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PERFORMANCEANDANALYSISOFSINGLECYLINDERDIESELENGINEUSING
WATERINDIESELEMULSIFIEDFUELWITHREDUCTIONOFNOX

'3 Mohanraj, °C.Thirunavukkarasu, *K.Arutselvan

ABSTRACT

Theemission ofpollutantsespecially particulatematterandnitrogenoxides,generatedbytheoperationofadiesel
engine,posesathreattotheecology ofourplanetandisdetrimentaltohumanhealth. Theapplication ofanemulsification
techniquetopreparethefuelhasbeenconsideredtobeoneofthepossibleapproachesto  mwellastherateoffuel consumption. Water-
in-diesel oilemulsifiedformulationsarereportedtoreducetheemissionsofnitrogenoxides(NOx),
sulfuroxides(SOx),carbonmonoxides(CO),blacksmokesandparticulatematter(PM)withoutcompensating theengine's
performance. Thispaperpresents anexperimentalresultcarriedouttoevaluate performanceandexhaustgasemissions ofa small
dieselenginewhen operated onneatdiesel oilanditsemulsionswithwater. Emulsifieddieselfuels of 0,5,10,15and
20water/dieselratiosbyvolume,wereusedinasinglecylinder,directinjectiondieselengine,operatingat1500rpm.A comparative
study involving speed, brake specific fuel consumption(BSFC), brake thermal efficiency, exhausts gas
temperature,hydrocarbon(HC),nitrogenoxides(NOy),carbon monoxides(CO),carbondioxides(CO,)emissionsand black
smokeopacitycanbeused withoutenginemodification.

Keywords--Emulsion;Diesel;No,; Engine.Co

INTRODUTION pollutantsproducedfromtheexhaustofDieselengine
arehydrocarbon  HC,nitrogen oxides(NOXx),particulate
matter,blacksmoke,carbonmonoxide, andcarbon dioxide.
As aresult,effortsare underwaytominimizethe
emissionsfromdieselengineswhicharealready in operation
andincludeavariety ofstrategiesfromfuel reformulations
toengineretrofits. Therefore,waysto reducetheemission
ofpollutants by diesel-powered
vehiclesareofworldwideimportance.

Atpresent,thedieselengineisstillthemost fuel-
efficient combustionengine.lthashighthermal
efficiency,ahigh power/weightratio,highfueleconomy,
andasimpleandstrongstructuraldesign.Dieselengines
havebeenthemainpowersourceforon-landandon-sea
transport  vehiclessuch asbuses,trucks,ships  and
agricultural  vehicles. It is expected that
dieselengineswill continue to be widely used in the fore
see able future.Dieselenginegeneratesundesirable

emissions duringthecombustion process.Thepollutants EMISSION FORMATION

thatare exhaustedfromtheDiesel _ o )
engineaffecttheatmosphere andcontribute Thoughthereislargevariation inthepercentage
largelytoproblemssuch asglobal distributionofvariousemissionsforpetrolanddiesel

engines,thebasicformationprincipleofemissionslike
HC,NOandCOremain sameforboth.Unburned HC
emissionsoriginatewhenfuelescapescombustiondueto
severalprocessessuch asflamequenching innarrow
passagespresentinthecombustion chamberandoncold
chamberwalls,andincompleteoxidationoffuelthatis

warming,smog,acidrain,respiratory hazards etc. These
emissions aremostlyduetonon-stoichiometric
combustion,dissociationofnitrogenandimpuritiesinthe
fueland air.ExhaustgasemissionsofDiesel engine have
been considered avery seriousissue regardingair quality
andtheenvironmentandstricternormssuchasEuro4or
Bharat StagelV are getting implemented. The main
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Trappedorabsorbed inoilfilmordeposits.  NOxisformed
byoxidationofmolecularnitrogen.Duringcombustion at
highflame temperatures,nitrogenandoxygenmolecules
inthe  inductedairbreakdown intoatomicspecieswhich
reacttoform NO.SomeNOisalsoformed andNOand NO
together arecalledasNO.COresultsfrom
incompleteoxidationoffuelcarbon,wheninsufficient
oxygenisavailableto completelyoxidizetne fuel. CO
risessteeply  astheair-fuel(A/F)ratioisdecreased  below
thestoichiometric A/Fratio.

EXISTINGMETHOD
3 METHODS OFWATER ADDITION

eDirectwaterseparateinjection
e\Waterinjectionintotheintakeair
eHybriddirectwaterinjection
eDieselwateremulsion

Figl DifferentMethodWaterInjectionMethod
DIRECTWATERSEPARATEINJECTION
(DWSI)

In-cylinderinjectionofwaterrequiresaseparate,
fullyindependent injectionsystem,preferably under
electroniccontrol. Thismethodoffersthecapability to
injectverylargequantities ofwaterwithouttheneedto
dearatetheengine.This system alsoallows toswitch the
waterinjection onandoff,asmaybeneeded,without
affectingenginereliability.Directwaterinjectionneedsto
becarefully optimizedwithrespecttoinjectiontiming,
waterconsumption,emissions,andotherparameters. This
flexibility in optimizing parameters allows to achieve
NOx reductions similar to those seen in  emulsion
systems, despitethefactthatwaterisnotintroduced
directlyinto the diesel flamearea as an integralpartofthe
spray.However,PMemissionreductions,ifany,donot

Matchthosewithemulsified fuels. Thecomplex
developmentworkrequiredforwaterinjectionsystemsin
different enginetypesmakesthisapproach suited for
OEMratherthanforretrofitapplications.

FUMIGATING
(FWIA)

Fumigation,meaningtheintroduction ofwater into
theintake air is the simplest method of water addition.
Thismethodoffersverylittlecontroloverthe
injectionparameterssuch astimingorspatial coordinates.
Forthisreason,observedNOXxreductionstendtobelower
thanthosewithemulsions ordirectinjection.Fumigation
typically reducesNOx emissions byl0%foreach20%
wateradditiontothe fuel.

WATERINTOTHEINTAKEAIR

Ifthefumigatedwater does notcompletely
evaporate intheintakeair,itwillimpinge onthecylinder walls
causing disintegration of the Ilube oil filmand
enginedamage.Asaferapproach istofumigatewater
vaporratherthanliquid. Watervapormay begenerated using
wasteheatfrom the engine, suchasfrom the
exhaustgasand/orfromthecompressed chargeair. Another
possibility is tousesteam, whichmaybe
availableinstationaryengineapplications.

HYBRIDDIRECTWATERINJECTION(HDWI)

Hybridinjection,  usingasingleinjector  orasa

stratifieddiesel-.water-dieselFuelinjectionbymeansof
Aspeciallymodifiednozzle

Fig2HybridDirectWaterInjection
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DIESEL WATER EMULSIONS (DWE)
Dieselwateremulsions havecomeintorecent
fieldofstudy.Whenmixed  directly,dieselbeing  alighter
liquidthanwatercomes  tothetopandwatersettles  inthe
bottom.Byusinganappropriate  surfactant themolecules
ofwater and dieselcanbe boundtogether.The stabilityof
theemulsionmadeisveryimportant, because ifit’snot
stableforanappreciable periodoftimeitwon’tbe practically
useful.Usingwatermixingagentwithdiesel hasmany
benefits onits own.lthasbeenshowninmany previous
researches thatitreducestheflametemperature
therebyreducingtheNOxemissions significantly.
Additionofwateralsoimproves  atomization andmixing
whichisattributedtodropletmicroemulsion. The
improvedmixingis due totheincreasedvaporizedijetfuel
momentum givingairmorewaytogetintothefueljet.
Thisalsoassistsinreduction inNOxfromdiffusive
burningportionofcombustion eventaswellasreducing
thecarbonformation. Thiseffectalongwiththechemical
effectofwaterresultsinincreaseinignitiondelay. There
isalsoa considerableproofthataddingwatertodieselcan
reducetheparticulatesandsmokeemission. Therehas
beenagrowing interest indieselfuelindustry toproduce
andutilizethedieselwateremulsion asusablefuelsfor
dieselengines.Fueladditivemanufacturers trytomake
dieseloilandwateroilmix,orcanbeneighborly enough
toform pollution cuttingdieselfuel. Therehavebeen
severaltrialsdonetoproduceastableemulsionwhich  willstay
thesameway foralong period oftime.lIfthe emulsion
remainsstillformanydays,largerdroplets of  chemically
coatedwatermaysettletothebottom ofthe
tank,orit’salsobeenseenthatcoagulated  particles  settle
downinthebottomofthetank. Thefuel,however, will
mxagainifagitatedslightly,andthus thetankisrefueled tomix
itagain. Theinfluence ofwateronsomeofthe performance
parameters, exhaustemission o fdiesel engine

has beenstudiedby manyworks.Howeverits
effectontheheatfluxcrossingthecombustion chamber
components
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°
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Fig3 combustionaccruedinsidecylinderusingDWE

PROBLEMIDENTIFICATION INEXISTING
METHOD
ComparisonofWaterAdditionMethods
IPROCESS DWSI__ |[HDWI FWIA DWE
RELATIVE NOX REDUCTION | Poor Best Poor Good
EFFECT ON PM EMSSIONS Poor Best Poor Good
VARIABILITY OF WATER Good Poor Good Good
ADDITION
LUBRICATING OIL DILUTION |High Low High Low
EXPENDITURE High Average Low Average

| (Source: machine technologies, materials, ISSN 1313-00226, (2013)) I

TablelComparisonofWater AdditionMethod
MAINDIESELPOLLUTANTS

»CARBONMONOXIDE: COAgasformedbythe
incompletecombustionofcarbon-containing fuels.The
moreeffic3ientthecombustion processesthelowerthe
emissions. Themainoutdoor  sourceofCOiscurrently
roadtransport.

»NITROGENOXIDES: NOx All combustion products
inairproduce oxides ofnitrogen:nitrogen
dioxide(NO,)andnitric  oxide (NO)—collectivelyknown
asNOx.Roadtransport  accountsforabout50%  oftotal
emissions,morethantheelectricity supplyindustryand
theindustrialandcommercial sectorsputtogether.NO,is
alsoaprecursor ofozoneandtherefore anindirect
greenhousegas.

»PARTICULATES:PM10Particulatemattersmaller
than10microns(10millionthsofameter). Theyconsist
ofprimary particlesarisingfrom combustionsources
(mainly roadtransport);secondary particles(mainly
sulphateandnitrateformedbyatmospheric chemical
reactions); and coarseparticles(suspended soils and
dusts,seasalt,biological particlesandparticlesfrom
constructionwork).

>»ULTRA-FINE PARTICLES(smallerthan2.5
microns)aremainlyprimaryandsecondary.

»SULPHURDIOXIDE:SO,,thepredominantsource

isthecombustionofsulphur-containing fossilfuels,
principallycoal andheavyoils. Outputfromroad vehicles is
relatively small, but combustion offuel (especially
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diesel)makesasignificantcontributiontoemissionlevels
inurbanareas.

»1,3BUTADIENE:Agasatnormaltemperatures
andpressuresderivingmainlyfromtheCombustion of
dieselandpetrolengines.

»VOLATILEORGANICCOMPOUNDS:VOCIn
sunlight thesereactwith NO,toform ozone.ltcan therefore
beconsidered anindirectgreenhousegas.So
highconcentrations generally occurdownwindofthe source
emissions, mostfrequently in summer,
inthesouth,andinruralandsuburbanareas.

PROPOSED METHOD
OBJECTIVE

Theaim ofthisresearch
beusedinadieselengine asafuel. Thefuel iscreated
bymakinganemulsion ofdieselandwaterbyusinga
suitablesurfactantwithstabilityandhomogeneity being the
keyconcerns. This emulsionisthenusedina laboratory
installeddieselenginecoupledwithaneddy
currentdynamometer. Theemissionandperformance
characteristicsoftheenginearethusnoteddownandput
intabular form.Thenthe engine is runwith regular diesel
fuelandsameobservations aretaken.Acomparisonis
donebetweenthetwocasesintermsofperformance and
emissionpropertiesofthe fuel.

WATERINDIESELEMULSION:

Anemulsion  canbedefinedasamixture  oftwo
liquidsinwhich  oneispresentindroplets  ofmacroscopic
orultramicroscopic size,distributedthroughoutthe
other.Emulsions aremadefromtheconstituents
spontaneouslyorbya mechanicalway. In
spontaneousemulsions,themixingiseasy — andspontaneous.
But ifthey don’t mixproperly then a third chemical
called a surfactantisusedtobindthemolecules
oftheconstituent liquids.Surfactantsarecompounds
thatlowerthesurface tension ofaliquidthatisit decreases
the interfacial
tensionbetweentwoliquids,orthatbetweenaliquidandasolid.

istocreateanewfuelthatcan

Waterindieselemulsion comes underthe
categoryofwaterinoilemulsion. Thesurfactantthathas
tobeusedshouldhaveanHLBvalueintherangeof7to
11.0Onesurfactantwith thisvaluecanbeusedotherwise
mixedsurfactant canbeusedtoobtaintherequiredHLB value.
In thelatter casethe two surfactants should be

Chosencarefullysothatoneishydrophilic andotheris
lipophilic.  Inthisexperiment,amixedsurfactant  ismade
andhasbeenused forfurthertrials.

PREPARATIONOFEMULSION:

Components requiredformakingemulsionare: Mechanical
agitator,diesel,distilledwater,burette,and pipette.

1.Thepipette, burette  andcontainerwere thoroughly
washedandcleaneddry.

2.Dieselwasmeasured intheburetteinrequiredvolume and
poured intocontainer. Nowcalculated volumeof
eachsurfactant(Span-60andTween-60)weremeasured
inthepipetteandpouredintothecontainer.Samedone
forwater.

3.Now thecontainerisplacedunderthemechanical
agitatorandthemixtureisthoroughlymixedforabout10-
15 minutes.

4. Theemulsionthusobtainedischeckedfor stability.

Varioustrialswerecarriedoutbeforeobtainingastable

emulsion.

]

FigdWaterinDieselEmulsion

METHODOLOGYANDEXPERIMENTSETUP

Fig5SchematicDiagramoftheExperimentalsetup

Copyrights ©International Journal ofIntellectual Advancements and Research inEngineering Computations,wwuw.ijiarec.com


http://www.ijiarec.com/
http://www.ijiarec.com/

194

S.Mohanraj,C.Thirunavukkarasu, K.Arutselvan,etal. Inter.]. Int. Adv.&Res.InEngg. Comp.,Vol.-03(03)2015[190-197]

ENGINESPECIFICATIONSANDAPPARATUS:
Cometdieselengine, twincylinder,verticalwatercooled,
7.5KW@1500rpm.Compression ratio=17.5,Eddy
currentdynamometer,Fuelmeasuring device,Stopwatch
scaleand,Springbalance.

1. AVL Smoke Analyzer

2. Single Cylinder Diesel

Engine
3. AVL Gas analyzer
4, Load parameters

5. Control panels

Fig6EngineandAuxiliarysetup
AVLGASANALYZERANDSMOKEMETERE:

Gasanalyzer andsmokemeterareusedtomeasure the
exhaustgasescoming outfromtheengine. TheAVLgas
analyzermeasureCQO,,CO,HC,0,andNOxcoming out
oftheengine.ltmeasuresthestandardvaluesof8.3

MECHANICALAGITATOR:

Thisisusedtothoroughly mixthemixtureandformthe
emulsion.ltconsistsofamotor ~ whichis  usedtorotatethe
bladeswhich isdippedinthemixture. Thereisspeed
controlknobto optimizethe speedofthemotor.

Fig6SchematicDiagramoftheExperimentalsetup

EXPERIMENTALPROCEDURE:

1 e

1.EDDY CURRENT
DYNAMOMETER

LENGINE

1. COOLING TOWER

4.COUPLING

: 5 FUEL TANK

§ 6. FUEL MEASURING
CHAMBER

7. EXHAUSTTEMP
MEASURING UNIT

8.QRIFICE

9. AIR RESERVOIR

10. MANOMETER

11, CONTROL PANAL

Fig 7 Experimental setup

1. The filtersoftheengine werereplacedandtheinjectors
Werecleanedandcalibratedaccording tothedesired pressure.

2.The AVL gasanalyzerandsmoke meterwereinstalled.
Theinputtothegasanalyzerwastakenfrom theexhaust
portoftheengine.

3.Thefueltankwas  thenfilledwithdiesel  andtheengine
wasrun.

4. The engine was run at various loads of the
dynamometer -5,10,15kgsandrespective  readingswere
taken forfuelconsumption/sec.

5. Thereadings
notedineachcase.

ofgasanalyzerandsmokemeterwere

6.Afterallthereadingsweretaken,theleftoverdiesel
wasdrainedoutofthetankandemulsionwaspoured.

7.Samestepsweretaken andthereadingswerenoted down
fortheemulsion.

8.Beforeusingthenextemulsiontheenginewasagain run
withdieselsothattheresultsare notbiased.

9.Aftertakingalltheobservations graphswereplottedto
comparetheperformancecharacteristics andemission
characteristics of theengineincaseofdieselandemulsion.

RESULTSANDDISCUSSIONS
PERFORMANCECHARACTERISTICS:

Brakepoweratdifferentloads

T.OAD (in kg} ERAKE POWER(KW)
0 o
5 135
0 27
13 405
20 54

TablelBrakepoweratdifferentloads
BRAKESPECIFICFUELCONSUMPTION:

Brakespecificfuelconsumptionofanengineisdefined

astheamount offuelusedinkgsperbrakepowerper second.
Thisisanimportantperformance parameterasit determines
themileage ofthevehicle.Inpractical purposes thisvery
importantaspectaconsumer looksfor, asit
determineswhethertheproductisvalueformoneyor not.
Itisseenfrom thegraph thatthebsfcofthe engine
increaseswhenemulsionisused,butitalsodependson

theconcentrationwater inthe emulsion.lt decreasesupto
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acertainlimitandthenagainincreases. Thebsfcisbest
obtainedfortheemulsionwith7.5%ofwater.Useof
waterincreasesthecombustionefficiencyoftheengine
bykeepingthetemperature  intheworking  range.Aftera
certainpointwhenvolumeofwaterincreasesmore,itinhibitsth
ecombustion

SFCYSLOAD
08 =4=PURE DIESEL
03 L

\ —-G5DIESEL + S WE
o7

\\ —O0DIESEL + 0% WE
06

=ua§5HDIESEL + 15% WE

1 \ \\\ —+§0*DIESEL + 20% WE

SFC(xcnomnr)

g =
-
%

BRAKEPOWER {xv)

GraphZlspecificfuelconsumptionvs.brakepower

BRAKETHERMALEFFICIENCYVSLOAD:

Brakethermalefficiency ofavehicleisaveryimportant
performance parameter.ltisgivenbyltincreaseswith
increaseinload.ltcanbeseenthatitincreaseslinearly

fordiesel.Whereasfortheemulsions itincreases initially
tillaloadandthen decreases. Butitcan beobserved that
BTEforemulsions arealwayshigherthanthatofdiesel

exceptatveryhighloads.Soemulsions proveouttobe
betterfuels whenBTEisconcerned
BTE VS LOAD

i® s PURE DIESEL

% ﬁﬁy“(—

u » B=05UDIESEL + 5% WE

a Y A |

» /// o i YODIESEL + L% WE

[
/ == BSUDIESEL + 5% WE

E 1‘; //y oV +20% WE
0 ///;/
/

ewg.,“,.
=

Graph2Brakethermalefficiencyvs.load

EMISSION CHARACTERISTICS:

CARBONMONOXIDE:

Carbonmonoxideisemittedasa resultofincomplete
combustionofcarbonandoxygen underhigh temperature
inside thecylinder. Withincrease inloadCOemission
increasesforallthefuelsused.Ithasbeenobserved that
emissionof CO increases with increase in volume of
water in the emulsion. This happens because with
increaseinwaterthetemperature insidethecylinder
decreasesslowingdownthecombustion ofcarbon,asa
resultofwhichincompletecombustionOccurs.

CARBON MONOXIDE VS LOAD
01 i PURE DIESEL

=B=9i%DIESEL + 5% WE

=

=i=G0ADIESEL + 105 WE

=

== B5%DIESEL + 15% WE

==B0%DIESEL + 2 WE

CARBON MONOXIDE (=voL)
=

LOAD (k)

Graph3CarbonMonoxideemissionvs.load
HYDROCARBONEMISSION:

Exhaustgasesleavingthecombustion chamberofaCl
enginecontainsupto100ppmofhydrocarbon. These
consistofsmallnonequilibrium whichisformedwhen
largefuelmolecules breakupduringthecombustion
reaction.ltisoftenconvenient totreatthesemolecules as if
they contained carbonatom. It
isseenthatH Cemissionsincreasesuptoacertainloadthendecr
eases Fordiesel.Fortheemulsionsitshowsincreasing trendas
theloadincreases.Underlowerloadconditions emission
incaseofdieselismorethanthatofemulsions butat
higherloadconditions theemulsions givemoreHC
emissionsthandiesel.
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HYDRO CARBON Y5 LOAD

=4=FURE DIESEL

=B=05%DIESEL + 5% WE

== YDIESEL + 10% WE

==35%DIESEL + 5% WE

== HIDIESEL + 20% WE

HYDRO CARBON (ppm)

¢ 11 1 4 s 6 1 4 9
LOAD (ks

Graph4Hydrocarbonemissionvs.load
CARBONDIOXIDE:

Carbon dioxidecomesasexhaustasaresultofcomplete
combustion ofcarbonparticlesinthefuelandthe combustion
ofCOinsidethecylinder.Fordieselit increases linearly with
increaseinload.Forthe emulsions too
itincreaseslinearlywith some variationsat some loads.
CO,emission increases
whenweaddwatertodiesel.Withincreaseinthepercentageof
waterindiesel

CO.emissionincreases.

CARBON DI OXIDE VS LOAD

=+ PURE DIESEL

=f=05"DIESEL + 5% WE

=

==0UDIESEL + 1% WE

=={5%LDIESEL + 13% WE

= B%DIESEL + 20% WE

CARBON DI OXIDE (xvoL)

LOAD (xe)

Graph5Carbondioxidevs.load
NITROGENDIOXIDE(NOX):

Exhaustgases ofanenginecanhaveupto40ppm of oxides
ofnitrogen. Mostofthisexhaust containsnitrogen oxide
(NO)with  smallamountof dioxide. These allcome
underNOXx,xrepresenting somesuitablenumber.NOxis
veryundesirable  asithasmanyadverse  effecton  the
environment. With increaseinload NOxemission

Increasesfordiesel aswellasotherfuels. Ithasbeen
observedthatusingdieselwateremulsion asfuelgreatly
reducestheNOxemissions ascomparedtodiesel. This
happens  becausewhenwateralongwithdieselenters  the
combustioncylinder,itisdirectlyvaporizedintosteam
duetopresenceofhightemperatureandpressureinside
thecylinder. Thistakessomeoftheheatfromthe combustion
chamberandbringsdownthecylinder temperature.Asaresult
theconversion ofdiatomic hydrogen
tomorereactivemonoatomic  nitrogendecreasesthereby
reducingthechancesofformation of NOX.

" NOX VS LOAD

) "

=4=PURE DIESEL

=B=03%DIESEL + 5% WE

== D0%DIESEL + 10% WE

== B5%DIESEL + 15% WE

NOXAIFIFALY

==00%DIESEL + 20% WE

Load kg

Graph6Carbondioxidevs.brakepower
CONCLUSIONS

eThespecific  fuel consumption was observed to
decrease withincrease in thepercentageof
waterindiesel.Resultsshowthatspecificfuelconsumption
is decreasedby2%to3%whenconcentration — ofwateris
increasedfrom 5%to7.5%,butfurtherincreasemay increase
thespecificfuelconsumption. However
athigherloadsthefuelconsumption ismoreforemulsions
thandiesel.

eThebrakethermalefficiency  of  theincreaseswith
increaseinwatercontentemulsion underlowload
condition.Butitdecreasesathigherloads.

eTheNOx emission isbroughtdown by30%-50%by
useofdieselwateremulsion. Thistrendgoeson increasing
with increaseinamount ofwaterinthe emulsion.

e Atlowerloadsthehydrocarbonemissionsarelesser
foremulsion ascomparedtodiesel,howeverwhenthe
loadincreasesHCemissionsare higherforemulsions.
eCarbon monoxide and carbon dioxide emissions
increasewithincreaseinwaterpercentageinthefuel.
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Thisisduetothefactthatmostofthehydrocarbonsare
burntatlowerloads.

of 0 r optimalresultsuseofdieselwateremulsionwith
7.5%watercontentwillhavethebestresultsintermsof

performanceandemissions.
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