
IIIBCHANICAL BNGINBBBING 

Ttme Allowed Three Hou10 MaXimum Marks 200 

Canchdates should attempt any FIVE IBestwns 

Assume swtable data Jjnecessary, andmdJcate them clearly 

For aJr R = 0 287 k.Jikg K, 

===1005kJ!kgK,y=14 

Assume 1 bar 1 IB!fcm2, Jjnecessary 

( ,, Usmg the Maxwell relahon denve the followmg Tds equahon Tds = c, dT- T( '") d" 

" ' 
(1 0) 

(b) A compressed aJrbottle of volume 0 15m3 contams aJr at40 bar and 27° C lt!Sused to dnve 
a turbmewh1ch exhausts to atmosphere at 1 bar If the pressure m the bottle 1S allowed to fall 
to 2 bar, determme the amount of work that could be del1vered by the turbme 

(1 5) 

(c) A ng~d tank contams aJr at 1 5 bar and 60° C The pressure of aJr" raJsed at 2 5 bar by 
transfer of heat from a constant temperature reserv01r at 400° C The temperature of 
surroumhngs" 27°C Detenrune per kg of atr, the loss of avatlable enerGil due to heat 
transfer 

(1 5) 

(a) DiScuss the formahon of exhaust em!SS!ons m petrol engmes How do these em!SSJons vary 
With a1r-fuel raho? 

Descnbe With a sketch how a three-way catalyl!c converter controls polluhon m petrol cars 

(b) A hydrocarbon fuel when burned With a1r gave the folloWing Orsat anal Y"' 

CO, 1194% Gil 2 26% COO 41% N,85 39% 

(1 5) 

Deternune (1) the a1r-fuel raho on mass baSis (11) the percent of carbon and hydrogen 1n the 
fuel on a mass bas!S, and (111) percent oftheorehcal a1r supplied 

Assume a1r con tams 21% OGilgen by volume 

(1 5) 

(c) Draw a schemahc flow diagram of a modem steam generator DiScuss the 1nstallahon of 
convechon and radial! on superheaters and the1r e:nt temperature response With varymg steam 
flow 

(1 0) 

In a counter flow double p1pe heat exchanger water flows through a copper tube (19 mm 0 D and 
16mm !D), at a flow rate of 1 48 rrJs The 01l flows through the annulus formed by mner copper 
tube and outer steel tube (3 0 mm 0 D and 2 6 mm I D ) The steel tube 1S 1nsulated from outS! de The 
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01! enters at 0 4 kg/sand" cooled from 65° C to 50' C whereas water enters at 32° C Neglectmg the 
reSiStance of the copper tube, calculate the length of the tube reqU1red 

Data g1ven Nu = 0 023 (Re)02 (Pr)03 

Foulmg factor, water S!de 

Foulmg factor, 01! S!de 

Water and 01! properl!es 

' 
Propertv 

' 1-' (kgfm'J ' 
c, (kj/kg K) 

K (WimK) 

i v(m'M 

0 0005 m2K/W 

0 0008 m2K/W 

Oil 
8::>() 

1.89 

0.138 

7_44x 10~ 

W,-tL., 

"" 4_187 

(1_615 

4.!Rxl0 7 

(b) The folloWing date refers to deSign of an a1r cond1homng cystem of a theatre 

Total seahng capac1ty 

SenS! ble heat per person 

Latent heat per person 

Solar heat ga1n through glass, doors and walls 

OutS! de deSign cond1hon 

InS! de deSign cond1hon 

Apparatus dew p 01nt temperature of co ohng 01! 

600 persons 

200 k.J!hr 

130 k.J!hr 

2,50,000 k.J!hr 

40° C DBT, 27° C WBT 

24° C DBT, 50% RH 

N 

(2 5) 

50% of return a1r 1S rec1rcul ated and 1t 1S mmed W!th fresh a1r before entenng the coohng c01l 

Calculate 

(1) the bypass factor of the coohng cod 

(11) the mass flow rate of supply a1r to the theatre, and 

(111) the refngerahon capac1ty of the c01lm tons of refn gerahon 

(1 5) 

(a) A 20 ton vapour compress10n refngerahon cystem usmg Freon 12 operates between 
evaporator pressure of 1 004 bar and condenser pressure of 13 663 bar The system uses a 
sub-coohng superheatmg heat exchanger W!th 1 oo of superheat added Detemune (1) the mass 
flow rate, (11) the COP, (111) the degree of sub-coohng and (1v) the power reqU1red The 
refngerant leavmg the condenser 1S dty saturated hqU1d and leamng the evaporator 1S dty 
saturated vapour The compresS! on 1n compressor 1S 1Sentrop1c 

(2 0) 

Properl!es for R -1 2 

Enthalpy Entropy Spec!lic heat, 
Pressure Temperature hl&e kJ/kg K k.Jikg K 

b< 'C 
hqU1d vapour hqU1d vapour hqU1d vapour 

1 0 04 -CC 8 854 174 076 0 0371 0 7165 0 579 
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13663 1 190 201 1 207766 o 31941 o 677711 074 1 

(b) Denve the followmg express10ns for heat transfer from an extended surface assunung that the 
loss o fheat from the end of the extended surface 1S negl!g~ble Q = mKA (11 -If) tan h mL 

where the notahons have the usual mearung 11 1S the temperature at the root of the extended 
surface and If 1S the temperature of the surroumhng flmd 

What would be the value of fin effic1ency to the above case? 

(1 5) 

(c) The filament of a 75 W hght bulb maybe conSidered a black body rad1ahng mto a black 
enclosure at 70° C The filament d1ameter" 0 10 mm and the length" 5 em ConS!denng 
only rachahon, deternune the filament temperature 

(o) 

(a) A Simple 1m pulse turb1ne has mean blade speed of 200 rrJs The nozzles are mchned at 20° to 
the plane of rotat10n of the blades The steam veloc1ty from nozzles 1S 600 m/s The turbme 
uses 3500 kglhr of steam The absolute veloc1ty at eX!! 1S along the ax!S of the turbme 
Deternune (1) the mlet and e:nt angles of the blades, (11) the power output of the turbme, (111) 
the d1agram effic1ency, (1v) the end thrust (per kg steam per second) and 1ts duechon 

(2 0) 

(b) Draw schemahc d1agrams of Pressunzed Water Reactor (PWR) and B01hng-Water Reactor 
(BWR) and discuss thetr relahve mer1ts 

(1 0) 

(c) Explacn the concept of polytrop1c effi a ency, 'l"" as apphed to a mulhstage rotary compressor 
Denve the rel ah onslnp between 1Sentrop1c effic1ency and 'l< pol ytrop1c effic1ency 'loo 

riY-ll r - 1 

'lc = r(y 'lrn~ 1 

where r 1S the pressure raho of the compressor 

(1 0) 

(a) A turboJelurut 1S flymg at a speed of268 m/s at an alhtude where the amb1ent cond!t10ns are 
0 20 bar and 220 K The acr enters an 1deal d1ffuser and leaves the combustor at 1350 K and 1 
bar The fuel supphed has a heahng value of 43,000 k.Jikg Assume all compress10n and 
exp anS!on processes to be 1Sentrop1c Determme 

(1) the acr-fuel raho (11) the spec1fic thrust and (111) the propulsive effiaency 

Take cp andy for the compress10n process 1 005 kJ!kg K and 1 4 and for combust10n and 
expans10n processes 1 102 k.Jikg K and 1 33 respechvely 

(2 5) 

A double-achng smgle cyhnder rec1procatmg acr compressor has a p!Ston diSplacement of 
0 0 15 m3 per revoluhon, operates at 50 0 r p m and has a 5% clearance The acr 1S recetved at 
1 bar and dehvered at 6 bar The compresS! on and expans10n are polytrop1c Wlth n = 1 3 
Deternune 

(1) the volumetnc effic1ency (11) the power reqmred, and (111) the heat transferred and 1ts 
d1rechon, dunng compress10n 1f mlet temperature of acr 1S 20' C 

(1 5) 
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The efficiency 'l of a fan depends on the kmemal!c V!SCOS!Iy u of the fhud, the angular velocity Ol, 
d!ameter D of the rotor and the d!scharge Q Express 'l m terms of d!mens10nless parameter usmg 
Buckmgham' s " theorem 

(1 5) 

(b) In an a1rcraft flymg at an alhtude where the pressure was 35 kPa and temperature- 38°C, 
stagnat10n pressure measured was 6 5 4 kPa Calculate the speed of the a1rcraft 

(1 0) 

(c) DiScuss the a1r-fuel raho reqmrements of a petrol engme automobile for starhng and warm 
up, idling and low load, normal power range, max:1mum power range and accelerat10n State 
how these reqmrements are achieved 

(1 5) 

(a) E1Cpla1n diSplacement and momentum bounda!)' layer thickness Assume that the shear stress 

vanes linearly m a 1 ammar b ounda!)' layer such that r ~ r0 [ 1 - ; J 
Calculate the d!splacement and momenhlm thickness m terms of 5 

(1 5) 

(b) A pipeline, W!th diameter 0 8 m and length 3000 m connects two open reserv01rs of water 
wluch have their water surfaces at elevahons of 100 m and 70 m above a datum In order to 
mcrease the rate of flow between the reserv01rs by 20% it 1S deaded to lay an addihonal 0 8 
m d!ameter pipeline from the upper reserv01r The second pipeline 1S to be parallel to the 
ong1nal pipeline and 1S to be connected to the latter at some smtable pomt Determme the 
pomt of connechon, assutll!ng that the fnchon factor A 1S 0 04 for each pipeline Neglect 
mmor losses 

(1 5) 

(c) A centnfugal pump rotahng at 1500 rpm delivers 0 2m3/sat ahead of 15m Calculate the 
specific speed of the pump and the power mput Assume overall efficiency of the pump as 
coc 
If th!S pump were to operate at 900 rpm what would be the head, diScharge and power 
reqmred for homo! ogous condihons? 

Assume overall effiaency unchanged at newr p m 

(1 0) 
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IIIGCHANICAL GNGINGGAING 

Canchdates should attempt question 1 m lllctton A whJch Js compulsory TWO IGiestwnfrom llectton Band 
Two questions from llectton C Question 1 Js of short answer t:JGie, hmltmg answer of each part to 30words 

SECnONA 
The hexagonal bolt proportions for p1tcl! head, tlncknes~ nut tln ckness, head and nut d1ameters, etc 
are giVen m terms of nommal d1ameter -why ? 

(b) What are the common profiles used for sphnes m machme elements? 

(c) What 1S selflockmg taper and what 1S self releasmg taper? G1ve an example each where they 
are used 

(d) What are extreme pressure lubncants ? What are the mam add! hves and how do they act? 

(e) When usmg stram-gauge system for stress/force/d!Splacement measurements how are m -bmlt 
magruficahon and temperature compensahon ach1eved? 

(f) Speafic strength of matenals 1S vety lngh when they are m fibre S!ze but lower when they are 
mbarform-why? 

(g) How are porous beanngs made and where are the used? 

(h) What are the mgred!ents of st'nnless steel and what are their approXimate percentages? 

(i) For wmches and cranes Wlre ropes are preferred to W!res -why? 

6) In general terms what 1S pressure angle? How 1S it defined for a cam? 

(k) The best shape of a runner m sand cashng 1S an mverted fiush!m of a cone why ? 

(1) Mulhple coated, d!11osable carbide hps have more-or-less replaced brazed carbide hpped 
tools m CNC apphcahons- why? 

(m) State standard pomt angle and helm angle of a lw!st dnll 

(n) State two products each produced by forward extrus10n and revers impact exhuS! on 

( o) What arc the best geometncal shapes suggested for sheet metal draWing and spuuung ? 

(p) Expand MRP I and MRP II md!cahng the differences and Similarly 

( q) Indicate the S!milanty and differences between EOQ and EBO m manufactunng 

(r) State the S!milanhes and differences between a fixture and a Jig 

(s) State, sequenhally the elements of a canned CNC dnlhng cycle 

(t) What iS FORTILGN and for what types of engmeenng problems 1S it best suited? 

( 4 0) 

SECnON B 
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(a) A tlnn cyhnder With closed ends has an mtemal d!ameter of 50 mm and a wall thickness of 
2 5 mm It 1S subJected to an a:nal pull of 10 kN and a torque of 500 Nm wlnle under an 
mternal pressure of 6 MN/m' 

(i) Determme the pnnapal stresses m the tube and the ma:nmum shear stress 

(11) Represent the stress configural!on on a square element taken m the load direcl!on With 
direchon and magrutude md! cated (schema!! c) 

(111) Sketch the Mohr's stress mcle 

(2 0) 

(b) A tube 40 mm outSide diameter, 5 mm thick and 15m long 1S Simply supported at 125 mm 
from each end and cames a concentrated load of 1 kN at each extreme end ,,, 
(u) 

(111) 

Neglechng the weight of the tube, sketch the sheanng force and bend!ng moment 
diagrams, and 

Calculate the radms of curvature and the deflecl!on of m1 d-sp an Take the modulus of 
elashcity of the matenal as 208 GN!m' 

Give an example where max:1mum deflecl!on and max:1mum stress do not occur at the 
same pomt 

(iv) Give an example where they occur at the same pomt 

(2 0) 

(a) Two 20° pressure angle mvolute gears m mesh have a module of 10 mm The addendum" 
one module The larger gear has 50 teeth and the piruon 13 teeth 

(i) Does mterference occur? 

(11) If it occurs, to what value should the pressure angle be changed to ehmmate 
mterference ? 

(111) Represent schemahcally the meshmg of two gears shoWing the base, pitch and 
addendum arcles and the path of contact 

(2 0) 

(b) The sl!ffness of a close-coded spnng 1S such that it deflects 36 mm when an ax:1al force of 10 
N 1S apphed on the end of the hook 

(i) Calculate the mass to be hung on the hook so that, when set mbrahng, it Will make 
one complete oscillahon per second The mass of the spnng 1S 0 6 kg and the effect of 
th!S when vibrahng 1S to be taken as eqU1valent to a mass on the end of the hook equal 
to one third of the mass of the spnng 

(11) Calculate also the maximum veloaty and 

(111) maX!mum accelerahon of the vibrahng mass when imhally d!splaced 12 mm from the 
poS!hon of eqU1hbnum 

(iv) What is the natural frequency of a mbrahng system? 

(v) Can you suggest an apphcahon for the approach indicated above m practice? 

(2 0) 

(a) Two shaft A and D are m the same !me (axes m one !me) They are geared together through 
an mtermediate parallel shaft canymg wheels B and C which mesh With the wheels on A and 
D respectively Wheels A and B have a module of 4 mm and wheels C and D have a module 
of 9 mm The number of teeth on any wheel!S to be not less than 15 and the speed of DiS to 
be about, but not greater than 1112 the speed of A and the ratio each reduchon in the same 
Find 
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(1) SU! table number of teeth for the wheels 

(11) the actual reducl!on and 

(111) the diStance of the mtermed!ate shaft from the axes of the shafts A & D (centre 
diStance) Ind1cate the configurahon W!th a sketch 

(1v) What 1S addendum mod!ficahon related to correchon of gears and when are they are 
used 1n prachce? 

(Gear A 1S on shaft A and gear D 1S on shaft D) 

(2 0) 

(b) The senu-arcle angle of a cone clutch 1S 12 5° and the contact surfaces have a mean d!ameter 
of80mm Thecoeffic1entoffnct10n1SO 32 

(1) What 1S the m1mmum torque reqmred to produce shppmg of the clutch for an ax:1al 
force of200 N? 

If the clutch 1S used to connect an electnc motor W!th a stat10nary flywheel, 

(11) what 1S the hme needed to attam the full speed and 

(111) the energy lost dunng shppmg? 

Motor speed 1 s 9 00 rpm and the moment of merh a of the flywheel!S 0 4 kg m' 

(1v) What are the conS! derat1onS1n the selechon of plate clutches and cone clutches? 

(2 0) 

SECnON B 
( ,, (c) What 1S H1gh-Effiaency range or H1gh-Econom1c range (H1 E) 1n machmmg? 

(11) Why 1S 1t called so? 

(111) The results of machmmg steel W!th two grades of tool matenals are g!Ven below 

Tool 

B 0.25 uo 

What are the standard tool hfe equahons for these two matenals? 

(1v) For a 180 mmute tool hfe, wlnch tool1s recommended and why? 

(v) If the tool gnndmg and changmg hme1s 15 nunute~ wh1ch cuthng speed for the tool 'A' has 
to be chosen from the two available speeds, 45 m/mm, 50 m/nun? 

(c) What are the baS!c d1fferences between arc weld!ng and submerged arc weldmg? 

(11) What are the mert gases generally used 1n mert gas arc weldmg? 

(111) What 1 s weld p enetrahon and what 1 s weld remforcement? 

(1v) In MIG weldmg the power source charactensl!c 1S 

v ~36--' 
' w 

and the arc charactenshc 1S V, = 21, + 27 

(2 0) 
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where Vp and V, voltage, I current, Ia arc length in mm 

Fmd the change m power of the arc if the arc 1 ength 1S changed from 2mm to 4 mm 

If the maX!mum current capacity of the power source 1S 360 amps, find the nummum arc length 
sustamable? 

( ,, (2 0) 

(c) What 1S the difference between counter -b onng and counter -smkmg? 

(11) What are the baS!c differences between gear nulhng and gear bobbing? 

(111) What are the basic differences between faang at constant S-speed and facmg at 
constant feed? 

(iv) A surface 80mm x 160mm 1S rough machmed usmg a face milhng cutter of 150 mm 
diameter havmg 10 teeth The cutter centre 1S off-set by 15 nun from the hne of 
symmel!y of the surface Eshmate the hme to rough machme the surface, if the feed 
per tooth 1S 0 25 mm and a cuthng speed of 20 m/nun 1S employed 

(v) With 5 mm approach and 5 mm over-nm v hat 1S the Single pass feed hme? 

(vi) If tool ax:1s 1S symmetncal W!th the JOb what happens to the machmmg hme? 

(2 0) 

(b) In the state of Bihar, m aparhcularreg10n there are 5 coal mmes wlnchproduce the folloWing 
output at the md!cated produchon costs 

Mme 
Output Produchon Costumts of 

m tons/day 100 Rs Per metnc ton 

( '" " 
' '" '' 
) (( " 
' (0( " 
) '" n 

Before the coal can be sold to the steel makmg umts, it must be cleaned and graded at one of 
the 3 coal preparahon plants The capaahes and operahng cost of these 3 plants are as 
follows 

"''" 
---· "ty metric Operniog rost onitli of ·- 100 Rs.per llll.'tric ton 

A lOO ' B ,., 3 
c .., 3 

All coal!S transported by ra1l at a cost of Rs 50 per metnc ton kilometer and the &stance m 
kilometers from each nune m the preparahon plants are indicated below 
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( ,, 

I'RpuatiOJt 

Pl•n! 

' • lR _ --:.~ 24 

~" 
• 
" 

• 
,,, Usmg a transportal!on model, detenrune how the output of each mme shoule be 

allocated to the three preparahon plants to ophnuse cost 

(11) Are altemattve approaches posSible? If so, what 1S the logtc of! allocahon m these 
altemahves? 

(111) What 1S degenerahon and when can 1 t happen? 

(2 0) ,,, What do you understand by qualtty control by attnbutes and Q C by vanables? 

(11) Where do you need a larger sample S!Ze m the above and why? 4 batches of products 
are mspected at 90 mmute tntervals and thetr percentage dtfferences m wetght from 
the nommal are gtven below 

Assume that normal process average vanahon 1S 0 9% and process standard devtahon ts 

0 5% Assume further that range U C L 1S 5 l!mes S D Plot the X, R chart mdtcahng the 
vanous controlltnuts 

(111) Is the process under control? Any comments 

(2 0) 

(b) A company 1S producmg a batch of five parts A, 0, E, N and L usmg three machmes X, W, 
M All these parts are to be produced m the teclmologtcal order X M W machmes The sum 
of the processmg and set-up hmes, m mmutes for these parts 1n each of these maclunes 1S 
gtven below 

(1) Fmd the sequence m whtch parts to be produced to mtmnuse total make span 

(11) Are there altemahve sequences? 

(111) Represent your schedule 1n the form of a Gantt chart wtth startmg and endtng l!nungs 
Neglect maclune to maclune slufung !!me 

(tv) What are the machme uhhzahon percentages for each machme tf no other Job 1S taken 
hll the complehon oftlus batch? 

(2 0) 
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