
Ttme Allowed 3 hours MaXimum Marks 200 

INSTRUCTIONS 

Canchdates should attempt any FIVE queslions 

Notalions used are standard and mil have thmr usual meamng; Assume swtable data, Jjfound necessary 
andmchcate them clearly 

Formr R = 0 287 KJ!kg-K, Cp = 1 005 kJ/kg-K 

r= 1 4, M = 28 966 kg! kg-mole 

(a) Ifu=f(T,v)andh=f(T,p)provethat 

du=CvdT+(T:-p}v 

dh=CpdT+v(l-Ddp 

(1 5) 

(b) A house" to he mamtamed at 25° C m summer as well as m wmter For th!S purpose, it" 
proposed to use a reverSible device as a refngerator m summer and as a heat pump m wmter 
The ambient temperature" 40°C m summer and 3 oc m wmter The energy loss as heat from 
the roof and the walls 1S eshmated at 5 kW per degree Celsms temperature difference 
between the room and the ambient cond!hons Calculate the power reqmred to operate the 
device m summer and m wmter 

(1 0) 

(e) A cyhndncal water tank of 50 em diameter and 120 em height 1S imhally filled W!th water 
The top of the tank 1S open to the ahnosphere A d!scharge plug 1S fitted at the bottom of the 
tank When the plug near the bottom of the tank 1S pulled out, water Jet streams out of the 

tank W!th a Jet d! ameter of 1 em The mean velo a ty of the Jet 1S given by v = .J2gh where h 

1S the height of the water m the tank measured from the centre of the hole Determme how 
long it W!ll take for the water level m the tank to drop to 60 em level from the bottom 
Neglect the diStance between the bottom of the tank and the centre of the hole compared to 
the total water height 

(1 5) 

(a) What are the advantages and d!sadvantages ofusmg hydrogen as an IC Engme fuel? Explam 
one method by which hydrogen can be used m C I Eng1ne 

(1 0) 

(b) Menhon three problems related to enmronment that are created by exhaust enuss10ns from 
the!C Engme WhatarethemaJorexhaustenuss!Ons? 

(o) 

(c) What 1S delay penod? Menhon the vanous factors affechng the delay penod DiScuss any 
four of them 
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(1 0) 

(d) DiScuss the advantages and d!sadvantages ofusmg LPG m S I Eng~ne 

(o) 

(e) Atr at 25 kPa and 230 K enters a turbojet eng~ne With a velocity of 250m/sec The pressure 
raho aero ss the compressor 1S 1 2 The turbme ml et temperature 1S 140 0 K and the pressure at 
the nozzle eX!! 1S 25 kPa The diffuser, compressor, turbme and nozzle processes are 
iSentropic and there 1S no pressure drop for flow through the combustor Under steady state 
operatmg condihon~ determme (i) the velocity at the nozzle eX!!, and (11) the pressures & 
temperatures at each state State the as sum ph ons made Draw the hne diagram indicatmg all 
the components & show the processes on a T-.s d!agram 

(C) 

(a) Heat losses from the Windows are to be reduced by covenng them from mS!de With a 
polystyrene msulahon (k= = 0 027 W/m-K) ConSider apphcahon of 25 nun-thick Windows 
Ckw = 1 4 W/m-K) The contact reSiStance between the glass and the msulat10n may be 
approXimated as (R''t, = 0 002 m2-K/W), wlule the convechon coefficient at the outSide 

, . 
surface of the Window 1S nonunally losmg heat (ho = 20 W /m -K) 

With the msulahon, the convechon coefficient at the mner surface 1S h, = 2 Wlm' -K, Without 
the msulahon il 1S h, = 5 Wlm' -K 

(i) What iS the percentage reduchon m heat loss assoaated With the use of msulahon? 

(11) If the total surface area of the Windows 1S A,= 12 m', what are the heat losses 
associated With insulated and urunsulated Windows for mtenor and extenor 
temperatures ofT oo,> = 2 0°C and T oo,o = - 1 2°C ? 

(111) If the home iS heated by a gas furnace operahng at an efficiency of'lt = 0 80 and the 
natural gas 1S pnced at Cg = Re 1 per MJ, what 1S the da1ly savmg associated With 
covenng Windows for 12 hours? 

(1 5) 

(b) Water at 20° C flows normal to the ax:1s of a arculartube With a velocity of 15m/sec The 
diameter of the tube 1S 25 mm Calculate the average heat transfer coeffiaent if the tube 
surface" mamta1ned at a umform temperature of 80°C Also eshmate the heat transfer rate 

20 + 80 
per umt length of the tube Prop erhes of water at T1 = 50' C are 

Sp eafi c heat, Cp = 4 1 81 3 k.Jikg- K 

Kmemahc V!SCOS!Iy, u = 0 568 x 10-6m2/sec 

Thermal conduchmty, k= 0 6395 W/m-K 

Prandtl number, Pr = 3 68 

DenSity, p = 990 kg/mm3 

• 

Dynanuc m sco S!ly of water (~) at 80 oc = 3 54 56 x 10-< kg/m-sec 

~oo at 20°C = 1 006 xkg/m-sec 

Use the relahon 

Nu = ( 0 4 Re
0
' + 0 06 Re'")Pr

04 
(;: r• 

(1 0) 
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(c) An electncally heated sphere of 1 5 em diameter 1S cooled m a qmescent med!um of air at 
315 K In order to maintam the surface temperature of the sphere at 385 K, eshmate the 
amount of heat to be supphed by the electncal heater 

Too=273+20=293K 

315+385 
The properties of air at '-''-';""-

' 
350k are 

Kmemahc V!SCOS!Iy, v = 2 076 x 1 o-' m2/sec 

Prandtl number, Pr = 0 697 

Thermal conduchvity, k= 0 03 W/m-K 

Co efficient of thermal expans10n, ~ = liT, = 2 86 x 1 o-3 K""1 

- "' Use the relahonship Nu = 2 + 0 43 Ran 

(o) 

(d) The configurahon of a furnace can be approXimated as an eqmlateral In angular duct which 1S 
sufficiently long that the end effects are neghg~ble The hot walliS main tamed at T1 = 1000 K 
and has an em!SS!Vily c, = 0 8 The cold walliS atT2 = 500 K and has an enusS!Vily "' = 0 8 
The tlurd walliS reradiatmg zone for wluch Q3 = 0 Calculate the net radiatiOn flux leavmg 
the hot wall 

(1 0) 

(a) How can the solar energy be used to obtain refngerahon effect? Explain W!th a neat and 
clean sketch 

A geothermal well at 130° C supphes heat at a rate of 100,500 k.J!h to an absorphon 
refngerahon system The enmronment!S at 30' C and the refngerated space 1S mamtained at 
-22 o C Deternune the max:tmum p osS!ble heat removal from the refngerated space 

(1 5) 

(c) Obtam an express10n for the capacity of a refngerahon system (to Mage) in terms of the rate 
of upper and lower pressure hnuts, expans10n mdex (n), v,/v,, (v, =clearance volume and v, 
= swept volume), N (rpm), v,, v1 (specific volume at the mlet to compressor) and the 
refngerahon effect (h1-h4) 

(c) 

If the pressure raho 1S 6 5, n = 1 1, v,/v, = 0 025, N = 900, v, = 600 cc, v1 = 0 078 m31kg and 
refngerahon effect= 150 kJikg, calculate the capaaty of the system 

(1 5) 

(c) List the vanous refngerahon and atr- condihorung controls and their funct10ns 

(11) Explain ad!abatic saturahon and thermodynamic wet- bulb temperature When are the 
ad! ab ah c saturahon and wet-bulb temperatures eqmvalent for ahnosphenc atr? 

(') 

(111) What 1S metabolism? What 1S the range ofmetabohc rate for an average man? Why 
are we mterested m the metabohc rate of the occupants of a bmld!ng when we deal 
W!th heahng and air-cond!homng? (3) 

(a) Show that for a flow governed only by gravity, inerha and pressure forces, the raho of rates 
of flow m two dyn= cally S!nular systems equals to the 5/2 power of the 1 ength ratio 

(C) 
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(b) The rate of flow Q of a hqU1d havmg mass denSity p and mscoS!Iy ~ 1S to be measured by 
means of an onficemeter The diameter of the on ficemeter 1S d which 1S mstall ed m a pip ehne 
of diameter D The pressure drop across the on lice plate 1S fl.p Obtam the express10n for Q 
by usmg the method of dimensiOnal analySJ s 

(14) 

(c) Denve Prandtl bound a!)' layer equahons for steady two- dimensiOnal lanunar mcompresS!bl e 
flow Expl am the S!grufi cance of Prandtl b ounda!)' 1 ayer equahons m comp anson Wl th N am er 
Stokes equahons 

(14) 

(d) The 1n'" power law for turbulent bounda!)' layer 1S not applicable very near to the sohd 
bound a!)' Do you agree? If yes, why? Jushfy your answer 

(a) What do you mean by Fanno flow? Show that the upper and lower branches of a Fanno 
curve represent subsomc and supersomc flows respechvely Prove that at the maX!mum 
entropy pomt Mach number 1S unity and all processes approach th!S pomt 

(1 5) 

(b) Denve the Rankme-Hugoruot equahons for flow through a normal shock How does a normal 
shock d! ffer from an o bhque shock ? M enhon two useful apphcahons of a normal shock 

(1 5) 

(c) Menhon two most important charactenslics of turbulent flow Explam the concept of 
Prandtl' s mnnng 1 ength hypotheSiS 

(1 0) 

(a) The clearance volume of a smgle cyhnder a1r compressor 1S 10% of the swept volume The 
compressor has a bore of 120mm and a stroke of 152 mm and runs at 400mm Suchan 
cond!t10ns are 1 bar and 24°C and the delivery pressure" 10 bar Compress10n and re­
expans!On curves follow the law pV13 = constant Calculate the diagram vulumetnc 
effiaency, the rate of a1r dehvery, and the power mput reqU1red to dnve the compressor 
assummg a mechanical efficiency of 74% Take R = 0 287 kJikg- K 

(1 0) 

(b) Alr enters the compressor of a gas turbine at 100 kPa, 300 K W!th a volumetnc flow rate of 
5m3/sec The a1r1S compressed m two stages to 1200 kPaW!th mtercoolmg to 300 K between 
stages at a pressure of 350 kPa The turbme mlet temperature 1S 1400 K and the expans10n 
occurs m two stages W!th reheat to 1340 K between the stages at a pressure of 350 kPa The 
compressor and turbme stage efficiencies are 87% and 85% respechvely Detenrune (i) the 
thermal efficiency of the cycle, (11) the back work raho, (111) the net power developed m kW 
Draw the schemahc diagram of the cycle and md!cate the process on T-s d!agram Assume 
effechveness of the regenerator as 8 0% Assume Cp = 1 0 04 5 k.Jikg- K for a1r and gas 

(2 0) 

(c) The turbme rotor has a mean blade nng diameter of 500mm and the blade angles are equal 
The nozzle angle " 20° and the steam leaves the nozzles W!th a velocity of 900m/sec 
Assummg a blade fnct10n factor of 0 85, determme the (i) best blade angles, (11) turbme speed 
m rpm, (ui) steam consumphon rate m kg!hr if the turbme generates 10kw, and (iv) 
maX!mum blade efficiency 

(1 0) 

(a) Discuss W!th the help of neat sketches the ma1n difference m pnncipl e of op erahon between a 
hydraJJhc couphng and ahydraJJhc converter 
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(C) 

(b) Menhon three posSible causes of trouble 1n case of a centnfugal pump 1f 

(1) No watens del1vered, and 

(11) Pump absorbs lngher power 

(o) 

(c) A centnfugal pump 1S reqmred to discharge 600 hters of water per second and develop a head 
of 15 m when the 1mp eller rotates at 750 rpm The manometn c effic1ency 1 s 8 0% The 1 oss of 
head m the pump due to flmd reSiStance b emg assumed to be 0 0 27 v' m of water, where V 1S 
the veloc1ty With wln ch water leaves the 1mp eller Water enters the 1mp ell er Without shock or 
wlnrl and the veloc1ty of flow 1S 3 2 m/sec, Determme (1) the 1mpellar d1ameter and outlet 
area, (11) the blade angle at the outlet edge 

(14) 

(d) Laboratory tests are reqmred to be performed on a 1110 scale model to find the best deSign 
for a hydraul1c turbme The turbme 1S requued to develop 30,000 kW under a net head of 
5 Om runrung at 30 0 rpm The head avaJ! able at the laboratory 1S 1 2 m Determme 

(1) the correspondmg speed, 

(11) power, and 

(111) diScharge 

The overall effiaency 1S 88% 

(1 2) 
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IIIBCHANICAL BNGINBBBING 

Ttme Allowed 3 hours MaXimum Marks 200 

Canchdates should attempt Question 1 m llectton 'A' winch Js compulsory, TWO IBestwns from lllctwn 'B' 
and TWO questions from llectton 'C' Questwn 1 Js of short answer type, hmltmg answer of each part to 30 
words 

The number of marks earned IN each question Js mcbcated at the end of each question 

Assume swtable data, Jjfound necessary, andmdJcate them clearly 

SEC:nONA 
(a) Two hollow shafts of same d!ameter are used to transtlllt same power 

One shaft 1S rotahng at 1 0 00 rpm wlnle the other at 1 20 0 rpm 

What Will be the nature and magmtude of the stress on the surfaces of these shafts ? Wdl1t be 
the same m two cases or different? Jushfy your answer 

(b) What 1S auto llettage ? 

How does 11 help m mcreasmg the pressure carrymg a capac1ty of a tlnck cyhnder? 

(c) What are stal!cally determmate and 1ndetermmate beams ? Illustrate each case through 
examples 

(d) Define (i) Kmemahc cham (11) Mecharusm 

(e) D!Shngmsh between the funchons of Flywheel and Governor 

(f) For a free mscous damped vibrahon, stale the condihon for cnl!cal dampmg The system has 
mass 'm', spnng shffness 'k' and dampmg coeffiaent 'c' 

(g) Sketch a castle nut used for lockmg device State two specific advantages of th!S lockmg 
device? 

(h) Between a flat belt dnve and V-belt dnve for the same coefficient offnchon, arc of contact 
and allowable tenS! on m the belts, which one W!ll have more power transm1ss10n capability? 
Give reason to your answer 

(i) In Journal beanngs d!Shngmsh between "Beanng charactenshc number" and "Beanng 
Modulus" 

6) Why 1S annealmg done? 

What does the foll oW!ng represent m case of tool steels ,,, T103 (11) T 35Mn2 M045 

(k) Name any four matenals used for makmg W!re drawmg d!es and explam the apphcahon of 
each of them 

(1) ClasSify the advantages of powder metallurgy process in terms of economics and cap abihl!es 
of the proces~ and properhes of the parts made 

(m) What 1S gahng system ? Name and show the vanous elements of a gahng system by means of 
a diagram 
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(n) What 1s standard markmg of gnndmg wheel ? What each parameter md1cates ? 

(o) Name any four fluslung methods used m EDM process What type of flushmg method 1S 
recommendable m cases of very small S!ze hole dnlhng? 

(p) What 1S the pnnaple of angle dekkor auto collimator? What 1S 1ts apphcahon? 

(q) What arc the S!X categones of queuemg models as per Kendall notahon? 

(r) W1th the help of quanhty-cost cone, explam the S!gruficance of Econom1c Order Quanhty 
(EOQ) What are the hm1tah ons of usmg EOQ formula ? 

(s) What 1S a cnhcal path ? Why 1S the cnhcal path of such 1mportance m large proJect 
scheduling and control ? Can a en heal dunng the course of proJ eel ? To pnnt the values of 
array am the order g1ven below, wnte the source co de m FORTRAN and m 'C' 

"" "" "" "" "" 
"" "" "" "" "" 
"" "" "" "" "" 
"" "" "" "" "" 

(20x2=40) 

SECnON B 

(a) A m1ld steel shaft of 50 mm d!ameter 1S subjected to a bend!ng moment of 1 5 kN-m and 
torqueT If the y1eld pomt ofsteelm tens10n 1S 210 MPa Fmd the maX!mum value of torque 
Without cauSing y1eldmg of the shaft matenal accord!ng to 

(1) Ma:nmum Pnnapal stress theoty and 

(11) Ma:nmum Shear stress theoty 

(2 0) 

(b) A hmberbeam 15 em W!de and 20 em deep cames a umformly d!Stnbuted load over a span 
of 4 m and 1S S!mpl y supported 

If the perm!SS!ble stresses are 30 N/mm' long1tud!nally and 3 N/mm' transverse shear, 
calculate the max:1mum load wluch can he earned by the hmber beam 

(2 0) 

(a) The d1menS1ons of d!fferent lmks of the crank and slotted lever qmck-retum mecharusm 
shownm F1gure are g1ven below 

0 1 0 2= 700 mm, 0 1B = 250mm 

0 2D = 1250 mm, DR= 350mm 

The crank 0 1B rotates at 40 rpm m the counter clockWise d!rechon and at the present 
mstant of conS!derahon makes an angle of 45° W!th the verhcal 

Determ1ne 

(1) Veloc1ty of the ram R wluch moves m ahonzontal d1rechon 

(11) Angular vel oc1ty of hnk 0 2D 

(2 0) 
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(b) An mtermed1ate parallel shaft 'Z' 1S used for geanng together two shafts 'X' and 'Y' wh1ch 
are co-ax:1al to each other The gear wheel cotmechng 'X' and 'Z' have a module of 2 and 
those cotmectmg 'Z' and 'Y' a module of 3 The speed of 'Y' 1S to be about, but less than, 
1/12 that of'X' If the two pm10ns have 24 teeth each, find sU1table numbers of teeth for the 
gears and pm10ns, the actual veloc1ty raho and the correspondmg diStance of shaft 'Z' from 
shaft 'X' 

( ,, ,,, (2 0) 

DeSign and draw a cast 1ron flange couphng for a m1ld steel shaft transnuthng 80 kW 
at 22 0 r p m W!th the folloWing sp ec1ficahons 

Allowable shear stress m the shaft= 40 MPa 

Perm!SS!bl e angle of lw!st < 1' 1n a 1 ength of 20 d! ameters 

Allowable shear stress m the couphng bolts= 30 MPa 

fug1d1ty modulus of shaft matenal = 8 5 G Pa 

Allowable shear stress for hub matenal 15 MPa 

You may adopt, W1dth ofkey = 25 mm 

Tiuckness of key= 14 mm 

You may also conSider that he shaft and key are made of the same mater1al 

Four numbers of bolts are to be used m the couphng Fmd out the d1ameter of the 
shaft reqU1red and the mam d1mens10ns of the Flanges and the Key Adopt smtable 
d1mens10ns 

(11) Draw a neat sketch for the Flange couphng W!th the deSigned d1mens10ns 

(2 0) 

(b) A centnfugal clutch W!th four shoes 1S used to transnut 15 kW to 720 rpm The speed at 
wluch engagement begms 1S 80% offal! speed The mS!de d1ameter of the drum 1S 325 mm 
and outSide d!ameter of the drum 1S 350 mm The rad1al diStance of C G of each shoe from 
the ax:1 s of shaft 1S 1 20 nun The rad!al clearance between the shoe and the nm 1S 1 0 nun The 
pressure exerted on the shoe dunng engagement 1S 1 0 MPa The coeffiaent of fnchon 
between shoe hmng and the drum 1S taken as 0 25 

Deternune 

(1) Mass of each shoe 

(11) S1ze of the shoe1fthe angle subtended by shoe at centre!S 60° 

www.studentsuvidha.in

Stu
de

nt
Suv

idh
a.

in

studentsuvidha.in/
studentsuvidha.in/


Also deSign the hehcal spnng used m the shoes takmg the safe shear stress of spnng 
matenal as 600 MPa and modulus ofng~dity of the matenal as 80 kN/nun' Use the 
spnng index of 6 

(2 0) 

SECnON C 

(a) How are powders produced m powder metallurgy process? 

N arne and explam the vanous steps m makmg parts from metal powder 

(1 5) 

(b) A certam d!Sc of lead of radius 150 mm and tluckness 50 mm 1S reduced to a thickness of25 
mm by open die forgmg If the coeff!C!ent of fnchon between the JOb and die 1S 0 25, 
determme the maX!mum forg~ng force The average shear yield stress of lead can take as 4 
N/mm' 

(1 0) 

(c) What are the common defects found m welding? Explam their causes and remedies 

A proJ echon welding of 3 spots 1S obtamed W!th a current of 3 5, 00 0 A for a peno d of 0 0 1 
sec If the effechve reSiStance of the J omt be taken as 1 2 0 nucro ohms, and if the J omt can be 
conSidered as a cyhnder of 6mm diameter and 2 5 mm in he1ght, calculate the heat distnbuted 
to the surroundings 

Take heat requued for melhng steel as 10 J/mm3 

(1 5) 

(a) Find the hmit S!ze~ tolerances and allowance for a 100 mm diameter shaft and hole pa1r 
deSignated by Fshw Also specify the type of fit that the above p a1r belongs to 

Given 100 mm diameter hes m the diameter step range of 80-120 mm The fundamental 
deviahon for shaft deS!gnahon 'f 1S -55 D041 

The values of standard tolerances for grades of 1T8 and 1 T1 0 are 25i and 64i respechvely 

Also, mdicate the hnuts and tolerance on a diagram 

(1 5) 

(b) An HSS tool!S used for tunung operahon The tool hfe 1S 1 hr when tummg 1S earned at 30 
m/nun The tool hfe W!ll be reduced to 2 0 mm if the cuthng speed 1S doubled Find the 
SU! table speed m RPM for tunung 3 00 nun diameter so that hfe 1S 3 0 mm 

(1 0) 

(c) Prepare part program to maclune the contour shownm the figure usmg APT on CNC nulhng 
maclune 

r-l~:- cr:----1· · .... ~.... ..._, ... 
I I roo-· 

I ! 1 1!~::-·c~:!:==~-=-=== .... t·~, 
• 
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Malena! 

Tiuckness 8 Omm 

(a) Explam the need for sales forecashng How are forecashng methods clasS! lied ? 

The past data about the load on amaclune centre 1S as giVen below 

Month Load, Maclune-Hours 

m 

' "' 
' '" 
' "' 
' '" 
' '" 
' OM 

(1 5) 

(i) If a five month movmg average 1S used to forecast the next month's demand, compute 
the forecast of the load on the centre m the 8"' month 

(11) Compute a we1ghted three month movmg average for the 8"' month, where the 
weights are 0 5 for the latest month, 0 3 and 0 2 for the other months, respechvely 

(b) What 1S break-even analySiS ? How 1S il useful to the manager? 

For a p arh cular pro duct, the folloWing informahon 1S given 

Sellmg pnce per uru t 

Vanable costperumt 

Fixed costs 

Rs 100 

Rs 60 

Rs 10,00,000 

(1 0) 

Due to mflahon the van able costs have mcreased by 10% wlule fixed costs have mcreased by 
5% If the break-even quanhty 1S to remam constant by what percentage should the Sales 
pnce be ra1sed? 

(1 5) 

(c) Prepare a flow chart and wnte a program m FORTRAN to compute the stresses reqU1red m 
the folloWing problem 

For a two d!menSJonal stress system, a pomt m a member 1S subjected to normal 
stresses Ox and cry on two mutually perpendicular planes accompanied Wlth shear stress Cey 

Compute the normal and shear stresses on all the planes mahng angles from 0 to 180° Wlth 
mtervals of 0 10° W!th plane of Ox Also find the pnncipal stresses based on the max:1mum 
and nummum of the normal stresses o bta1ned on all the planes 

(1 5) 

www.studentsuvidha.in

Stu
de

nt
Suv

idh
a.

in

studentsuvidha.in/
studentsuvidha.in/



