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SUMMER–19EXAMINATION
SubjectName:AEN ModelAnswer SubjectCode:

ImportantInstructionstoexaminers:
1)Theanswersshouldbeexaminedbykeywordsandnotasword-to-wordasgiveninthemodelanswer

scheme.
2)Themodelanswerandtheanswerwrittenbycandidatemayvarybuttheexaminermaytrytoassessthe

understandinglevelofthecandidate.
3)Thelanguageerrorssuchasgrammatical,spellingerrorsshouldnotbegivenmoreImportance(Not

applicableforsubjectEnglishandCommunicationSkills.
4)Whileassessingfigures,examinermaygivecreditforprincipalcomponentsindicatedinthefigure.The

figuresdrawnbycandidateandmodelanswermayvary.Theexaminermaygivecreditforanyequivalent
figuredrawn.

5)Creditsmaybegivenstepwisefornumericalproblems.Insomecases,theassumedconstantvalues
mayvaryandtheremaybesomedifferenceinthecandidate’sanswersandmodelanswer.

6)Incaseofsomequestionscreditmaybegivenbyjudgementonpartofexaminerofrelevantanswer
basedoncandidate’sunderstanding.

7)Forprogramminglanguagepapers,creditmaybegiventoanyotherprogram basedonequivalent
concept.

Q.
N
o.

Sub
Q.N.

Answer Marking
Scheme

1 A AttemptanyFIVEoftheFollowing 10
(a) StatethemeaningofScavenging. 02

Ans. (CorrectAnswer02Marks)
Scavenging:
Scavengingisprocessofremovingtheexhaustgases(combustibleproducts)from
thecylinderwithhelpofincomingfreshchargeintwostrokeengine.Duringthe
downwardmovementofthepistonthemixtureinthecrankcaseiscompressedand
pushedintothecylinderthroughthetransferport,whichpushesouttheexhaust
gasesthroughtheexhaustportatthesametimefillingthecylinderwithnewcharge,
iscalledcross-flowscavenging.

Correct
Answer

02Marks

(b) Statefunctionof(i)CylinderBlock (ii)CylinderHead 02
Ans. (Function01MarkEach)

FunctionofCylinderBlock:

Itisanintegratedstructureconsistsofthecylindersofareciprocatingengine,

coolantpassages,intakeandexhaustpassagesandports,andcrankcase,etc.

FunctionofCylinderHead:

Itprovidesthehousingforexhaustandintakevalves,thefuelinjectorandnecessary

linkages,andpassagesforthefuelandairmixture.

Function
01Mark

Each

(c) ListanytwoapplicationsofC.I.Engine 02
Ans. (AnyTwo01Markeach)

Gas Engines IndustrialPower

Diesel Engines Automotive,Railways,Power,Marine

GasTurbines Power,Aircraft,Industrial,Marine

AnyTwo
01Mark

each

17408
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(d) Stateanyfourspecificationsoftwo–wheelerengine. 02
Ans. (AnyFour½MarkEach)

(Note:Creditshouldbegiventoanyother2Wh.Specifications)
(1)HondaCD110Dream DXSelfStart:

Displacement:109.19cc

No.ofCylinders:1

No.ofGears:4

Maximum Power:8.25BHp@7500rpm

Maximum Torque:8.63N-m @

5500rpm

EngineDescription:AirCooled,4

stroke,SIEngine

Cooling:AirCooling

CompressionRatio:9.9:1

Bore:50mm

Stroke:55.6mm

AirFilterType:ViscousPaperFilter

FuelType:Petrol

BharatStageIV(BS4):Yes

Clutch:MultipleWetClutch

(2)HeroSuperSplendor:

Displacement:124.7cc

No.ofCylinders:1

No.ofGears:4

Maximum Power:9BHp

@7000rpm

Maximum Torque:10.35N-m @

4000rpm

EngineDescription:AirCooled,4

stroke,SingleCylinderOHC

Cooling:AirCooling

CompressionRatio:9.1:1

Bore:52.4mm

Stroke:57.8mm

FuelType:Petrol

GearboxType:ConstantMesh

FuelType:Petrol

Clutch:MultipleWetClutch

AnyFour
½Mark

Each

(e) Listanyfourcomponentsofwatercoolingsystem. 02
Ans. (AnyFour½MarkEach)

1.Coolant(Antifreeze)
2.Coolingfan.
3.Coolingreservoir.
4.Heatercore.
5.Hoses.
6.Radiator.
7.Thermostat.
8.Waterpump.

AnyFour
½Mark

Each

(f) Define:(i)IndicatedPower (ii)BrakePower 02
Ans. (Each01Marks)

i) IndicatedPower:
Itisthepowerdevelopedbytheengineabovethepistoninthecombustionchamber

Each
01Marks
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byburningoffuel.
ii) BrakePower:

Thebrakepoweristhepowerobtainedattheengineflywheelandismeasuredwith
thehelpofdynamometer,itismeasuredinkW

(g) Statethemanufacturingmethodof(i)ConnectingRod (ii)CylinderBlock 02
Ans. (Each01Mark)

(i) ConnectingRod:Forging
(ii) CylinderBlock:Casting

Each
01Mark

(h) StatethemeaningofAir–Fuel(A/F)Ratio. 02
Ans. (CorrectAnswer02Marks)

MeaningofAir-FuelRatio:
Air-fuelratio(AFR)istheratioofmassofairtomassoffuel.
Themixtureofairandpetrolburnscompletelyonlywhentheyaremixedinparticular
ratio,calledtheairfuelratio.

Correct
Answer

02Marks

1 B AttemptanyTWOoftheFollowing 08
(a) ClassifyICengineonthebasisof(i)Stroke(ii)Fuel(iii)NumberofCylinders(iv)

Ignition
04

Ans. (CorrectAnswer01Markeach)
(i)Stroke:
(a)2Stroke(b)4Stroke
(ii)TypeofFuelused:
a)Petrolengine(orGasolineengine)
b)Dieselengine
c)Gasengine
(iii)NumberofCylinders:
(a)SingleCylinder(b)TwoCylinder(iii)ThreeCylinder(iv)FourCylinder(v)Six
Cylinder(vi)TwelveCylinder
(iv)Ignition:
a)Sparkignition(S.I.)engine
b)Compressionignition(C.I.)engine

Correct
Answer
01Mark

each

(b) CompareFourStrokeandTwoStrokeEngine(FourPoints) 04
Ans. (AnyFourPoints01MarkEach)

S.N. FourStrokeEngine TwoStrokeEngine

1 Oneworkingstrokeforeverytwo

revolutionsofthecrankshaft.

One working stroke for each

revolutionsofthecrankshaft

2 Turning moment on the

crankshaftisnotevenduetoone

working stroke for every two

revolutions of the crankshaft.

Henceheavyflywheelisrequired

andenginerunsunbalanced

Turningmomentonthecrankshaftis

moreevenduetoworkingstrokefor

each revolution of the crankshaft

.hencelighterflywheelisrequiredand

enginerunsbalanced.

3 Engineisheavy EngineisLight

4 Enginedesigniscomplicated EnginedesignisSimple

AnyFour
Points

01Mark
Each
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5 MoreCost LessCost

6 Less mechanicalefficiencydue

tomorefrictiononmanyparts.

More mechanicalefficiency due to

lessfrictiononfewparts.

7 More outputdue to fullfresh

chargeintakeandfullburntgases

exhaust

Lessoutputdueto mixing offresh

chargewithburntgases.

8 Enginerunscooler Enginerunshotter.

9 Engineiswater/aircooled Engineisaircooled

10 Enginerequiresmorespace. Enginerequireslessspace.

(c) ExplainworkingoffourstrokesSparkIgnition(SI)Engine. 04
Ans. (AnyOneDiagram 02marks,Description02marks)

Workingoffourstrokepetrolengine:
1.Suctionstroke:Duringthisstroke,inletvalveisopenandexhaustvalveisclosed.
Thepistonmovesfrom TDC toBDC andcrankshaftrotatesthrough180̊.The
downwardmovementofthepistonsucksair-fuelmixtureinthecylinderfrom the
carburetorthroughtheopeninletvalve.
2.CompressionStroke:Duringcompressionstroke,thepistonmovesupward(from
BDCtoTDC),thuscompressingthecharge.Boththeinletandexhaustvalvesremain
closedduringthecompressionstroke.
3.PowerstrokeorWorkingstroke:Attheendofthecompressionstrokethecharge
(air-fuelmixture)isignitedwiththehelpofasparkpluglocatedonthecylinderhead.
ThehighpressureoftheburntgasesforcesthepistontowardsBDC.Boththevalves
areinclosedposition.Ofthefourstrokesonlyduringthisstrokepowerisproduced.
4.ExhaustStroke:Attheendofpowerstroketheexhaustvalveopensandtheinlet
valveremainsclosed.Thepistonmovefrom BDCtoTDCpositionwhichpushesthe
burntgasesoutsidethecombustionchamber.Crankshaftrotatesbytwocomplete
revolutionsthrough7200.

AnyOne
Diagram

02marks,
Descripti

on
02marks
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Figure:WorkingofFourStrokesSparkIgnition(SI)Engine

2 AttemptanyFOUR oftheFollowing 16
(a) Define:(i)ICEngine(ii)StrokeLength(iii)TDC(iv)BDC 04

Ans. (EachCorrectAnswer01Mark)
(i)ICEngine:
TheI.C.enginemeansInternalcombustionengineinwhichcombustioni.e.burning
offuelinpresenceofairtakesplaceinsidethecombustionchamber(closed
volume).
(ii)StrokeLength:Distancebetweentwoextremepositionsofpiston.
(iii)TDC:Thetopmostpositionofpistoninsidethecylinder.
(iv)BDC:Thebottommostpositionofpistoninsidethecylinder.

Each
Correct
Answer
01Mark

(b) Namethematerialfor:(i)Piston(ii)CylinderBlock(iii)Gasket(iv)ConnectingRod. 04
Ans. (EachCorrectAnswer01Mark)

(i)Piston:Graycastiron,Aluminium alloy
(ii)CylinderBlock:castironalloys,anautomakercanuse“ aluminum alloys
(iii) Gasket: paper, rubber, silicone, metal, cork, felt, neoprene, nitrile rubber,
fiberglass,PTFE or Teflonora plastic polymer 
(iv)ConnectingRod:Forgedsteel,Aluminium alloy

Each
Correct
Answer
01Mark

© Statethefunctionandlocationof:(i)Piston(ii)ConnectingRod(iii)Crankshaft(iv)
Camshaft.

04

Ans. (FunctionandLocationofEach01Mark)
Piston:LocatedinCylinderblockofEngine
Itspurpose istotransferforcefrom expandinggasin the cylindertothe crankshaft 
ConnectingRod:A connectingrod isan engine component.
Ittransfersmotionfrom the piston tothe crankshaft
Crankshaft:A Crankshaft isan engine component.
Totranslatethelinearreciprocatingmotionofapistonsintotherotationalmotion
requiredbytheautomobile. 
Camshaft:The camshaft isamechanicalcomponentofaninternalcombustion
engine

Function
and

Location
ofEach
01Mark
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Itopensandclosestheinletandexhaustvalvesoftheengineattherighttime,with
theexactstrokeandinapreciselydefinedsequence

(d) Drawschematicdiagram ofcamshaftandconnectingrod. 04
Ans. (NeatLabeledDiagram 02MarkEach)

(Note:CreditShouldbegivenanyotherSuitablesketch)
Camshaft:

Figure:Camshaft
ConnectingRod:

Figure:Crankshaft

Neat
Labeled
Diagram
02 Mark
Each

(e) Comparedrylinerandwetliner 04
Ans. (AnyFourPoints01MarkEach) AnyFour

Points
01Mark

Each
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(f) Statetypesofcamshaftdriveswithapplications. 04
Ans. (Types02MarksandItsapplication02Marks)

TypesofCamshaftDrives Applications

Single Overhead

Camshaft (SOHC),

ASOHCorsingleoverheadcamshaftengine

usesasinglecamshaftontheheadtoliftall

thevalves

Double

Overhead Camshaft (DOHC)

ADOHCordoubleoverheadcamshafthead,

twocamshaftsareusedtoliftthevalves(a

camshafteachforintakeandexhaustvalves)

OverheadValve(OHV) Camshafts Insteadofthe camshaftdirectlytouchingthe

rocker arms connected to the

valves themselves, the camshaft touches a

series of pushrods, which activate

the valves instead

Types
02Marks

andIts
applicatio

n
02Marks

3 AttemptanyFOUR oftheFollowing 16
(a) Explainvalvetimingdiagram forfourstrokeengine. 04

Ans. (NeatLabeledDiagram 04Marks) Neat
Labeled
Diagram
04Marks
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Figure:ValveTimingDiagram forFourStrokeEngine
(b) StatetheapproximateAir-Fuel(A/F)ratiorequiredfor(i)Idling(ii)NormalSpeed

(iii)Acceleration
04

Ans. (CorrectAnswer04Marks)
AirFuelRatio:
Idling:Idlingrequiresarichmixtureabout10:1to12:1
NormalRunning:Fornormalrunningitisdesiredtoruntheengineonmaximum
economyconditionsaround16:1to18:1
Acceleration:Foraccelerationrichmixture12:1isrequired.

Correct
Answer

04Marks

© Listtypesofnozzleindieselengineandexplainanyone. 04
Ans. (Types02MarksandExplanation02Marks)(SketchisnotCompulsory)

TypesofNozzles:
1.TheSingleHoleNozzle:
2.TheMultiHoleNozzle:
3.ThePintleNozzle:
4.PintauxNozzle:
1.TheSingleHoleNozzle:

Inthistypeofnozzleatthecenterofthebodythereisasingleholewhichisclosed
bythenozzlevalve.Thesizeoftheholeisusuallyoftheorderof0.2mm.Injection
pressureisoforderof8-10MPaandsprayconeangleisabout15degree.Oneofthe
majordisadvantagesofthisnozzleisthattheytendtodribble.Besides,theirspray
angleittoonarrowtofacilitategoodmixingunlesshighervelocitiesareused.

Types
02Marks

and
Explanati

on
02Marks
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Figure:SingleHoleNozzle

2.TheMultiHoleNozzle:
Thisnozzleconsistsofanumberofholesboredinthetipofthenozzle.Thenumber
ofholesvariesfrom 4to18andthesizefrom 35to200micrometers.Thehole
anglemaybefrom 20degreeupwards.Thesenozzlesoperateathighinjection
pressureoftheorderof18MPa.Theiradvantageliesintheabilitytodistributethe
fuelproperlyevenwithlowerairmotionavailableinopencombustionchambers.

Figure:MultiHoleNozzle.
3.ThePintleNozzle:

Inthistypeofnozzlethestem ofnozzlevalveisextendedtofrom apinorPintle
whichprotrudesthroughthemouthofthenozzle.ThesizeandshapeofthePintle
canbevariedaccordingtotherequirement.Itprovidesasprayoperatingatlow
injectionpressuresof8-10MPa.Thesprayconeangleisgenerally60degree.The
mainadvantageofthisnozzleisthatitavoidsweakinjectionanddribbling.It
preventsthecarbondepositiononthenozzlehole.
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Figure:ThePintleNozzle
4.PintauxNozzle:

ThistypeofnozzleisatypeofPintlenozzlewhichhasanauxiliaryholedrilledinthe
nozzlebody.Itinjectsasmallamountoffuelthroughthisadditionalholewhichis
calledpilotinjectioninupstream directionslightlybeforethemaininjection.The
needlevalvedoesnotliftfullyatlowspeedsandmostofthefuelisinjectedthrough
the auxiliaryhole.The main advantage ofthis nozzle is bettercold starting
performance.Amajordrawbackofthisnozzleisthatitsinjectioncharacteristicsare
poorerthanthemultiholenozzle.

Figure:PintauxNozzle
(d) Stateneedandrequirementoffuelinjectionsystem. 04

Ans. (Anytwo)
RequirementsofFuelInjectionSystem:
1)Metering– Thefuelinjectionsystem mustmeasurethefuelsuppliedtothe
engineveryaccuratelyasfuelrequirementsvaryfrom lowtohighenginespeeds.
2)Time-Fuelinjectionsystem mustsupplythefuelatthepropertimeaccordingto
enginerequirement
3)Pressure-Thefuelinjectionsystem mustpressurizethefueltoopentheinjection
nozzletoinjectfuelintothecombustionchamber.
4)Atomize-Thefuelmustbeatomizedwhenitissuppliedtothecombustion
chambersinceatomizedfuelwillburneasily.
5)Distribution-Incaseofmulticylinderenginethedistributionofmeteredfuel
shouldbesametoallcylinders.
6)Control,startandstopinjection-Theinjectionfuelmuststartandendquickly.

(e) DrawaneatsketchofsimpleCarburetor. 04
Ans. (Diagram-2marks,explanation-2marks)

SimpleCarburetor:
Duringsuctionstrokeairisdrawnthroughtheventuri.Whenairpassesthroughthe
venturi,velocityofairincreasesandpressuredecreases.Thepressureinfloat
chamberisatmosphericpressureandthesameismaintainedwiththehelpofvent.
Thispressuredifferentialiscalledascarburetordepression.Sothefuelfrom the
floatchamberisfeedtoadischargejet.Thejetornozzledeliversasprayof
gasolineintotheairstream whichispassingthroughventurisametimeitmixeswith
theair.Thisairfuelmixtureentersintothecylinderthroughtheintakemanifold.The
rateoffuelflow intotheventuritubedependsupontheenginespeedandloadof
engine.
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Figure:SimpleCarburetor
(f) Statetypesoffuelinjectionsystem andexplainanyone. 04

Ans. (Typesanyfour02MarksandExplanationofanyOne02Marks)
TypesofFuelInjectionSystem:

1.IndividualPumpSystem 2.Multi-plunger,InlinePumpSystem

3.UnitInjectorSystem 4.Pressure-timeInjectionSystem

5.Distributor Injection Pump

System

6.Common Rail Injection Pump

System

7.ElectronicallyControlledFuelInjectionSystem

1.IndividualPumpSystem
Theindividualpumpsystem isasmallpumpcontainedinitsownhousing,and
suppliesfueltoonecylinder.Theindividualplungerandpumpbarrelaredrivenoffof
theengine’scam shaft.Thissystem isfoundonlarge-bore,slow-speedindustrialor
marinedieselenginesandonsmallair-cooleddiesels;theyarenotusedonhigh-
speeddiesels.

2.Multi-plungerInlinePumpSystem
Itusesindividualpumpsthatarecontainedinasingleinjectionpumphousing.The
numberofplungersisequaltothenumberofcylindersontheengine,andtheyare
operatedonapumpcamshaft.Thissystem isusedonmanymobileapplications
andisverypopularwithseveralenginemanufacturers.Thefuelisdrawninfrom the
fueltankbyapump,sentthroughfilters,anddeliveredtotheinjectionpumpata
pressureof10to35psi.Allpumpsinthehousingaresubjecttothisfuel.Thefuelat
eachpumpistimed,metered,pressurized,anddeliveredthroughahigh-pressure
fuellinetoeachinjectornozzleinfiringordersequence

3.UnitInjectorSystem
Theunitinjectorsystemsutilizeasystem thatallowstiming,atomization,metering,
andfuelpressuregenerationthattakesplaceinsidetheinjectorbodyandservicesa
particularcylinder.Thissystem iscompactanddeliversafuelpressurethatishigher

Types
anyfour

02Marks
and

Explanati
onofany

One
02Marks
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thananyothersystem today.Fuelisdrawnfrom thetankbyatransferpump,
filtered.andthendelivered.Thepressureis50–70psibeforeitentersthefuelinlet
manifoldlocatedwithintheengine’scylinderhead.Alloftheinjectorsarefed
throughafuelinletorjumperline.Thefuelispressurized,metered,andtimedfor
properinjectiontothecombustionchamberbytheinjector.Thissystem usesa
camshaft-operated rockerarm assemblyora push rod actuated assemblyto
operatetheinjectorplunger.

4. Pressure-timeInjectionSystem
Thepressure-timeinjectionsystem (PT system)gotitsnamefrom twoofthe
primaryfactorsthataffectthe amountoffuelinjected percombustion cycle.
Pressure,or“P,”referstothepressureofthefuelattheinletoftheinjector.Time,or
“T,”isthetimeavailableforthefueltoflow intotheinjectorcup.Thetimeis
controlledbyhow fasttheengineisrotating.ThePTsystem usesacamshaft-
actuatedplunger.Thischangestherotarymotionofthecamshafttoareciprocating
motionoftheinjector.Themovementopensandclosestheinjectormeteringorifice
intheinjectorbarrel.Fuelwillflowonlywhentheorificeisopen;themeteringtimeis
inverselyproportionaltoenginespeed.Thefastertheengineisoperating,theless
timethereisforfueltoenter.Theorificeopeningsizeissetaccordingtocareful
calibrationoftheentiresetofinjectionnozzles.

5. DistributorInjectionPumpSystem
Thedistributorpumpsystemsareusedonsmalltomedium-sizedieselengines.
Thesesystemslackthecapabilitytodeliverhighvolumefuelflow toheavy-duty,
largedisplacement,high-speeddieselengineslikethoseusedintrucks.These
systemsaresometimescalledrotarypumpsystems.Theiroperatingsystemsare
similartohow anignitiondistributoroperatesonagasolineengine.Therotoris
locatedinsidethepumpanddistributesfuelatahighpressuretoindividualinjectors
attheproperfiringorder.

6. CommonRailInjectionPumpSystem
Thecommonrailinjectionisthenewesthigh-pressuredirectinjectionfueldelivery
system.Anadvanceddesignfuelpumpsuppliesfueltoacommonrailthatactsasa
pressureaccumulator.Thecommonraildeliversfueltotheindividualinjectorsvia
shorthigh-pressurefuellines.Thesystem’selectroniccontrolunitpreciselycontrols
boththerailpressureandthetiminganddurationofthefuelinjection.Injector
nozzles are operated by rapid-fire solenoid valves orpiezo-electric triggered
actuators.
7.ElectronicallyControlledFuelInjectionSystem
Withtheexceptionofcommonrailinjectionsystems,allofthesystemsdescribed
previouslyweredesignedtooperatewithouttheuseofelectroniccontrols.Tomeet
modernperformance,fuelefficiency,andemissionstandards,unitinjectors,multiple
plunger,inlinepumps,anddistributorpumpinjectionsystemshaveallbeenadapted
forusewithvariouslevelsofelectroniccontrols.Ofthesesystems,electronically
controlledandactuatedunitinjectorshavebecometheprominentchoiceinheavy-
dutyenginedesign.

4 AttemptanyFOUR oftheFollowing 16
(a) Statetherequirementofignitionsystem inSIengine. 04

Ans. (CorrectAnswer04Marks)
RequirementofIgnitionSystem inSIengine:
In SIengines,as compression ratio is lower,and self-ignition temperature of
gasolineishigher,forignitingthemixturefortheinitiationofcombustionanignition
system ismust.ThereforeIgnitionsystem ofaSIengineisintendedtoignitethe

Correct
Answer

04Marks
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fuelmixturebyanelectricsparkinthecylinderattheendofcompressionstroke.In
afourstrokeengine,asparkshouldoccurineachcylinderaftertworevolutionsof
thecrankshaft,whereasinatwo-strokeenginesparkineachcylinderisrequired
everyrevolutionofthecrankshaft.

(b) ExplainworkingofBatteryIgnitionSystem. 04
Ans. (Figure02MarksandExplanation02Marks)

Figureshowslinediagram ofbatteryignitionsystem fora4-cylinderpetrolengine.It
mainlyconsistsofa6or12voltbattery,ammeter,ignitionswitch,auto-transformer
(step up transformer),contactbreaker,capacitor,distributorrotor,distributor
contactpoints,sparkplugs,etc.
Working:Whentheignitionswitchisclosedandengineiscranked,assoonasthe
contactbreakercloses,alowvoltagecurrentwillflowthroughtheprimarywinding.It
isalsotobenotedthatthecontactbreakercam opensandclosesthecircuit4-times
(for4cylinders)inonerevolution.Whenthecontactbreakeropensthecontact,the
magneticfieldbeginstocollapse.Becauseofthiscollapsingmagneticfield,current
willbeinducedinthesecondarywindingandbecauseofmoreturnsofsecondary,
voltagegoesupto28000-30000volts.Thishighvoltagecurrentisbroughtto
centreofthedistributorrotor.Distributorrotorrotatesandsuppliesthishighvoltage
currenttopropersparkplugdependingupontheenginefiringorder.Whenthehigh
voltagecurrentjumpsthesparkpluggap,itproducesthesparkandthechargeis
ignited-combustionstarts-productsofcombustionexpandandproducepower.

Figure:BatteryIgnitionSystem

Figure
02Marks

and
Explanati

on
02Marks

© StateanyfourtypesofSilencer/mufflersandexplainanyone. 04
Ans. (SilencerTypes01Mark,Diagram 02Marks,Explanation01Mark)

TypesofSilencer/Mufflers:
Thesilencersareusuallyofthefollowingtypes:
1.Baffletype
2.Wavecancellationtype
3.Resonancetype

4.Absorbertype
5.CombinedResonanceandAbsorberType
1.BaffleTypeSilencers:Itconsistsofanumberofbafflesspotweldedinsidethe
cylindricalbody.Thepurposeofthesebafflesistoclosethedirectpassageofthe

Silencer
Types

01Mark,
Diagram

02Marks,
Explanati

on01
Mark
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exhaustgases,thusthegasestravelalongerpathinthemuffler.

Figure:BaffleTypeSilencers
2.WaveCancellationType:Inthistypeofmuffler,theexhaustgasesenteringthe
mufflersaredividedintotwopartstoflowinthemuffler.Thelengthsofthesepaths
aresoadjustedthataftertheycomeoutofthemuffler,crestsofonewavecoincide
withthetroughsofthesecondwave,thuscancellingeachotherandreducingthe
noisetozerotheoretically.Thisisachievedifthelengthsofthetwopathsdifferby
halfthewavelength.Butthisisnotpracticallyachieved,becausethenoisecreated
byexhaustgasesisacombinationofdifferentfrequenciesatdifferentengine
speeds.However,appreciablenoiseisreduced.

Figure:WaveCancellationTypeMuffler.
3.ResonanceType:ItconsistsofanumberofHelmholtzresonatorsinseries
throughwhichapipehavingaccessportpasses.Helmholtzisthenameofaperson
whooriginatedtheideaofthistypeofmuffler.Theexhaustgasesflowthroughthis
pipe.Theresonatorseliminatethefundamentalandhigherharmonicsoftheengine
noise.

Figure:ResonanceTypeMuffler.
4.AbsorberType:Itconsistsofaperforatedtube,aroundwhichasoundabsorbing
material,likefibreglassorsteelwoolisplaced.Theexhaustgasespassthroughthe
perforatedtube.Thesoundabsorbingmaterialreducesthehighpressurefluctuation
oftheexhaustgasesthusreducingthenoiseintensity.

Figure:AbsorberTypeMuffler.
5.CombinedResonanceandAbsorberType:Sometimes,aresonancechamberis
providedatoneendorinthemiddleofthestraightthroughabsorbertypemuffler,to
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reducethepressureandnoisestillfurther.Insomedesigns,theresonancechamber
isaseparateunitcalledaresonator,whichisconnectedinseriestothemuffler.

Figure:CombinedResonanceandAbsorberType
(d) Statedifferentpropertiesoflubricatingoil. 04

Ans. (Anyfour01Markeach)
EssentialPropertiesofLubricatingOil:
(1)Viscosity (2)FlashPoint(3)Resistancetocorrosion (4)Physicalstability (5)
Pourpoint(6)Adhesiveness (7)ChemicalStability (8)Cleanliness(9)Resistance
agentsextremepressure

Anyfour
01Mark

each

(e) Compareaircoolingsystem andliquidcoolingsystem (FourPoints) 04
Ans. (AnyFourPoints01MarkEach)

AnyFour
Points

01Mark
Each

(f) Statedifferenttypesoflubricateofsystem andexplainoneofthem. 04
Ans. (Types01MarkandExplanationofanyone03Marks)

TypesofLubricateOfSystem:
(1)DrySumpLubricationSystem
(2)SplashLubricationSystem
(3)MistLubrication
1.DrySumpLubricationSystem:

Types
01Mark

and
Explanati
onofany

one
03Marks
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Figure:DrySumpLubricationSystem
Workingofdrysumplubricationsystem:Inthissystem,thelubricatingoilisnot
storedinoilsump.Theoilfrom thesumpiscarriedtoaseparatestoragetank
outsidetheenginecylinderblock.Theoilfrom sumpispumpedbymeansofa
scavengingpumpthroughfiltertothestoragetank.Oilfrom storagetank.Oilfrom
storagetankispumpedtotheenginecylinderthroughoilcooler.Oilpressuremay
varyfrom 3to8bar.Drysumplubricationsystem isgenerallyadoptedforhigh
capacityengines.Thepressurereliefvalvesareusedtomaintainthepredefined
pressurevalueinsidethelubricatingsystem.
2.SplashLubricationSystem:

Figure:SplashLubricationSystem
OR
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Figure:SplashLubricationSystem
WorkingofSplashLubricationSystem:Thiswasemployedfortheengineofearly
vehicles.Itisoneofthecheapestmethodsofenginelubrication.Ascoopismadeinthe
lowestpartoftheconnectingrodandtheoilisstoredintheoiltrough.Oilisbeing
pumpedtherefrom thecrankcaseoilsumptotheoil$trough.Whentheenginerunsthe
scoopcausestheoiltosplashonthecylinderwallseachtimeitpassesthroughin
B.D.C.position.Thisaffectsthelubricationoftheenginewalls,gudgeonpin,main
crankshaftbearings,bigendbearingetc.
3.MistLubrication(Petro-OilLubrication):
Thissystem isusedwherecrankcaselubricationisnotsuitable In2-strokeengine
asthechargeiscompressedinthecrankcase,itisnotpossibletohavethe
lubricatingoilinthesumpInsuchenginesthelubricatingoilismixedwiththefuel,
theusualratiobeing3%to6% Theoilandthefuelinducedthroughthecarburetor
thefuelisvaporizedandtheoilisintheform ofmistgoesviathecrankcaseinto
thecylinder

5 AttemptanyFOUR oftheFollowing 16
(a) StateneedofCoolingSystem. 04

Ans. (CorrectAnswer04Marks)
NeedofCoolingSystem:
Thecoolingsystem isneededtokeeptheenginefrom notgettingsohotastocause
problemsandyettopermitittorunhotenoughtoensuremaximum efficiencyofthe
engine.
Duringtheprocessofconvertingthethermalenergytomechanicalenergy,high
temperaturesareproducedinthecylindersbecauseofcombustionprocess.Alarge
portionofthisheatistransferredtothecylinderheadandwalls,pistonandvalves.
Unlessthisexcessheatiscarriedawayandthesepartsareadequatelycooled,the
enginewillbedamaged.Sotheadequatecoolingsystem mustbeprovidedto
preventthedamageofmechanicalpartsaswellastoobtainmaximum performance
oftheengine.

Correct
Answer

04Marks

(b) Stateanyfourcomponentsoflubricationsystem withtheirfunction. 04
Ans. (ListofComponent01MarkandtheirFunction03Marks)

FourComponentsofLubricationSystem
(i)Oilpump(ii)Oilfilter(iii)Pressureregulator(iv)Oilpressuregauge
Functions:
I)OilPump:Tosupplyoilunderpressuretothevariousenginesparts
II)OilFilter:Toremovetheimpuritiesfrom oil&consequentlytoavoidpermanent
damagetoanyormorerunningpartofengine.
III)PressureRegulator:Maintainthepredefinedpressurevalueinsidethelubricating
system.
IV)OilPressureGauge:Toindicatetheoilpressureinthelubricatingsystem and
bringittonoticethatwhetherpressurefallsbelowthepredefinedvalue.

Listof
Compone

nt
01Mark

and
their

Function
03Marks

© ExplainPositiveCrankcaseVentilation. 04
Ans. (Sketch02MarksandExplanation02Marks)

WorkingofPositiveCrankcaseVentilationSystem:
PCVsystem isusedtoreducetheHCemissionandimprovethefueleconomyas
wellas to relieve any pressure build-up in the crankcase which may cause
crankshaftsealleakage.ThefigureshowstheintakemanifoldreturnPCVsystem.It
hasatubeleadingfrom thecrankcaseorelsetherockerarm coverthroughaflow
controlvalveintotheintakemanifoldusuallyjustbelowthecarburetor.Toprovide
properventilationoftheinterioroftheengine,freshairisusuallydrawnthrougha

Sketch
02Marks

and
Explanati

on
02Marks
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rockerarm coveroppositethatcontainingthePCVsystem.

Figure:PositiveCrankcaseVentilation
(d) DrawsketchofPumpCirculationLiquidCoolingSystem. 04

Ans. (NeatLabeledSketch04Marks)

Figure:PumpCirculationLiquidCoolingSystem

Neat
Labeled
Sketch

04Marks

(e) DefineMechanicalEfficiency,BrakeThermalEfficiency,IndicatedThermalEfficiency
andFrictionPower.

04

Ans. (Eachdefinition01Mark)
(1)MechanicalEfficiency:

Itistheratio ofbrakepoweravailableatthecrankshaftto theindicated power
generatedinsidethecylinder.Itiscalculatedinpercentage.

(2)BrakeThermalEfficiency:
Theratioofbrakepowertothefuelpoweriscalledbrakethermalefficiency.

(3)IndicatedThermalEfficiency:Itistheratioofindicatedpowertoinputfuel
energy(i.e.productofmassoffuelandcalorificvalueoffuel)

Each
definition
01Mark
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(4)FrictionPower:ThedifferencebetweenIndicatedPowerandBrakePoweris
calledFrictionPower

FrictionPowerF.P.=I.P–B.P
(f) StatedifferenttypesofDynamometerandexplainanyone. 04

Ans. RopeBrakeDynamometer:

Figure:RopeBrakeDynamometer
Dynamometerisadeviceformeasuringforceandtorqueandhencepower.Itworks
on the principalofabsorption Transmission,in which case itis known as
TransmissionDynamometers.Itmeasureandabsorbthepoweroutputoftheengine
towhichitiscoupled.Thepowerabsorbedisusuallydissipatedasheat.Itconsists
ofanumberofturnsofropewoundaroundtherotatingdrum attachedtotheoutput
shaft.Onesideoftheropeisconnectedtoaspringbalanceandtheothertoa
loadingdevice.Thepowerabsorbedisduetofrictionbetweentheropeandthe
drum.Thedrum thereforrequirescooling.
Atconstantenginespeed,thepowerdevelopedbyanengineisequaltothepower
absorbedbytheropebrakedynamometer.Thebrakepowercanbecalculatedas
follows:

BP=πDN(W-S)/60(watt)
Where,
D=Brakedrum diameter(m)
W =Weight(N)
S=springscalereading.(N)
N=RPM ofengine.
EddyCurrentDynamometer:

Figure:EddyCurrentDynamometer
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Thedetailsofeddycurrentdynamometerareshowninfigure.Itconsistsofastator
onwhicharefittedanumberofelectromagnetsandarotordiscmadeofcopperor
steelandcoupledtotheoutputshaftoftheengine.Whentherotorrotateseddy
currentsareproducedinthestatorduetomagneticfluxsetupbythepassageof
fieldcurrentintheelectromagnets.Theseeddycurrentopposethemotion,thus
loadingtheengine.Thesecurrentaredissipatedinproducingheatsothatthistype
ofdynamometeralsorequiressomecoolingarrangement.Thetorqueismeasured
exactlyas in othertypes ofabsorption dynamometeri.e.with the help ofa
movement arm. The load is controlled by regulating the current in the
electromagnets.

6 AttemptanyTWOoftheFollowing 16
(a) ExplainMorseTestandWillian’sLineMethodtomeasurefrictionpower. 08

Ans. MorseTesttoDeterminetheFrictionPower:
InthismethodtheBPofwholeengineisfirstofallmeasuredatacertainspeedand
loadwiththehelpofdynamometer.Thenfrom totalnumberofcylindersofthe
engineoneofthecylindersiscutoutbyshortcircuitingthesparkplugorby
disconnectingtheinjector.Theoutputismeasuredbykeepingthespeedconstant.
Thedifferenceintheoutputsismeasureoftheindicatedpowerofdisconnecting
cylinders.ThusforeachcylindertheIPisobtainedandthenisaddedtogethertofind
thetotalIPoftheengine.
WhereBP=Brakepower
IP=Indicatedpower
FP=Frictionalpower

LetF.P.ofcylinder1,2,3,4beF1,F2,F3,F4respectively.

Then,TotalFPofengine=F1+F2+F3+F4

LetIPofcylinder123and4beI1,I2I3&I4respectively.

ThetotalIPofengineisgivenby=I1+I2+I3+I4

ThetotalBPofenginewhenallcylindersareworking

BP=TotalIP–TotalFP

B=(I1+I2+I3+I4)–(F1+F2+F3+F4)----------1

Whencylinder1iscutoff,theBPdevelopedbytheremainingthreecylinders,

B1=(0+I2+I3+I4)–(F1+F2+F3+F4)------------2Subtracting(2)from (1)weget

B-B1=I1

Therefore,

IPofcylinder1,I1=B-B1

Similarly,

IPofcylinder2,I2=B-B2

IPofcylinder3,I3=B-B3

IPofcylinder4,I4=B-B4

TotalIPofEngine=I1+I2+I3+I4

FrictionPowerF.P.=I.P–B.P
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Willian’sLineMethod:Ataconstantenginespeedtheloadisreducedinincrements
andcorrespondingB.P.andgrossfuelconsumptionsreadingsaretaken.Agraphis
thendrawnoffuelconsumptionagainstB.P.asinFig.Thegraphsdrawiscalledthe
Willian’sline(analogoustoWillian’slineforasteam engine)andextrapolatedback
tocuttheB.P.axisatthepointL.ThereadingOListakenasthepowerlossofthe
engineatthatspeed.ThefuelconsumptionatzeroB.P.isgivenbyOM;andifthe
relationshipbetweenfuelconsumptionandB.P.isassumedtobelinerthenafuel
consumptionOM isequivalenttoapowerlossofOL.

Frictionalpowerloss…..F.P.=OL×SCALE

Figure:Willian’sLineMethod
(b) StateproceduretocalculateheatbalancesheetofICEngine. 08

Ans. (Procedure02mark,01Markforeachformulaeand02MarksforHeatBalance
Sheet)
TheproceduretocalculateHeatBalanceSheetofICengine:
Theperformanceofanengineisgenerallygivenbyheatbalancesheet.Todrawa
heatbalancesheetforI.C.engine,itisrunatconstantloadandatconstantspeed.
TheIndicatordiagram isdrawnwiththehelpofanindicator.Thequantityoffuel
usedinagiventimeanditscalorificvalue,theamount,inletandoutlettemperature
ofcoolingwaterandthemassofexhaustgasesarerecorded.AftercalculatingI.P.
andB.P.theheatindifferentitemsisfoundasfollows:
(i).HeatinFuelSupplied:
Forpetrolandoilengines,

HeatinFuelSupplied/min.=MfXCv

Where,

Mf=Massusedperminute(kg)and

Cv=LowerCalorificValue(kJorkcal)ofthefuel.

(ii)HeatEquivalentofI.P.:
HeatequivalentofI.P.(perminute)=I.P.×60kJ.

(iii)HeattakenawaybyCoolingWater:
If,

mw=Massofcoolingwaterusedperminute,

t1=Initialtemperatureofcoolingwater,and

Procedur
e02

mark,01
Markfor

each
formulae

and02
Marksfor

Heat
Balance

Sheet
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t2=FinalTemperatureofcoolingwater,

Then,

Heattakenawaybywater=mw×Cw×(t2–t1),

Where,Cw=specificheatofwater.

(iv)HeattakenawaybyExhaustGases:
If,

me=Massofexhaustgases(kg/min)

Cpg=Meanspecificheatatconstantpressure,

te=Temperatureofexhaustgases,and

tr=Room temperature,

Then

HeatcarriedawaybyExhaustGases=me×Cpg(te-tr)

Note,Themassofexhaustgasescanbeobtainedbyaddingtogethermassoffuel
suppliedandmassofairsupplied.Theheatbalancesheetfrom theabovedatacan
bedrawnasfollows:

© DuringatestonaSingleCylinderTwoStrokeDieselEngine,followingreadingswere
noted;
(i)Theengineismotoredbyanelectricmotorandfrictionpowerlossrecordedon
wattmeteris1.5kW.
(ii)NetBrakeLoad=210N
(iii)DiameterofBrakeWheel=210cm
(iv)EngineSpeed=595rpm
(v)FuelConsumption–2.01kg/hr
(vi)CalorificValueofFuel=44000KJ/kg
Find;
(i)MechanicalEfficiency
(ii)BrakeThermalEfficiency

08

Ans. (CorrectAnswerEach02Marks) Correct
Answer

Each
02Marks
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