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INTERNALCOMBUSTIONENGINE&GASTURBINES

Heatengine:

Module-I

INTRODUCTION

Aheatengineisadevicewhichtransformsthechemicalenergyofafuelinto

thermalenergyandusesthisenergytoproducemechanicalwork.Itisclassified

intotwotypes-

(a)Externalcombustionengine

(b)Internalcombustionengine

Externalcombustionengine:

Inthisengine,theproductsofcombustionofairandfueltransferheattoasecond

fluidwhichistheworkingfluidofthecycle.

Examples:

*Inthesteamengineorasteamturbineplant,theheatofcombustionisemployedto

generatesteam whichisusedinapistonengine(reciprocatingtypeengine)ora

turbine(rotarytypeengine)forusefulwork.

*Inaclosedcyclegasturbine,theheatofcombustioninanexternalfurnaceis

transferredtogas,usuallyairwhichtheworkingfluidofthecycle.

Internalcombustionengine:

Inthisengine,thecombustionofairandfuelstakeplaceinsidethecylinderandare

usedasthedirectmotiveforce.Itcanbeclassifiedintothefollowingtypes:

1.Accordingtothebasicenginedesign-(a)Reciprocatingengine(Useofcylinder

pistonarrangement),(b)Rotaryengine(Useofturbine)

2.Accordingtothetypeoffuelused-(a)Petrolengine,(b)dieselengine,(c)gas

engine(CNG,LPG),(d)Alcoholengine(ethanol,methanoletc)

3.Accordingtothenumberofstrokespercycle-(a)Fourstrokeand(b)Twostrokeengine

4.Accordingtothemethodofignitingthefuel-(a)Sparkignitionengine,(b)

compressionignitionengineand(c)hotspotignitionengine

5.Accordingtotheworkingcycle-(a)Ottocycle(constantvolumecycle)engine,(b)

dieselcycle(constantpressurecycle)engine,(c)dualcombustioncycle(semidiesel

cycle)engine.



6.Accordingtothefuelsupplyandmixturepreparation-(a)Carburettedtype(fuel

suppliedthroughthecarburettor),(b)Injectiontype(fuelinjectedintoinletportsor

inletmanifold,fuelinjectedintothecylinderjustbeforeignition).

7.Accordingtothenumberofcylinder-(a)Singlecylinderand(b)multi-cylinderengine

8.Methodofcooling-watercooledoraircooled

9.Speedoftheengine-Slowspeed,mediumspeedandhighspeedengine

10.Cylinderarrangement-Vertical,horizontal,inline,V-type,radial,opposedcylinder

orpistonengines.

11.Valveorportdesignandlocation-Overhead(Ihead),sidevalve(Lhead);intwo

strokeengines:crossscavenging,loopscavenging,uniflowscavenging.

12.Methodgoverning-Hitandmissgovernedengines,quantitativelygoverned

enginesandqualitativelygovernedengine

14.Application-Automotive engines forland transport,marine engines for

propulsionofships,aircraftenginesforaircraftpropulsion,industrialengines,prime

moversforelectricalgenerators.

Comparisonbetweenexternalcombustionengineandinternalcombustionengine:

Externalcombustionengine Internalcombustionengine
*Combustionofair-fuelisoutsidethe
engine
cylinder(inaboiler)

*Combustionofair-fuelisinsidethe
engine
cylinder(inaboiler)

*Theenginesarerunningsmoothlyand
silentlyduetooutsidecombustion

*Verynoisyoperatedengine

*Higherratioofweightandbulktooutput
duetopresenceofauxiliaryapparatus
likeboilerandcondenser.Henceitis
heavyand
cumbersome.

*Itislightandcompactduetolowerratio
ofweightandbulktooutput.

*Working pressure and temperature
insidetheenginecylinderislow;hence
ordinary alloys are used for the
manufactureofengine
cylinderanditsparts.

*Working pressure and temperature
insidetheenginecylinderisverymuch
high;hencespecialalloysareused

*Itcanusecheaperfuelsincludingsolid
fuels

*Highgradefuelsareusedwithproper
filtration

*Lowerefficiencyabout15-20% *Higherefficiencyabout35-40%
*Higherrequirementofwaterfor
dissipation
ofenergythroughcoolingsystem

*Lesserrequirementofwater

*Highstartingtorque *ICenginesarenotself-starting

MaincomponentsofreciprocatingICengines:

Cylinder:Itisthemainpartoftheengineinsidewhichpistonreciprocatestoand

fro.Itshouldhavehighstrengthtowithstandhighpressureabove50barand

temperatureabove



2000oC.Theordinaryengineismadeofcastironandheavydutyenginesaremade

ofsteelalloysoraluminumalloys.Inthemulti-cylinderengine,thecylindersarecast

inoneblockknownascylinderblock.

Cylinderhead:Thetopendofthecylinderiscoveredbycylinderheadoverwhich

inletandexhaustvalve,sparkplugorinjectorsaremounted.Acopperorasbestos

gasketisprovidedbetweentheenginecylinderandcylinderheadtomakeanairtight

joint.

Piston:Transmittheforceexertedbytheburningofchargetotheconnectingrod.

Usuallymadeofaluminium alloywhichhasgoodheatconductingpropertyand

greaterstrengthathighertemperature.

Figure1showsthedifferentcomponentsofICengine.

Fig.1.DifferentpartsofICengine

Pistonrings:Thesearehousedinthecircumferentialgroovesprovidedontheouter

surfaceofthepistonandmadeofsteelalloyswhichretainelasticpropertiesevenat

hightemperature.2typesofrings-compressionandoilrings.Compressionringis

upperringofthepistonwhichprovidesairtightsealtopreventleakageoftheburnt

gasesintothelowerportion.Oilringislowerringwhichprovideseffectivesealto

preventleakageoftheoilintotheenginecylinder.

Connectingrod:Itconvertsreciprocatingmotionofthepistonintocircularmotionof

thecrankshaft,intheworkingstroke.Thesmallerendoftheconnectingrodis

connectedwiththepistonbygudgeonpinandbiggerendoftheconnectingrodis

connectedwiththecrank



withcrankpin.Thespecialsteelalloysoraluminium alloysareusedforthe

manufactureofconnectingrod.

Crankshaft:Itconvertsthereciprocatingmotionofthepistonintotherotarymotion

withthehelpofconnectingrod.Thespecialsteelalloysareusedforthe

manufacturingofthecrankshaft.Itconsistsofeccentricportioncalledcrank.

Crankcase:IthousescylinderandcrankshaftoftheICengineandalsoservesas

sumpforthelubricatingoil.

Flywheel:Itisbigwheelmountedonthecrankshaft,whosefunctionistomaintainits

speedconstant.Itisdonebystoringexcessenergyduringthepowerstroke,whichis

returnedduringotherstroke.

TerminologyusedinICengine:

1.Cylinderbore(D):Thenominalinnerdiameteroftheworkingcylinder.

2.Pistonarea(A):Theareaofcircleofdiameterequaltothecylinderbore.

3.Stroke(L):Thenominaldistancethroughwhichaworkingpistonmovesbetween

twosuccessivereversalsofitsdirectionofmotion.

4.Deadcentre:Thepositionoftheworkingpistonandthemovingpartswhichare

mechanicallyconnectedtoitatthemomentwhenthedirectionofthepistonmotion

isreversed(ateitherendpointofthestroke).

(a)Bottomdeadcentre(BDC):Deadcentrewhenthepistonisnearesttothecrankshaft.

(b)Topdeadcentre(TDC):Deadcentrewhenthepositionisfarthestfromthecrankshaft.

5.Displacementvolumeorsweptvolume(Vs):Thenominalvolumegeneratedbythe

workingpistonwhentravellingfromtheonedeadcentretonextoneandgivenas,

Vs=A×L

6.Clearancevolume(Vc):thenominalvolumeofthespaceonthecombustionside

ofthepistonatthetopdeadcentre.

7.Cylindervolume(V):Totalvolumeofthecylinder.

V=Vs+Vc

8.Compressionratio(r):

Fourstrokeengine:

- Cycleofoperationcompletedinfourstrokesofthepistonortworevolution

ofthepiston.



(i) Suction stroke (suction valve open,exhaustvalve closed)-charge

consistingoffreshairmixedwiththefuelisdrawnintothecylinderdueto

thevacuumpressurecreatedbythemovementofthepistonfromTDCto

BDC.

(ii) Compressionstroke(bothvalvesclosed)-freshchargeiscompressedinto

clearancevolumebythereturnstrokeofthepistonandignitedbythe

sparkforcombustion.Hencepressureandtemperatureisincreaseddue

tothecombustionoffuel

(iii) Expansionstroke(bothvalvesclosed)-highpressureoftheburntgases

forcethepistontowardsBDC andhencepowerisobtainedatthe

crankshaft.

(iv) Exhauststroke(exhaustvalveopen,suctionvalveclosed)-burnedgases

expeloutduetothemovementofpistonfromBDCtoTDC.

Figure2showthecycleofoperationoffourstrokeengine.

Fig.2.Cycleofoperationinfourstrokeengine

Twostrokeengine:

-Nopistonstrokeforsuctionandexhaustoperations

-Suctionisaccomplishedbyaircompressedincrankcaseorbyablower

-Inductionofcompressedairremovestheproductsofcombustionthroughexhaustports

-Transferportistheretosupplythefreshchargeintocombustion

chamberFigure3representsoperationoftwostrokeengine



Fig.3.Cycleofoperationintwostrokeengine

ComparisonofFour-strokeandtwo-strokeengine:

Four-strokeengine Two-strokeengine
1. Fourstrokeofthepistonandtwo

revolution
ofcrankshaft

Twostrokeofthepistonandone
revolutionofcrankshaft

2. Onepowerstrokeineverytworevolution
of
crankshaft

Onepowerstrokeineachrevolutionof
crankshaft

3. Heavierflywheel
turningmovement

due to non-uniform Lighterflywheelduetomoreuniform
turningmovement

4. Powerproduceisless Theoreticallypowerproduceistwice
thanthefourstrokeengineforsame
size

5. Heavyandbulky Lightandcompact
6. Lessercoolingandlubrication

requirements
Greater cooling
requirements

and lubrication

7. Lesserrateofwearandtear Higherrateofwearandtear
8. Containsvalveandvalvemechanism Containsportsarrangement
9. Higherinitialcost Cheaperinitialcost
10.Volumetricefficiencyismoredueto

greater
timeofinduction

Volumetricefficiencylessdueto
lesser
timeofinduction

11.Thermalefficiencyishighandalsopart
load
efficiencybetter

Thermalefficiencyislow,partload
efficiencylesser

12. Itisusedwhereefficiencyis
important.

Ex-cars,buses,trucks,tractors,industrial
engines,aeroplanes,powergeneration

etc.

Itisusedwherelowcost,
compactnessandlightweightare
important.
Ex-lawnmowers,scooters,motor
cycles,mopeds,propulsionshipetc.



ComparisonofSIandCIengine:

SI
engine

CIengine

WorkingcycleisOttocycle. Workingcycleisdieselcycle.
Petrolorgasolineorhighoctanefuelis
used.

Dieselorhighcetanefuelisused.

Highself-ignitiontemperature. Lowself-ignitiontemperature.
Fuelandairintroducedasagaseous
mixtureinthesuctionstroke.

Fuelisinjecteddirectlyintothe
combustionchamberathighpressureat
theendof
compressionstroke.

Carburettorusedtoprovidethemixture.
Throttlecontrolsthequantityofmixture
introduced.

Injectorandhighpressurepumpusedto
supplyoffuel.Quantityoffuelregulated
in
pump.

Useofsparkplugforignitionsystem Self-ignitionbythecompressionofair
whichincreasedthe temperature

required for
combustion

Compressionratiois6to10.5 Compressionratiois14to22
HighermaximumRPMduetolower
weight

LowermaximumRPM

Maximumefficiencylowerduetolower
compressionratio

Highermaximumefficiencyduetohigher
compressionratio

Lighter Heavierduetohigherpressures

Valvetimingdiagram:

Theexactmomentatwhichtheinletandoutletvalveopensandcloseswith

referencetothepositionofthepistonandcrankshowndiagrammaticallyisknown

asvalvetimingdiagram. Itisexpressedintermsofdegreecrankangle.The

theoreticalvalvetimingdiagramisshowninFig.4.

Fig.4.Theoreticalvalvetimingdiagram

Butactualvalvetimingdiagramisdifferentfromtheoreticalduetotwofactors-
mechanicalanddynamicfactors.Figure4showstheactualvalvetimingdiagram
forfourstrokelowspeedorhighspeedengine.



Openingandclosingofinletvalve

-Inletvalveopens12to30oCAbeforeTDCtofacilitatesilentoperationofthe
engineunderhighspeed.Itincreasesthevolumetricefficiency.

-Inletvalvecloses10-60oCAafterTDCduetoinertiamovementoffresh
chargeintocylinderi.e.rameffect.

Figure5representstheactualvalvetimingdiagramforlowandhighspeedengine.

Fig.5.Actualvalvetimingdiagramforlowandhighspeedengine

Openingandclosingofexhaustvalve

Exhaustvalveopens25to55oCAbeforeBDCtoreducetheworkrequiredtoexpel
outtheburntgasesfromthecylinder.Attheendofexpansionstroke,thepressure
insidethechamberishigh,henceworktoexpeloutthegasesincreases.

Exhaustvalvecloses10to30oCAafterTDCtoavoidthecompressionofburnt
gasesinnextcycle.Kineticenergyoftheburntgascanassistmaximumexhausting
ofthegas.Italsoincreasesthevolumetricefficiency.

Note:Forlowandhighspeedengine,theloweranduppervalues
areusedrespectively

Valveoverlap

Duringthistimeboththeintakeandexhaustvalvesareopen.Theintakevalveis
openedbeforetheexhaustgaseshavecompletelyleftthecylinder,andtheir
considerablevelocityassistsindrawinginthefreshcharge.Enginedesignersaimto
closetheexhaustvalvejustasthefreshchargefromtheintakevalvereachesit,to
preventeitherlossoffreshchargeorunscavengedexhaustgas.



Porttimingdiagram:

-Drawnfor2-strokeengine

-Novalvearrangement

-3ports-inlet,transferandexhaust

Figure6showsporttimingdiagramfor2-strokeengine

FUELS&FUELINJECTION

InICengines,thechemicalenergycontainedinthefuelisconvertedinto
mechanicalpowerbyburning(oxidizing)thefuelinsidethecombustionchamberof
theengine.

FuelssuitableforfastchemicalreactionhavetobeusedinICengines,theyare
followingtypes-

(a)Hydrocarbonsfuelsderivedfrom thecrudepetroleum byproperrefining
processsuchasthermalandcatalyticcrackingmethod,polymerisation,alkylation,
isomerisation,reformingandblending.

(b)Alternativefuelssuchas-Alcohols(methanol,ethanol)
Naturalgas
(methane)LPG
(propane,butane)
Hydrogen

*ClassificationofpetroleumfuelsusedforICengine:

Liquidhydrocarbons-Enginefuelsaremainlymixturesofhydrocarbons,withbonds
betweenhydrogenandcarbonatoms.Duringcombustionthesebondsarebroken
andnewbondsareformedwithoxygenatoms,accompaniedbythereleaseof
chemicalenergy.Principalproductsarecarbondioxideandwatervapour.Fuelsalso
containsmallamountsofS,O2,N2,H2O.Thedifferentconstituentsofcrude



petroleum whichareavailableinliquidhydrocarbonsare-paraffins,naphthenes,
naphthenes,olefins,aromatics.

(i)Paraffin-

-Paraffinsoralkanescaningeneralberepresentedby-CnH2n+2
-Allthecarbonbondsaresinglebonds–theyare“saturated”highnumberofH
atoms,highheatcontentandlowdensity(620–770kg/m3)
-Thecarbonatomscanbearrangedasastraightchainorasbranchedchaincompounds.
-Straightchaingroup(normalparaffins)

 shorterthechain,strongerthebond
 notsuitableforSIengines–hightendancyforautoignitionaccordingtothe

valueof“n”intheformula,theyareingaseous(1to4),liquid(5to15)orsolid
(>16)state.



-HexanC6H14(normal
paraffin)HHHH HH

H–C–C–C–C–C–C–
HHHHH HH

-Branchedchaincompounds(isoparaffins)
WhenfourormoreCatomsareinachainmoleculeitispossibletoform
isomers,theyhavethesamechemicalformulabutdifferentstructures,
whichoftenleadstoverydifferentchemicalproperties.

Example:Iso-octane-C8H18

(ii)Naphthenes-

-AlsocalledascycloparaffinsandrepresentedasCnH2n
-Saturatedhydrocarbonswhicharearrangedinacirclehavestablestructureand
lowtendancytoautoignitecomparedtoalkanes(normalparaffins)
-CanbeusedbothinSI-enginesandCI-engines
-Lowheatcontentandhighdensity(740–790kg/m3)

(iii)Olefins-

-OlefinsoralkenesarerepresentedasMonoolefins-CnH2norDio-olefinsCnH2n-2
-OlefinshavethesameC-to-Hratioandthesamegeneralformulaas
naphthenes,theirbehaviorandcharacteristicsareentirelydifferent
-Theyarestraightorbranchchaincompoundswithoneormoredoublebond.The
positionofthedoublebondisindicatedbythenumberoffirstCatomtowhichitis
attached,i.e.,

CH2=CH.CH2.CH2.CH3calledpentene
-1CH3.CH=CH3calledbutene-2

-Olefiniccompoundsareeasilyoxidized,havepooroxidationstability
-CanbeusedinSI-engines,obtainedbycrackingoflargemoleculeslowheat
contentanddensityintherange620–820kg/m3

Alkenesaresuch
as,Hexen(mono-
olefin)

H HH H H H
H–C–C–C–C–C=C-

HHHH H
Butadien(dio-

olefin)H H
H H

H–C=C–C=C–H

(iv)Aromatics-

-ThesearesocalledduetoaromaticsodourandrepresentedasCnH2n-6
-Theyarebasedonasix-memberedringhavingthreeconjugateddoublebonds
-Aromaticringscanbefusedtogethertogivepolynucleararomatics,PAN,also
calledpolycyclicaromatichydrocarbons,PAHsimplestmemberisbenzene(C6H6)



-CanbeusedinSI-engines,toincreasetheresistancetoknocknotsuitableforCI-
enginesduetolowcetenenumber
-Lowheatcontentandhighdensityintherange800–850kg/m3

*Refineryprocesses:

Crudeoilistheliquidpartofthenaturallyoccurringorganicmaterialcomposed
mostlyofHCsthatistrappedgeologicallyinundergroundreservoirs–itisnot
uniformandvariesindensity,chemicalcomposition,boilingrangeetc.fordifferent
fields.Therefineryprocessesinvolvedinproductionofdifferentrangeoffuelis
showninFig.10andFig.11.

Fig.10.Refineryprocesses

Fig.11.Productsmadefromcrudeoil

(i)Distillationprocess

-Thisistheinitialprocessusedinallrefineries–aimstoseparatethecrudeoilinto
differentboilingrangefractions,eachofwhichmaybeaproductinitsownright,a
blendcomponentorfeedforfurtherprocessingstep
-CrudeoilcontainsmanythousandsofdifferentHCs,eachhasitsownboilingpoint
–lightestaregasesatambienttemperaturebutcanremaindissolvedinheavier
liquidHCsunless



temperatureisraised,heaviestaresolidsatambienttemperaturebutstayin
solutionunlesstemperatureislowered.

Gasolinedistillationtemperatureis35–
200oCJetfuel35-150
Dieselfuel175–370
Heavyfuels,oil370–550

-Generallydistillationofcrudeoilproduces30%gasoline,20-40%dieselfuel,20%
heavyfuels,10-20%heavyoils.

(ii)Crackingprocess

-Therearetwotypesofcrackingprocessforenginefuelproduction:thermal
crackingandcatalyticcracking

(a)Thermalcracking:IttakesplacethroughthecreationofHCfreeradicals
byCto-Cbondscission
-Thefeedisheatedtoaround500-600OCand70-100barsandpassedinto
asoakingchamberwherecrackingtakesplace.Thecrackedproductsare
fractionated.Theproductisrelativelyunstableandrequirestheuseof
antioxidantsandothertreatmentstopreventgum formationinuse.Ithas
relativelypoorMON(motoroctanenumber).

(b)Catalyticcracking:Itisthemostimportantandwidelyusedprocessfor
convertingheavyrefinerystreamstolighterproducts–toincreasetheratioof
lighttoheavyproductsfromcrudeoil.
-Comparedtothermalcracking,ithashigheryield,improvedqualityproduct
forgasoline(notfordieselfuel)andsuperioreconomics.
-Afluidizedbedofcatalystisused–feedisintroducedintoit.Catalystflows
fromonevesseltoanotherthroughapipe(betweenreactorandregenerator).
Crackedoilvapourpasstofractionatingtowerswheresmallermoleculesare
separatedfrom heavierproducts(gas,catalyticnaphtha,cycleoilsand
residue).
-Aluminiumsilicateknownaszeoliteisusedasacatalyst–hashighactivity
andsuppresstheformationoflightolefins.

(iii)Alkylation:Itisaprocessforproducingahigh-octanegasolinecomponent
(alkylate)bycombininglightolefinswithisobutaneinthepresenceofastrongly
acidiccatalyst(sulfuricorhydrofluoricacid).

(iv)Isomerization:Itisaprocessforconvertingstraightchainparaffinstobranch
chain–usedtoprovideisobutanefeedforthealkylationprocessortoconvert
relativelylow-octanequalityofstraightparaffinstomorevaluablebranchchain
molecules.

eg.n-pentanewithRON (researchoctanenumber)62canbeconvertedto
isopentanewithRON92

-ProcessinvolvescontactingHCswithacatalyst(platinumonazeolitebase)and
separatinganyunchangedstraightparaffinsforrecyclethroughtheunit.The
productiscleanburningandhasbetterRONquality.



(v)Polymerization:Itisaprocesswherelightolefinssuchaspropeneandbutenes
arereactedtogethertogiveheavierolefinswhichhavegoodoctanequalityandlow
vapourpressureingasoline.
-Mostcommonlyusedcatalystisphosphoricacid
-Theproductisalmost100%olefinicandhasrelativelypoorMONcomparedwithRON.

eg.CH3CH2CH=CH2+CH3CH=CH2→CH3(CH2)4CH=CH2
butene propene heptene

*Alternativefuels:

(a)Alcohols:Theseincludemethanol(methylalcohol),ethanol(ethylalcohol),
propanol(propylalcohol),butanol(butylalcohol)ascompounds
-TheOHgroupwhichreplacesoneoftheHatomsinanalkane,givesthesecompoundstheir
characteristicproperties
-Specificheatingvalueislowerthangasoline(42–43
MJ/kg)methanol(19.7MJ/kg)andethanol(26.8
MJ/kg)
-Forair-fuelmixtureSHViscomperablewithgasoline(MJ/kg-mixtureat
stoichiometricmixtures)
-Otheralcoholgroupssuchasdihydricandtrihydricalcoholsarenotusedasafuel
inICengines

(i)Methanol
-Canbeobtainedfromnaturalgas–hasnearandlong-termpotential
-Hashighoctanequality(130RON,95MON)
-Canbeusedinlow-concentration(5-15%)ingasolinetoincreaseoctane
numberofthemixture

Problems;
-Poorsolubilityingasoline,toxicity,lowenergycontent(abouthalfof
gasoline),highlatentheatofvaporizationandoxygencontent
-Contributetopoordriveability,incompatibilitywithsomemetals
(ii)Ethanol
-Producedfrombiomass
-Itismadefromthesugarsfoundingrains,suchas:Corn,Sorghum,andBarley
Othersourcesofsugarstoproduceethanolinclude:Potatoskins,Rice,
Sugarcane,Sugarbeets,Yardclippings,Bark,Switchgrassetc.
-Hashighoctanenumber–canbeusedinlow–concentrationsingasoline
-MostoftheethanolusedintheUnitedStatestodayisdistilledfromcorn
-Scientistsareworkingoncheaperwaystomakeethanolbyusingallparts
ofplantsandtreesratherthanjustthegrain.
-About99%oftheethanolproducedintheUnitedStatesisusedtomake
"E10"or"gasohol,"amixtureof10%ethanoland90%gasoline.
-AnygasolinepoweredenginecanuseE10,butonlyspeciallymadevehicles
canrunonE85,afuelthatis85%ethanoland15%gasoline



(b)Biodiesel:

-Itismethylorethylesterofafattyacidproducedfromvegetableoilofedibleornon
edibletypesoranimalfatoralgae,bytransesterificationprocessusingcatalysts.
-Hasbetterlubricatingpropertiesandmuchhighercetaneratingsthantoday'slow
sulfurdieselfuels.
-Itsadditionreducesthefuelsystemwear.
-Canbeusedinthepureform(B100),ormaybeblendedwithpetroleumdieselinany
concentrationinmostdieselenginesfortransportationpurpose.
-But,theenginemayfaceproblems,suchaslow temperatureoperation,less
durabilityanddropinpower.Newdieselfuelinjectionsystems,suchascommonrail
systemsareequippedwithmaterialsthatarecompatiblewithbiodiesel(B100).
-Biodieseloffersasubstantialreductioninparticulatematter(25%-50%)anda
marginalincreaseofNOx(1%-6%whenitisusedasanalternativefuelinaCIengine.
-Themajorproblemsassociatedwithbiodieselare(i)pooroxidationstability,(ii)
higherviscosityanddensity,(iii)lowercalorificvalue,and(iv)coldflowproperty.
-Blendsof20%andlowerbiodieselcanbeusedindieselengineswithno,oronly
minormodifications.

(c)Biogas:

-Producedbytheanaerobicdecompositionoforganicmaterialssuchascowdung
andotherwastesuchascornhusks,leaves,straw,garbage,fleshofcarcusses,
poultrydroppings,pigdung,humanexcreta,sewageandtheplantsspeciallygrown
forthispurposelikewaterhyacinth,algae,certaintypesofgrasses.Alsoany
cellulosicorganicmaterialofanimalorplantoriginwhichiseasilybio-degradableis
apotentialrawmaterialforbiogasproduction.-Alsoproducedbypyrolysisand
hydrogasificationmethods
-Containsamixtureofmethane(50-60%vol),CO2(30-45%),hydrogen(5-10%),
nitrogen(0.5-7%)andsmalltracesofothergasessuchashydrogensulphideand
oxygen
-Itisaclean,butslowburninggasandhavingvaluebetween5000to5500kcal/kgor
38131kJ/m3

-Theoctaneratingofbiogasis130andignitiontemperatureis650°C
-Canbeusedtooperatebothcompressionignition(diesel)andsparkignition(petrol)
engines.CIenginescanoperateondual-fuel(biogas+diesel)operationandpilot
injectionoperationinwhichsmallquantityofdieselisrequiredforignitingthe
mixtureofairandbiogas
-80%savingofdieseloilcanbeachieved
-DrawbackofbiogasispresentofCO2.Theengineperformancecanbeimprovedby
reducingtheCO2contentinbiogas.

(d)Hydrogen:

-Cleanburningfuelandhasthehighestenergycontentperunitmassofany
chemicalfuelswhichcanreducethedependencyonhydrocarbonbasedfuels

Production:

Mostcommonmethodofproducinghydrogeninvolvessplittingwater(H2O)intoits
componentpartsofhydrogen(H2)andoxygen(O).Therearedifferentmethodsto
producehydrogen-



i. Steamreformationorpartialoxidationofhydrocarbonssuchasnaturalgas,
naphthaorcrudeoil.Itconvertsmethaneintohydrogenandcarbonmonoxide
byreactionwithsteamoveranickelcatalyst.

ii. Coalgasification-Hydrogenmadefrom coalcanprobablybejustifiedasa
fuelforspecialapplicationswheretheuniquecharacteristicsofhydrogencan
beputtoadvantagesuchasitsweightoritsnon-pollutingcharacteristics.

iii. Electrolysis-ituseselectricalcurrenttosplitwaterintohydrogenatthe
cathode(+)andoxygenatanode(-)[3].

iv. Thermochemicalmethod-itutilizesheattoachievethechemicalsplittingof
watertoitselementswithouttheneedforintermediateelectricitygeneration
andwithouttheneedtousetheextremityhightemperatureof2500°Cor
more.

v. Photo-electrolysis-itusessunlightandcatalyststosplitwater.Inthismethod,
acurrentisgeneratedbyexposingonorbothelectrodestosunlight.
Hydrogenandoxygengasesareliberatedatthe2electrodesbythe
decompositionofwater.Acatalystmaybeincludedtofacilitatetheelectrode
process.

vi. Biologicalandphoto-biologicalwatersplittingusesunlightandbiological
organismstosplitwater.

vii. Thermalwatersplittingusesaveryhightemperature(approximately1000°C)
tosplitwater.

viii. Biomassgasificationusesselectedmicrobestobreakdownavarietyof
biomassfeedstocksintohydrogen.

Utilizationofhydrogengas:

Hydrogencanbeutilizedforthefollowingpurpose:

i. Residentialuse-hydrogencanbeusedindomesticcooking(stoves),radiant
spaceheaters,electricityforlightingandforoperatingdomesticappliances
(e.g.refrigerator)whichcouldbegeneratedbymeansoffuelcells,with
hydrogengasatoneelectrodeandairatother.

ii. Industrialuse-hydrogencanbeusedasafuelorachemicalreducing(i.e.
oxygenremoval)agent.Itcanalsobeusedinsteadofcoalorcoalderived
gases,toreduceoxideores(ironore)tothematerial(iron).

iii. Aircraftapplication-Theearliestapplicationofliquidhydrogenfuelis
expectedtobeinajetaircraft.Coldliquidhydrogencanbeuseddirectlyor
indirectlytocooltheengineandtheairframesurfacesofahighspeedair
craft.

iv. Electricpowergeneration-Itcomprisestheproductionofelectricitybyusing
hydrogeninfuelcellsystem.Hydrogencouldalsobeusedasameansfor
storinganddistributingelectricalenergy.Theobjectiveofdevelopingfuelcell
powerstationsistocentralizedandlocalgenerationofelectricity.

v. Asanalternativetransportfuel-Hydrogenistriedasanalternativefuelin
internalcombustionengine.Thestoichiometrichydrogenairmixtureburns
seventimesasfastasthecorrespondinggasolineairmixturewhichisagreat
advantageininternal



combustionengines,leadingtohigherenginespeedsandgreaterthermal
efficiency[2].HydrogenfuelusedinICenginesisinautomobiles,buses,
trucksandfarmmachinery.

MethodsofusingHydrogenasafuelinCIengines

i. Amixtureoffuelgasandair,withanapproximatelyconstantfueltoairratio
isintroducedinto thecylinderintakemanifold.Theenginepoweris
controlledbyvaryingthequantityofmixtureenteringthecylinderbymeans
ofthrottlevalve.Itisnotsafebecausethemixtureisformedinthemanifold.

ii. Thehydrogenisinjecteddirectlyintotheenginecylinderthroughavalve
underpressureandairisinductedthroughanotherintakevalve.Thismethod
issaferone,sincehydrogenandairaresuppliedseparately;anexplosive
mixtureisoccurredinsidethecylinderonly.Theenginepoweroutputis
controlledbyvaryingthepressureofhydrogengasfromabout14atmatlow
powerto70atmathighpower.

iii. Duringtheintakestroke,thehydrogengasatnormalormoderatepressureis
drawnthroughthethrottlevalveintotheenginecylinderwhereasunthrottled
airisdrawninthroughtheintakeport.Thevariationofenginepowercanbe
achievedwithadjustmentofhydrogeninletthrottle.Thechangesinfuel
proportionaswellaspowerisdevelopedduetosupplyofunthrottleairand
powervariationispossiblebecauseofthewidecompositionrangeover
whichhydrogen-airmixturecanbeignited[1].

AdvantagesofusingHydrogenfuelledengine

i. Itprovideshighefficiencybecauseitutilizesahigherproportionoftheenergy
inthefuel.

ii. Theamountofcarbonmonoxideandhydrocarbonsintheexhaustisvery
smallsincetheyareoriginatingonlyfromthecylinderlubricatingoil.

iii. Itcanbeeasilyavailablebecauseitisproducedbyelectrolysisofwater.

iv. Fuelleakagetoenvironmentisnotpollutant.

DisadvantagesofusingHydrogenfuelledengine

i. Duetohighheatreleasethecombustiontemperaturemaybehighandalsoa
levelofnitrogenoxideishigh.Itcanbereducedbyreducingthecombustion
temperaturebyinjectingwatervaporintothecylinderfromtheexhaust.

ii. Itrequiresheavy,bulkyfuelstoragebothinvehicleandattheservicestation.

iii. Difficultyinrefuelingandpossibilityofdetonation.

iv. Poorenginevolumetricefficiency-gaseousfuelwilldisplacesomeofinletair
andpoorvolumetricefficiencywillresult.

v. Fuelcostwouldbehighatpresentdaytechnology[2].



(e)NaturalGas:

-Naturalgasispresentintheearthandisoftenproducedinassociationwiththe
productionofcrudeoil.Processingisrequiredtoseparatethegasfrompetroleum
liquidsandtoremovecontaminants.First,thegasisseparatedfrom freeliquids
suchascrudeoil,hydrocarboncondensate,waterandentrainedsolids.The
separatedgasisfurtherprocessedtomeetcertainpipelinesqualityspecifications
withrespecttowatercontent,hydrocarbondewpoint,heatingvalueandhydrogen
sulphidecontent.Generally,agassweeteningplantremoveshydrogensulphideand
othersulfurcompounds

-Over70%ofthenaturalgasisformedbymethane.

-ItisColorless,odorlessandmostlyconstitutesmethanewhichisarelatively
unreactivehydrocarbon.

Utilization:

-Naturalgasiswidelyusedfordifferentpurposessuchasspaceheating,electricity
generation,industrialprocesses,agricultural,rawmaterialforpetrochemicalindustry,
residential,commercialandutilitymarkets

-Onagallonequivalentbasis,naturalgascostslessthangasoline,dieselfuelorany
otheralternativefuel.Naturalgascurrentlysuppliesover25%oftheenergydemand
becauseofitsquality.

-caneitherbestoredonboardavehicleintanksascompressednaturalgas(CNG)at
pressureof16to25barorcryogenicallycooledtoaliquidstate(-127°C)as
liquefiednaturalgas(LNG)atpressureof70to120bar.Asafuelandwithasingle
throttlebodyinjectoritworksbestinanenginesystem.LNGisusedinheavyduty
vehicleswhereuseofCNGwouldstillentailspaceandloadcarryingcapacity
penalties.ThefuelstoragesystemofnaturalgasasLNGinsteadofCNGislessthan
halftheweightandvolumeofCNGsystem.So,itcanbeeasilytransportablethan
CNG.

(i)CNG(CompressedNaturalGas)

-Naturalgasconsistsofelementsofcompressor,somesortofcompressedgas
storageanddispensingunitofCNGintovehicles

-TwotypesofCNGrefuelingsystem-slowfillandfastfill.Inslowfillsystem,several
vehiclesareconnectedtotheoutputofthecompressoratonetime.Thesevehicles
arethenrefilledoverseveralhoursofcompressoroperation.Infastfillsystems,
enoughCNGisstoredsothatseveralvehiclescanberefueledoneaftertheother,
justlikerefuelingfromasinglegasolinedispenser

-ThestoragesystemofCNGisarrangedasseveraltanksincascadeform.TheCNG
pressureincascadeishigherthanthemaximumstoragepressureofthecylinderon
thevehicle.ThecascadeattemptstodeliverasmuchofitsCNGtovehiclesas
possiblebeforethepressuredifferencedecreasestowheretheflowrateslows
dramatically.AdryershouldincludeinmostCNGrefuelingsystemstoremovewater
vapor,impuritiesandhydrogensulphidefromnaturalgasbeforeitiscompressed.If
watervaporispresentthenitcancondenseinthevehiclefuelsystem,causing
corrosionespeciallyifhydrogensulphideispresent.CNGdrivenvehicleswith
catalyticconverterhavelessCOandHCemissionbutNOxemissionishigh



(ii)LPG(LiquefiedPetroleumGas)

-LPGisavailableinthemarketintwoforms-oneispropaneandtheotherisbutane.
Propaneispopularalternativefuelbecauseofitsinfrastructureofpipelines,
processingfacilitiesandstorageforitsefficientdistributionandalsoitproduces
feweremissions.Propaneisproducedasabyproductofnaturalgasprocessingand
crudeoilrefining

-NaturalgascontainsLPG,watervaporandotherimpuritiesandabout55%ofthe
LPGiscompressedfrom naturalgaspurification.LPGisasimplemixtureof
hydrocarbonmainlypropane/propylene(C3S)andbutane/butylenes(C4S)

-Propaneisanodorless,nonpoisonousgaswhichhaslowestflammabilityrange.

UtilizationofLPG

LPGisusedasafuelinheatingappliancesandvehicles.Itisincreasinglyusedasan
aerosolpropellantandarefrigerant,replacingchlorofluorocarbonsinaneffortto
reducedamagetotheozonelayer

-InEurope,LPGisusedasanalternativetoelectricityandheatingoil(kerosene).It
canalsobeusedaspowersourceforcombinedheatandpowertechnologies(CHP).
CHPistheprocessofgeneratingbothelectricalpowerandusefulheatfromasingle
fuelsource.ThistechnologyhasallowedLPGtobeusednotjustasfuelforheating
andcooking,butalsoforde-centralizedgenerationofelectricity

-LPGhashigherpotentialasanalternatefuelforICengine.

AdvantagesofLPG

-EmissionismuchreducedbytheuseofLPG.

-LPGmixeswithairatalltemperatures.

-Uniformmixturecanbesuppliedtoallcylindersofmulti-cylinderengine.

-Enginewithhighcompressionratio(10:1)canusepropane.

-Thereiscostsavingofabout50%andlongerlifewithLPGrunningengine.

DisadvantagesofLPG

(i)AgoodcoolingsystemisnecessarybecauseLPGvaporizerusesenginecoolant
toprovidetheheattoconverttheliquidLPGtogas[2].

(ii)Theweightofvehicleisincreasedduetotheuseofheavypressurecylinderfor
storingLPG.

(iii)AspecialfuelfeedsystemisrequiredforLPG.

(iv)Requirementofsafetydevicetopreventaccidentduetoexplosionofgas
cylindersorleakageinthegaspipes.



(f)ProducerGas:

-Producergasisaproductofoxidation-reductionreactionsofairwithbiomass.
BiomassischemicallycomposedofelementsC,H,OandsomeNandhencethe
oxidationresultsinproductsofcombustionlikeCO2andH2O.ThemoleculesofO2in
theairoxidisesCandHtoproducetheseproducts.Thegaseswhichareathigh
temperatureduetopartialoxidationpassthroughabedofcharcoal(whichis
producedbecauseofoxidationreactionitself)andthereductionreactionofthese
gaseswithcarbonleadstocarbonmonoxideandhydrogen

-VolumetriccompositionofproducergasisCO(16-20%),H2(16-18%),CO2(8-10%)
andsometracesofhigherhydrocarbons.ProducergashasahighpercentageofN2,
sinceairisused.Soithasalowheatvalue.Densityofproducergasis0.9to1.2
kg/m3

-Producergasisusedinreciprocatingenginesandfurnace.Itneedslittleairtoburn
stoichiometricallyandraisethetemperaturetoavalueof1500Katnormal
temperatureandpressure.Itisalsousedtopowergasturbines(whicharewell-
suitedtofuelsoflowcalorificvalue),sparkignitedengines(where100%petrolfuel
replacementispossible)ordieselinternalcombustionengines(where40%-15%of
theoriginaldieselfuel)isstillusedtoignitethegas.

(g)BlastFurnaceGas:

Itisabyproductofmeltingironoreinsteelplants.ItprincipallyconsistsofCOand
containslowheatvaluesimilartoproducergas.Itconsistsofabout60%nitrogen,18
-20%CO2andsomeamountofoxygenwhicharenotflammable.Itmaybecombined
withnaturalgasorcokeovengasbeforecombustionoraflamesupportwithricher
gasoroilisprovidedtosustaincombustion.Theautoignitiontemperatureofblast
furnacegasisapproximate630°CandithasLowerExplosiveLimit(LEL)of27%
&UpperExplosiveLimit(UEL)of75%inanair-gasmixtureatnormaltemperatureand
pressure.Thegasishazardousduetohigherconcentrationofcarbonmonoxide
[50].Itshouldbecleanedproperlybecauseitcontainslotofdustparticles.Blast
furnacegasdependsupontypesoffuelusedandmethodofoperatingtheblast
furnace.

(h)CokeOvenGas:

Itisproducedduringthemakingofcoke.Itisalsoresultingfromoxidation-reduction
reactionsofcoalorcokewithairandsometimessteams.Itdependsuponthetype
ofcoalusedandoperationmethodofoven.ThecompositionofcokeovengasisH2
(54%vol),CH4(24%),CO(8%),CO2(6%)andsometracesofhigherhydrocarbonand
nitrogen.Withtheapplicationofheattheheavierhydrocarbonsarecrackedand
volatileportionofcoalisdrivenoffandresultsinhighcompositionofH2andCH4.Its
heatvaluepercubicmeterisonlyaboutonehalfthatofnaturalgasanddensityis
0.40kg/m3.

*GeneralFuelSpecifications:

Differentpropertiesoffuelshave,

Relativedensity(specific
gravity)Fuelcomposition
Specificheating
valueFlashpoint
Viscosity



Surface
tension
Freezing
point

(a)Relativedensity(specificgravity):
Itisrelatedtothemeasurementoftheratiooftheweightofagivenvolumeof
fueltotheweightofthesamevolumeofwater,bothat20OCand101.325kPa

Forgasoline,therelativedensityisaround0.72to0.78-whichisequivalentto
anAPI(Americanpetroleuminstitute)rangeof65to50,

=700−800[kg/m3],forunleadedgasolinethisvalueishigherduetothe

aromaticsFordieselfuel,=830−950[kg/m3]

(b)Fuelcomposition:

CandH:carboncontentofaromaticsisaround89%,andofparaffinsand
naphthenesisaround86%
Benzene:maxallowableconcentrationisspecifiedbecauseitishighlytoxic
material,thelevelis5%
Sulphurcontent:HCfuelscontainfreesulphur,hydrogensulphideandother
sulphurcompoundswhichareobjectionableitisacorrosiveelementthatcan
corrodefuellines,carburettorandinjectionpump.Itwillunitewithoxygento
formsulphurdioxide,whichinpresenceofwateratlowT,formssulphurous
acid.

-IthaslowignitionT,promoteknockinSIengines.limitedtoapprox250ppm
(50ppmisaimedforlowpollutantemittingvehicles)
Gum deposits:gasolinewithunsaturatedHCsformsgum intheengine,
paraffin,naphtheneandaromaticHCsalsoform somegum –itcauses
operatingdifficulties,stickingvalvesandpistonrings,depositsinthe
manifoldetc.
Water:bothdissolvedandfreewatercanbepresentingasoline,freewateris
undesirablebecauseitcanfreezeandcauseproblems.Dissolvedwateris
usuallyunavoidableduringmanufacture.
Lead:forleadedandunleadedgasolinemaxleadcontentisspecified,lead
causespollutionanddestroyscatalyticconvertersintheexhaustsystem.
Manganese:usedforantiknockingasoline(MMT),maxamountisspecified,
0.00025to0.03gMn/L
Oxygenates:oxygenatedcompoundssuchasalcoholsareusedingasolineto
improveoctanerating.
InUSAgasohol(10%ethanolcontains3.5%oxygen),TBAandmethanolupto
3.5%oxygenmethanolupto5%volume,MTBEupto15%areused.InEC
monoalcoholsandetherswithatm boilingpointslowerthanthefinalatm
boilingpointofgasolineinthestandardscanbeused.Higherconcentrations
requiremodificationsonthevehicles
-carburatororfuelinjectionsystemmustbemodifiedtocompensateforthe
oxygencontentofthefuel.Blendswith15%methanolcanbeused.

(C)Specificheatingvalue:

-Specificheatingvalue,Huisameasureoftheenergycontentofthefuelperunit



mass(kJ/kgorkcal/kg)



-Gaseousfuelsspheatingvalueisgivenintermsofenergycontentperunitvolume
(kJ/literorkJ/m3,kcal/m3)
-InICengineslowerheatingvalueisgivenasthecombustionproductscontain
waterinvapourform.
Forgasolineanddieselfuel
Hu=42000-44000kJ/kgorHu=10200-10500kcal/kg
-Heatingvalueofthecombustibleair-fuelmixtureisadecisivefactorforengine
performance.

(d)Flashpoint:
-Flashpointisthelowesttemperatureofasampleatwhichthefuelvapourstarts
toignitewhenincontactwithaflame(ignitionsource).
-Marcussonmethod–fuelcontainerisslowlyheated,whilethefuelvapourisin
contactwithanopenflame–Tismeasured
-Forgasolineitis25oC,dieselfuel35oCandheavydiesel65oC

(e)Viscosity:
-ViscosityisanimportantparameterforCIengines,alsoinfluencesfuelmetering
orificessinceReisaninversefunctionoffuelviscositylowertheviscosity,smaller
thediameterofthedropletsinthespray.
-Belowcertainlimits,lowviscosityincreasestheleaksinthefuelsystem.Itisa
strongfunctionofT–mustbegivenatcertainTvalues
at50oC,1.5–5.0Engleror0.5to0.6centistokes

(f)Surfacetension:

-Surfacetensionisaparameterwhicheffectstheformationoffueldropletsinsprays
-increasingthesurfacetensionwillreducemassflowandair-fuelratioingasolineengines
-lowerthevalue,smallerthedropletdiameter
dieselfuelvalueisintherangeof0.023–0.032
N/mandforgasolineitis0.019–0.023N/m

(g)Freezingpoint:

-theprecipitationofparaffincrystalsinwintercanleadtocloggedfilters.Itcanbe
preventedbyeitherremovingparaffinsfromthefueloraddingflowimprovers
(additives).
-Antifreezingpropertiesaredeterminedbyitsfilterability.
-Forgasolinefreezingpointis–65oCandfordieselfuel–10oC

*Importantfuelspecificationsfor

gasoline(a)Gasolinevolatility:

Benzeneforexamplehasvaporpressureof0.022MPaat38OCinaclosed
containerof38OC,benzeneevaporatesuntilthepartialp
hasavalueof0.022MPa,IfTisraisedto80.5OC,then
saturationpwillbe0.1MPaandwillbeconstantduringthe
boiling
ForgasolineitisnotpossibletoindicateasinglevalueofevaporationTorvapor
pressure.Gasolinecontainslargenumberofcompounds-uptoabout400

Ithasasmoothdistillationcurve-withgoodfractionationefficiency



Lowfractionationefficiencyeffectsengineperformanceatdifferentoperatingconditions:
Ifdistillationcurveisdisplaceddownward,gasolinebecomesmorevolatile-poorhot
start,vaporlock,highevaporativelosses

Gasolinedistillationcurve:
Gasolinehavingboilingpointupto70OCcontrolseaseofstartingandhotweather
problemssuchasvaporlock
Mid-rangecontrolsthedrivingincoldweathers,particularlyatwarm upperiodof
engine.Italsoinfluencestheiceformingincarburetor.
Backendofthecurvecontainsalltheheavier,highboilingpointcompoundsand
thesehavehighheatcontent-theyareimportantinimprovingfueleconomyforfully
warmedupengine.
Someoftheheaviercompoundsmaypassintothecrankcaseanddilutethe
crankcaseoil.Theyarenotreadilycombustedasthelightercompounds-cause
combustionchamberdeposits.

Fig.12.Distillationcurve
%10evaporationpointshouldbeatlowTforstartupatcoldtemperatures-athot
weathersthismaycauseproblems-vaporlock.
50%evaporationshouldbeslightlyabove100OCatsummerandslightlybelow100
OCatwinter.Forwarmedupengineconditionsthispointisnotimportant.
90%evaporationmustnotbehigh-producesfuelfilmonintakemanifoldwallsand
diluteslubricatingoil.Backendofthecurvemustnotexceed215OC.
Gasolinevolatilityshouldbearrangedaccordingtoweatherconditions-particularlyambient
T.Altitudehassomeminoreffectduetopressurechanges.
Itisalsoeffectedbythecharacteristicsofthevehicleitself(drivability,fuelsystem
designetc).

Coldstarting:
ForSIenginestostart,A/Fratiomustbewithintheignitablerange,ieingeneral
mustbebetween7:1to20:1byweight.



Whentheengineiscold,itisdifficulttoigniteleanmixtures,becausefuelmaynot
vaporizesufficiently-undertheseconditionsthemixtureisrichtobringitto
ignitablerange.Thisisdonebytheinjectiontimeorbytheuseofachokewith
carburettedengines.

Measurementofgasolinevolatility:
TestsusuallydefineReidVapourPressure-ASTMDistillationtestandVapour/Liquidratio.
Reidvapourpressure-obtainedatair-to-liquidratioof4:1andtemperature37.8oC.
Fuelisfilledintoametalchamberwhichisconnectedtoanairchamberandthatis
connectedtoapressuregauge.Theapparatusisimmersedinwaterbathat37.8oC
andisshakenuntilconstantpisobtained-ReidVP
ForgasolineallowableRVPis0.7barinsummerand0.9barinwinter(at37.8oC)
ASTM Distillationprocedure-distillationrateiscontrolledbytheheatinput-
distillationcurveisplotted(temperaturevs%evaporated).

(b)Antiknockqualityofgasoline:
-Knockoccurswhentheunburntgasesaheadofflamefront(theendgases)
spontaneouslyignitecausing a sudden risein pressureaccompanied bya
characteristicpingingsound–thisresultinalossofpowerandcanleadtodamage
theengine.
-Combustion chambershape,spark plug location,ignition timing,end gas
temperatures,incylindergasmotion,air-fuelratioofthemixture,fuelspecifications
etc.effectstheoccurrenceofknock.
-Compressionratiooftheenginealsostronglyeffectsknock.ThehighertheCR,the
betterthethermalefficiency-butthegreaterthetendencyforknocktooccur.
-Criticalcompressionratio-whenknockstarts.Sohigherfueloctanequalityisrequired.
-Autoignitionoftheendgasescausesarapidincreaseofp,producingpwaves
whichresonateinthecombustionchamberatafrequencyofbetween5000-8000
Hz,dependingonthegeometryofthechamber
KnockresultsinanincreaseofTinthecylinderandcausesaseveredamageto
enginecomponentslikecylinderheadgasket,piston,sparkplugsetc.

Octanenumber:
-In1929OctanescalewasproposedbyGrahamEdgar.Inthisscaletwoparaffinic
HCshavebeenselectedasstandards(PRF,primaryreferencefuels)-iso-octane(2-2-
4trimethylpentane)withveryhighresistancetoknock(arbitraryassignedavalueof
100)andn-heptanewithextremelylowknockresistance(assignedavalueof0).
-Octanenumberofthefuelisthevolumepercentageofiso-octaneinablendwithn-
heptane(PRF),thatshowsthesameantiknockperformanceastestfueltestedin
standardengineandstandardconditions.
-TestenginefordeterminingOctanevalues,wasdevelopedbyCooperativeFuel
ResearchCommittee(CFR).Itisasinglecylinder,variableCRengine.
-TwodifferenttestconditionsspecifiestheResearchOctaneNumber(RON)andthe
MotorOctaneNumber(MON)
-AntiknockIndex=(RON+MON)/2
-TELisaddedtothePRFtoincreasetheONabove100orn-heptaneisaddedtothe
sampletoreduceONbelow100,thennonlinearextrapolationisapplied
ONcanbeincreasedbyantiknockagents-atlessexpensethanmodifyingHC
compositionbyrefineryprocess.
Mosteffectiveagentsarelead
alkyls-TEL-tetraethyllead,
(C2H5)4PbTML-tetramethyllead,



MMT
additionofabout0.8gleadperlitre,providesagainofabout10ONingasoline

*Importantfuelspecificationsfor

diesel(a)Viscosity:

-Viscosityofafluidindicatesitsresistancetoflow-highertheviscosity,the
greatertheresistancetoflow.
-Itmaybeexpressedasabsoluteviscosity(Poise,P)orkinematicviscosity(stoke,St).
-Itvariesinverselywithtemperature,usuallygivenat20-40OC
-Fuelatomizationdependson
viscosity2-8mm2/s(cSt)at20OC

-Lowertheviscosity,smallerthediameterofthedropletsinthespray

(b)Surfacetension:

-Surfacetensionisaparameterwhicheffectstheformationoffueldropletsinsprays
-Lowerthevalue,smallerthedropletdiameter

-Dieselfuel0.023–0.032N/m

(c)Cetanenumber:

-Cetanenumberisusedtospecifytheignitionqualityofdieselfuel.
-RunningonlowCetanenumberwillproducecoldstartproblems.Peakcylinder
pressure,combustionnoiseandHCemissionswillincrease-morefuelwillbe
injectedbeforeignition,lesstimeforcombustion.
-HigherCNresultsinasoonerignition-extremelyhighCNmayignitebefore
adequateFuel-Airmixingcantakeplace-higheremissions.Poweroutputcanbe
reducedifburningstartstooearly.

Measurementofcetanenumber:
-Cetanenumberismeasuredbycomparingthe“ignitiondelaytime”ofthesample
fuelwithamixtureofcetane(C16H34)andalphamethylnaptane(C10H7CH3).The
CetanepercentageinthemixturegivestheCNofthesamplefuel.
-CNofthereferencefuelcetaneisarbitrarylysetat100,andofalphamethylnaptaneat0.
-CFRengineisusedtomeasurethecompressionratioatwhichignitionstarts.CRis
graduallyincreasedwhiletheengineisdrivenbyanelectricmotor-acurveofCNvs
criticalCRisobtained.
-Inletairtempis30oCandcoolingwatertempisat100oC
AneasierandpracticalmethodtoobtainCetaneNumberisbycalculatingthe
DieselIndex.IncreasingtheDI,increasesthetendencytoignite.

[] [ ]

-APisobtainedbyheatingequalamountsofannilinanddieselfuel.Whilecoolingdown,the
tempatwhichtheannilinseparatesfromthemixtureistheAP

-Cetanenumberisintherangeof,
50-60forhighspeedDiesel
engines25-45forlow speed
DieselenginesNormalDieselfuel
CNis40-55



DIof50givesaCNofaround50

*Carburetion:
Theprocessofpreparingacombustiblefuel-airmixtureoutsideenginecylinderinSI
engineisknownascarburetion.
Importantfactorswhichaffecttheprocessofcarburetionaregivenbelow;

-timeavailableforthemixturepreparationi.e.atomisation,mixingandthe
vaporisation
-Temperatureoftheincomingair
-qualityofthefuelsupply
-designofcombustionchamberandinductionsystem

*Mixturerequirementsforsteadystateoperation:

Threemainareasofsteadystateoperationofautomotiveenginewhichrequire
differentairfuelratioarediscussedbelow,

Fig.13.Mainareasofautomotiveengineoperation

(a)Idlingandlowload:
-fromnoloadtoabout20%ofratedpower
-Noloadrunningmodeiscalledidlingcondition
-verylowsuctionpressuregiverisetobackflowofexhaustgasesandairleakage
-increasestheamountofresidualgasesandhenceincreasethedilutioneffects
-Richmixturei.e.F/Aratio0.08orA/Fratio12.5:1providesmoothoperationoftheengine

(b)Normalpowerrangeorcruisingrange:
-fromabout20%to75%ofratedpower
-dilutionbyresidualgasesaswellasleakagedecreases,hencefueleconomyis
importantconsiderationinthiscase
-maximumfueleconomyoccursatA/Fratioof17:1to16.7:1
-mixtureratiosforbesteconomyareveryneartothemixtureratiosforminimumemissions

(c)Maximumpowerrange:
-fromabout75%to100%ofratedpower
-mixturerequirementsforthemaximumpowerisarichmixture,ofA/Fabout14:1
orF/A0.07



-Richmixturealsopreventstheoverheatingofexhaustvalveathighloadand
inhibitsdetonation
-inmulti-cylinderenginetheA/Fratioareslightlylower

*Mixturerequirementsfortransientoperation:

-Carburettorhastoprovidemixturefortransientconditionsunderwhichspeed,
load,temperature,orpressurechangerapidly
-evaporationoffuelmaybeincompleteinthetransientcondition,quantityoffuel
maybeincreasinganddecreasing

(a)Startingandwarmuprequirements:
-enginespeedandtemperaturearelowduringthestartingoftheenginefromcold
-duringstartingveryrichmixtureabout5to10timesthenormalamountofpetrolis
sulpplied
i.e.F/Aratio0.3to0.7orA/Fratio3:1to1.5:1
-mixtureratioisprogressivelymadeleanertoavoidtoorichevaporatedfuel-air
ratioduringwarmupcondition
-toohighvolatilitymayformvapourbubblesinthecarburettorandfuellines
particularlywhenenginetemperaturesarehigh
-toolowvolatilitymaycausethepetroltocondenseonthecylinderwalls,diluting
andremovingthelubricatingoilfilm

(b)Accelerationrequirements:
-Accelerationrefertoanincreaseinenginespeedresultingfromtheopeningofthethrottle
-accelerationpumpisusedtoprovideadditionalfuel

*SimpleCarburettor:
-provideair-fuelmixtureforalloperatingconditions
-Carburettordepressionispressuredifferentialinthefloatchamberandventure
throatwhichcausesdischargeoffuelintotheairstream
-flowiscontrolledbysmallholeoffuelpassage
-pressureatthethroatatthefullyopenthrottleconditionliesbetween4and5cm
ofHgandseldomexceeds8cmHg
-petrolengineisquantitygoverned
-Drawbackofsimplecarburettoristhatitprovidestoorichandtooleanmixture
duetovacuumcreatedatthethroatistoohighandtoosmallwhichisundesirable

Fig.14.Asimplecarburettor



*CompleteCarburettor:
Additionalsystemsusedwithsimplecarburettorcanhelptheenginetooperateat
allconditions,whicharegivenbelow,

(i)Mainmeteringsystem:

-provideconstantfuel-airratioatwiderangeofspeedsandloads.
-mainlybaseduponthebesteconomyatfullthrottle(A/Fratioabout
15.6:1)Thedifferentmeteringsystemsare,

Compensatingjetdevice:-Additiontothemainjet,acompensatingjetisprovided
toprovidetheleannesseffect

Emulsiontubeorairbleedingdevice:
-mixturecorrectionisdonebyairbleedingalone
-inthisarrangementmainmeteringjetisfittedabout25mmbelowthepetrollevel
whichiscalledassubmergedjet

Backsuctioncontrolorpressurereductionmethod:
-inthisarrangementlargeventlineconnectsthecarburettorentrancewiththetopof
thefloatchamberandanothersmallorificelineisconnectedwiththetopofthefloat
chamberswithventurethroat
-itcreatespressuredifferencesaccordingtoengineoperatingconditions

Auxiliaryvalvecarburettor:
-Valvespringofauxiliaryvalveliftthevalveduringincreaseofengineloadwhich
increasesthevacuumatventure
-Allowsmoreadmittancemoreadditionalairandthemixtureisnotoverrich

Auxiliaryportcarburettor:
-openingofbutterflyallowsmoreairinductancewhichdecreasesquantityoffueldrawn
-usedinaircraftcarburettors

(ii)Idlingsystem:
-Idlingjetisaddedfortheidlingandlowloadoperationwhichrequiresrichmixture
sofaboutA/Fratio12:1
-consistsofsmallfuellinefromthefloatchambertoapointofthrottleside
-gradualopeningofthrottlemaystoptheidlingjet

(iii)Powerenrichmentoreconomisersystem:
-thissystemprovidestherichermixtureformaximumpowerrangeofoperation
-Ithasmeterrodeconomiseroflargeorificeopeningtothemainjetasthethrottleis
openedbeyondacertainpoint
-rodistaperedorstepped

(iv)Accelerationpumpsystem:
-Engineaccelerationconditionorrapidincreaseinenginespeedmayopenthe
throttlerapidlywhichwillnotabletoproviderichmixture
-accelerationpumpofspringloadedplungerisusedforfuelsupply



(v)Choke:
-Richmixtureisrequiredduringcoldstartingperiod,atlowcranckingspeedand
beforetheenginewarmedupcondition
-butterflytypevalveorchokeisusedbetweentheentrancetothecarburettorand
venturethroattomeettherequirement
-springloadedby-passchokeisusedinhigherspeeds

*Carburettortypes:

(i)Openchoke:Zenith,solexand
carterConstantvacuumtype:S.U.
carburettor

(ii)updraughttype
Horizontalordowndraught:mixtureisassistedbygravityinitsoassagetothe
engineinduction

(a)Solexcarburettor:
-provideeaseofstarting,goodperformance,andreliability
-usedinFiatandstandardcarsandWilleyjeep
-Bi-starterisusedforcoldstarting
-wellofemulsionsystemisusedforidlingandslowrunningcondition
-diaphragmtypeaccelerationpumpisusedforincreasingspeedcase

(b)Cartercarburettor:
-downdrafttypecarburettorusedinjeep
-hastripleventurediffusingtypechokeinwhichsmallestliesabovethelevelfloat
chamber,othertwobelowthepetrollevel,onebelowother
-multipleventuriesresultinbetterformationofthemixtureatverylowspeeds
causingsteadyandsmoothoperationatverylowandhighenginespeed
-mechanicalmeteringmethodisused
-chokevalveisprovidedintheaircircuitforcoldstarting
-plungertypeaccelerationpumpisused

(c)S.U.carburettor:
-constantair-fuelratioismaintainedduetovacuumdepression
-hasonlyonejet
-noseparateidlingjetoraccelerationpump
-constanthighvelocityairacrossthejetmayavoidtheuseofidlingjet
-jetleverarrangementprovidestherichmixtureincoldstarting
-usedinmanyBritishcarsandHindustanambassadorcar

Drawbacksofmoderncarburettor:
-impropermixtureproportioninmulti-cylinderengine
-lossofvolumetricefficiencyduetoobstructionofflowofmixturefromchoke
tubes,jets,throttlevalveetc.
-wearofcarburettorparts
-Freezingatlowtemperature
-surgingwhencarburettoristiltedorduringacrobaticsinaircraft
-backfiringinfuelpipeline



Petrolinjection:
-toavoidaboveproblemofmoderncarburettor,petrolinjectionisusedlikeindieselengine
-petrolinjectedduringthesuctionstrokeintheintakemanifoldatlowpressure
-injectiontimingisnotmuchcriticalaslikeindieselengine
-continuousinjectionandtimedinjectionmethodsareused

Continuousinjection:
-fuelissprayedatlowpressurecontinuouslyintotheairsupply
-amountoffuelisgovernedbyairthrottleopening
-insuperchargedengine,fuelinjectedintheformofmultiplesprayintothesuction
sideofthecentrifugalcompressor
--provideefficientatomisationoffuelanduniformmixturestrengthtoallcylinder
-highervolumetricefficiency
-onefuelinjectionpumpandoneinjector

Timedinjectionsystem:
-similartohighspeeddieselengine
-componentsarefuelfeedorliftpump,fuelpumpanddistributorunit,fuelinjection
nozzlesandmixturecontrols
-mixturecontrolsareautomaticforallengineoperatingconditions

(i)Multipleplungerjerkpumpsystem:
-pumpwithseparateplungerandhighinjectionnozzlepressureforeachcylinder
-100to300barpressure
-measuredquantityoffuelfordefinitetimeandoverdefiniteperiodisdelivered

(ii)Lowpressuresinglepumpanddistributorsystem:
-singleplungerorgearpumpsupplyfuelatlowpressuretoarotatingdistributor
-pressureabout3.5to7bar

(a)Lucaspetrolinjectionsystem:
-firstlyusedinracingcar
-singledistributorsystemwithnovelmeteringdevice
-linepressureismaintainedat7bar
-meteringdistributorandcontrolunitdistributestherequiredamountoffuelat
correcttimeandinterval
-hasshuttlearrangementsformeteringunit
-inaircraftenginetwoinjectorsandsparkplugprovidedfordirectinjectionoffuel
incombustionchamber

Fig.15.Lucaspetrolinjectionsystemfor6-cylinderpetrolengine



(b)Electronicfuelinjection
Fueldeliverysystem:
-electricallydrivenfuelpumpdrawsfuelfromtankstodistribute
-fuelandmanifoldpressurekeptconstantbypressureregulator

Airinductionsystem:
-airflowmetergeneratevoltagesignalaccordingtoairflow
-coldstartmagneticinjectionvalvegivegoodfuelatomisationandalso
provideextrafuelduringwarmupcondition

Fig.16.Electronicfuelinjectionsystem-L-Jetronicwithairflowmeter

Electroniccontrolunit(ECU):
-sensorsformanifoldpressure,enginespeedandtemperatureatintakemanifold
-sensormeasuresoperatingdatafromlocationsandtransmittedelectricallytoECU

Injectiontiming:
-injectedtwiceforeveryrevolutionofcrankshaft
-triggeringofinjectors

*Dieselinjectionsystem:

Requirementsofdieselinjectionsystem:
-fuelmustintroducepreciselydefinedperiodofcycle
-amountsmeteredveryaccurately
-rateofinjectionmeetdesiredheatreleasepattern
-quantitiesoffuelmeetchangingspeedandloadcondition
-goodatomisationoffuel
-goodspraypatternforrapidmixingoffuelandair
-nodribblingandafterinjectionoffueli.e.sharpinjection
-injectiontimingsuitsthespeedandloadrequirements
-distributionoffuelinmulti-cylindershoulduniform
-weight,sizeandcostoffuelinjectionsystemshouldbeless

Typesofdieselinjectionsystem:

(a)Airinjectionsystem:
-fuelsuppliedthroughcamshaftdrivenfuelpump
-fuelvalveisalsoconnectedwithhighpressureairlinetoinjectintocylinder
-multi-stagecompressorwhichsupplyairatapressureofabout60to70bar



Fig.17.Airinjectionsystem
-blastairsweepsthefuelalongwithit
-goodatomisationresultsingoodmixtureformationandhencehighmeaneffective
pressure
-heavyandviscousfuelsareused
-fuelpumprequiresmallpressure
-butitiscomplicatedduetocompressorarrangementandexpensive
-bulkyengineandlowbhp
-overheatingandburningofvalveseat

(b)Solidinjectionsystem:
-Fueldirectlyinjectedtocombustionchamberwithoutprimaryatomisationtermed
assolidinjection.
-Alsoknownasairlessmechanicalinjection
-2units-pressuriseandatomisingunit
3differenttypeswhicharedescribedbelow,

(i)Individualpumpandinjectororjerkpumpsystem:
-separatemeteringandcompressionpumpisusedforeachcylinder
-reciprocatingfuelpumpisusedtometerandsettheinjectionpressureofthefuel
-heavygeararrangementswhichgivesjerkingnoise,hencenameisgivenisjerkpump
-jerkpumpisusedformediumandhighspeeddieselengines

Fig.18.Individualpumpandinjectororjerkpumpsystem



Fig.19.Unitinjector

(ii)Commonrailsystem:
-highpressurefuelpumpdeliversfueltoanaccumulatorwhosepressureisconstant
-plungertypeofpumpisused
-drivingmechanismisnotstressedwithhighpressurehencenoiseisreduced
-commonrailorpipeisconnectedinbetweenaccumulatoranddistributingelements
-separatemeteringandtimingelementsconnectedtoautomaticinjector
-self-governingtype

Fig.20.Commonrailsystem

(iii)Distributorsystem:
-fuelpumppressurises,metersandtimesthefuelsupplytorotatingdistributor
-numberofinjectionstrokespercycleforthepumpequalstothenumberofcylinder
-Onemeteringelementwhichensureuniformdistribution

Fig.21.Distributorsystem

*FuelInjectors
3maintypesoffuelinjectors,
Blastinjector:
-thesearesupersededbymechanicallyoperatedinjectorsusedinairinjectionsystem



Mechanicallyoperatedinjector:
-consistofasetofcamshaft,camsandrockergearandothercamsforcontrolling
thetimingofthefuelinjection
Automaticinjector:
-consistsofspringloadedneedlevalveandoperatedhydraulicallybythepressureoffuel
-quanityoffuelismeteredbythefuelpump

Typesofnozzles:
(a)Dependsonthetypeofcombustionchamber,
Opencombustionchamber:
-fuelseeksair
-airswirliscreatedduetoinclinedinductionport
-multi-holenozzleinjectsfuelatapressureofabout200to300bartoslowmovingair
-providegoodcoldstartingperformanceandimprovedthermalefficiency

Pre-combustionchamber:
-airvelocityisverymuchhigh
-singleholenozzlewith65to100barinjectionpressureisused
-usedinhighspeedengineduetorapidcombustion
-externalheatingdeviceforeasystartingoftheengine

(b)Openandclosedtypeof
nozzle,Opentype:
-consistsoffuelorificesandopentoburner
-cheapandlessefficient
ex-opposedpistontwo-strokeJunkersdieselengine
Closedtype:pressuredropisminimisedcomparedtoopentype

(c)Differenttypesofnozzlefordifferentcombustionchamber
(i)Singleholenozzle:
-usedinopencombustionchamber
-sizeofholelargerthan0.2mm
-veryhighinjectionpressurerequired

(ii)Multi-holenozzle:
-no.ofholevariesfrom4to18andthesizefrom1.5to0.35mm
-injectionrateisnotuniform

(iii)Pintlenozzle:
-aprojectionorpintleisprovidedinthenozzletoavoidweakinjectionanddribbling
-pintlemaybecylindricalorconicalshape
-coneanglevariedfrom0to60o
-providegoodatomisationandreducedpenetration
-fuelpressuresarelowerthansingleandmulti-holenozzle

(iv)Pintauxnozzle:
-injectedfuelinupstreamofair
-developmentofpintlenozzlewithauxiliaryholedrilledinthenozzlebody
-reduceddelayperiodandincreasedthermalefficiency



Module-IIIGNITION

SYSTEM

BasicallyConvectionalIgnitionsystemsareof2types:
(a)BatteryorCoilIgnitionSystem,and
(b)MagnetoIgnitionSystem

Boththeseconventional,ignitionsystemsworkonmutualelectromagnetic
inductionprinciple.

BatteryorCoilIgnitionSystem:
-usedin4-wheelers,butnow-a-daysitismorecommonlyusedin2-wheelersalso(i.e.
Buttonstart,2-wheelerslikePulsar,KineticHonda;Honda-Activa,Scooty,Fiero,etc.)

-Theignitionsystemisdividedinto2-circuits:

(i)PrimaryCircuit:
-consistsof6or12Vbattery,ammeter,ignitionswitch,primarywinding
-ithas200-300turnsof20SWG(SharpsWireGauge)gaugewire,contactbreaker,capacitor.

(ii)SecondaryCircuit:

-consistsofsecondarywindingorcoilwhichhave21000turnsof40(SWG)gaugewire.
-bottomendofwhichisconnectedtobottomendofprimaryandtopendof
secondarywindingorcoilisconnectedtocentreofdistributorrotor.
-distributorrotorsrotateandmakecontactswithcontactpointsandare
connectedtosparkplugswhicharefittedincylinderheads.

C=condenser,P=primarycoil,S=secondarycoil,R1=ballastresistance,SW1=ignitionswitch,

SW2=contactbreaker

Fig.22.Circuitdiagramforaconventionalsparkignitionsystem

Working:

-Whentheignitionswitchisclosedandengineincranked,assoonasthecontact

breakercloses,alowvoltagecurrentwillflowthroughtheprimarywinding.Itisalso

tobenotedthatthecontactbeakercamopensandclosesthecircuit4-times(for4

cylinders)inone



revolution.Whenthecontactbreakeropensthecontact,themagneticfieldbeginsto

collapse.Becauseofthiscollapsingmagneticfield,currentwillbeinducedinthe

secondarywinding.Andbecauseofmoreturns(@ 21000turnsofsecondary,

voltagegoesunto28000-30000volts.Thishighvoltagecurrentisbroughttocentre

ofthedistributorrotor.Distributorrotorrotatesandsuppliesthishighvoltagecurrent

toproperstarkplugdependingupontheenginefiringorder.Whenthehighvoltage

currentjumpsthesparkpluggap,itproducesthesparkandthechargeisignited-

combustionstarts-productsofcombustionexpandandproducepower.

-TheFunctionofthecapacitoristoreducearcingatthecontactbreaker(CB)points.
AlsowhentheCBopensthemagneticfieldintheprimarywindingbeginstocollapse.
Whenthemagneticfieldiscollapsingcapacitorgetsfullychargedandthenitstarts
dischargingandhelpsinbuildingupofvoltageinsecondarywinding.
-Contactbreakercamanddistributorrotoraremountedonthesameshaft.
-In2-strokecycleenginesthesearemotoredatthesameenginespeed.Andin4-
strokecycleenginestheyaremotoredathalftheenginespeed.
-Agoodsparkisavailableatlowspeedalso.
-Occupiesmorespace.
-Rechargingisamustincasebatterygetsdischarged.

MagnetoIgnitionSystem:
-magnetowillproduceandsupplytherequiredcurrenttotheprimarywindingorcoil
-rotatingmagnetowithfixedcoilorrotatingcoilwithfixedmagnetoforproducing
andsupplyingcurrenttoprimary,remainingarrangementissameasthatofabattery
ignitionsystem
-nobatteryrequired
-duringstartingthequalityofsparkispoorduetoslowspeed
-verymuchcompact

Fig.23.Hightensionmagnetoignition

systemDisadvantageofconventionalignitionsystems
Followingarethedrawbacksofconventionalignitionsystems:
(a)Becauseofarcing,pittingofcontactbreakerpoint
(b)Poorstarting:Afterfewthousandsofkilometresofrunning,thetimingbecomes
inaccurate,whichresultsintopoorstarting(Startingtrouble).
(c)Atveryhighenginespeed,performanceispoorbecauseofinertiaeffectsofthe
movingpartsinthesystem.



(d)Sometimesitisnotpossibletoproducesparkproperlyinfouled

sparkplugs.Duetoaboveproblemelectronicignitionsystemisused.

Followingaretheadvantagesofelectronicignitionsystem:
(a)Movingpartsareabsent-sonomaintenance.
(b)Contactbreakerpointsareabsent-sonoarcing.
(c)Sparkpluglifeincreasesby50%andtheycanbeusedforabout60000km
withoutanyproblem.
(d)Bettercombustionincombustionchamber,about90-95%ofairfuelmixtureis
burntcomparedwith70-75%withconventionalignitionsystem.
(e)Morepoweroutput.
(f)Morefuelefficiency.

Firingorder:

Theorderorsequenceinwhichthefiringtakesplace,indifferentcylindersofa
multi-cylinderengineiscalledFiringOrder.
IncaseofSIenginesthedistributorconnectsthesparkplugsofdifferentcylinders
accordingtoEngineFiringOrder.
Advantages
(a)Aproperfiringorderreducesenginevibrations
(b)Maintainsenginebalancing.
(c)Securesanevenflowofpower.

 Firingorderdiffersfromengine-to-engine.
 Probablefiringordersfordifferentenginesare:

−3cylinder=1-3-2
−4cylinderengine(inline)=1-3-4-2

1-2-4-3
−4cylinderhorizontalopposedengine=1-4
-3-2(Volkswagenengine)
−6-cylinderinlineengine=1-5-3-6-2-
4(Cranksin3pairs) 1-4-2-6-3-5

1-3-2-6-4-5
1-2-4-6-5-3

−8cylinderinlineengine1-6-2-5-8-3-7-4
1-4-7-3-8-5-2-6

8cylinderVtype1-5-4-8-6-3-7-2
1-5-4-2-6-3-7-8
1-6-2-5-8-3-7-4
1-8-4-3-6-5-7-2

Cylinder1istakenfromfrontofinlineandfrontrightsideinVengines.

Ignitiontiming:
Itisveryimportant,sincethechargeistobeignitedjustbefore(fewdegreesbefore
TDC)theendofcompression,sincewhenthechargeisignited,itwilltakesometime
tocometotherequiredrateofburning.



IgnitionAdvance:
Thepurposeofsparkadvancemechanismistoassurethatundereveryconditionof
engineoperation,ignitiontakesplaceatthemostfavourableinstantintimei.e.most
favourablefromastandpointofenginepower,fueleconomyandminimumexhaust
dilution.Bymeansofthesemechanismstheadvanceangleisaccuratelysetsothat
ignitionoccursbeforeTDCpointofthepiston.Theenginespeedandtheengineload
arethecontrolquantitiesrequiredfortheautomaticadjustmentoftheignitiontiming.
Mostoftheenginesarefittedwithmechanismswhichareintegralwiththe
distributorandautomaticallyregulatetheoptimumsparkadvancetoaccountfor
changeofspeedandload.Thetwomechanismsusedare:(a)Centrifugaladvance
mechanism,and
(b)Vacuumadvancemechanism

Factorsaffectingenergyrequirementofignitionsystem
(a)Effectofseriesresistance:
-Energydissipatedduringdischargeandhencecircuitenergystoredincapacitanceismore
-longerdischargetime

(b)Effectofelectrodematerial:
-ignitionenergyforelectrodegapslargerthanthequenchingdistancevarieswith
materialsfortheelectrodeandincreaseswithanychangetomaterialhaving
higherboilingpoint

(c)Effectofsprayinductance:
-presenceofsmallstrayinductancecauseoscillatorydischarge
-largerresistance,minimuminductancelongerthedischargetime

(d)Effectofelectrodeconfiguration:
-reductioninthecapacitancereducesthedischargetimeandincreaseinthegas
resistancewhichreducesthediameterofthesparkchannel
-increasetheelectrodegapmeanssupplyofignitionenergyoverintervaloftime
decreasesandsparkchannelalsoreduces

*StagesofSIenginecombustion

InSIenginehomogeneousmixtureofvaporisedfuel,airandresidualgasesisignited
byasingleintenseandhightemperaturesparkbetweenthesparkplugelectrode
(electrodesexceeds10,000 Co)andgeneratepre-flamewhichspreadstoenvelope
ofmixtureforcombustion.
ThreestagesofcombustioninSIengineare,

Fig.24.Theoreticalp-diagram Fig.25.StagesofcombustioninSI
engine



I-Ignitionlagorpreparationphase(AB):
-growthanddevelopmentofasemipropagatingnucleusofflame
-chemicalprocessdependinguponthenatureofthefuel,uponbothtemperatureand
pressure,theproportionoftheexhaustgas,andalsouponthetemperature
coefficientofthefuel,thatis,therelationshipofoxidationorburning
-pointAshowsthepassageofsparkandpointBisthefirstriseofpressure
-ignitionlagisgenerallyexpressedintermsofcrankangle
-Ignitionlagisverysmallandliesbetween0.00015to0.0002seconds
-ignitionlagof0.002secondscorrespondsto35degcrankrotationwhentheengine
isrunningat3000RPM
-Angleofadvanceincreasewiththespeed

II-propagationofflame(BC):
-PeriodfromthepointBwherethelineofcombustiondepartsfromthe
compressionlinetopointC,themaximumriseofpressureinP-diagram
-flamepropagatesattheconstantvelocity
-Heattransfertothecylinderwallislow
-rateofheatreleasedependsupontheturbulenceintensityandreactionrate
III-Afterburning(CD):
-AfterpointC,theheatreleaseisduetothefuelinjectioninreducedflamefront
afterthestartsofexpansionstroke
-nopressureriseduringthisperiod

*EffectofenginevariablesonIgnitionlag
Fuel:Highself-ignitiontemperatureoffuellongertheignitionlag.
Mixtureratio:mixturericherthanthestoichiometricratioprovideshorterignition
lagInitialtemperatureandpressure:increasingtheintaketemperatureand
pressure,increasingthecompressionratio,chemicalreactionrateandretarding
thesparkallreducetheignitionlag
Electrodegap:lowerthecompressionratioandhighertheelectrodegapisdesirable
-voltagerequiredatthesparkplugelectrodetoproducesparkisfoundto
increasewithdecreaseinfuel-airratioandwithincreaseincompressionratio
andengineloadTurbulence:directlyproportionaltoenginespeed
-enginespeeddoesnotaffectmuchignitionlagmeasuredinmilliseconds
-butignitionlagincreaseslinearlywithenginespeedwhenmeasuredindegreecrankangle
-sparkadvanceisdesirableinhigherenginespeed

*Effectofenginevariablesonflamepropagation
RateofflamepropagationaffectsthecombustionprocessinSIengines.Higher
combustion efficiencyand fueleconomycan be achieved byhigherflame
propagationvelocities.Unfortunatelyflamevelocitiesformostoffuelrangebetween
10to30m/second.
Thefactorswhichaffecttheflamepropagationsare
1.Airfuelratio
2.Compressionratio
3.Loadonengine
4.Turbulenceandenginespeed
5.Otherfactors

1.A:Fratio:Themixturestrengthinfluencestherateofcombustionandamountof
heatgenerated.Themaximumflamespeedforallhydrocarbonfuelsoccursat
nearly10%rich



mixture.Flamespeedisreducedbothforleanandaswellasforveryrichmixture.
Leanmixturereleaseslessheatresultinglowerflametemperatureandlowerflame
speed.Veryrichmixtureresultsincompletecombustionandalsoresultsin
productionoflessheatandflamespeedremainslow.

2.Compressionratio:Thehighercompressionratioincreasesthepressureand
temperatureofthemixtureandalsodecreasestheconcentrationofresidualgases.
Allthesefactorsreducetheignitionlagandhelptospeedupthesecondphaseof
combustion.Themaximumpressureofthecycleaswellasmeaneffectivepressure
ofthecyclewithincreaseincompressionratio.Figureaboveshowstheeffectof
compressionratioonpressure(indirectlyonthespeedofcombustion)withrespect
tocrankangleforsameA:Fratioandsameangleofadvance.Highercompression
ratioincreasesthesurfacetovolumeratioandtherebyincreasesthepartofthe
mixturewhichafter-burnsinthethirdphase.

3.LoadonEngine:Withincreaseinload,thecyclepressuresincreaseandtheflame
speedalsoincreases.InS.I.engine,thepowerdevelopedbyanengineiscontrolled
bythrottling.Atlowerloadandhigherthrottle,theinitialandfinalpressureofthe
mixtureaftercompressiondecreaseandmixtureisalsodilutedbythemoreresidual
gases.Thisreducestheflamepropagationandprolongstheignitionlag.Thisisthe
reason,theadvancemechanismisalsoprovidedwithchangeinloadontheengine.
Thisdifficultycanbepartlyovercomebyprovidingrichmixtureatpartloadsbutthis
definitelyincreasesthechancesofafterburning.Theafterburningisprolongedwith
richermixture.Infact,poorcombustionatpartloadsandnecessityofproviding
richermixturearethemaindisadvantagesofSIengineswhichcauseswastageof
fuelanddischargeoflargeamountofCOwithexhaustgases.

4.Turbulence:Turbulenceplaysveryimportantroleincombustionoffuelasthe
flamespeedisdirectlyproportionaltotheturbulenceofthemixture.Thisisbecause,
theturbulenceincreasesthemixingandheattransfercoefficientorheattransfer
ratebetweentheburnedandunburnedmixture.Theturbulenceofthemixturecanbe
increasedattheendofcompressionbysuitabledesignofthecombustionchamber
(geometryofcylinderheadandpistoncrown).Insufficientturbulenceprovideslow
flamevelocityandincompletecombustionandreducesthepoweroutput.But
excessiveturbulenceisalsonotdesirableasitincreasesthe combustionrapidly
andleadstodetonation.Excessiveturbulencecausestocooltheflamegenerated
andflamepropagationisreduced.Moderateturbulenceisalwaysdesirableasit
acceleratesthechemicalreaction,reducesignitionlag,increasesflamepropagation
andevenallowsweakmixturetoburnefficiently.

EngineSpeed
Theturbulenceofthemixtureincreaseswithanincreaseinenginespeed.Forthis
reasontheflamespeedalmostincreaseslinearlywithenginespeed.Iftheengine
speedisdoubled,flametotraversethecombustionchamberishalved.Doublethe
originalspeedandhalftheoriginaltimegivethesamenumberofcrankdegreesfor
flamepropagation.Thecrankanglerequiredfortheflamepropagation,whichis
mainphaseofcombustionwillremainalmostconstantatallspeeds.Thisisan
importantcharacteristicofallpetrolengines.

EngineSize
Enginesofsimilardesigngenerallyrunatthesamepistonspeed.Thisisachievedby
usingsmallengineshavinglargerRPMandlargerengineshavingsmallerRPM.Due
tosamepistonspeed,theinletvelocity,degreeofturbulenceandflamespeedare
nearlysameinsimilarenginesregardlessofthesize.However,insmallenginesthe



flametravelissmalland



inlargeengineslarge.Therefore,iftheenginesizeisdoubledthetimerequiredfor
propagationofflamethroughcombustionspaceisalsodoubled.ButwithlowerRPM
oflargeenginesthetimeforflamepropagationintermsofcrankwouldbenearly
sameasinsmallengines.Inotherwords,thenumberofcrankdegreesrequiredfor
flametravelwillbeaboutthesameirrespectiveofenginesizeprovidedtheengines
aresimilar.

5.OtherFactors:Amongtheotherfactors,thefactorswhichincreasetheflame
speedaresuperchargingoftheengine,sparktimingandresidualgasesleftinthe
engineattheendofexhauststroke.Theairhumidityalsoaffectstheflamevelocity
butitsexacteffectisnotknown.Anyhow,itseffectisnotlargecomparedwithA:F
ratioandturbulence.

*Detonationorknocking

Knockingisduetoautoignitionofendportionofunburnedchargeincombustion
chamber.Asthenormalflameproceedsacrossthechamber,pressureand
temperatureofunburnedchargeincreaseduetocompressionbyburnedportionof
charge.This unburned compressed charge may auto ignite undercertain
temperatureconditionandreleasetheenergyataveryrapidratecomparedto
normalcombustionprocessincylinder.Thisrapidreleaseofenergyduringauto
ignitioncausesahighpressuredifferentialincombustionchamberandahigh
pressurewaveisreleasedfrom autoignitionregion.Themotionofhighpressure
compressionwavesinsidethecylindercausesvibrationofenginepartsandpinging
noiseanditisknownasknockingordetonation.Thispressurefrequencyorvibration
frequencyinSIenginecanbeupto5000Cyclespersecond.Denotationis
undesirableasitaffectstheengineperformanceandlife,asitabruptlyincreases
suddenlargeamountofheatenergy.Italsoputalimitoncompressionratioatwhich
enginecanbeoperatedwhichdirectlyaffectstheengineefficiencyandoutput.

Fig.26.DetonationinSIengine

*Autoignition
Amixtureoffuelandaircanreactspontaneouslyandproduceheatbychemical
reactionintheabsenceofflametoinitiatethecombustionorself-ignition.Thistype
ofself-ignitionintheabsenceofflameisknownasAuto-Ignition.Thetemperatureat
whichtheself-ignitiontakesplaceisknownasself-ignitingtemperature.The
pressureandtemperatureabruptlyincreaseduetoauto-ignitionbecauseofsudden
releaseofchemicalenergy.Thisauto-



ignitionleadstoabnormalcombustionknownasdetonationwhichisundesirable
becauseitsbadeffectontheengineperformanceandlifeasitabruptlyincreases
suddenlargeamountofheatenergy.Inadditiontothisknockingputsalimitonthe
compressionratioatwhichanenginecanbeoperatedwhichdirectlyaffectsthe
engineefficiencyandoutput.

*Pre-ignition
Pre-ignitionistheignitionofthehomogeneousmixtureofchargeasitcomesin
contactwithhotsurfaces,intheabsenceofspark.Autoignitionmayoverheatthe
sparkplugandexhaustvalveanditremainssohotthatitstemperatureissufficient
toignitethechargeinnextcycleduringthecompressionstrokebeforesparkoccurs
andthiscausesthepre-ignitionofthecharge.Pre-ignitionisinitiatedbysome
overheatedprojectingpartsuchasthesparkingplugelectrodes,exhaustvalvehead,
metalcornersinthecombustionchamber,carbondepositsorprotrudingcylinder
headgasketrimetc.pre-ignitionisalsocausedbypersistentdetonatingpressure
shockwaves scoring away the stagnantgases which normally protectthe
combustionchamberwalls.Theresultingincreasedheatflowthroughthewalls,
raisesthesurfacetemperatureofanyprotrudingpoorlycooledpartofthechamber,
andthisthereforeprovidesafocalpointforpre-ignition.

EffectsofPre-ignition
-Itincreasethetendencyofdenotationintheengine
-Itincreasesheattransfertocylinderwallsbecausehightemperaturegasremains
incontactwithforalongertime
-Pre-ignitioninasinglecylinderwillreducethespeedandpoweroutput
-Pre-ignitionmaycauseseizerinthemulti-cylinderengines,onlyifonlycylinders
havepre-ignition

*Effectofdetonation
Theharmfuleffectsofdetonationareasfollows:
1.Noiseandroughness:knockingproducesaloudpulsatingnoiseandpressure
waves.Thesewavesvibratebackandforthacrossthecylinder.Thepresenceof
vibratorymotioncausescrankshaftvibrationsandtheenginerunsrough.
2.Mechanicaldamage:
(a)Highpressurewavesgeneratedduringknockingcanincreaserateofwearofparts
ofcombustionchamber.Severerosionofpistoncrown(inamannersimilartothat
ofmarinepropellerbladesbycavitation),cylinderheadandpittingofinletandoutlet
valvesmayresultincompletewreckageoftheengine.
(b)Detonationisverydangerousinengineshavinghighnoiselevel.Insmallengines
theknockingnoiseiseasilydetectedandthecorrectivemeasurescanbetakenbut
inaero-enginesitisdifficulttodetectknockingnoiseandhencecorrective
measurescannotbetaken.Henceseveredetonationmaypersistforalongtime
whichmayultimatelyresultincompletewreckageofthepiston.
3.Carbondeposits:Detonationresultsinincreasedcarbondeposits.
4.Increaseinheattransfer:Knockingisaccompaniedbyanincreaseintherateof
heattransfertothecombustionchamberwalls.
Theincreaseinheattransferisduetotworeasons.
-Theminorreasonisthatthemaximumtemperatureinadetonatingengineis
about150°Chigherthaninanon-detonatingengine,duetorapidcompletionof
combustion
-Themajorreasonforincreasedheattransferisthescouringawayofprotective
layerofinactivestagnantgasonthecylinderwallsduetopressurewaves.The
inactivelayerofgas



normallyreducestheheattransferbyprotectingthecombustionandpistoncrown
fromdirectcontactwithflame.
5.Decreaseinpoweroutputandefficiency:Duetoincreaseintherateofheat
transferthepoweroutputaswellasefficiencyofadetonatingenginedecreases.
6Pre-ignition:increaseintherateofheattransfertothewallshasyetanothereffect.
Itmaycauselocaloverheating,especiallyofthesparkingplug,whichmayreacha
temperaturehighenoughtoignitethechargebeforethepassageofspark,thus
causingpre-ignition.Anenginedetonatingforalongperiodwouldmostprobably
leadtopre-ignitionandthisistherealdangerofdetonation.

*EffectofengineoperatingvariablesontheengineknockingDetonation

Thevariousenginevariablesaffectingknockingcanbeclassifiedas:
-Temperaturefactors
-Densityfactors
-Timefactors
-Compositionfactors

(a)Temperaturefactors:
Increasingthetemperatureoftheunburnedmixtureincreasethepossibilityofknock
inSIengine,theeffectoffollowingengineparametersonthetemperatureofthe
unburnedmixture:
-Raisingthecompressionratio:Increasingthecompressionratioincreasesboththe
temperatureandpressure(densityoftheunburnedmixture).Increaseintemperature
reducesthedelayperiodoftheendgaswhichinturnincreasesthetendencyto
knock.
-Supercharging:Italsoincreasesbothtemperatureanddensity,whichincreasethe
knockingtendencyofengine
-Coolanttemperature:Delayperioddecreaseswithincreaseofcoolanttemperature,
decreaseddelayperiodincreasethetendencytoknock
-Temperatureofthecylinderandcombustionchamberwalls:Thetemperatureofthe
endgasdependsonthedesignofcombustionchamber.Sparkingplugandexhaust
valvearetwohottestpartsinthecombustionchamberanduneventemperature
leadstopre-ignitionandhencetheknocking.

(b)Densityfactors:
Increasingthedensityofunburntmixturewillincreasethepossibilityofknockinthe
engine.Theengineparameterswhichaffectthedensityareasfollows:
-Increasedcompressionratioincreasethedensity
-Increasingtheloadopensthethrottlevalvemoreandthusthedensity
-Superchargingincreasethedensityofthemixture
-Increasingtheinletpressureincreasestheoverallpressureduringthecycle.The
highpressureendgasdecreasesthedelayperiodwhichincreasethetendencyof
knocking.
-Advancedsparktiming:quantityoffuelburntpercyclebeforeandafterTDC
positiondependsonsparktiming.Thetemperatureofchargeincreasesby
increasingthesparkadvanceanditincreaseswithrateofburninganddoesnot
allowsufficienttimetotheendmixturetodissipatetheheatandincreasethe
knockingtendency

(c)Timefactors:
Increasingthetimeofexposureoftheunburnedmixturetoauto-ignitionconditions
increasethepossibilityofknockinSIengines.



Flametraveldistance:Ifthedistanceofflametravelismore,thenpossibilityof
knockingisalsomore.Thisproblemcanbesolvedbycombustionchamberdesign,
sparkpluglocationandenginesize.Compactcombustionchamberwillhavebetter
anti-knockcharacteristics,sincetheflametravelandcombustiontimewillbeshorter.
Further,ifthecombustionchamberishighlyturbulent,thecombustionrateishigh
andconsequentlycombustiontimeisfurtherreduced;thisfurtherreducesthe
tendencytoknock.
Locationofsparkplug:Asparkplugwhichiscentrallylocatedinthecombustion
chamberhasminimumtendencytoknockastheflametravelisminimum.Theflame
travelcanbereducedbyusingtwoormoresparkplugs.
Locationofexhaustvalve:Theexhaustvalveshouldbelocatedclosetothespark
plugsothatitisnotintheendgasregion;otherwisetherewillbeatendencyto
knock.
Enginesize:Largeengineshaveagreaterknockingtendencybecauseflamerequires
alongertimetotravelacrossthecombustionchamber.InSIenginetherefore,
generallylimitedto100mm
Turbulenceofmixture:decreasingtheturbulenceofthemixturedecreasestheflame
speedandhenceincreasesthetendencytoknock.Turbulencedependsonthe
designofcombustionchamberandoneenginespeed.

(d)Composition:
ThepropertiesoffuelandA/Fratioareprimarymeanstocontrolknock:
(i)MolecularStructure:Theknockingtendencyismarkedlyaffectedbythetypeof
thefuelused.Petroleum fuelsusuallyconsistofmanyhydro-carbonsofdifferent
molecularstructure.Thestructureofthefuelmoleculehasenormouseffecton
knockingtendency.Increasingthecarbon-chainincreasestheknockingtendency
andcentralizingthecarbonatomsdecreasestheknockingtendency.Unsaturated
hydrocarbonshavelessknockingtendencythansaturatedhydrocarbons.
Paraffins
-Increasingthelengthofcarbonchainincreasestheknockingtendency.
-Centralisingthecarbonatomsdecreasestheknockingtendency.
-Addingmethylgroup(CHtothesideofthecarbonchaininthecentrepositiondecreases
theknockingtendency.
Olefins
-Introductionofonedoublebondhaslittleeffectonanti-knockqualitybuttwoor
threedoublebondresultslessknockingtendencyexceptCandC
NapthenesandAromatics
-Naptheneshavegreaterknockingtendencythancorrespondingaromatics.
-Withincreasingdouble-bonds,theknockingtendencyisreduced.
-Lengtheningthesidechainsincreasestheknockingtendencywhereasbranchingof
thesidechaindecreasestheknockingtendency.
(ii)Fuel-airratio:Themostimportanteffectoffuel-aftratioisonthereactiontimeor
ignitiondelay.Whenthemixtureisnearly10%richerthanstoichiomiric(fuel-airratio
=0.08)ignitionlagoftheendgasisminimumandthevelocityofflamepropagation
ismaximum.Bymakingthemixtureleanerorricher(thanF/A0.08)thetendencyto
knockisdecreased.Atoorichmixtureisespeciallyeffectiveindecreasingor
eliminatingtheknockduetolongerdelayandlowertemperatureofcompression.
(iii)Humidityofair:Increasingatmospherichumiditydecreasesthetendencyto
knockbydecreasingthereactiontimeofthefuel



*SIenginecombustionchamber

(a)T-headcombustionchamber:2camshaft,pronetodetonation,averageoctane
number45-50
(b)I-headorsidevalvecombustionchamber:
-lackofturbulence
-extremelysensitivetoignitiontiming
-pronetodetonation

(c)F-headcombustionchamber:
-CompromisebetweenI-headandL-head

*StagesofcombustioninCIengine

1.Ignitiondelayperiod:
Theperiodbetweenthestartoffuelinjectionintothecombustionchamberandthe

startofcombustionistermedasignitiondelayperiod.Thestartofcombustionis

determinedfrom thechangeinslopeonp-diagramorfromheatreleaseanalysis

ofthep- data,orfrom luminositydetectorinexperimentalconditions.Startof

injectioncanbedeterminedbyaneedle-liftindicatortorecordthetimewheninjector

needleliftsoffitsseat.Startofcombustionismoredifficulttodetermineprecisely.

Itisbestidentifiedfromthechangeinslopeofheatreleaserate,determinedfrom

cylinderpressuredata.InDIenginesignitioniswelldefined,inIDIenginesignition

pointishardertoidentify

Fig.27.StagesofcombustioninCI
engine

Bothphysicalandchemicalprocessesmusttakeplacebeforeasignificantfraction

ofthechemicalenergyoftheinjectedliquidisreleased.

Physicalprocessesarefuelsprayatomization,evaporationandmixingoffuelvapour

withcylinderair.



Goodatomizationrequireshighfuel-injectionpressure,smallinjectorhole,optimum

fuelviscosity,highcylinderpressure(largedivergenceangle).

Rateofvaporizationofthefueldropletsdependsondropletdiameter,velocity,fuel

volatility,pressureandtemperatureoftheair.

Chemicalprocessessimilartothatdescribedforautoignitionphenomenonin

premixedfuel-air,onlymorecomplexsinceheterogeneousreactions(reactions

occurringontheliquidfueldropsurface)alsooccur.

Chemicaldelayismoreeffectiveforthedurationoftheignitiondelay
period.Ignitiondelayperiodisintherangeof
0.6to3msforlow-compressionratioDIdieselengines,
0.4to1msforhigh-compressionratio,turbochargedDIdieselengines,
0.6to1.5msforIDIdieselengines

2.Rapidoruncontrolledorpre-mixedcombustionphase:
Combustionofthefuelwhichhasmixedwithairwithinflammabilitylimitsduring
ignitiondelayperiodoccursrapidlyinafewcrankangledegrees-highheatrelease
characteristicsinthisphase.Iftheamountoffuelcollectedinthecombustion
chamberduringtheignitiondelayismuch-highheatreleaserateresultsinarapid
pressurerisewhichcausesthedieselknock.
.
Forfuelswithlowcetanenumber,withlongignitiondelay,ignitionoccurslateinthe
expansionstroke-incompletecombustion,reducedpoweroutput,poorfuel
conversionefficiency.Ifthepressuregradientisintherange0.4-0.5MPa/oCA,
engineoperationisnotsmoothanddieselsknockstarts.Thisvalueshouldbeinthe
range0.2to0.3MPa/oCAforsmoothoperation(maxallowablevalueis1.0MPa/oCA)
oftheengine.

3.Controlledordiffusioncombustionphase:
Oncethefuelandairwhichispre-mixedduringtheignitiondelayisconsumed,the
burningrate(heatreleaserate)iscontrolledbytherateatwhichmixturebecomes
availableforburning.Therateofburninginthisphaseismainlycontrolledbythe
mixingprocessoffuelvapourandair.Liquidfuelatomization,vaporization,pre
flamechemicalreactionsalsoaffecttherateofheatrelease.
Heatreleaseratesometimesreachesasecondpeak(whichislowerinmagnitude)
andthendecreasesasthephaseprogresses.Generallyitisdesirabletohavethe
combustionprocessneartheTDCforlowparticulate(soot)emissionsandhigh
performance(andefficiency).

4.Afterburningorlatecombustionphase:
Heatreleaseratecontinuesatalowerrateintotheexpansionstroke-thereare
severalreasonsforthis:asmallfractionofthefuelmaynotyetburn,afractionof
theenergyispresentinsootandfuel-richcombustionproductsandcanbereleased.
Thecylinderchargeisnon-uniform andmixingduringthisphasepromotesmore
completecombustionandlessdissociatedproductgases.Kineticsisslower.

*Variablesaffectingdelayperiod
(i)Cetanenumber
Bothphysicalandchemicalpropertiesofthefuelareimportant.Ignitionqualityof
thefuelisdefinedbyitscetanenumber.Straightchainparafiniccompounds(normal
alkanes)have



highestignitionquality,whichimprovesasthechainlengthincreases.Aromatic
compounds,alcoholshavepoorignitionquality.
-Cetanenumbercanbeincreasedbyignition-acceleratingadditiveslikeorganic
peroxides,nitrates,nitritesand varioussulphurcompounds.Mostimportant
(commercially)isalkylnitrates–about0.5%byvolinadistillatefuelincreaseCNby
10.
-NormaldieselfuelhasCNof40to55(highspeed50–60,lowspeed25–45

(ii)Injectiontiming
-Atnormaloperatingconditionsminignitiondelay(ID)occurswithstartofinjection
at10to15OCABTDC
-Cylindertemperatureandpressuredropsifinjectionisearlierorlater(highatfirst
butdecreaseasdelayproceeds)

(iii)Injectionquantity(load)
-ReducingengineloadchangesAFR,coolsdowntheengine,reduceswall
temperatures,reducesresidualgastemperaturesandincreaseID
-Dropletsize,injectionvelocityandrateIgnitionqualitywithinpracticallimitsdonot
havesignificanteffectonID
-IncreaseininjectionpressureproducesonlymodestdecreaseinIDInjectornozzlediameter
-effectsofdropletsizebuthasnosignificanteffectonID

(iv)Intakeairtemperatureandpressure
-ReducingintakeairTandpincreaseID
-StrongdependenceofIDonchargetemperaturebelow1000K–abovethisvalue
effectofintakeairconditionsisnotsignificant.

(v)Enginespeed
Increaseinenginespeedincreasestheairmotionandturbulence,reducesIDtime
slightly(inms),intermsofCAdegreesIDincreasesalmostlinearly.
-Achangeinenginespeed,changes“temp~time”and“pressure~time”relationships

(vi)Combustionchamberdesign
-SprayimpingementonthewallseffectfuelevaporationandIDincreasein
compressionratio,increasepandTandreducesID
-Reducingstrokevolume,increasesurfaceareatovolumeratio,increaseengine
coolingandincreaseID

(vii)Swirlrate
-Changeofevaporationrateandair-fuelmixing-undernormaloperating
conditionstheeffectissmall.
-Atstart-up(lowenginespeedandtemperature)moreimportant,highrateof
evaporationandmixingisobtainedbyswirl

(viii)Oxygenconcentration
ResidualgasesreduceO2concentrationandreducingoxygenconcentrationincreasesID

*Dieselknock
-CIenginedetonationoccursinthebeginningofcombustion
-InCIenginethefuelandairareimperfectlymixedandhencetherateofpressure
riseisnormallycauseaudibleknock.Rateofpressurerisemayreachashighas
10bar/oCA



-Highenginevibrationisthesymptomsofknocking
-nopre-ignitionorprematureignitionaslikeSIengine

Fig.28.DetonationinSIandCIengine

*Combustionchamber

(i)Accordingtotheswirlofair

(a)Inductionswirloropenchamberornon-turbulentchamber
(b)Compressionswirl
(c)Combustioninducedswirl

(ii)Accordingtospeedoftheengine

(a)Lowspeedengine(n˂1500rpm):

-Shallow,swirl-lesscombustionchambers
-Direct,multi-jetfuelinjection

(b)Mediumspeedengine(n=1500-3000rpm):
-Deepcombustionchamberswithintensiveswirlofcharge
-Directinjectionofatomisedfuel
(c)highspeedengine(n=3000-5000rpm):
-Pre-chambers(sectionalcombustionchambers)
-Indirectinjectionoffuelintothepre-chamber



Module-III

TESTINGANDPERFORMANCE

Engineperformanceisanindicationofthedegreeofsuccessoftheengineperforms
itsassignedtask,i.e.theconversionofthechemicalenergycontainedinthefuelinto
theusefulmechanicalwork.Theperformanceofanengineisevaluatedonthebasis
ofthefollowing;
(a)SpecificFuelConsumption.
(b)BrakeMeanEffectivePressure.
(c)SpecificPowerOutput.
(d)SpecificWeight.
(e)ExhaustSmokeandOtherEmissions.

Basicmeasurements:
Thebasicmeasurementstobeundertakentoevaluatetheperformanceofanengine
onalmostalltestsarethefollowing:
(a)Speed
(b)Fuelconsumption
(c)Airconsumption
(d)Smokedensity
(e)Brakehorse-power
(f)Indicatedhorsepowerandfrictionhorsepower
(g)HeatbalancesheetorperformanceofSIandCIengine
(h)Exhaustgasanalysis

1.Measurementofspeed:
-Oneofthebasicmeasurementsisthatofspeed.Awidevarietyofspeedmeasuring
devicesareavailableinthemarket.Theyrangefrom amechanicaltachometerto
digitalandtriggeredelectricaltachometers.
-Thebestmethodofmeasuringspeedistocountthenumberofrevolutionsina
giventime.Thisgivesanaccuratemeasurementofspeed.Manyenginesarefitted
withsuchrevolutioncounters.
-A mechanicaltachometeroranelectricaltachometercanalsobeusedfor
measuringthespeed.
-Theelectricaltachometerhasathree-phasepermanent-magnetalternatortowhich
avoltmeterisattached.-Theoutputofthealternatorisalinearfunctionofthespeed
andisdirectlyindicatedonthevoltmeterdial.
-Both electricaland mechanicaltypes oftachometers are affected bythe
temperaturevariationsandarenotveryaccurate.Foraccurateandcontinuous
measurementofspeedamagneticpick-upplacednearatoothedwheelcoupledto
theengineshaftcanbeused.
-Themagneticpick-upwillproduceapulseforeveryrevolutionandapulsecounter
willaccuratelymeasurethespeed.

2.Fuelconsumptionmeasurement:
Fuelconsumptionismeasuredintwoways:
(a)Thefuelconsumptionofanengineismeasuredbydeterminingthevolumeflow
inagiventimeintervalandmultiplyingitbythespecificgravityofthefuelwhich
shouldbemeasuredoccasionallytogetanaccuratevalue.
(b)Anothermethodistomeasurethetimerequiredforconsumptionofagivenmassoffuel.



Asalreadymentionedtwobasictypesoffuelmeasurementmethodsare:
-Volumetrictype
-Gravimetrictype
VolumetrictypeflowmeterincludesBurettemethod,AutomaticBuretteflow
meterandTurbineflowmeter.

GravimetricFuelFlowMeasurement
Theefficiencyofanengineisrelatedtothekilogramsoffuelwhichareconsumed
andnotthenumberoflitres.Themethodofmeasuringvolumeflowandthen
correctingitforspecificgravityvariationsisquiteinconvenientandinherentlylimited
inaccuracy.Insteadiftheweightofthefuelconsumedisdirectlymeasuredagreat
improvementinaccuracyandcostcanbeobtained.Therearethreetypesof
gravimetrictypesystemswhicharecommerciallyavailableincludeActualweighing
offuelconsumed,FourOrificeFlowmeter,etc.

3.Measurementofairconsumption:
InICengines,thesatisfactorymeasurementofairconsumptionisquitedifficult
becausetheflowispulsating,duetothecyclicnatureoftheengineandbecausethe
airacompressiblefluid.Therefore,thesimplemethodofusinganorificeinthe
inductionpipeisnotsatisfactorysincethereadingwillbepulsatingandunreliable.
Allkineticflow-inferringsystemssuchasnozzles,orificesandventurieshavea
squarelawrelationshipbetweenflowrateanddifferentialpressurewhichgivesrise
tosevereerrorsonunsteadyflow.Pulsationproducederrorsareroughlyinversely
proportionaltothepressureacrosstheorificeforagivensetofflowconditions.The
variousmethodsandmetersusedforairflowmeasurementinclude,
(a)Airboxmethod,and
(b)Viscous-flowairmeter

4.Measurementofbrakepower:
Thebrakepowermeasurementinvolvesthedeterminationofthetorqueandthe
angularspeedoftheengineoutputshaft.Thetorquemeasuringdeviceiscalleda
dynamometer.
Dynamometerscanbebroadlyclassifiedintotwomaintypes,powerabsorption
dynamometersandtransmissiondynamometer.
AbsorptionDynamometers
Thesedynamometersmeasureandabsorbthepoweroutputoftheenginetowhich
theyarecoupled.Thepowerabsorbedisusuallydissipatedasheatbysomemeans.
Exampleofsuchdynamometersispronybrake,ropebrake,hydraulicdynamometer,
etc.
TransmissionDynamometers
Intransmissiondynamometers,thepoweristransmittedtotheloadcoupledtothe
engineafteritisindicatedonsometypeofscale.Thesearealsocalledtorque-
meters.

(a)Pronybrakedynamometer
Oneofthesimplestmethodsofmeasuringbrakepower(output)istoattemptto
stoptheenginebymeansofabrakeontheflywheelandmeasuretheweightwhich
anarmattachedtothebrakewillsupport,asittriestorotatewiththeflywheel.
Itconsistsofwoodenblockmountedonaflexibleropeorbandthewoodenblock
whenpressedintocontactwiththerotatingdrumtakestheenginetorqueandthe
powerisdissipatedinfrictionalresistance.Spring-loadedboltsareprovidedto
tightenthewoodenblockandhenceincreasethefriction.



Fig.29.Pronybrake
Thewholeofthepowerabsorbedisconvertedintoheatandhencethistypeof
dynamometermustthecooled.Thebrakehorsepowerisgivenby

BP=2pNT
where,T=W×

lWbeingtheweightappliedataradiusl.

(b)Ropebrake
Itconsistsofanumberofturnsofropewoundaroundtherotatingdrumattachedto
theoutputshaft.Onesideoftheropeisconnectedtoaspringbalanceandtheother
toaloadingdevice.Thepowerisabsorbedinfrictionbetweentheropeandthedrum.
Thedrumthereforerequirescooling.

Fig.30.Ropebrake
Ropebrakeischeapandeasilyconstructedbutnotaveryaccuratemethod
becauseofchangesinthefrictioncoefficientoftheropewithtemperature.

Thebpisgivenby
bp=pDN(W−S)

where,Disthebrakedrumdiameter,WistheweightinNewtonandSisthe
springscalereading.

(c)HydraulicDynamometer
Hydraulicdynamometerworksontheprincipleofdissipatingthepowerinfluid
frictionratherthanindryfriction.
-Inprincipleitsconstructionissimilartothatofafluidflywheel.
-Itconsistsofaninnerrotatingmemberorimpellercoupledtotheoutputshaftoftheengine.
-Thisimpellerrotatesinacasingfilledwithfluid.
-Thisoutercasing,duetothecentrifugalforcedeveloped,tendstorevolvewiththe
impeller,butisresistedbyatorquearmsupportingthebalanceweight.



-Thefrictionalforcesbetweentheimpellerandthefluidaremeasuredbythespring-
balancefittedonthecasing.
-Theheatdevelopedduetodissipationofpoweriscarriedawaybyacontinuous
supplyoftheworkingfluid,usuallywater.
-Theoutputcanbecontrolledbyregulatingthesluicegateswhichcanbemovedin
andouttopartiallyorwhollyobstructtheflowofwaterbetweenimpeller,andthe

casing.

Fig.31.Hydraulicdynamometer
(d)EddyCurrentDynamometer
Itconsistsofastatoronwhicharefittedanumberofelectromagnetsandarotor
discmadeofcopperorsteelandcoupledtotheoutputshaftoftheengine.Whenthe
rotorrotateseddycurrentsareproducedinthestatorduetomagneticfluxsetupby
thepassageoffieldcurrentintheelectromagnets.Theseeddycurrentsare
dissipatedinproducingheatsothatthistypeofdynamometeralsorequiressome
coolingarrangement.Thetorqueismeasuredexactlyasinothertypesofabsorption
dynamometers,i.e.withthehelpofamomentarm.Theloadiscontrolledby

regulatingthecurrentintheelectromagnets.

Fig.32.Eddycurrentdynamometer

Thefollowingarethemainadvantagesofeddycurrentdynamometer:
(a)Highbrakepowerperunitweightofdynamometer.



(b)Theyofferthehighestratioofconstantpowerspeedrange(upto5:1).
(c)Leveloffieldexcitationisbelow1%oftotalpowerbeinghandledby
dynamometer,thus,easytocontrolandprogramme.
(d)Developmentofeddycurrentissmoothhencethetorqueisalsosmoothand
continuousunderallconditions.
(e)Relativelyhighertorqueunderlowspeedconditions.
(f)Ithasnointricaterotatingpartsexceptshaftbearing.
(g)Nonaturallimittosize-eithersmallorlarge.

(e)SwingingFieldd.c.Dynamometer
Basically,aswingingfieldd.c.dynamometerisad.c.shuntmotorsosupportedon
trunnionbearingstomeasuretheiractiontorquethattheoutercaseandfiledcoils
tendtorotatewiththemagneticdrag.Hence,thenameswingingfield.Thetorqueis
measuredwithanarmandweighingequipmentintheusualmanner.
Manydynamometersareprovidedwithsuitableelectricconnectionstorunasmotor
also.Thenthedynamometerisreversible,i.e.worksasmotoringaswellaspower
absorbingdevice.
-Whenusedasanabsorptiondynamometeritworksasad.c.generatorandconverts
mechanicalenergyintoelectricenergywhichisdissipatedinanexternalresistoror
fedbacktothemains.
-Whenusedasamotoringdeviceanexternalsourceofd.c.voltageisneededto
drivethemotor.
Theloadiscontrolledbychangingthefieldcurrent.

FanDynamometer
Itisalsoanabsorptiontypeofdynamometerinthatwhendrivenbytheengineit
absorbstheenginepower.Suchdynamometersareusefulmainlyforroughtesting
andrunning.Theaccuracyofthefandynamometerisverypoor.Thepowerabsorbed
isdeterminedbyusingpreviouscalibrationofthefanbrake.

TransmissionDynamometers
Transmissiondynamometers,alsocalledtorquemeters,mostlyconsistofasetof
strain-gaugesfixedontherotatingshaftandthetorqueismeasuredbytheangular
deformationoftheshaftwhichisindicatedasstrainofthestraingauge.Usually,a
fourarm bridgeisusedtoreducetheeffectoftemperaturetominimum andthe
gaugesarearrangedinpairssuchthattheeffectofaxialortransverseloadonthe
straingaugesisavoided.

Fig.33.Transmissiondynamometer



Transmissiondynamometersareveryaccurateandareusedwherecontinuous
transmissionofloadisnecessary.Theseareusedmainlyinautomaticunits.

5.Measurementoffrictionpower:
-Thedifferencebetweenindicatedpowerandthebrakepoweroutputofanengineis
thefrictionpower.
-Almostinvariably,thedifferencebetweenagoodengineandabadengineisdueto
differencebetweentheirfrictionallosses.
-Thefrictionallossesareultimatelydissipatedtothecoolingsystem(andexhaust)
astheyappearintheformoffrictionalheatandthisinfluencesthecoolingcapacity
required.Moreover,lowerfrictionmeansavailabilityofmorebrakepower;hence
brakespecificfuelconsumptionislower.
-Thebsfcriseswithanincreaseinspeed.Thus,theleveloffrictiondecidesthe
maximumoutputoftheenginewhichcanbeobtainedeconomically.

Thefrictionforcepowerofanengineisdeterminedbythefollowingmethods:
(a)Willan‟slinemethod.
(b)Morsetest.
(c)Motoringtest.
(d)Differencebetweenipandbp.

(a)Willan’slinemethod
-Inthismethod,grossfuelconsumptionvs.bpataconstantspeedisplottedandthe
graphisextrapolatedbacktozerofuelconsumption.
-Thepointwherethisgraphcutsthebpaxisisanindicationofthefrictionpowerof
theengineatthatspeed.Thisnegativeworkrepresentsthecombinedlossdueto
mechanicalfriction,pumpingandblowby.
-Themaindrawbackofthismethodisthelongdistancetobeextrapolatedfromdata
measuredbetween5and40%loadtowardsthezerolineoffuelinput.
-Thedirectionalmarginoferrorisratherwidebecauseofthegraphwhichmaynot
beastraightlinemanytimes.
-Thechangingslopealongthecurveindicatespartefficienciesofincrementsoffuel.
Thepronouncedchangeintheslopeofthislinenearfullloadreflectsthelimiting
influenceoftheair-fuelratioandofthequalityofcombustion.
-Similarly,thereisaslightcurvatureatlightloads.Thisisperhapsduetodifficultyin
injectingaccuratelyandconsistentlyverysmallquantitiesoffuelpercycle.
-Therefore,itisessentialthatgreatcareshouldbetakenatlightloadstoestablish
thetruenatureofthecurve.
-TheWillan‟slineforaswirl-chamberCIengineisstraighterthanthatforadirect
injectiontypeengine.



Fig.34.Willian’slinemethod
Theaccuracyobtainedinthismethodisgoodandcomparesfavourablywithother
methodsifextrapolationiscarefullydone.

(b)MorseTest
-TheMorsetestisapplicableonlytomulticylinderengines.
-Inthistest,theengineisfirstrunattherequiredspeedandtheoutputismeasured.
-Then,onecylinderiscutoutbyshortcircuitingthesparkplugorbydisconnecting
theinjectorasthecasemaybe.
-Underthisconditionallothercylinders„motor‟thiscut-outcylinder.
-Theoutputismeasuredbykeepingthespeedconstantatitsoriginalvalue.
-Thedifferenceintheoutputsisameasureoftheindicatedhorsepowerofthecut-
outcylinder.
-Thus,foreachcylindertheipisobtainedandisaddedtogethertofindthetotalipof
theengine.
-Thismethodthoughgivesreasonablyaccurateresultsandisliabletoerrorsdueto
changesinmixturedistributionandotherconditionsbycutting-outonecylinder.In
gasolineengines,wherethereisacommonmanifoldfortwoormorecylindersthe
mixturedistributionaswellasthevolumetricefficiencybothchange.Again,almost
allengineshaveacommonexhaustmanifoldforallcylindersandcuttingoutofone
cylindermaygreatlyaffectthepulsationsinexhaustsystemwhichmaysignificantly
changetheengineperformancebyimposingdifferentbackpressures.

(c)MotoringTest
-Inthemotoringtest,theengineisfirstrunuptothedesiredspeedbyitsownpower
andallowedtoremainatthegivenspeedandloadconditionsforsometimesothat
oil,water,andenginecomponenttemperaturesreachstableconditions.
-Thepoweroftheengineduringthisperiodisabsorbedbyaswingingfieldtype
electricdynamometer,whichismostsuitableforthistest.



-Thefuelsupplyisthencut-offandbysuitableelectric-switchingdevicesthe
dynamometerisconvertedtorunasamotortodrivefor„motor‟theengineatthe
samespeedatwhichitwaspreviouslyrunning.
-Thepowersupplytothemotorismeasuredwhichisameasureofthefhpofthe
engine.Duringthemotoringtestthewatersupplyisalsocut-offsothattheactual
operatingtemperaturesaremaintained.
-Thismethod,thoughdeterminesthefpattemperatureconditionsveryneartothe
actualoperatingtemperaturesatthetestspeedandload,does,notgivethetrue
lossesoccurringunderfiringconditionsduetothefollowingreasons.
(i)Thetemperaturesinthemotoredenginearedifferentfromthoseinafiringengine
becauseevenifwatercirculationisstoppedtheincomingaircoolsthecylinder.This
reducesthelubricatingoiltemperatureandincreasesfrictionincreasingtheoil
viscosity.Thisproblemismuchmoreseveringinair-cooledengines.
(ii)Thepressureonthebearingsandpistonringsislowerthanthefiringpressure.
Loadonmainandconnectingroadbearingsarelower.
(iii)Theclearancebetweenpistonandcylinderwallismore(duetocooling).This
reducesthepistonfriction.
(iv)Theairisdrawnatatemperaturelessthanwhentheengineisfiringbecauseit
doesnotgetheatfromthecylinder(ratherlosesheattothecylinder).Thismakes
theexpansionlinetobelowerthanthecompressionlineonthep-vdiagram.This
lossishowevercountedintheindicatordiagram.
(v)Duringexhaustthebackpressureismorebecauseundermotoringconditions
sufficientpressuredifferenceisnotavailabletoimpartgasesthekineticenergyis
necessarytoexpelthemfromexhaust.

Motoringmethod,however,givesreasonablygoodresultsandisverysuitablefor
findingthelossesduetovariousenginecomponents.Thisinsightintothelosses
causedbyvariouscomponentsandotherparametersisobtainedbyprogressive
stripping-offoftheunderprogressivedismantlingconditionskeepingwaterandoil
circulationintact.Thenthecylinderheadcanberemovedtoevaluate,bydifference,
thecompressionloss.Inthismannerpistonring,pistonetc.canberemovedand
evaluatedfortheireffectonoverallfriction.

(d)Differencebetweenipandbp
(i)Themethodoffindingthefpbycomputingthedifferencebetweenip,asobtained
fromanindicatordiagram,andbp,asobtainedbyadynamometer,istheideal
method.
(ii)Inobtainingaccurateindicatordiagrams,especiallyathighenginespeeds,this
methodisusuallyonlyusedinresearchlaboratories.Itsuseatcommerciallevelis
verylimited.

6.Heatbalancesheet:
Theperformanceofanengineisusuallystudiedbyheatbalance-sheet.Themain
componentsoftheheatbalanceare:
-Heatequivalenttotheeffective(brake)workoftheengine,
-Heatrejectedtothecoolingmedium,
-Heatcarriedawayfromtheenginewiththeexhaustgases,and
-Unaccountedlosses.
Theunaccountedlossesincludetheradiationlossesfromthevariouspartsofthe
engineandheatlostduetoincompletecombustion.Thefrictionlossisnotshown
asaseparateitemtotheheatbalance-sheetasthefrictionlossultimatelyreappears
asheatincoolingwater,exhaustandradiation.



(i)PerformanceofSIengine:
-Atfullthrottlethebrakethermalefficiencyatvariousspeedsvariesfrom20to27
percent,maximumefficiencybeingatthemiddlespeedrange.

Fig.35.HeatbalancesheetforSI
engine

-Thepercentageheatrejectedtocoolantismoreatlowerspeed(»35%)andreduces
athigherspeeds(»25%).Considerablymoreheatiscarriedbyexhaustathigher
speeds.
-Torqueandmeaneffectivepressuredonotstronglydependonthespeedofthe
engine,butdependonthevolumetricefficiencyandfrictionlosses.Maximumtorque
position correspondswith the maximum airchargeorminimum volumetric
efficiencyposition.
-Highpowerarisesfromthehighspeed.Inthespeedrangebeforethemaximum
powerisobtained,doublingthespeeddoublesthepower.
-Atlowenginespeedthefrictionpowerisrelativelylowandbhpisnearlyaslargeas
ip.Asenginespeedincreases,however,fpincreasesatcontinuouslygreaterrateand
thereforebpreachesapeakandstartsreducingeventhoughipisrising.Atengine
speedsabovetheusualoperatingrange,fpincreasesveryrapidly.Also,atthese
higherspeedsipwillreachamaximumandthenfalloff.Atsomepoint,ipandfpwill
beequal,andbpwillthendroptozero.

(ii)PerformanceofCIengine:
TheperformanceofaCIengineatconstantspeedandvariableloadisgivenas,
AstheefficiencyofCIengineismorethantheSIenginethetotallossesareless.
Thecoolantlossismoreatlowloadsandradiation,etc.lossesaremoreathigh
loads.
-Thebmep,bpandtorquedirectlyincreasewithload
-Thelowestbrakespecificfuelconsumptionandhencethemaximumefficiency
occursatabout80%ofthefullload.



Fig.36.HeatbalancesheetofCIengineatconstantspeed

ENGINECOOLING
InaSIengine,coolingmustbesatisfactorytoavoidpre-ignitionandknock.Ina
compressionignitionengine,sinceanormalcombustionisaided,coolingmustbe
sufficienttoallowthepartstooperateproperly.Inshort,coolingisamatterof
equalizationofinternaltemperaturetopreventlocaloverheatingaswellasto
removesufficientheatenergytomaintainapracticaloverallworkingtemperature.

*RequirementsofcoolingsystemintheICengine
ThecoolingsystemisprovidedintheICengineforthefollowingreasons:

-Thetemperatureoftheburninggasesintheenginecylinderreachesupto1500to
2000°C,whichisabovethemeltingpointofthematerialofthecylinderbodyand
headoftheengine.(Platinum,ametalwhichhasoneofthehighestmeltingpoints,
meltsat1750°C,ironat1530°Candaluminiumat657°C.)Therefore,iftheheatis
notdissipated,itwouldresultinthefailureofthecylindermaterial.

-Duetoveryhightemperatures,thefilmofthelubricatingoilwillgetoxidized,thus
producingcarbondepositsonthesurface.Thiswillresultinpistonseizure.

-Duetooverheating,largetemperaturedifferencesmayleadtoadistortionofthe
enginecomponentsduetothethermalstressessetup.Thismakesitnecessaryfor,
thetemperaturevariationtobekepttoaminimum.

-Highertemperaturesalsolowerthevolumetricefficiencyoftheengine.

Effectofovercooling:
-Thermalefficiencyisdecreasedduetomorelossofheatcarriedbythecoolant
-Thevaporizationofthefuelislessresultinginlowercombustionefficiency
-Lowtemperatureincreasestheviscosityoflubricantcausingmorelossduetofriction

Therearemainlytwotypesofcoolingsystems:
(a)Aircooledsystem,and
(b)Watercooledsystem



AirCooledSystem:
-Aircooledsystemisgenerallyusedinsmallenginessayupto15-20kWandinaero
planeengines.
-Inthissystemfinsorextendedsurfacesareprovidedonthecylinderwalls,cylinder
head,etc.Heatgeneratedduetocombustionintheenginecylinderwillbeconducted
tothefinsandwhentheairflowsoverthefins,heatwillbedissipatedtoair.

-Theamountofheatdissipatedtoairdependsupon:
(a)Amountofairflowingthroughthefins
(b)Finsurfacearea
(c)Thermalconductivityofmetalusedforfins

-Forefficientcoolingthelengthofthefinsandthespacingbetweenthemisquiteimportant
-Largerinterspacingbetweenthefinsofferslargerareaforcoolingairbutthe
heatingoftheairisless,somorecoolingairisrequired
-Smallerinterspacingbetweenthefinsresultsinsmallerflowareaofcoolingair
andhenceinputcoolingairisless
-Usuallyfinheightvariesfrom15to25mm

Advantagesofaircooledengines
Aircooledengineshavethefollowingadvantages:
1.Itsdesignofair-cooledengineissimple.
2.Itislighterinweightthanwater-cooledenginesduetotheabsenceofwater
jackets,radiator,circulatingpumpandtheweightofthecoolingwater.
3.Itischeapertomanufacture.
4.Itneedslesscareandmaintenance.
5.Thissystemofcoolingisparticularlyadvantageouswherethereareextreme
climaticconditionsinthearcticorwherethereisscarcityofwaterasindeserts.
6.Noriskofdamagefromfrost,suchascrackingofcylinderjacketsorradiatorwatertubes.

Disadvantagesofaircooledengines

-Relativelylargeamountofpowerisusedtodrivethecoolingfan.™
-Enginesgivelowpoweroutput.™
-Coolingfinsundercertainconditionsmayvibrateandamplifythenoiselevel.
-Coolingisnotuniform.™
-Enginesaresubjectedtohighworkingtemperature.

Watercoolingsystem:
Coolingwaterjacketsareprovidedaroundthecylinder,cylinderhead,valveseatsetc.
Thewaterwhencirculatedthroughthejackets,itabsorbsheatofcombustion.This
hotwaterwillthenbecoolingintheradiatorpartiallybyafanandpartiallybytheflow
developedbytheforwardmotionofthevehicle.Thecooledwaterisagain
recirculatedthroughthewaterjackets.

Antifreezemixture
Inwesterncountriesifthewaterusedintheradiatorfreezesbecauseofcold
climates,theniceformedhasmorevolumeandproducescracksinthecylinder
blocks,pipes,andradiator.So,topreventfreezingantifreezemixturesorsolutions
areaddedinthecoolingwater.



Normallyfollowingareusedasantifreezesolutions:
(i)Methyl,ethylandisopropylalcohols
(ii)Asolutionofalcoholandwater
(iii)EthyleneGlycolraisestheboilingtemperaturesubstantiallyandhencemore
heatdissipation
(iv)AsolutionofwaterandEthyleneGlycol
(v)Glycerinalongwithwater,etc.
(vi)Chromatesareusedtopreventsdeposit

Watercoolingsystemmainlyconsistsof:
-Radiator
-Thermostatvalve
-Waterpump
-Fan
-WaterJackets
-Antifreezemixtures

Varioustypesofwatercoolingsystemsaregivenas;

(a)Thermo-syphoncooling
(b)Forcedorpumpcooling
(c)Coolingwiththermostaticregulator
(d)Pressurisedwatercoolingsystem
(e)Evaporativecooling

(a)Thermo-syphoncooling:
Thissystemworksontheprinciplethathotwaterbeinglighterrisesupandthecold
waterbeingheaviergoesdown.Inthissystemtheradiatorisplacedatahigherlevel
thantheenginefortheeasyflowofwatertowardstheengine.Heatisconductedto
thewaterjacketsfromwhereitistakenawayduetoconvectionbythecirculating
water.Asthewaterjacketbecomeshot,itrisestothetopoftheradiator.Coldwater
fromtheradiatortakestheplaceoftherisinghotwaterandinthiswayacirculation
ofwaterissetupm thesystem.Thishelpsinkeepingtheengineatworking
temperature.

Fig.37.Thermo-syphoncooling

DisadvantagesofThermo-syphonsystem,
-Rateofcirculationistooslow.



-Circulationcommencesonlywhenthereisamarkeddifferenceintemperature.
-Circulationstopsasthelevelofwaterfallsbelowthetopofthedeliverypipeofthe
radiator.Forthesereasonsthissystemhasbecomeobsoleteandisnomoreinuse.

(b)Forcedorpumpcooling:
-Thissystemisusedinlargenumberofvehicleslikecar,buses,trucksandother
heavyvehicles.Herecirculationofwatertakesplacewithconvectioncurrentshelp
byapump.

-Thewaterorcoolantiscirculatedthroughjacketsaroundthepartsoftheengine
tobecooled,andiskeptinmotionbyacentrifugalpump,drivenfromtheengine
throughV-belt.

Limitation
-Coolingisindependentoftemp.
-Engineisovercooled(whenrangeoftemp.=75-900C)
-Canbeovercomebyusingthermostat

(c)Coolingwiththermostaticregulator:
-Whenevertheengineisstartedfrom cold,thecoolanttemperaturehastobe
broughttothedesiredwarmuptimetoavoidcorrosiondamageduetocondensation
ofacidsaswellashelpineasystartingoftheengine.Thiscanbedonebytheuseof
thermostaticdeviceorthermostat.
-Itisakindofcheckvalvewhichopensandcloseswiththeeffectoftemperature.It
isfittedinthewateroutletoftheengine.Duringthewarm-upperiod,thethermostat
isclosedandthewaterpumpcirculatesthewateronlythroughoutthecylinderblock
and cylinderhead.When thenormaloperating temperatureisreached,the
thermostatvalveopensandallowshotwatertoflowtowardstheradiator.Standard
thermostatsaredesignedtostartopeningat70to75°Candtheyfullyopenat82°C.
Hightemperaturethermostats,withpermanentanti-freezesolutions(Prestine,Zerex,
etc.),startopeningat80to90°Candfullyopenat92°C.
-Therearethreetypesofthermostats:(i)bellowtype,(ii)bimetallictypeand(iii)waxtype.

Bellowtypevalve:Flexiblebellowsarefilledwithalcoholorether.Whenthebellows
isheated,theliquidvaporises,creatingenoughpressuretoexpandthebellows.
Whentheunitiscooled,thegascondenses.Thepressurereducesandthebellows
collapsetoclosethevalve.

Bimetallictypevalve:Thisconsistsofabimetallicstrip.Theunequalexpansionof
twometallicstripscausesthevalvetoopenandallowsthewatertoflowinthe
radiator.

Waxtypevalve:
-Canoperatereliablywithinthespecifiedtemperaturerange
-Heatistransmittedtowax,whichhashighcoefficientofthermalexpansion
-Uponbeingheated,waxexpandsandtherubberplugpressestheplungerforcingit
tomoveverticallyupwards



Fig.38.Bellowtypethermostat

(d)Pressurisedwatercoolingsystem:
Inthecaseoftheordinarywater-coolingsystem wherethecoolingwateris
subjectedtoatmosphericpressure,thewaterboilsat212°F.But,whenwateris
heatedinaclosedradiatorunderhighpressure,theboilingtemperatureofwater
increases.Thehigherwatertemperaturegivesmoreefficientengineperformance
andaffordsadditionalprotectionunderhighaltitudeandtropicalconditionsforlong
harddrivingperiods.Therefore,apressure-typeradiatorcapisusedwiththeforced
circulationcoolingsystem.Thecapisfittedontheradiatorneckwithanairtightseal.
Thepressure-releasevalveorsafetyvalveissettoopenatapressurebetween4and
13psi.Withthisincreaseinpressure,theboilingtemperatureofwaterincreasesto
243°F(at4psiboilingtap225°Fand13psiboilingtemperature243°F).Anyincrease
inpressureisreleasedbythepressurereleasevalveorsafetyvalvetothe
atmosphere.Oncooling,thevapourswillcondenseandapartialvacuum willbe
createdwhichwillresultinthecollapseofthehosesandtubes.Toovercomethis
problemthepressurereleasevalveisassociatedwithavacuumvalvewhichopens
theradiatortotheatmosphere.

Fig.39.Pressurisedsystem

(e)Evaporativecoolingsystem:
-Inthissystem,theenginewillbecooledbecauseoftheevaporationofthe
waterinthecylinderjacketsintosteams.
-Theadvantageisbeingtakenfromthehighlatentheatofvaporizationofwaterby

allowingittoevaporateinthecylinderjackets.Thissystemisusedforcoolingof

manytypesofindustrialengines



Descriptionsofdifferentpartsofwatercoolingsystems

Radiator:Thepurposeoftheradiatoristocooldownthewaterreceivedfromthe
engine.Theradiatorconsistsofthreemainparts:(i)uppertank,(ii)lowertankand
(iii)tubes.
Hotwaterfrom theuppertank,whichcomesfrom theengine,flowsdownwards
throughthetubes.Theheatcontainedinthehotwaterisconductedtothecopper
finsprovidedaroundthetubes.Anoverflowpipe,connectedtotheupper1tank,
permitsexcesswaterorsteamtoescape.
Therearethreetypesofradiators:(i)gilledtuberadiator,(ii)tubularradiatorand(iii)
honeycomborcellularradiator

Gilledtuberadiator:
Thisisperhapstheoldesttypeofradiator,althoughitisstillinuse.Inthis,water
flowsinsidethetubes.Eachtubehasalargenumberofannularringsorfinspressed
firmlyoveritsoutsidesurface.
Tubularradiator:Theonlydifferencebetweenagilledtubesradiatorandatubular
oneisthatinthiscasetherearenoseparatefinsforindividualtubes.Theradiator
verticaltubespassthroughthinfinecoppersheetswhichrunhorizontally.
Honeycomborcellularradiator:Thecellularradiatorconsistsofalargenumberof
individualaircellswhicharesurroundedbywater.Inthis,thecloggingofany
passage affectsonlyasmallpartofthecoolingsurface.However,inthetubular
radiator,ifonetubebecomesclogged,thecoolingeffectoftheentiretubeislost.

WaterPump:
Thisisacentrifugaltypepump.Itiscentrallymountedatthefrontofthecylinder
blockandisusuallydrivenbymeansofabelt.Thistypeofpumpconsistsofthe
followingparts:(i)bodyorcasing,(ii)impeller(rotor),(iii)shaft,(iv)bearings,orbush,
(v)waterpumpsealand
(vi)pulley.
Thebottomoftheradiatorisconnectedtothesuctionsideofthepump.Thepower
istransmittedtothepumpspindlefrom apulleymountedattheendofthe
crankshaft.Sealsofvariousdesignsareincorporatedinthepumptopreventlossof
coolantfromthesystem.

Fan:
Thefanisgenerallymountedonthewaterpumppulley,althoughonsomeengines
itisattacheddirectlytothecrankshaft.Itservestwopurposesinthecooling
systemofaengine.
(i)Itdrawsatmosphericairthroughtheradiatorandthusincreasestheefficiencyof
theradiatorincoolinghotwater.
(ii)Itthrowsfreshairovertheoutersurfaceoftheengine,whichtakesawaythe
heatconductedbytheenginepartsandthusincreasestheefficiencyoftheentire
coolingsystem.

*Advantagesofwatercoolingsystem
-Becauseofevencoolingofcylinderbarrelandhead(duetojacketing)makesit
possibletoreducethecylinderheadandvalveseattemperatures.
-Thevolumetricefficiencyofwatercooledenginesishigherthanthatofair-cooledengines.
-Compactdesignofengineswithappreciablysmallerfrontalareaispossible.
-Incaseofwatercooledengines,installationisnotnecessarilyatthefrontofthe
mobilevehicles,aircraftetc.asthecoolingsystemcanbeconvenientlylocated.



*Disadvantagesofwatercoolingsystem
-Thesystemrequiresmoremaintenance.
-Theengineperformancebecomessensitivetoclimaticconditions.™
-Thepowerabsorbedbythepumpisconsiderableandaffectsthepoweroutputof
theengine.™
-Intheeventoffailureofthecoolingsystemseriousdamagemaybecausedtotheengine.

LUBRICATIONSYSTEM
ICengineismadeofmanymovingparts.Duetocontinuousmovementoftwo
metallicsurfacesovereachother,thereiswearingmovingparts,generationofheat
andlossofpowerintheengine.Hence,lubricationofmovingpartsisessentialto
preventalltheseharmfuleffects.

Inenginethefrictionallossesisattributedduetothefollowingmechanicallosses;

(i)Directfrictionallosses:
-powerabsorbedduetotherelativemotionofdifferentbearingsurfacessuchas
pistonrings,mainbearings,camshaftbearingsetc.

(ii)Pumpingloss:
-netpowerspentbythepistononthegasduringintakeandexhauststroke
-moreincaseoffourstrokeenginecomparedtotwostrokeengine

(iii)Powerlosstodrivecomponentstochargeandscavenge:
-Infourstrokesuperchargedengine,compressorusedtoprovidehighpressureairwhichis
mechanicallydrivenbytheengine.Thisiscountedasnegativefrictionalloss.
-Intwo-strokeenginescavengingpumpisusedwhichisalsodrivenbytheengine

(iv)Powerlosstodrivetheauxiliaries:
-Somepowerisusedtodriveauxiliariessuchaswaterpump,lubricatingoilpump,
fuelpump,coolingfan,generatoretc.

Functionoflubrication:
Lubricationproducesthefollowingeffects:(a)Reducingfrictioneffect(b)Cooling
effect(c)Sealingeffectand(d)Cleaningeffect.

(a)Reducingfrictionaleffect:Theprimarypurposeofthelubricationistoreduce
frictionandwearbetweentworubbingsurfaces.Tworubbingsurfacesalways
producefriction.Thecontinuousfrictionproduceheatwhichcauseswearingof
partsandlossofpower.Inordertoavoidfriction,thecontactoftwoslidingsurfaces
mustbereducedasfaraspossible.Thiscanbedonebyproperlubricationonly.
Lubricationformsanoilfilmbetweentwomovingsurfaces.Lubricationalsoreduces
noiseproducedbythemovementoftwometalsurfacesovereachother.
(b)Coolingeffect:Theheat,generatedbypiston,cylinder,andbearingsisremoved
bylubricationtoagreatextent.Lubricationcreatescoolingeffectontheengine
parts.
(c)Sealingeffect:Thelubricantentersintothegapbetweenthecylinderliner,piston
andpistonrings.Thus,itpreventsleakageofgasesfromtheenginecylinder.
(d)Cleaningeffect:Lubricationkeepstheenginecleanbyremovingdirtorcarbon
frominsideoftheenginealongwiththeoil.



Lubricationtheory:Therearetwotheoriesinexistenceregardingtheapplicationof
lubricantsonasurface:(i)Fluidfilmtheoryand(ii)Boundarylayertheory.

(i)Fluidfilmtheory:Accordingtothistheory,thelubricantis,supposedtoactlike
massofglobules,rollinginbetweentwosurfaces.Itproducesarollingeffect,which
reducesfriction.

(ii)Boundarylayertheory:Accordingtothistheory,thelubricantissoakedin
rubbingsurfacesandformsoilysurfaceoverit.Thustheslidingsurfacesarekept
apartfromeachother,therebyreducingfriction.

PropertiesofLubricant:

1.Viscosity:Viscosityisameasureoftheresistancetoflowortheinternalfrictionof
thelubricant.
-usuallymeasuredbySayboltuniversalseconds(SUS)andRedwoodviscometer.
Alsoitisexpressedwithcentistoke(unitofkinematicviscosity)andcentipoise(unit
ofabsoluteviscosity)
-expressedintwotemperaturei.e.-18oC(0oF)and99oC(210oF)

2.ViscosityIndex:Itisusedtogradelubricants.Viscosityisinverselyproportionaltotemp.
-Iftemp.increases,theviscosityofthelubricantdecreasesandiftemp.decreases,
theviscosityofthelubricantincreases.
-Thevariationofviscosityofoilwithchangesintemperatureismeasuredbyviscosityindex
-oiltomeasureiscomparedwith2referenceoilhavingsameviscosityat99oC.one
isparaffinicbaseoilindexofzeroandanothernaphthenicbaseoilindexof100
-highviscosityindexnumberindicatesrelativelysmallerchangeinviscosityoftheoil
withtemperature.
-lowviscosoilisrecommendedforautomobileenginesinwinterthansummer.The
viscosityofalubricantshouldbejustsufficienttoensurelubrication.Ifitismore
thanthisvalue,powerlosswillbehigherduetoincreasedoilresistance.
-VIimproverareaddedtoimproveviscosityindex

3.Oiliness:Itisthepropertyofalubricatingoiltospread&attachitselffirmlytothe
bearingsurfacesaswellasprovidelubricity.Generally,theoilinessofthelubricating
oilshouldbehighparticularlywhenitistobeusedformatingsurfacessubjectedto
ahighintensityofpressureandsmallerclearanceportiontoavoidthesqueezingout
oftheoil.Suchawaythatthemetalisprotectedbyathinlayeroftheoilandthe
wearisalsoconsiderablyreduced.Itismeasuredbyco-efficientoffrictionat
extremeoperatingcondition.

4.FlashPoint:Flashpointofoilisthemin.temp.atwhichthevapoursoflubricating
oilwillflashwhenasmallflameispassedacrossitssurface.Itisoftwotypeopen
flashpointandclosedflashpoint.Theflashpointofthelubricatingoilmustbe
higherthanthetemp.likelytobedevelopedinthebearingsinordertoavoidthe
possibilityoffirehazards.

5.FirePoint:Ifthelubricatingoilisfurtherheatedaftertheflashpointhasbeen
reached,thelowesttemp.atwhichtheoilwillburncontinuouslyfor5secondsis
calledfirepoint.
-usually11oChigherthanopenflashpointandvariesfrom190oCto290oCforthe
lubricantsusedforICengines
-Thefirepointofalubricantalsomustbehighsothattheoildoesnotburninservice.



6.CloudPoint:Itisthetemp.atwhichthelubricatingoilchangesitsstatefromliquid
tosolid.Itstemp.musthighforthelowtemp.operabilityofthelubricatingoilduring
winter.

7.PourPoint:Itisthelowesttemp.atwhichthelubricatingoilwillnotflowortotally
form waxorsolidify.Thispropertymustbeconsideredbecauseofitseffecton
startinganengineincoldweather.Oilderivedfromparaffiniccrudestendstohave
higherpourpointsthanthosederivedfromnaphtheniccrudes.Thepourpointscan
belowerbytheadditionofpourpointdepressantusuallyapolymerisedphenolor
ester.Pourpointmustbeatleast15oFlowerthantheoperatingtemperatureto
ensuremaximumcirculation.

8.Corrosiveness:Thepresentofacid(mineralacid,petroleumacid)isharmfultothe
metalsurfaces.Thelubricationoilshouldnotattackchemicallythematerialsof
the engine.Thelubricantshouldnotbecorrosive,butitshouldgiveprotection
againstcorrosion.Newoilhaslowneutralisationnumberi.e.itmaintainsthealkaline
andacidsolutiontomaketheoilneutral.

9.Oxidationstability:Itisresistancetooxidation.Duetooxidationtheoilwillform
depositsonthepistonringsandloseitslubricatingproperty.Lowtemperature
operationavoidingthehot-areacontactandcrankcaseventilationcanhelpin
preservingthestabilityofoiloverlongerperiods.Oxidationinhibitorsareusedto
improve oxidation stability.These are complex compounds ofsulphurand
phosphorusoramineandphenolderivatives.

10.Cleanliness:Lubricatingoilmustbeclean.Itshouldnotcontaindustanddirt
particlesaswellaswatercontentwhichpromotecorrosion.

11.Carbonresidue:afterevaporationofamasssampleoflubricatingoilunder
specificconditionmayremainascarbonaceousresidue.Itindicatesthedeposit
characteristicsofoil.Paraffinicoilhashighercarbonresiduesthanthenaphthenic
baseoil.

Typesoflubricants:
Lubricantsareatfollowingthreetypes.
1.Solid:graphic,micaetc
2.Semisolid:grease
3.Liquid:Lubricantsareobtainedfromanimalfat,vegetablesandminerals.
Lubricantsmadeofanimalfat,doesnotstandmuchheat.Itbecomeswaxyand
gummywhichisnotverysuitableformachines.Vegetablelubricantsareobtained
fromseeds,fruitsandplants.Cottonseedoil,oliveoil,linseedoilandcastoroilare
usedaslubricantinsmallmachines.Minerallubricantsaremostpopularforengines
andmachines.Itisobtainedfromcrudepetroleumfoundinnature.Petroleum
lubricantsarelessexpensiveandsuitableforinternalcombustionengines.

-Graphiteisoftenmixedwithoiltolubricateautomobilespring.Graphiteisalso
usedasacylinderlubricant.
-Greaseisusedforchassislubrication.

Gradeoflubricants:GenerallylubricatingoilsaregradedbySAE(societyof
automotiveengineers)methodbyassignanumbertooilwhoseviscosityatgiven
temperaturesfallsincertainrange.
-Twotemperatures-18oC(0oF)and99oC(210oF)areusedtoassignthenumber
ex-Singlegradetype:(a)SAE5w,10wand20wgradesareviscosityat-18oC(0oF)andfor



winteruse.
(b)SAE20,30,40and50gradeslubricatingoilareviscosityat99oC(210oF)andfor
summeruse.
Multi-gradetype:ex-SAE20W/50oilhasviscosityequaltothatatSAE20Wat-
18oCandviscosityequaltothatatSAE50at99oC

SAEgradesofoilarebasedonviscositybutnotqualitybased.API(American
petroleuminstitute)usedregular,premiumandheavydutytypeoilwhicharebased
uponpropertiesofoilandoperatingconditions.Generallyregulartypeoilisstraight
mineraloil,premiumtypecontainedoxidationinhibitorsandheavytypecontained
oxidationinhibitorsplusdetergent-dispersantadditives.
AccordingtoAPI,
Forgasolineengine5serviceratingsoilareused:SA,SB,SC,SD
andSEFordieselengines4serviceratingsareuse:CA,CB,CCand
CD
WhereSandCstandsforSIandCIengines
RatingAisforlight-dutyservice,theseverityofserviceincreasingtowardsrating
DandEwhichissevereduty.

Lubricationsystem:variouslubricationsystemusedforICenginesare,
(a)Mistlubricationsystem
(b)Wetsumplubricationsystem
(c)Drysumplubricationsystem

(a)Mistlubricationsystem:
-Usedwherecrankcaselubricationisnotsuitable
-Generallyadoptedintwostrokepetrolenginelinescooterandmotorcycle.Itisthe
simplestformoflubricatingsystem.
-Itisthesimplestformoflubricatingsystem.Itdoesnotconsistofanyseparate
partlikeoilpumpforthepurposeoflubrication.
-Inthissystemthelubricatingoilismixedintothefuel(petrol)whilefillinginthe
petroltankofthevehicleinaspecifiedratio(ratiooffuelandlubricatingoilisfrom
12:1to50:10aspermanufacturersspecificationsorrecommendations.
-Whenthefuelgoesintothecrankchamberduringtheengineoperation,theoil
particlesgodeepintothebearingsurfacesduetogravityandlubricatethen.The
pistonrings,cylinderwalls,pistonpinetc.arelubricatedinthesameway.
-Iftheengineisallowedtoremainunusedforaconsiderabletime,thelubricatingoil
separatesoilfrom petrol&leadstoclogging(blocking)ofpassagesinthe
carburettor,resultsintheenginestartingtrouble.Thisisthemaindisadvantageof
thissystem.
-Itcausesheavyexhaustsmokeduetoburningoflubricatingoilpartiallyorfully
-Increasedepositsonpistoncrownandexhaustportswhichaffectengineefficiency
-Corrosionofbearingsurfacesduetoacidsformation
-thoroughmixingcanfetcheffectivelubrication
-Enginesuffersinsufficientlubricationduringclosedthrottlei.e.vehiclemoving
downthehill.

(b)Wetsumplubricationsystem:
Bottomofthecrankcasecontainsoilpanorsumpfromwhichthelubricatingoilis
pumpedtovariousenginecomponentsbyapump.Afterlubrication,oilflowsbackto
thesumpbygravity.Threetypesofwetsumplubricationsystem,



(i)Splashsystem
(ii)Splashandpressuresystem
(iii)Pressurefeedsystem

(i)Splashsystem:
-Inthissystemoflubricationthelubricatingoilisstoredinanoilsump.Ascoopor
dipperismadeinthelowerpartoftheconnectingrod.Whentheengineruns,the
dipperdipsintheoilonceineveryrevolutionofthecrankshaft,theoilissplashed
onthecylinderwall.Duetothisactionenginewalls,pistonring,crankshaftbearings
arelubricated.
-Itisusedforlightdutyengine

Fig.40.Splashlubricatingsystem

(ii)Splashandpressuresystem:
Lubricatingoilissuppliedunderpressuretomain,camshaftbearingsandpipes
whichdirectastreamofoilagainstthedippersonthebigendofconnectingrod
bearingcupandthuscrankpinbearingsarelubricatedbythesplashorsprayofoil
thrownupbythedipper.

Fig.41.Splashandpressurelubricatingsystem

(iii)Pressurefeedsystem:
Inthissystemoflubrication,theenginepartsarelubricatedunderpressurefeed.The
lubricatingoilisstoredinaseparatetank(incaseofdrysumpsystem)orinthe
sump(incaseofwetsumpsystem),fromwhereanoilpump(gearpump)delivers
theoiltothemainoilgalleryatapressureof2-4kg/cm2throughanoilfilter.Theoil
fromthemaingallerygoestomainbearing,fromwheresomeofitfallsbacktothe
sumpafterlubricatingthemainbearingandsomeissplashedtolubricatethe
cylinderwallsandremaininggoesthroughaholetothe



crankpin.Fromthecrankpinthelubricatingoilgoestothepistonpinthroughahole
intheconnectingrod,whereitlubricatesthepistonrings.Forlubricatingcamshaft
andgearstheoilisledthroughaseparateoillinefrom theoilgallery.Theoil
pressuregaugeusedinthesystemindicatestheoilpressureinthesystem.Oilfilter
&strainerinthesystemclearofftheoilfromdust,metalparticlesandotherharmful
particles.

Fig.42.Pressurelubricatingsystem

Gearsystem:
-Usedforamediumsizeddieselengine
-Itisaforced-feedsystem oflubricationandusestheoilcontainedinthebed
plateasareservoir.Ageartypeoilpumpisdrivenfromthecrankshaft.
-Theoilentersthepumpandiscarriedaroundthepumpcasingbythegearteeth.It
isthendischarged.Theoilispreventedfromreturningtotheinletbythemeshingof
thegearteeth.Oilispumpedfromthebedplatethroughanoilfilterandcoolerinto
thelubricatingoilmanifold.Aseparatepipesuppliesoiltotheturbocharger.Asupply
ofcooledoiliscriticalfortheturbochargertolubricatethehigh-speedbearingsand
tocarryheatawayfromtherotor.

Fig.43.Geartypelubricationsystem

(c)Drysumplubricationsystem:
-Supplyofoiliscarriedinexternaltank
-Oilpumpdrawsoilfromthesupplytankandcirculatesitunderpressuretovarious
bearingsoftheengine



-Oildrippingfromthecylindersandbearingsintothesumpisremovedbya
scavengingpumpandagainreturntosupplytankthroughthefilter
-Thecapacityofscavengingpumpisgreaterthantheoilpump
-Separateoilcoolertoremoveheatfromoilisusedwhichiseithercooledbyairorwater

Module-IV

GASTURBINES

Twotypesofgasturbine,
(a)Opencyclegasturbine
(b)Closedcyclegasturbine

(a)Opencyclegasturbine:
-WorkingonJoulecycleorBraytoncycle
-Airiscompressedinarotarycompressorandpassedintoacombustionchamber
wherefuelisburnt,theproductsofcombustionaremadetoimpingeoverringsof
turbinebladeswithhighvelocityandworkisproduced.Aftertheworkdonebythe
combustionproducts,restaregiventotheatmosphere.
-60%ofworkproducedisusedtodrivethecompressorandrestisavailableasusefulpower
-Forstartingpurpose,itisfirstmotoredtominimumspeed,calledcomingin
speed,beforethefuelisturnedon
-About5%poweroutputbythemotorisusedtostarttheturbine

Toimprovetheturbineperformanceintercooler,heatexchangerandreheatcycles
areusedwithsimplegasturbinecycle.

(b)Closedcyclegasturbine:
-Workingfluidairorothergasiscirculatedcontinuouslyinsidethemachine
-Workingfluiddoesnotcomeincontactwiththeatmosphericairorfuel
-Heattoworkingfluidisgivenexternallybytheburningofthefuelthatiswhyitis
externalcombustionengine
-Turbineexhaustrejectsheatinacooler

Advantageofclosedcyclegasturbine:
-Duetoexternallyfired,cheaperfuelsuchascoalcanbeused
-Productsofcombustionisnotindirectlycontactwithturbineblades,hencefouling
andheattransferfromthesurfaceofthebladecanbeavoided
-Partloadefficiencyisimprovedbychangingthepressureratioandvaryingthe
quantityofworkingfluidkeepingascycletemperatureconstantandatconstant
speed
-Highoperatingpressurecauseslowspecificvolumefortheworkingfluidreducing
thesizeofmachines,heatexchangersandpiping
-Heattransfercoefficientsarehigherwhichreducestheheatexchangersize

Disadvantageofclosedcyclegasturbine:
-morecomplicatedandcostlysystem
-Airheatersalonerepresentover30%oftotalmassandcost
-systemisnotsufficientlystrongtoresisthighpressure

*SimpleGasturbine:
Followingassumptionsaremadeinanalysisofidealgasturbine,
-Compressionandexpansionprocessarereversibleadiabatic



-Kineticenergydoesnotchangeattheinletandexit
-Nopressureloss
-Samechemicalcompositionofworkingfluid
-Heatexchangeriscounterflowtypewith100%efficiency

Fig.44.Simplegasturbine

P-Vdiagram T-Sdiagram

Compressorwork,
()

*Gasturbinecombustionchamber:
2typesofcombustionchambers,
(a)TubularorCanchambers:cylindricallinerismountedconcentricallyinside
cylindricalcasing
-mostlyusedinjetengines
-withthiscentrifugalcompressorisused

(b)Annularchambers:annularlinerismountedconcentricallyinsideannularcasing
-difficulttomaintainforairandfuelflowandmaintainstabletemp.



*Automotivegasturbines:
-FirstgasturbinecarisJET1withspeedrecordof243km/h
-Thencarwithheatexchangerwasdevelopedtoattainspeedof163km/hand
alsoRoverBPM-carwasintroduced

Advantageofautomotivegasturbines;
-thermodynamicadvantageofcompleteexpansion
-Mechanicalsimplicityi.e.fewermovingpartscomparedtoreciprocatingICengine
-Smoothandvibrationlesspowerdelivery
-Specificweightis10-20%lessthanSIengine
-Lowemissions
-Easycoldstarting
-Highmechanicalefficiencyof85-90%
-Cheaperfuelsareused

Disadvantageofautomotivegasturbines;
-Lowerthermalefficiencyduetolowertemperaturesandcompressor
efficiencythanreciprocatingICengine
-Partloadefficiencyisverypoor
-Difficultiesinthrottleoperationduetohighrotorspeed
-Highinitialcost

*Arrangementsofautomotivegasturbines:
(a)Singleshaftconfiguration:singleexpanderturbinetodrivebothcompressor
anddrivetrainonacommonengineshaft
-lessweight,lowcostandbetterefficiency
-incapableofmeetinghighlyvariableoperatingconditions

(b)Twinshaftconfiguration:
-Turbo-compressorismountedononeshaftandpowerturbineismountedon
anothersecondshaftwhichprovidespowertothewheelsviatransmission

****************************************************
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