
MGCHANICAL GNGINGGBING 

Time Allowed: 3 hours M=imumMaJks: 200 

For air R = 011871Gl!Kg HI Cp = 1.005 k.J/Kg K; y = 1.4. 

1 (a) 0 5 kg of aJr (1deal gas) executes a Camot power cycle havmg a thermal effiaency of 50 
percent The heat transfer to the aJr dunng the !Sothermal expanSion 1S 40 k.J At the 
begmmng of the !Sothermal expanSion the pressure 1S 7 bar and the volume 1S 0 12 m 
Determme the max1mum and m1mmum temperatures for the cycle, m K, the volume at the 
end of !Sothermal expans10n, m m3, and the work and heat transfer for each of the four 
processes, m k.J 
Foratrev0721 andc,l 008k.Jikg K 

(b) Steam flows through an ad1abahc steady flowturb1ne The enthalpy at entrance 1S 4142 k.Jikg 
and at eXIt 2585 kJ!kg The values of flow avaJ!abd1ty of steam at entrance and e:nt are 1787 
kJ/kg and 140 k.J/kg respechvely If the dead statetemperatureT, 1S 300 K, determme, per kg 
of steam, the actual work the max~mum posSible work for the g1ven change of state of steam, 
and the change m entropy of steam Neglect changes m kmehc and potenhal enerGI 

(a) A compressed atrbottle ofO 05 m3 volume contams atr at 3 5 atm pressure Tlus atr!S used 
to dnve a turbo generator supplymg power to a demce wluch consumes 5 W Calculate the 
hme for wh1ch the demce can be operated 1f the actual ou11u1 of the turbo generator 1S 60 
percent of the max:1mum theorehcal ou11u1 The amb1ent pressure 1S 1 ahn For a1r, (cp/cv) = 

" (b) An 1nsulated vessel!S d1v1ded mto two comparhnents connected by a valve Imhally, one 
comparhnent conta1ns steam at 10 bar 500°C, and the other!S evacuated The valve" opened 
and the steam 1S allowed to fill the enhre volume, ach1emng a final pressure of 1 bar 
Deternune the final temperature, m °C, the percentage of the vessel volume 1mhally occup1ed 
by steam and the amount of entropy produced, m kJikg K 

(a) In an I C engme operahng on the dual cycle (hm1ted pressure cycle), the temperature of the 
workmg flmd (a1r) at the begmrung of compress10n" 27°C The raho of the max:1mum and 
m1rumum pressures of the cycle 1S 70 and the compresS! on raho 1S 15 The amounts of heat 
added at constant volume and at constant pressure are equal Compute the a1r standard 
thermal effic1ency of the cycle State three ma1n reasons why the actual thermal effiaency 1S 

d1fferent from the theorel!cal value 

(b) The followmg data refer to a steam turbme power plant emplo)'!ng one stage of regenerahve 
feed heatmg 

State of steam entenngH P stage 10 MPa, 600°C 

State of steam entenng L P stage 2 MPa, 400°C 

State of steam entenng condenser 0 01 MPa, 0 9 dryness frachons 

The correct amount ofsta1n 1S bled for feed heahng at eX!! from the H P stage Calculate the 
mass of steam bled per kg of steam pasSing through the H P stage and the amount of heat 
supplied m the boiler per second for an ou11u1 of 1 0 MW Neglect pumps work 

(a) For steady ad!abat1c flow of an 1deal gas W!th constant 11eafic heats through a nozzle or 
d1ffuser, show that 

; =1+(k~1)M' 
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Where T, and T are the stagnal!on and stahc temperatures, respecl!vely, k 1S the raho of 
spec!lic heats and M the Mach number 

(b) In a turbo J et engme, a1r enters the d1ffuser at 0 8 bar, 24 0 K, W!th a velo c1ty of 1 00 0 km!hr 
The pressure raho aero ss the compressor 1S 8 The turbme mlet temperature 1 s 1 20 0 K and the 
pressure at nozzle eX!! 1S 0 8 bar The turbme work JUSt equals the compressor work mput 
The d1ffuser, compressor, turbme and nozzle processes are 1Sentrop1c an there 1S no pressure 
drop for flow through the combustor Determme the pressures at eX! I from the d1ffuser, the 
compressor and the turbme, and also the veloc1ty at the nozzle eX! I Show the vanous 
processes on a temperature-entropy d1agram For a1r cp = 1 001 k.Jikg K and ep/ev= 1 4 

(a) A vapour compass10n refngerahon system usmg refngerant 12 1S employed to produce 8640 
kg of 1 ce per day The condensmg and evap orahng temperatures of the refngerant are 4 8°C 
and 200 C, respechvely Saturated l!qmd leaves the condenser and saturated vapour leaves 
the evaporator Compress10n" 1Sentrop1c Water at 35°C" used to from 1ce The temperature 
of1ce should be -8°C Heat flows mto the bnne tank from the surroundmgs may be taken to 
be 10 percent of the total heat removed from water to form 1ce at the speafied temperature 
Deternune the power reqmred to dnve the compressor, m kW Take spec1fic heat of 1ce = 
2 2 6 kJ!kg K, latent heat of 1ce = 334 72 kJ!kg and sp ec1fi c heat of water = 4 187 kJ!kg K 
The folloWing data for refngerant 12 may be used 

T""!"""••~ 
,_ 

::;~olpy. ~ =f· k.J.%5- K 'C "" ""' . .;.,.,; .. ""' """ "'"" 0.2913 '·""' 
"' 1.51 17.82 178.7+ OJY/31 0.7007 

Sp eafi c heat of vapour = 0 8 2 kJ!kg K 

(b) OutS! de a~r at 35°C, 60% RH" passed over a coolmg c01l havmg an apparatus dewp01nt of 
10°C and 0 06 bypass factors The cooled a1r" then supphed to a room wluch" to be 
ma1nta~ned at 22°C dbt and 60% R H The supply a~r rate 4500 kg!hr Eshmate the senSible 
and 1 alent heat loads of the room and the heat removed m the co olmg c01l, m k W 

(a) Alr flows over a heated flat plate at a veloc1ty of 50 rrJs The local skm fncl!on coeffic1ent at 
a p01nt on the plate 1S 0 004 Eshmate the local heat transfer coeffic1ent at th!S p01nt The 
folloWing property data for a1r are g1ven 

DenSity 0 88 kg/m3 V!SCOS!Iy 2 286 x 105 kg/ms, speaf1c heat= 1001 kJ/kg K, thermal 
conduct!mty= 0 035 W/m K Use 

' St Pr"" = ..L 

' (b) Two long rods of the same d1ameter, one made of brass (k = 85 W/m K ) and the other made 
of copper (k = 375 W/m K) have hne of the1r ends mserted mto a furnace Both rods are 
exposed to the same env1ronment At a sechon 10 5 em away from the furnace end, the 
temperature of the brass rod" l20°C At what d!stance from the furnace end, the same 
temperature would be reached 1n the copper rod? Denve the formula used 

(a) Show that m a Pelton wheel, where the buckets deflects the water through an angle (180°- a), 
the hydrauhc effiaency of the wheel!S g1ven by 

2u(V-u)(1+cosa) 
1), = v 
where V 1S the velo a ty of the Jet, and u the velo c1ty of the wheel at the p1tch radms 

(b) A 1/5 seale model of a centnfugal pump absorbs 2 0 k W when pumpmg aga1nst a test head of 
8 m at1ts best speed of4(K) rpm If the actual pump works aga1nst 32m head, find the speed 
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and power reqmred for the actual pump Detenrune also the quanhh es of water d! scharged by 
the two pumps 

(c) A smgle achng reciprocatmg pump operahng at 120 rpm has a p!Ston diameter of 200 mm 
and stroke of300 mm The suchon and delivery heads are 4 m and 20m, respechvely If the 
effia ency of both such on and delivery strokes 1S 75 percent, determme the power reqmred by 
the pump 

(a) Determme the achabahc flame temperature for the combush on of carbon mono X! de (CO) W!th 
150 percent theorehcal amount of oxygen to form CO, The reactants enter the steady flow 
reactor at 25°C, 1 atm and the products (CO, and excess 0 2) leave at 1 atm At 1 atm, 25°C, 
the enthalpies of format10n of 0 2 CO and CO, are, respechvely, 0 kJ!kg mole, -110, 418 
kJ/kg mole and -393 137 kJ/kg mole The constant pressure specific heats of CO, and 0 2 at 1 
ahn may be assumed to be 56 4 3 and 3 6 5 kJ!kg mole K resp ech vely 

(b) The folloWing data were obtacned from a smgle glass cover flat plate solar heat collector 
Mean plate temperature= 70°C, Ambient and sky temperature= l0°C, Back msulahon 
thickness =5 em, Insulahon thermal conduchvity 0 05 W/m °C, Coefficient of heat transfer 
by convechon from plate to cover 3 Wlm' °C, Eqmvalent coeffiaent of heat transfer by 
rad!ahon from plate to cover= 6 Wlm' °C, Coefficient of convective heat transfer from 
cover to ambmet acr= 25 Wlm' oc and Eqmvalent coefficient for rachant heat transfer from 
cover to sky 5 Wlm' oc Compute the total heat loss perm' collector area Assume that 
reS! stance to heat flow by convechon at the back surface of the msulahon 1S negligible 
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IIIBCHANICAL BNGINBBAING 

Time Allowed: 3 hours M=imumMaJks: 200 

(a) What 1S conohs accelerah on? G1ve 1ts formula 

(b) N arne mecharusms for generahng accurate and approXimate strat ght !me mol! on 

(c) How can the quahty ofagovemorbe ascertamed? 

(d) State the cond!t10ns for complete balancmg of rec1pro cahng parts of an engme, 

(e) Explam the mearung of the followmg 

Hexagonal screw M 12 x 1 5 x 70, T-Bolt 22 x 100 

(f) Why more than one full length leaves are prov1ded m a leaf spnng? State the raho of stress 
between Ill! length and graduated leaves 

(g) State the umts of dyn=c and kmemahc V!SCOS!hes m the S L umts 

(h) What do you understand by b aSJ c stahc load rahng of a beanng? 

(1) State the standard value of pulley groove angle and the m1rumum recommended angle of are 
of contact for a V -belt 

6) Define d1ametral quohent and thermal capac1ty of a worm gear set 

(k) A l!mberbeam 1S to be remforced With two steel fhtches of same S!Ze They can be attached 
e1ther at the top and bottom or symmetncally on the Sides In wh1ch case Will the moment of 
reS! stance be larger? 

(1) What IIGie of nvetted JOmts are used for the long1tud!nal and c1rcumferenhal JOmts of a 
cyhndncal pressure vessel and why? 

(m) What 1s standard!zahon? Give 1ts four advantages 

(n) Name four types of steel cashngs 

( o) What are preferred numbers? G1ve the1r mam advantages 

(p) N arne four locahng dem ces for J!gs and fixtures 

(q) List four advantages of numencal control 

(r) Wnte four obJ echves of plant layout 

(s) What 1S produchon planmng? State 1ts levels 

(t) Explam standard rahng and standard performance 

(2x20) 

SECTION -B 
(a) A d!Sc of mass 5 kg 1S mounted 1n the nuddle of a Simple supported honzontal shaft of span 

0 5 m and of d1ameter 1 0 mm The centre of gra~l!ty of the d!Sc 1 s d!splaced 2 5 mm from the 
geometnc centre The eqmvalent mscous dampmg for the system may be taken as 50 N s m-1 

The shall rotates at 740 rpm Calculate (1) dynam1c stress m the shaft (11) stahc stress 1n the 
shall and (111) power reqmred to dnve the shall Take E = 2 x 105 N (mm)' 

(2 0) 

(b) The roller follower of a cam moves With SHM dunng ascent and With umfonnly accelerated 
and decelerated mohon dunng descent The cam rotates at 370 rpm Draw the cam prof1le for 
the folloWing 

data: 
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Least radms of cam 

Angle of ascent 

=60mm 

= 54° 

Angle of dwell between ascent and descent = 4 8° 

Angle of descent 

Lift of follower 

Roller dia 

Offset 

= 66° 

=50mm 

=30mm 

=20mm 

Determme the max:1mum velocity and accelerah on of foll owmg dunng descent 

(2 0) 

(a) A spur pm10n 1S dnven by an electnc motor of power 15 kW runmng at 740 rpm Pitch 
diameter of pim on 1S 1 0 8 mm and speed reduch on 1S 3 1 Module 1S 6 mm and pressure angle 
200 The pm10n 1S mounted on a shaft located m symmetrical beanngs over a span of 300 
mm The gear 1S overhangmg by 50 nun on the left of two beanngs 200 mm apart Calculate 
the b eanng reachons for the gear when the pm10n rotates cl ockw! se 

(2 0) 

(b) An 8 x 19 (9/9/1) steel Wlre rope" used to hft a load of 20 kN from a depth of 1 km The 
maX!mum speed of rope 1S 2 5 mi1 and the accelerahon 1S 1 5 ms' when starhng under no 
slack condihons Determme the S!Ze of the rope reqmred for a deS!fed factor of safety of 4 5 
Mod!fied modulus of elashcity for rope 1S 68600 MPa - .l!.pp: -~··- - .... .. _ - Jaeoltmil ......... ... 

d .. , ..... .. .... 
' ... ~ 

' "" " " .... ~ 
ll ... .. ... .!11_:11 ' " " .. .• " "' ~-~ 
" .... .. 
• "" 115 .. ID 146 

• IZ 16B .. "' Ull 

(2 0) 

(a) A !luck sphencal pressure vessel ofi!Uler radms 150 nun 1S subjected to an mtemal pressure 
of 80 MPa Calculate mto wall thickness based upon the (i) maximum pnncipal stress theoty, 
and (11) total stram energy theoty P01sson's ratio= 0 30, yield strength= 300 MPa 

(2 0) 

(b) Conshuct the bendmg moment and sheanng force d!agrams for the beam shown m Fig 1 

(2 0) 

SECTION -C 
(a) What are the maJor all oymg elements to alunumum? DiScuss thetr effects 
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(1 0) 

(b) What are the different types of defects wlnch generally develop due to heat treatment of 
steels? What are their causes and the measures which can be taken for their prevenhon? 

(2 0) 

(c) DiScuss the underlymg pnnciples for the deSign of Jigs and fixtures 

(1 0) 

(a) Show W!th a neat sketch the forces achng on a clnp m orthogonal maclumng Denve an 
express10n to calculate the coefficient offnchon between tool clup mterfaces 

(1 5) 

(b) A seamless tube 32 mm outSide diameter 1S turned on a lathe Cuttmg veloaty of the tool 
relative to the workpiece " 1 0 m/mm Rake angle = 35 °, depth of cut = 0 12 5 mm, 1 ength of 
clnp 60 mm, honzontal cuthng force of the tool on the workpiece= 200 N, verhcal cuthng 
force reqmred to hold the tool agamst the work= 80 N Calculate 

(i) coefficient of fnchon 

(11) clnp tlnckness raho 

(111) shear plane angle 

(iv) velocity of clup relahve to the tool, and 

(v) velocity of clup relahve to the workpiece 

(2 0) 

(c) Differenhate between the deamal and bmary code systems Fmd the decimal and bmary 
codes for the number 140 

(o) 

(a) The annual fixed costs of a product are known to be Rs 2 x 105 and the annual net profit" 
Rs 4 x 104 the average monthly sales bemg 820 uruts A new deSign " contemplated 
mvolmng an expenditure of preparahons amounhng to Rs 8 x 104 to be returned m two 
years It 1S expected that W!th new produchon methods the product to volume raho may be 
mcreased by 5 percent What would be the new annual sales figure for the new product so 
ili< 
(i) same net profit 1S realized 

(11) m add!t10n to th!S profit a yield oflO percent on the capitalmvolved W!ll be obtamed 

(2 0) 

(b) A bmldmg proJect conSists of 10 achvates Theu eshmated durat10n 1S given below 

Draw the network and compute (i) event hmes (11) actimty hme (111) total float, and determme 
the (iv) cnhcal path 

(2 0) 
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