
MGCHANICAL GNGINGGBING 

Time Allowed: 3 hours 

Candidates should attempt any five questions 
Assume for Air R ~ 0.287 kJ/Kg K; 

C ~ 1.005 ILl/Kg K; y~ 1.4. 
Assume 1 bar~ 1 kgfic,C, if necessary. 

M=imumMaJks: 200 

(a) A P!ston-cyhnder demce contams 3 kg of wet steam at 14 bars The 1ruhal volume 1S 2 25 
m3 The steam" heated unhl1ts temperature reaches 400°C The p!Ston" free to move up or 
down unless 11 reaches the stops at the top When the p1ston 1S up agamst the stops the 
cyhnder volume 1S 4 65 m3 Determme the amounts of work and heat transfer to or from 
steam 

(b) An evacuated bottle of 0 5m3 volume 1S slowly filled from atmo11henc atr at 1 0135 bars 
unhl the pressure !nS!de the bottle also becomes 1 0135 bars INe to heat transfer, the 
temperature of aJr mS!de the bottle after fillmg 1S equal to the atmosphenc atr temperature 
Determme the amount of heat transfer 

(a) Two blocks of metal, each of mass M and spec!lic heat C, 1mhally at absolute temperatures 
T1 and T, respechvely, are brought to the same final temperature by means of a reverSible 
process Der1ve an express10n for the amount of work obtamed dunng the process 1n terms of 
M, C, T1 and T, 

(b) In a reS!denhal heat pump system the refngerant !lOw rate 1S 412 2 kg/hr and the electnc 
enerGI supphed to the compressor 1S 25,480 kJ/hr The properhes of the refngerant at the 
mlet (state 1) and at eX! I (state 2) of the compressor are as g1ven below 

State t coc) p (bars) h (kJ!kg) s (kJ/kg K) 

' ' " 226 35 0 8636 

' '' '" 286 40 0 9222 

Deternune the amount of ava1lable enerGI destroyed m the compressor m kJ!hr Gil heat 
transfer, 1f1t occurs, takes places at 

To Assume To= 273 K, P0, = 1 ahn 

(a) m an atr-standard Brayton cycle the m1rumum and maX!mum temperatures are 300 K and 
1 20 0 K, respechvely, The pressure raho 1S that w!uch ma:nnuzes the net work developed by 
the cycle per urut mass of a1r flow Calculate the compressor and turb1ne work, each m k.Jikg 
a1r, and the thermal effi aency of the cycle 

(b) Octane, C8 H18, 1S burned W!th dty atr The molar analySiS of the dty products 1S CO,= 10%, 
CO = 0 4%, .. = 3% and N, = 86 6% Determme the a1r fuel raho on a mass bas!S and the 
dew p 01nt temperature of the pro ducts 1f the products are at 1 ahn pressure Dty a1r conta1ns 
3 76 moles of mtrogen per mole of OGigen 

(a) A smgle stage steam turbme " sup ph ed W!th steam at 5 bars, 20 ooc at the rate of 50 kg/mm 
It exhausts mto a condenser at a pressure of 0 2 bars the blade 11eed 1S 400 rrJs The nozzles 
are mchned at an angle of 20° to the plane of the wheel and the outlet blade angle" 30° 
Neglechng ll1chon losses, detenrune the blade effic1ency, the stage effic1ency and the power 
developed by the turbme 
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(b) What 1S a shock waJJe? Wnte the contmmty, momentum and energy equahons relahng p omts 
1 and 2, JUs! upstream and JUSt downstream, respechvely, of a normal shock 1n a constant area 
duct State whether the folloWing properhes of the flow stream 1ncrease, decrease or rem am 
unchanged across a normal shock total pressure, total energy, stahc temperature, denS! ty and 
veloc1ty 

(a) A cascade refngerahon system of 100 tons (350 kW) capaaty uses ammoma and carbon 
d10X1de the evaporahng and condensmg temperatures of CO, are -40°C and 5°C, 
respechvely The evaporahng temperature of NH3 " -7°C The power supphed to the 
ammoma compressor 1S 96 5 kW In the CO, c!rcU!t, the hqU!d leaJJmg the condenser 1S 
saturated, the vapor leamng the evaporator 1S dty and saturated, and compress10n 1S 
1Sentrop1c Calculate the mass flow rate of C03 and the C 0 P of the system The folloWing 
dam for co, may be used - - .. __ 

llrllropf, tJ/q K 

'C ""' Liqoid v,.. Uquid v.,.. ... '"'' 
,,., "'·' 3.&531 '""" 

' 39.70 '"" ..... .,, '·""' 
Sp eafi c heat of superheated vapor Cp = 0 8 5 kJ/kg K 

(b) Sketch curves shoWing the vanahon of pressure raho (or head) versus volume flow rate for 
the three types of blades generally used m centnfugal compressors Imhcate on each curve 
the stable range of operahon Show that the stage effic1ency 'fl, and overall effiaency 'fl, of 
an ax:1al flow compressor are related by 

" (P,Ifl.F -1 

Where p1 and p2 are the total pressures at compressormlet and eX!!, respechvely, and n 1S the 
number of stages 

(a) A cyhndncal tank W!th hem!Sphencal ends " used store hqU!d oxygen at -183°C The 
d1ameter of the tank 1S 1 5 m and the total length 1s 8 m The tank 1S covered W!lh a 10 em 
th1ck layer of msulahon Detenrune the thermal conduchmty of the msulahon so that the bo!l­
offrate does not exceed 10 8 kg!hr The latent heat ofvaponzahon ofhqU!d oxygen 1S 214 
kJ/kg Assume that the outer surface temperature of the msulahon " 27°C and that the 
thermal reSiStance of the wall of the tank 1S neghg1bl e 

(b) Explam the meanmg of the terms "geometnc factor" m relat10n to heat exchange by 
rad!ahon Den ve an express10n for the geometnc factor F u for the mS! de surface of a black 
hem!Sphencal CaJJ!Iy of rad!us R W!th respect to 1tself 

(a) In a double p1pe heat exchanger, IIAhCh = 0 5 M,C denotes mass flow rate (kg/s), C denotes 
spec1fic heat (Jikg K), and suffix hand suffix c denote hot and cold flU1d, respechvely The 
hot and cold flmds enter the heat exchanger at temperatures TH1 and Te" respechvely 
Deduce an express10n, m terms ofTh!, Te1 and Tw, for the rat1o of the area of a counter-flow 
exchanger to that of a parallel flow exchanger wlnch W!ll g1ve the same hot flmd outlet 
temperature Tw What " tlns raho 1fT hl = 15 0°C, T" = 3 0 oc and Tw = 9 0°C? 

(b) A spark-1gn1hon eng~ne, de Signed to run on octane (C8H18) fuel, 1S operated on methane 
(CH,) Eshmate the raho of the power output of the engme W!th methane fuel to thatW!th 
octane In both cases the fuel-atr rat1o 1S st01clnometnc, the mmture 1S supphed to the engme 
at the same cond!t10ns, the eng~ne runs at the same speed, and has the same volumetnc and 
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thermal effiaenc1es The heahng value of methane 1s 50,150/kJ!kg wh1le that of octane 1S 
44,880 kJ/kg 

(a) An mward flow reachon turbme, operatmg under 30 m head, develops 4000 kW wlnle 
ruruung at 300 RPM the overall effiaency of the water turbme 1S 0 85, the hydraul1c 
effia ency 1S 0 9, and the rad1al velo a ty of flow at ml et 1 s 7 rrJ s The ullet gU1de vane angle at 
full gate operung " 30° Calculate the d1ameter and Width of the runner at mlet Blade 
th1ckness coeffic1eni1S 5% 

(b) The plunger area of a fuelmJechon pump 1S 16 em' and the plunger veloc1ty 1S 0 02 
crrJdegree The pump runs at750 RPM The denSity of the fuel!S 850 kg/m3 and 1ts mscoS!Iy 
1S 0 12 g/cms If the nozzle onfice area!S 0 005 em' and the onfice coeffic1ent ofd!scharge!S 
0 9, determme the fuel !me pressure The cylmder pressure 1S 30 bars Neglect 
compresS1bd1ty of the fuel Determme also the en heal fuellme veloc1ty and cnhcal fuellme 
d1ameter 
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MGCHANICAL GNGIHGGAING 
,, ''"' < 

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 

Qw!sti<>n 1 is '!{short anstl'l!r lype, lim;Rng anstl'l!r 'If •och part 'If 30""1111 

G1ve bnef answers 

~·~11·11 
IECTION A 

(a) G1ve Klem's construchon and 1ts use 

(b) What 1S the phenomenon of creep m belt dnves? 

(c) Why 1S the pressure angle for mvolutes gears always constant? 

(d) What 1S a fuel! on arcle? What 1S the magrutude of 1ts radms? 

(e) D1fferenhate between eutechc and eutect01d 

(f) D!Shngmsh between chaplets and mtemal ch11ls What 1S common between both? 

(g) D!Shngmsh between p ermeab1hty and p oroS!Iy 

(h) D!Shngmsh between hot and cold chamber d! e cashmg maclnne 

(1) D!Shngmsh between carbomtndmg and cyarudmg 

6) What 1 s the method of mass produch on of toothpaste tubes (metalh c)? 

(k) What are therbhgs? 

(I) D!Shngmsh between blank holder and eJector pms 

(m) G1ve two funchons of a coolant 

(n) D!Shngmsh between flank wear and crater wear of a smgle pomt cuthng tool 

( o) Define P01sson' s raho What 1S 1 ts value for Isotrop1c matenal s? 

(p) What!Screep? 

(q) What!S eventslackhme? 

(r) D!Shngmsh between thermoplashcs and thermosettmg plashes 
(s) What 1S break even anal yS!S? 

(t) Expand the abbrev1ahons 

(1) EOQ 

(u) EDM 
(2x20=40) 

IECTION- B 
(a) In F1g 1 a uruform load 'q' covers only a part of the span Calculate the reachons R1 and R, 

and draw the shear force and b end!ng moment d1agrams 

(2 0) 

.... 
(b) What are lame equahons? 
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For a long hollow tlnck walled cyhnder subJected to a !ugh mternal pressure, detemune the raffia! 
and arcumferenhal stresses throughout the vesselm terms of mtemal pressure 'p' and mternal 
external rad!i 

(2 0) 

(a) In the Prod governor shownm Fig 2 each ball weighs 3 kg and the central sleeve weight 1S 
25 kg The arms are of 20 em length and pivoted about axes diSplaced from the central ax!S of 
rota!! on by 37 5 mm, y = 238 mm, x = 303 5 mm, CE = 85 mm, MD= 142 5 mm Determme 
the eqmhbnum speed 

(2 0) 

' 

~~-"' 
F.g_! 

(b) A pnme mover runrung at 300 rpm, dnves a DC generator at 500 rpm by a belt dnve 
Diameter of the pulley on the output shaft of the pnme mover!S 600 mm Assummg a shp of 
3 percent, determme the diameter of the generator pulley if the belt runrung over it 1S 6 mm 

ili'ili 
(2 0) 

(a) Explam the followmg terms, W!th the help of a neat sketch, pertammg to the Hehcal gears 

(2 0) ,,, Alnal pitch 

(u) Normal arcularpitch 

(111) Lead 

(iv) Helm angle 

(2 0) 

(b) An equal angle sechon 100 mm x 100 mm x 8 mm" welded to a gusset plate to serve as a 
tens10n member Calculate the m1mmum amount of overlappmg by the angle sechon on the 
gusset plate W!th a mew to hmit the mduced stress to 100 mega Pascalm the angle sechon 
when on! y the S!de welds are used The effech ve area of angle may be taken as the area of the 
connected leg plus half the area of the unconnected leg The safe stress m the weld 1S 90 
mega Pascal and the shock factor 1S 1 5 

(2 0) 

IECTION- C 
(a) What are the conshtuents and lathce shucture of a steel W!th 0 2% carbon as it goes from a 

molten to a sohd state 

(1 0) 
(b) "Mouldmg sand 1S different from the nver sand" Give your comments m support of the 

above statement and also mdicate the properhes of mould!ng sand w!uch are deS!fable for 
makmg sound cashngs How do you detemune four of these properhes in the laboratoty? 

(2 0) 

(c) For manual arc weldmg of m1ld steel, what charactenshcs of current and voltage wdl be 
deS!fed? Will the reqmrements change if we sW!tch over to aJJtomahc weldmg? 
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(1 0) 
(a) What are the advantages of forgmg over cashngs? 

How Will you mass produce a steel bolt Wl th a hexagonal head? 

(1 0) 

(b) Explam With the help of a sketch the vanahon of punch pressure Wlth the punch travel for a 
blank:tng operahon With proper clearance between punch and d1e 

(1 0) 
Why 1S shearprov1ded on a punch? 

(c) D!Shngmsh between orthogonal and o bh que cuthng Den ve an expresS! on for the shear plane 
angle m a tunung operahon on a lathe Explam all the assumphons made to arnve at the 
soluhon 

(2 0) 

(a) It 1S a problem for a seed packager to m1runuze the cost of sahsfymg the nutnhonal 
reqmrements Unhnuted quanhhes of seeds can be purchased at the costs md!cated below 

Nutnhonal Item Proporhonal Content Total 

Buck Wheat Sunflower Reqmrement 

Wheat 

'" "' "' > 480 k 
Protem "' cw > 1200 k 
Roughage cw "' <1500k 
Costperkg Rs 18 Rs 10 

F1nd the Ophmal soluhon 

(2 0) 
(b) If Kelvmator produces refngerator m batches, how many ruts m a batch should they produce? 

In each batch once the produchon starts they can make 80 uruts per day The demand dunng 
the produchon penod 1s 60 un1ts per day Eshmated demand for the year!S 10,000 un1ts Set 
up cost of the manufactunng process 1S Rs 3000/un!t Canymg cost 1s Rs 15 per urut per 

'" (2 0) 
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