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ABSTRACT

This work investigatesa diesel ergine operating with dieseloail containing 7% biodiesel(B7) andhydrous
ethanol with concentratbns varying from 5% to 30%. The expe&iments wereconductedin a 49 kW diesel
power generabr, equipped with an electronic ethanol injection unit installedin the intake manifold and
without any modifications in the dieseloil injection system. The resultsshowed a decreaseof in-cylinder
pressire and net heatreleaserate with the use of ethanolat low loads and an increaseat high loads, in
comparison with B7. Increasing ethanol injection caused increased ignition delay and deaeased
combugtion duration. Fuel conversionefficiency wasraisedup to 13% with the useof ethanol. The use of
30% ethanol in the fuel caused a reduction of carbon dioxide (CO2) emissions up to 12% andnitric oxide
(NO) up to 53%. Carbon monoxide (CO), total hydrocarbans (THC) and oxides of nitrogen (NOx)
emissions increaseavith ethanol addition. The replacement of 20% of dieselfuel by ethanol showed the

lowest penaltes on NOx emissons.

Keywords: ethanol; dieselengine; combustion; emissions; power generatn.
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1INTRODUCTION

In recentyears,the allowablelimits of internal combustion engine pallutant emissionshasbeen
reducedasa consequeance of increasing concernfor the environment and air quality. Ethanol is arenewable
fuel that can be obtained from plants such as sugarcane and corn. Severalauthors highlight ethanol
charactestics such asthe high latent heat of vaporization, high oxygen content and high buming rate,
giving it high potential to reduce oxides of nitrogen (NOx) and particulate matter (PM) emissions from
dieselengines[1-3]. Brazil isamajor ethanol producer[4] ard its main sourceis sugarcane which hasone
of the highest ratio of renewable enegy producedto fossil energy usedin the production of the fuel.

Thereare different tehniques to use ehanol in dieselengines: blendedto dieselail, fumigatedin
the intake manifold, dual injection of ethanol and dieseloil, spak ignition conversion and surfaceignition
[5]. Dieselail demand canbe replacedby up to 50% using ethanol fumigation, up to 90% using dual
injection andup t025% using dieseloil-ethanol blends[6]. Compared with dieselail, the main limitations
of the useof ethanol in diesel engines are the ethanol higher autoignition temperature,the lower cetane
numbe, which difficult the compression ignition, thelower low heaingvalue (LHV), thelower miscibility
of the fuels, mainly with the presencef water,andthe lower lubricant poperties[7-10].

Bodisco [11] reportedthat the addition of fuelsto the intake air for combustion engines, called
indirectinjection, hasbeen invesigatedsince thelate 1920s, with the commercialization of thefirst dud-
fuel vehiclein 1939 Theauthor pointsout that methanol andethanol aresuitablefor useas seconday fuel.
Ethanol fumigation in the intake manifold is a techngue of dual fuel engine operation, where ethanol is
mixedwith theintake air while dieselfud is injecteddirectly intothecombustion chamber asthepilot fuel.
This method requires little engine modifications and ethenol is injectedinto the intake manifold by low-
pressire nozzleg12,13]. Thehigh compression ratioof diesel eigines isan advantage when eploring the
high regstance todetonation of ehanol [14].

Padala et al. [14] conductedexpaiments in an aubmotive single engine diesel engine using
ethanol fumigation. Dieselfuel wasinjected directly into the combustion chamber andan ethaol injector
wasinstalledin theintake manifold with electronically controlled time and duraton of injection. Testswere
caried outvarying the ethanol contentup to 70%, compared todieseloil, based onlte energy requiredfor
eachdemanded engine load. The reallts showedanincreasein the ignition delay with the ethanol additi on,

reduction of CO emissonsand increase iremissions of NOx andTHC.
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Zhangetal. [15] conducted expeimentsin a four-cylinder dieselengine with direct injection of
dieseloil andratedpower of 88 kW. An electionic control unit was develpedfor controlli ng the injection
of ethanol in the intake manifold. The replacament percentges used,in energy bass, were 10% and20%
ethanol. Thereallts showedanincreasein fuel consumpton, with ethanolfumigation,and reductionof fuel
conversbon effici ency atlow loadsard increaset higherloads, when comparedwith dieseloil performance.
Regarding emissians, the authors reported anincreaseof total hydrocarbors (THC) andcarba monoxide
(CO) emissns, as higher percentages of ethanol were used, mainly at low loads. NOx emissions were
reducel, atributed toethanol coding effect,but carbon dioxide (COz) emission increasd.

Tutak[16] presentedexperimental reaults using E85 (85% ethanol and 15% gasdine) fumigation
in a dieselengine, replacing up to 90% dieseloil by E85. For replacement levels above 50%, the ergine
presentedcombustion probdems. The reallts showed that E85 fumigation caused lower fuel converson
efficiency atlow loads and higherfuel converson efficiency athigh loads. Theincreasein E85 fumigation
increasedignition delay, peak pressire andpeak heatrelease rate. The author evauatedemissons using
E85 and found, comparedto puredieselfuel, areduction in NOx emission atlow and medum loads and an
increaseat full load. Theresuts showedincreased-O and THC emissions with increasing percentajesof
ethanol.

Britto etal. [17] testeda single cylinderdieselergine with compression ratio adjugment with a
dieselinjector located in the center of the combuston chamber and two ethanol injeciors positioned
upstream of the cylinderhead nlet. Thereailts showedincreased CO andTHC emissions, attributedto the
ethanol codler effect andhon- homogeneous ar-ethanol mixture.

Thiswork presents the use of dieseloil containing 7% of biodiesel(B7) directlyinjectedinto the
ergine combustionchamber and hydrous ethanol injection into the engine intake manifold andits effecton
combugtion, performance and emissons. Ethanol injection was electronicaly controlled, with
concantrationsof 5%, 10%, 15%, 20%, 25% and 30%. The experimentswereperformedin a44 kW diesl

power generair.

2METHODOLOGY
2.1 Experimental Seup
The main chaacteistics of the 44 kW diesel ergine usedin this study shown by Tab. 1. The

original engine geomety characteristicsand the mechanicdly controlled dieseloil directinjection system
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werenot changedfor thetess. An electionic injection system was adaptedto the engineintakesystem [1§]
to control ethanol injection in the dud-fuel operation. The electionic injection system consists mainly of a

magnetic sensor and a knock sersor, for engine phasesynchronization, and microcontrollers, to control the

injection timing, according to ergine load demand. A comman rail system wasdeveloped andadapted to

theengineintake manifold for multiport ethanol injection, ensuring that the same amount of fuel isavélable

for each cylinder. The ethanol injectors were positioned 130 mm from the intake valves. The testswere

conductedwith fixed injection timing of dieselfuel,at23 crank angle (CA) degres before top dead center

(BTDC), andethaol injection attop dead cente(TDC), in the begnning of the intakestroke.

Table 1 Diesel engine andgenerabr details

EQUIPMENT PARAMETER TYPE OR VALUE

Cycle Four strokes

Dieseloil injection Direct

Bore3 stroke 102 mm?3 120 mm
ENGINE Numberof cylindeas 4,inline

Total displacement 392 L

Intake system Naturaly aspirated

Ratedpower 44 kW

Number of poles 4

Voltage 220V
GENERATOR Number of phases 3

Ratedpower 55kVA

Frequency 60 Hz

Theintake air mass flow ratewas measuredthrough an orifice plate, with maximum uncertainty

of £ 2.3 kg/h. Thetemperatures of ethanol, dieseloil, ambientair, inlet air, orifice plateinlet, exhaust gas

and ooaling water emperaturewere monitored using K-type thermocouples. The maximumuncertainty of

the measured exhaust gas temperature was + 7°C; the remaining temperatures were measured with

maximum uncertanty of + 2°C. The inlet air humidity was measuredthrough a thermo-hygrometerwith
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uncertanty of + 2.5%, and the ambient pressure was determined through a Torricelli barometer with

reslution of £ 1.3kPa. Dieseloil andethanol consumptionwere measuredthrough platform balancs, with

resolutions of 5 gand 1 g, repectivdy.

The exhaustgasconcentration of total unburned hydrocarbons (THC) wasmeauredby a heated
flameionization detecor (HFID) analyzer, with resdution of + 1 ppm. Oxidesof nitrogen(NOx) and nitric
oxide (NO) concentratons were measured by a heatedchemiluminesent detector (HCLD) andyzer, with
relution of £1 ppm. Carbon monoxide (CO) andcarbon dioxide (COz) concentrationsvere detamined
by non-dispesive infrared (NDIR) andyzers,with resolutons of £1 ppmand+ 0.01%, regectively. In-
cylinder presaire wasmeasured by a piezoelectric pressuretransducewith resolution of + 0.5%. Atrigger
wheel with amagneticsensor was used tasynchonizethe presure datawith the enginecycle. The system
was setto obtain the pressure dataat 0.1 crank angle intervals. Figure 1 shows a schematic draw of the

measurement system. Thetotal uncertanty of the results presenteds a combination of both the statstical

spread andthe instument uncertainty.
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Fig 1 Schematics of the expeimental gpparatus
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2.2 Experimental procedure

Thefuelsusedduring thetestsweredieseloil containing 7% of biodiesel(B7) and hydrous ethanol
(92.6% purity). The replacenment percentayes used were 0% (B7EQ), 5% (B7E5), 10% (B7E10), 15%
(B7EL5), 2% (B7E20), 5% (B7E25) and 8% (B7E30). The te$s were conductedat theconstant endgne
speedof 1800 rev/min. The loads werevariedfrom 0 kW to 37.5 kW andthe readngs at each load were
performed after the engine reachedhe stealy state condition, obseaving the exhaust gasandthe cooling
watertemperatures.The testswere conducted according to 1ISO 3046-1:2002 standad [20], which shows
the mrrection of the loadpower and fiel cansumption resuts tostandard conditions.

To setthe ethanol injection system, theinjectedethanol mass was initially estimated considering
the same fuelconversioneffi ciency for standard operation with dieseloil (B7). Thus, the energy contained
in a percentgle of B7 mass amount consumed at a specific operating condition in the original engine

configurationcan beprovided by a replacement mass amount of ethanol acording to [19]:

. lsr Do
Q= U%_w (]_)

03,0

where d  is the ethanol massflow rate(kg/h), mg; is B7 mass flow rate(kg/h), QLrv,s7 is the low heating
value of B7 (MJ/Kg), Qunv.e is the low heatng value of ethand (MJ/kg) and By, is the percentge of ethanol
replacement.

The enegy content of both fuels,B7 and ethaol, were considered for calculation of the fuel

converson efficiency in dual fuel qperation [15,16]:

3600.w

a .0 +a .0
87 TOns7 0 an0

.100% 2

where —; is the engine brakefuel conversin eficiency (%) and W is the engine output pwer (kW).
The concentration of the exhaustgas component is measured in % or ppm. To convert molar
concantration into specific massconcentratbn per unit of enegy produced,in g/kW.h, the following

expressions used:
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. . . DoAl
Gaw = ana ¢ % A0 gnt Ag7+ Oo) D29 o (3

‘o

where 6 g7 1olS the component specific composition (g/kW.h), 6,r‘1r‘1c'x ¢i v IS the componentcomposition
(ppm 310°% or % 3102, & is the intake air massflow rate (kg/h), ” 5 is the gas component densty
(kg/m?) and” q,, is the exhaust gasdersity (kg/m?).

Thein-cylinderpressire datawas usedto detamine the ignition delay, the combustion duration
andthe net heatreleaserate. The ignition delay is detemined from the time interval between the startof
injection andthe startof combustion [21]. The startof combustion was detemined from the se@nd order
derivative of the in-cylinder presaire diagram [22]. Combustion duration was determined asthe crank
angle intewval betweenthe beginning of heat relase andhe crank anglevherethereis an acumulation of
95% of the totalamount of heatreleased [23]. The heatreleaseandysiswasmade for povide the effects
of the ethanol on combustion chaacteistics. The apparernt net heatreleaserate was caculated from

application of the first law of Themodynamics[21]:

(4)

where Q) j Q—is the apparent netheatreleaserate (J°CA), | is the ratio of speific heas, cy/cy, p is the

cylinder presaire (Pa), —is the crankangle (°CA) and V isthe cylindergas vdume (m?3).

3 RESULTS AND DISCUSSON

Figures2 and 3 show the in-cylinder presarre history andthe net heatrelease rate curvesasa
function of crank angle andthe amount of ethanol injectedinto theengine intake manifold for the loals of
0 kW and375 kW, repectively. The curvesfollow the same trend but with a shift of the peak pressure
with increagng amount of ethanoldueto increasedignition delay. At low loads, the lower temperatureof
the cylinder gasand the longer ignition delay leadto a peak heatreleased displad from the TDC, cawsing

decrea®d peak pressrre.
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At theloadof 0 kW, the peak cylinderpressire is generaly reducedwith increasedethanol content
in thefuel (Fig. 2). The peak heatreleaserate peaksdoesnot show a particular trendwith ethanol content
in the fuel. Degite the larger amount of accumulated fuel during the ignition delay, the concentrations
above 5% of ethanol did not show significant increaseof peak heatreleaseaate. This canbe explainedby a
poor combustion due to the higher codling effect caused by ethanol, dominant at low loads, causing aso
reducedpeak pressire.

At high loads, the ethanol-diesel oil-air mixture is richer and more fuel is burned during the
premixed combustion phase(Fig. 2). In addition, the cylinder gastemperatureis higher andthe ignition
delay is shorte. Thisbehavia causesanincreasen peak pressire andheatreleased.With increasing engine
load, the effect of higher amount of air-fuel mixture formed during the ignition delay and burnedin the
premixed phase is more evident, being dominant for presure increasewith the increase of ethanol

concentration [25].
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Fig 2 In-cylinderpressire andheatreleaseateat OkwW

Figure3 shows theresults of in-cylinderpressire and heatreleasedor the load of 37.5 kW. There
is anincreasein peakpressure with increasng ethanolcontert in the fuel. At thisload, the differencdn the
netheatreleaseratebeween differentethanol con@ntrationsisamplified, with anincreasén the magnitude
of thepe&k presaire and displaement form TDC. Thisis causedby thefuel acaumulatedduring the ignition

delayand the fasterburning of ethanol [13]. Severalauthors have found similar behaviors of in-cylinder
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pressire [1,6,13. The increase in heatreleasecan increasdoca temperaturesof the cylinder strudure,

requiring theevaluation of the ergine maling sysem effici ency.
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Fig 3 In-cylinderpressire andheatreleaseateat 37.5 kW

Figure4 showsincreasdignition delay with increagng amount of injectal ethanol. The high latent
heatof vaporization of ethanol deaeasesn-cylinder gas temperature, thusreducing the cetanenumber of
the ethanol-diesel oil mixture and, as a consequence, increasing the ignition delay [6,13,14,16,24].
Furthermore, when B7 is injectedin the cylinderit is not taken by air only, but by an ethand-air mixture
with lower oxygen concentration when compared with pure air, thus increasing theignition delay. The in-
cylinder gasdil ution is increasedwith increasing ethanol injection [14,16]. The resuts also shows that
ergine load influences ignition delay, sinceit is dependenton the cylinder gastemperature and pressure
conditions[21]. For B7EO operatbn the ignition delay deaeasedat high loads, due to high in-cylinder
temperature.For ethanol operation, atlow loads, the in-cylindertemperatureis low and the cooling effect
of ethanol fumigationis dominant. At highloads and high ethanolconcentration, the gasdilution effectand
the low cetane numberof ethanolincreasethe ignition delay. The shortestignition delay, 21.7°CA, was
verified forB7EQfuel at 37.5W, andthe longestignition deby, 26.2°CA, occurredto B7E30atthe same

load.

10
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Fig 4 Variation of ignition dday with ethanol concentrationandload power

Figure5 shows the combustion durationas a function of engine load andfuel. Increasing ethanol
concentration deaeasedhe combugion duraion, justified by the higher heat releaseatein the premixed
combugtion phasecausedby theaddition of ethanol in theair and increasedignition delay. The addition of

ethanol increasesthe amount of oxygenin the mixture, which reducesthe pyrolysis processandincreases

oxidation duiing combustion, reducing te combustion durdion [23].
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Figure 6 shows the fuel conversionefficiency resuts for the different ethanol concentrationsand
ergine load. Ethanol fumigation in diesel engine affectsits performance by differentfactors. The gases
insidethecylinder arecooled when ethanol is admitted during the intake stroke, which causes poor air-fuel
mixture formation and tends to reduce the fuel conversion efficiency. The addition of ethanol tendsto
increasetheignition delay, asshown in the above reaults, causing a larger fuel amount to burn during the
premixed phaseof combustion. Furthermore, the air-ethanol mixture burns faster compared with B7, which
may increasehe fuel conversion efficiency by reducing thetime for heatexchange between the gases and
the combustion chamber walls [13,26]. Thesefactars act simultaneotsly and are dependent on ethanol

percentage in the fuel and egine load.
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Fig 6 Variation of fuel conversion efficiency with ethanol concentraton and load power

In general,therewas a reduction of fuel conversion effici ency at low loads andincrease at high
loads (Fig. 6). At low loads the codling effects of ethanol vaporization are dominant, decreasing the in-
cylinder gastemperature. Besides,the low amount of ethanol injected form anair/fuel mixture thatcanbe
tooleanto allow combustion to proceed,resultirg in reducedfuel conversn efficiency [16]. At highloads,
the larger quantity of fuel burnedincreasesthe cylindergastemperature.Theseeffeds, together with the

fasterburning of etharol and increasedamount of fuel burned in the premixed phaseof combustion,in

12
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comparison with B7, aredeteminant to decreaseor increasethe fuel conversion efficiency [1,13,26,27]. In
addition, atlow loads, the reduction of the peak pressure and heatreleaserate could havecontributedto
reducethe fuel conversionefficiercy. At high loads, therewas anincreaseof thesetwo parametershaving,
therefore,increasing fuel conversion efficiency. The largest reductionoccurredfor B7E20 at theload of 10
kW, whenthefuel conversion efficiency was6.6% lower than operation with B7EQ, andthe largestincrease
was 13.0%, found for operation with B7E30 at the load37.5 kW.

Figure7 shows the behavior of the specific CO2 emission for the differentethanol concentrations
and bads. Asthe loadwas increasal, COz emission was reducedfor all ethanol concentrations. At a given
load, in general,increagng éhanol concentation in the fuel alsocauseda reduction of COz emission. The
reductions obtained for CO2 emissions were up to 122%, for B7E25 The decrease of cylinder gas
temperature due to the high ethaol latent heatof evgporation inhibits CO oxidation, which leads to a
reductionof COz emission[14,15]. The presencef oxygenanda single carban bond in ethanol molecule

increasesfuel cawversionefficiency (Fig. 6), helping toreduce CO:z production (Fi. 7).
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Fig 7 Variation of specific carbon dioxide emssionswith ethanol concentration and load power

Figure 8 shows that CO speific emissins wasincreasedwith ethanol concentration in the fuel

for all engineloads testel. Zhangetal. [15] explainthat CO emission tendto increasein situationswhere

thereis incomplete combustion, underlow temperatures and very lean mixtures,and is controlled by the

13
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local equivalenceratio, beinganindicatve of combustion quality. CO oxidation occurs at high combustion
temperatures.At low loads, the addition of ethanol leads to a reduction of cylinder gas temperature,
resulting in quality loss andlower combustion oxidation of CO to CO:2 in the exparsion stroke, increasing
the CO emission[12,15]. With the addition of ethanol, there is a reduction of excess air in the cylinde,
which has astrong influenceto increase CO emission[3]. At high loads the effectof ethanol vaporization
to deaeasecylindergastemperatureis reduced,due to the higher combustiontemperatures attainel, thus

reducing he differencesof CO emissions betweenthe éhanol blendsandB7.
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Fig 8 Variation of specific carbon monoxide emissions with ethanol concentration and load power

Figure9 showsthe spedic THC emission for the different ethanol concentrations. Asit occurred
for CO emissions, THC emisdon increasedwith the aldition of ethanol. Unburnedhydrocarbon formation
is strongly dependent on combustion quality; thus, the results indicae the use of ethanol provokespoa
combugtion. Severalfactas may have causedthe increaseof THC emission,such astemperaturereducton
dueto ethanol injection, which causeslower ratesof vaporization and mixture formation. For Chauhan et
al. [9], at low loads, the indiredly injected ethanolis unable to impinge on surfacesand be distributed,
cawsing poar fuel distribution, large amounts of excess air, low exhaust tempeaature and lean air-fuel
mixtures tendto escpe, reallting in higher unburned fuel. The air-ethanol mixture trapped in cylinder

crevicesduring the compression and combustion processesunder increasingeylinder pressure,returnsto

14
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the cylinder during the expansion and exhaust strokes, under deaeasig cylinder pressire, and partially
undergoes a post-flame oxidation process. The unbumed amount escge though the exhauwst valve and
contributeto theincreaseof hydrocarton emissions, acharaderistic phenomenonof port fuel spark ignition
ergines [13,27. At high loads, the temperature increase allows more burning of the air-fuel mixture,
improves the quality of combustion and reduces the increase of hydrocarbon emisson [13]. Several
reseachers,such asSurawski etal. [3], Chauhanetal. [9], Tutak[16] andYao etal. [27], alsorepat the

increaseof CO and THC emissiors.
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Fig 9 Variation of specific total hydrocarbon emissions with ethanol concentrationand load power

Figure 10 shows thatNO emissionwasreducedfor all loads when ethanol was usedasfuel. The
reductions &ainedwereup to 53.2%, for B7E30. Suawski et al. [3] alsofound reduction of NO emission
for all engne power range with ethanol concentration up to 400%. Severalfactas affectNOx formation and
emissionsin adieselengne. The oxygencontent andlow cetanenumberof ethanol leadto high temperature
peaks and causeincreasedNOx, but, on the other hand, the high ernthalpy of vaporization and low flame
temperature of ethanol lead to deaeased NOx emissbns. The effeds of ethanol in NO emissions are
dependenbn engineoperating conditionsandfuel characteristics[28]. Severabuthorsassociaed reduction
of NO emissions to decreased gastemperature causedby ethanol fumigation [15]. This effectis more

significant atlow loads, since athigh loadsricher air-fuel mixturestend to increasecombustion temperature.
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Fig 10 Variation of specific nitric oxide emissions with ethanol concentration and load power

Despitethe reduction of NO emission with ethanol fumigation, it was observedan increase of
specific NG emissibnsfor all loads (Fig. 11). The increase in NG emission is due taheincreaseof NO2
formation, asPadalaetal. [14] andTutak[16] showedit. Thisbehavor canbe causedby the cooling effect
of ethand, asthe decreasein temperature favors NO2 formation. Heywood [21] explainsthat one of
nitrogen dioxide formation mechenism is by the combination of NO formed in the flame front with
hydroperoxyl radical (HOz2), alsoproducing hydroxyl (OH). NO2 would subsguently combine with oxygen
element (O) to form NO and molecularoxygen (Oz), unless the NOz formed in the flame is quenchedby
mixing with cooler fluid.

Zhuet al. [23] explainthatthe NO oxidation efficiency dependson the formationof hydroperoxyl
radical. Theautors cite studies that shows that ethanol could produceHO2 through the thermal degralation
behaviorof alcoholswith NO, and thatHO: is promptly formedduring oxidation of oxygeratedfuels. Thus,
ethanol canbe a sourceof HO2 andincreasethe oxidation of NO into NOz, especialy atlow and medum
loads. Furthermore, their reaults showed significant increags of unburnedfuel emission, which favors the
formation of NO2z due tothe presence of ethanol, agood oxidizing [15], anddue tothe wld fuel condition,

which inhibits the anverson of NO2to NO [21].

16
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From an analysis of Figs.10 and11 for each fuel curve whenthe engine operatedwith ethanol,
thereis tendency of increasing NO emissions for loads below 10 kW and no single trend is obsaved for
higherloads. From thedifference of NOx and NO concentrations, it canbeinferred that NO2 concentration
aways increasewith deceasngload. At low loads the reldively low temperatures attaired in the cylinder
do not favor the decomposition of NO2 into NO, while, astheloadand combustion product gasis increased,

a largeramount of NQ: is decomposedinto NO.
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Fig 11 Variation of specific oxidesof nitrogen emissionswith ethanol concentrationand load power

The studied dieselengine does not have any exhaust gasaftertreatmenttechnology. Thus, when
operatingwith die<l oil only, the enginedoesnot meetthe currentBrazili an emissionsstandards for diesel
ergines, PROCONVE (Air Pdlution Control Program for Motor Vehicles) P7, based orturo V European
stendards for heary-duty engines,which requiressystems as exhaust gasrecirculation (EGR) or selectve
catdytic reduction (SCR). Ethanol addition to B7 increased CO2, THC and NOx emissians, however
afterreaments systems could lead to a reduction in theseemissbns. SCR system is a well-stablished
techngue to achieve very low leves of NOx [29-31]. Tadano etal. [29] showed reductionsup to 93%in
NOx using SCRsystemsin adieselengine.EGR systemsarealsovery effedive in reducingNOx emissions
[32-33], but increasessmoke emissions, which can bereducedby ethanol addtion to the fuel [33-35].

Another extensive usedafterreament system is dieseloxidation catdyst (DOC), used to oxidize

THC and CO emissionsto H20 and CQO;, regectively, for dieseloil with low sulfur content[36]. This

17
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system is able to reducesCO and THC emissonsto the standards limits [36-42]. Zhang etal. [41] and Wei
etal. [42] alsoshowed thatalcohol fumigationin dieselengines increasedCO, NO2 and THC emissions,
but, after catlytic conversia, the concentrations of these components were significantly reduced, up to
38% for THC and16% for CO [41], andfor levelsneardieselfuel operation with DOC system [42]. For

dieselfuel operation, Wei etal. [42] stowedreductions up to 90% in CO and THC emissimsfor high loads.

4 CONCLUSIONS

Ethanol wasaddedto B7 in adieselengine by fumigating in the intake manifold andwithout any
changein the original engine geometry characteistics andin the mechanically controlled dieseloil direct
injection system. Ethanol additi on increasedignition delay and reducedcombustion duration. Pe&k cylinder
pressire and heatreleaseratewerereducedat low loads and increasedat high loads. The fuel converson
efficiency was reducedat low loads up to 6.6%, using 20% ethanol in the fuel, andincreaed up to 13.0%
athigh loads, for 30% ethanol. CO2 ard NO emissions werereduced in all engineload rargetested, reaching
up to 12% CO:2 reductionand 53% NO reductionwith 30% ethanolconcentration in thefuel. CO, THC and
NOx emissions always increased with the use of ethanol. The partial substitution of 20% of dieselfuel by
ethanol fumigation at moderate to high loads in an engine with unmaified dieselinjection setingsis
recommendedfor the lowest penaltieson NOx emissions. In general, ethanol fumigation in a stationary
diesel ergine may require optimization of diesel injection andbr exhaust gas aftertreatment to meet

emissions sandads.
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