by which the folloWing are manufactured ? 

(c) 

(111) 

Tungsten carbide tools 

Co!Ulechngrod 

(u) 

(iv) 

Engme cyhndncal block 

Plashc buckets 

SECnON B 

(20x2=40) 
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(a) Construct the profile of a d!sc cam With translatmg roller follower usmg the folloWing data 

Base circle dia = 15 0 mm, roller dia = 15 nun 

hft = 50 nun m 180' and return m 135° and dwell 

Both hft and return mohon are Simple harmomc 

Cam rotates clockWise 

(2 0) 

(b) In a bnck makmg maclune, a Wide roller 250 mm m dia mounted on shaft E 1S dnven by a 
motor carry1ng a pulley A, which iS 150 mm m ilia The pulley m tum dnves another pulley 
of 1200 mm dia mounted on a shaft B by an open belt On the same shaft B a spur gear of 20 
T 1S mounted, w!uch meshes With a spur gear of 160 Tmounted on shaft C The shaft C also 
cames a spur wheel of 20 T which dnves a 30 T gear on shaft E through an idler gear of 112 
T mounted on shaft D Sketch the arrangement and determmes the speed reduchon If motor 
rotates clockWise (meWing from nght) at 1440 rpm, determme the sense of rotat10n of the 
roller What is the surface speed of the roller? 

(2 0) 

(a) A spur steel pimon (So= 200 MN/m2) 1S to dnve a spur steel gear (So= 140 MN/m2) The 
diameter of the pimon is to be 1 0 0 mm and the center diStance is 2 00 nun The pim on is to 
transmit 5 k W at 90 0 rpm The teeth are to be 20 o full depth Detemune the necessary module 
and Width of face to g!Ve greatest number of teeth DeSign for strength only usmg Lew:1s 
equat10n 

So 1S the endurance strength corrected for average stress concentrahon? 

The allowable stress S 1S g!Ven by S = S0 (-'-) 
CH 

where V 1S the pitch !me velocity m m/sec 

The folloWing table gives the form factory for use m LeWis strength equahon 

(3 0) 

TABLE !-Form Factors y- for use m LeW!s strength equahon 

14'AiW ·~St- I ,_ .. Fllll·llqnh t ... ol~to- Fllll-[kptb 
or Tcclh .. Compout<o IDVol~~ tm<llutc 

c ..., .... .... 
0 .. , ..., ... , 

i 14 '"" ... 0100 • 
B 0.1118 """ 0.111 I .. . ... .,. 0.115 

" .... .... 0.117 
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II .... .... .... 
~ .... ... "'" .. ""' .. , "" n ..., OJM om 

" - 0Ul6 .,,. 
" """' ''" .. , 
" """ 0.111 .. ,. 
" 0.101 0.\14 .,,. 
" .... 0.118 .,., 
" 1).106 0122 0.14!-

-" .... 0.116 0.147 .. 0.110 .. ,. IUS! .. CU13 .. .. .... 
" o.us .. ,. ""' ... 0.117 0.14:.! 0.161 

"" 0.119 .... .... .. .. , .... ..,. L-- .. ,. ""' .. , 
-- ----

(b) A 100 mm d1a shaft operatmg at 2000 rev/mm 1S supported by means of a 150 mm long full 
Journal heanng wlnch 1S subJected to a rad1alload of 43 kN Assume (~N/P) 30 x 10-6 
Determme 

(1) the coeffic1ent of fnchon uSJng McKee equahon wlnch 1s g1ven by 

f= 0 326(~N/P)D/C + K 

takeD/C= 1000, K= 0 002 

(11) beanngpressuremMNim' 

(111) heat generated 

(a) What are pnnapal planes? 

(1 0) 

(o) 

(b) D1rect tenSile stresses of 120 MN/m' and 70 MN/m' act on a body on mutually perpendm!lar 
planes What 1S the magrutude of sheanng stress that can be apphed so that the maJor 
pnnc1pal stress at the pomt does not exceed 135 MN/m2? Determme the value of mmor 
pnnc1pal stress and the max~mum shear stress 

(1 5) 

(c) State the hm1tahon of Euler's formula for calculahng cnh callo ad on columns 

(o) 

(d) A hollow cast 1ron colunm of 300 mm external ilia and 220 mm 1ntemal d1a 1S used as a 
colunm 4 m long W!th both ends hmged Determme the safe compresSive load the column can 
cany Without buckhng US!ng Euler's formula and Rankme's formula 

E = 0 7 x 1 05 N/mm', Factor of safety = 4, Rankme constant a = 111 60 0, Cruslung stress f3 = 
567 Ninun' 

(1 5) 
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SECnON C 
(a) A medmm force fit H7p6 1S speafied for an assembly of a hand wheel on a shaft of 50mm 

nommal d1a Calculate 

(1) the d!mens10ns of hole (11) the d!menSJ ons of shaft 

(111) max~mum mterference (1v) m1rumum mterference 

G1ven the followmg 

Nommal S!ze 

Over Upto and mcludmg 

L1m1ts of tolerance forp 6 

shaftm!lllcron 

• • 

L1m1ts of tolerance for 

H, hole 1n m1crons 

(b) Explam TIG (tungsten mert gas weldmg) With reference to 

(1) Pnnc1ples of the process 

(11) EqU1pmentused 

(111) Apphcahons 

(c) Explam bnefly how parts are manufactured by shell mould!ng g1vmg an example 

(d) W1th reference to cub1c crystal sketch the foll owmg (111) (111) 

(a) The folloWing equahon for tool hfe was obtamed for H S S tool vT' 13 f'" d03 = C 

A 60 mm tool hfe was obtamed usmg the followmg cuthng cond!hons 

(1 0) 

(1 0) 

(1 0) 

(1 0) 

V = 40 m/mm, f = 0 25 mm, d = 2 0 mm Calculate the effect on tool hfe if speed, feed and 
depth of cut are together mcreased by 25% and also if they are increased mdnndually by 
25%, 

where f= feed, d =depth of cut, V =speed 

(1 0) 

(b) A part program 1S to be wntten to dnll the holes in the work part shown below The part 1S 
1 Omm thick The ilia of dnll!S ¢ 10 0 
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f-1.s+2-s +2 o--;fl o~ 
Dimensions are in em. 

D1menS1ons are m em 

(1) Definethexandyaxesforthejob 

(u) Wnte manual part programm1ng usmg word address format and an absolute poS!hon 
system The words that must be sp ec1fied for the p artwJlar dnll press are n- x- y- and 
m -words The speed and feed are manually set by the operator 

(1 0) 

(c) Define an Industnal Robot Sketch four 1mportant b as1c configurahons of Robots used 

(1 0) 

(d) D1fferenhate between Gear bobbmg and Gear shap1ng W!th reference to vanous relahve 
mohons and appl!cahons 

(1 0) 

(a) Wnte a flow chart for cho osmg the largest of three d!Shnct numbers x, y and z 

(1 0) 

(b) What 1S an mventoty? A company uses a certam component X at the rate of5000/year The 
costl!tem 1S Rs 20 and 11 costs Rs 200 to place an order The annual canymg cost of 
mventoty 1S 10% of the pnce of the 1tem Storage cost 1S negl!g1ble Assume zero safety 
stock Calculate the Econom1c Order Quanhty (EOQ) 

(1 0) 

(c) Subgroups of 5 1tem each are taken from a manufactunng process at regular mtervals A 
certam qual1ty charactenst1cs 1S measured, and X and R values are computed for each 
sub group 

After 25 subgroups zX=357 50 L R=8 80 Compute control chart hm1ts All pomts on both 
charts fall W!thm these hm1ts If the spec1ficahon hm1ts are 14 40 ± 0 40 what conclus10ns 
can you draw about the ab1hty of the eX!shng process to produce 1tems W!lhm these 
spec1ficat10ns? Suggest posSible ways m wlnch the S!luahon could be 1m proved 

A,= 0 58, D, = 0, D, = 211, d, = 2 326 

(1 0) 

(b) Solve the folloWing lmear pro grammmg problem graph! cally 

2x, + 3m :0: 6 

x+4x,:0:4 

MaxZ=x1+15x2 

(1 0) 
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