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Experimental Investigation of Ethanol-Nanoparticle Blended Gasoline on
Performance and Emission Characteristics of a Spark-Ignition Engine
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Abstract. The main objective of this study was to evaluate how ethanol concentration and aluminium
oxide nanoparticle addition influenced the performance and exhaust emissions of a spark-ignition en-
gine. These objectives were achieved by experimentally testing commercial petrol, gasoline containing
10% or 20% ethanol by volume, and the corresponding blends containing 10 or 20 parts per million of
aluminium oxide at five engine speeds from 1700 to 3300 revolutions per minute. Brake thermal effi-
ciency, brake-specific fuel consumption, carbon monoxide, unburned hydrocarbons, nitrogen oxides and
carbon dioxide were evaluated. The most important results are that the highest brake thermal efficiency
was 36.93% for the 20% ethanol blend containing 20 parts per million of aluminium oxide at 2900
revolutions per minute. The lowest brake-specific fuel consumption was 0.24 kg/kWh for commercial
petrol at 2900 and 3300 revolutions per minute and for the 10% ethanol blend containing 10 parts per
million of aluminium oxide at 3300 revolutions per minute. The minimum carbon monoxide concentra-
tion was 0.56%, the minimum unburned hydrocarbon concentration was 66 ppm, and the minimum
nitrogen oxide concentration was 314 ppm, each under a different fuel and speed condition. The signif-
icance of the results lies in providing a controlled comparison of two ethanol concentrations and two
nanoparticle dosages across the same operating range. Carbon dioxide emissions were higher for etha-
nol-containing blends than for commercial petrol and increased with engine speed. The findings show
that responses depended on fuel formulation and engine speed, and no blend was best for every measured
parameter.
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Studiu experimental privind efectele amestecarii benzinei cu etanol si nanoparticule asupra
performantelor si emisiilor unui motor cu aprindere prin scinteie
Gundala S. P., Saik F., Domakonda V. K.
Fundatia Vignan pentru Stiinta, Tehnologie si Cercetare, Vadlamudi, India

Abstract. Obiectivul principal al acestui studiu a fost evaluarea modului in care concentratia de etanol si addugarea
nanoparticulelor de oxid de aluminiu influenteazd performantele si emisiile de evacuare ale unui motor cu
aprindere prin scéanteie. Acest obiectiv a fost atins prin testarea experimentald a benzinei comerciale, a
amestecurilor de benzind cu un continut de 10 % sau 20 % etanol (in volum) si a amestecurilor corespunzatoare
care contineau 10 sau 20 de péarti per milion (ppm) de oxid de aluminiu, la cinci turatii ale motorului, cuprinse
intre 1 700 si 3 300 rot/min. Au fost evaluate randamentul termic efectiv, consumul specific efectiv de combustibil,
precum si emisiile de monoxid de carbon, hidrocarburi nearse, oxizi de azot si dioxid de carbon. Cele mai
importante rezultate indica faptul ca randamentul termic efectiv maxim, de 36.93 %, a fost inregistrat pentru
amestecul cu 20 % etanol si 20 ppm de oxid de aluminiu, la o turatie de 2 900 rot/min. Cel mai mic consum specific
efectiv de combustibil, de 0.24 kg/kWh, a fost obtinut pentru benzina comerciald la turatii de 2 900 si 3 300
rot/min, precum si pentru amestecul cu 10 % etanol si 10 ppm de oxid de aluminiu, la 3 300 rot/min. Cele mai
mici concentratii inregistrate au fost de 0.56 % pentru monoxidul de carbon, 66 ppm pentru hidrocarburile nearse
si 314 ppm pentru oxizii de azot, fiecare dintre aceste valori fiind obtinutd in conditii diferite de compozitie a
combustibilului si de turatie a motorului. Importanta rezultatelor constd in furnizarea unei comparatii
experimentale controlate intre doud concentratii de etanol si doud doze de nanoparticule, in acelasi interval de
functionare a motorului. Emisiile de dioxid de carbon au fost mai mari in cazul amestecurilor cu etanol decat in
cazul benzinei comerciale si au crescut odatd cu turatia motorului. Concluziile studiului aratd cd raspunsul
sistemului a depins de compozitia combustibilului si de turatia motorului, niciun amestec nefiind optim pentru toti
parametrii masurati.

Cuvinte-cheie: motor de aprindere prin scanteie, amestecuri de etanol si benzind, nanoparticule, performanta,
emisii.
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JKCcIMepuMeHTAILHOE NCCIeloBaHue BJIAMSIHUSI OeH3UHA, CO/Iep KALIEero cMeCh 3TAHOJIa U HAHOYACTH, HA
pabouune 1 KOJIOTrHYeCKHe XapAKTEePUCTHKHU IBUTATEIS ¢ HCKPOBBIM 3a:KHTaHHEM
I'ynpana C. I1., lauk @., lomakonaa B. K.
®onyn Bunbsna 1o Hayke, TEXHOJIOTHIM M UccieqoBaHusIM, Bagnamy i, Mnaus

Annomayus OCHOBHOU 11€JBIO TaHHOTO HCCJIEIOBAaHMs ObliIa OLIEHKA BIMSHHS KOHLCHTPALMK 3TaHoJIa U 100aB-
JICHUsI HAHOYACTHI] OKCHJIa aJJIOMUHHS Ha paboyne XapaKTepUCTHUKH U COCTaB OTPadOTABILIMX Ia30B JABUTATENS C
HCKPOBBIM 3aKHTaHNeM. [l TOCTHKEHUS 3TO! 1esn OBbUTH ITPOBENECHBI IKCIIEPUMEHTAIBHBIC UCTIBITAHUS C HCTIO-
Jb30BaHMEM TOBapHOTO OeH3MHA, OeH3MHA ¢ fobaBieHneM 10% nnm 20% 3TaHona (110 00beMy), a TAKKE COOTBET-
CTBYIOIINX cMecei, copeprkamux 10 mwim 20 gacteit Ha MIITHOH (ppm) OKCHIA aTFOMUHHUS, TIPH ISATH Pa3INIHBIX
yacToTax BpameHus KoreHdaToro Bana (ot 1700 mo 3300 06/mun). OnieHUBaIICh TaKHe MOKa3aTend, Kak 3¢dex-
tuBHBIN Tepmudeckmit KIT/, yrnenbHs1i 3 GeKTHBHBIA pacXxo]] TOIUINBA, a TAKKe COAep KaHNe OKCHIA YTIIIepo/a,
HECTOPEBIINX YIIICBOAOPOOB, OKCHJIOB a30Ta M JUOKCHAA yIiiepoja B 0TpadoTaBmmx ra3ax. K uncimy Hanbonee
BO)XHBIX PE3yJbTaTOB OTHOCUTCS TO, YTO MaKCUMaJbHBIN 3¢ ¢dexTuBHbIi Tepmudeckuii KI1/ (36,93%) 6bur 3a-
¢uxcupoBan aist cmecu ¢ 20% stanona 1 20 ppm OKCHIA ATIOMUHMS TIpH YacToTe BpameHus 2900 06/MuH. Mu-
HUMAaJIBHBIH yIeNbHbIH 3 PeKTUBHBIH pacxon TominBa coctaBmi 0.24 kr/(kBt-4); aTOT NokazaTess ObUT OCTHT-
HYT TP MCIIOJIb30BaHUU TOBapHOro O0ensuna (Ha yactorax 2900 u 3300 o6/muH) u cMmecu ¢ 10% stanona u 10
ppm okcuna amomunus (Ha yacrore 3300 06/MuH). MUHMMaNbHBIE KOHIEHTPAILIMA KOMIIOHEHTOB OTPa0OTaBIIMX
ra3oB coctaBwin: 0,56% ans okcuaa yriaepoaa, 66 ppm ajisi HECTOPEBIIUX YTAEBOAOPOAOB U 314 ppm A OKCH-
JIOB a30Ta (KayKAbIH U3 3THX IMOKa3aTenei ObUI JOCTUTHYT NPH PAa3IMYHBIX COUYETAHMIX BHA TOIUIMBA U YAaCTOTHI
BpaIlleHNs). 3HAYNMOCTh TTOJYyYEHHBIX PE3yJIbTaTOB 3aKII0YACTCSl B BOBMOXKHOCTH COINOCTABIICHUS TAHHBIX JUISA
JIBYX KOHLICHTPAIMH 3TaHOJA ¥ JBYX JO3UPOBOK HAHOYACTHI] B OMHAKOBOM paboueM anamnazoHe. BeiOpocs! au-
OKcHa YTriepoa IpH HCIIOJIb30BAHUH CMECEH ¢ 3TaHOJIOM OBLIM BBIIIE, YEM IPH HCIIOJIb30BAHIH TOBApHOTO Oe-
H3WHA, ¥ BO3PACTAJH C YBEIMUCHUEM YaCTOTHI BPAICHHS JBHUTATElNs. Pe3ynbTaThl HCCIIEIOBAHMS TTOKA3alH, YTO
pCaKkuAa ABUTraTelid 3aBHUCEIa OT COCTaBa TOINIMBA U YaCTOThI BpalllCHUA, U HA O/JHA U3 UCIIBITAHHBIX cMmecelt He
OKa3aJIach Jy4Illeil 1o BceM OLIEeHHMBAEMbIM ITapaMeTpaM OJHOBPEMEHHO.

Knrouesvie cnoea. nBuratenb C MCKPOBBIM 3aKUTAHHUEM, 3TaHOJIO-OCH3MHOBBIE CMECH, HAHOYACTHIIBI,
OKCILTyaTallHOHHBIE XapaKTEPUCTHUKH; BEIOPOCHL.

INTRODUCTION reduced energy content. Thus, the effects of
ethanol content should be investigated for specific
engine operating conditions.
Performance and emissions have been affected by
ethanol content, as shown in experimental studies.
lodice et al. [3] tested petrol blends containing
10%, 20%, and 30% ethanol and saw reductions
in CO and HC emissions compared to commercial
petrol, with E20 exhibiting promising emission
behaviour for the cold-start conditions studied.
Mohammed et al. [4] studied E10, E20, E30 and
E40 in a single-cylinder Sl engine and reported
variations in  power, brake-specific fuel
consumption and thermal efficiency with the
ethanol content, and reductions in exhaust
pollutants. These experiments establish the E10
and E20 as relevant ethanol-gasoline blends for
performance and emission tests.
Li et al. [5] investigated methanol-, ethanol- and
butanol-gasoline blends in a port-fuel-injection
S| engine under varying fuel ratios, equivalence
ratios and engine loads. Their studies proved that
ethanol—-gasoline blends could lead to a reduction
in HC emissions, although CO and NOx
responses depend on operating conditions. In
addition to mixing with alcohol, metal-oxide
nanoparticles have been researched for their

The increasing demand for transportation energy,
depletion of petroleum resources and growing
concern about exhaust pollutants have promoted
the development of alternative fuels for internal
combustion engines. Improvement of efficiency
and reduction of emissions are essential research
targets since Sl engines are still widely used in
transportation and small-scale power generation
applications. Alcohol-gasoline blends have been
of considerable interest among alternative fuels
since ordinary petrol engines may use modest
alcohol concentrations with no major hardware
modification. Goktas et al. [1] evaluated the
effects of alcohol fuels on performance,
combustion and emissions of Sl-engines. Ethanol
is particularly interesting as a petrol blending
component because of its renewable origin, high
octane number, and oxygen content. It might
increase knock resistance by improving octane
and its oxygen content can influence fuel
oxidation. Ethanol has a lower heating value than
petrol, and can influence fuel consumption and
engine performance as its concentration grows.
Wang et al. [2] observed that the ethanol blending
affects Sl-engine behavior by increasing the
octane number, the charge-cooling impact and the
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possible impact on alternative fuels' performance
and emissions. Amirabedi et al. [6] studied the
Mn20Os nanoparticles in an ethanol-gasoline-
fuelled SI engine whereas Thamilarasan et al. [7]
studied the nanoparticle-assisted ethanol-blended
gasoline. These investigations illustrate the
significance of the use of ethanol—gasoline blends
with nanoparticles, the nanoparticle material and
fuel formulas are different from those discussed
in the present study.
Al0s nanoparticles have also been studied in
gasoline-alcohol Sl-engine applications.
Priyadarshini and Kumar [8] investigated
gasoline—alcohol blends with 10 ppm of ALOs
nanoparticles at different engine speeds. AlOs
and ZnO nanoparticles in gasoline-alcohol-based
nanofuels were examined at various
concentrations and engine speeds by Gundala and
Domakonda [9]. These experiments show that the
addition of Al-Os can affect the performance and
emission characteristics of ethanol-containing
gasoline fuels. But variances in ethanol
concentration, nanoparticle dosage and engine
operating circumstances make direct comparison
across various research difficult.
Therefore the current study presents a controlled
experimental comparison of two ethanol
concentrations and two Al,Os concentrations
under the same Sl-engine setup and operating
range. The fuels tested were PG, E10, E20,
E10A10, E10A20, E20A10 and E20A20 and
tested at 1700, 2100, 2500, 2900 and 3300 rpm.
BTE, BSFC, CO, HC, NOx and CO, were
analysed under the same operating conditions.
Thus, the novelty of the present study is not
claimed as the first application of ALOs;
nanoparticles with ethanol-gasoline fuel. Instead,
a direct comparison of ethanol concentration and
Al:O; dosage is provided within a common
experimental matrix. The purpose is to evaluate
their effects on engine performance and emissions
and to find the best formulation under the
conditions experimentally studied, without
claiming a universal fuel optimisation.

MATERIALS AND METHODS

I. Fuel Preparation

The fuel used as a reference was commercial
gasoline (PG). Ethanol was used as the
oxygenated blending component. Two ethanol-
gasoline blends, E10 and E20, were prepared on a
volumetric basis with 10% and 20% ethanol,
respectively. Al.Os nanoparticles were added to
the ethanol—-gasoline blends at concentrations of
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10 and 20 ppm. Accordingly, the nanoparticle-
assisted fuels were designated as E10A10,
E10A20, E20A10 and E20A20, where A10 and
A20 denote 10 and 20 ppm Al2Os, respectively.
The dispersion of Al-Os nanoparticles into the
corresponding fuel blends was carried out using
an ultrasonic probe sonicator, as shown in Fig. 2.
Ultrasonication was performed for 30 min to
promote homogeneous dispersion of the
nanoparticles in the fuel blends and minimize
particle agglomeration. The Al.Os nanoparticles
used in the experimental study had an average
particle size of approximately 40 nm, a specific
surface area greater than 40 m?*/g and a purity
greater than 99.9%. These specifications are

consistent  with the previously reported
experimental work using the same experimental
setup.

The prepared nano-fuel blends were stored in
closed containers prior to the engine tests to
minimize changes in fuel composition.

b \

Wi

Fig. 2. Ultrasonication setup.

1. Experimental Engine Setup

A computerized, single-cylinder, four-stroke,
port-fuel-injection Sl engine connected to an
eddy-current dynamometer was used for the
experiments. The test engine, dynamometer, fuel
supply and measurement system, electronic
control unit, load indication, temperature
indicator and data-acquisition system comprised
the experimental setup. Fig. 3 shows the
experimental setup, and the specifications of the
test engine are presented in Table 1.

The Honda GX200 engine was coupled to an
eddy-current dynamometer and operated using a
computerized data-acquisition system. The
experimental setup included a fuel-measuring unit
and engine-performance measurement system.
Engine-performance data were acquired using IC
Engine Soft, while exhaust emissions were
measured using an AVL exhaust-gas analyser.
The same experimental platform  and
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measurement arrangement have been reported in
the earlier experimental investigation.

——

|| Computerized

engine setup | T~y |
\ = -

AVL Gas Analyzer

Fig. 3. Experimental setup of the Sl engine.

Table 1. Specifications of the test engine.

Parameter Specification
Engine model Honda GX200
Engine type g:negnlggﬁ)ellinder, four-stroke
Fuel system Port fuel injection
Rated power 4.1 kW at 3600 rpm
Bore 68 mm
Stroke 54 mm
Compression ratio |8.5:1
Cooling system  |Air-cooled
Dynamometer Eddy-current dynamometer

I11. Experimental Procedure

The engine was permitted to reach a stable
operating condition before each run. The prepared
fuel was supplied to the engine, and the
experiments were conducted at a constant part-
load condition of 75%, corresponding to a
dynamometer load of approximately 5 kg. The
engine speed was varied at 1700, 2100, 2500,
2900 and 3300 rpm, while the other operating
conditions were maintained consistently for all
tested fuels.

PG, E10, E20, E10A10, E10A20, E20A10 and
E20A20 were tested using the same experimental
procedure to enable direct comparison of their
performance and emission characteristics.

The engine-performance parameters, namely
BP, BTE and BSFC, were obtained from the
measured engine operating data using the IC
Engine Soft system. Exhaust emissions were
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measured using an AVL exhaust-gas analyser.
The emission characteristics considered were CO,
HC, NOx and CO.. The same measurement
procedure was followed for all fuel formulations
at each engine speed.

The obtained performance and emission data
were subsequently analysed as a function of
engine speed to evaluate the effects of ethanol
concentration and Al-Os nanoparticle addition.
The present investigation was conducted as a
direct experimental comparison and no numerical
optimization technique was applied. The primary
objective was to evaluate the individual and
combined effects of ethanol concentration and
ALlOs nanoparticle concentration on the
performance and exhaust emissions of the Sl
engine.

IV. Uncertainty Analysis

The estimated uncertainties of the main
experimental parameters are listed in Table 2. The
overall uncertainty of the estimated parameters was
calculated using the root-sum-square method:

i=1

Ug

Based on the experimental uncertainties of £1.0%
for BP, +1.0% for fuel consumption, and +0.5% for
calorific value, the combined uncertainty can be
estimated as

Similarly, the uncertainty in BSFC was estimated
from the uncertainties associated with fuel
consumption and brake power:

Upsre =/ (1.0)2 + (1.0)2 = 1.41 %

Table 2. Experimental uncertainty

Parameter Range Uncertainty
BTE 25.11-36.93 % +1.50%
BSFC 0.24-0.36 kg/kWh +1.41%
CO 0.56-5.21 % +5%

HC 66-613 ppm +5%
NOx 314-2100 ppm +5%
CO2 5.11-21.50 % +5%

RESULTS AND DISCUSSION
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The results are discussed in terms of BTE,
BSFC, CO, HC, NOx and CO: emissions to
examine the influence of fuel composition and
engine speed on the measured performance and
emission characteristics. Only the experimentally
tested fuel formulations are considered, and no
numerical optimization is performed. Particular
attention is given to the effects of ethanol
concentration and Al.Os nanoparticle addition
within the tested fuel matrix.

V. Brake Thermal Efficiency

Figure 4 depicts the variation of BTE with
engine speed for the tested fuel formulations. BTE
generally increased with engine speed up to 2900
rpm for most fuels, followed by a decrease at 3300
rpm. PG exhibited BTE values of 25.19%,
25.72%, 26.45%, 27.49% and 25.11% at 1700,
2100, 2500, 2900 and 3300 rpm, respectively. The
ethanol-containing blends generally exhibited
higher BTE than PG. Increasing the ethanol
concentration from E10 to E20 improved BTE,
with values increasing from 31.98% for E10 to
33.13% for E20 at 2900 rpm. The addition of
AlOs further increased BTE for the E20-based
blends, with E20A10 and E20A20 achieving
36.71% and 36.93%, respectively, at 2900 rpm.
The higher BTE observed with ethanol-
containing blends may be associated with the
oxygen content of ethanol, which can favour fuel
oxidation [10]. The maximum BTE of 36.93%
was attained with E20A20 at 2900 rpm,
representing the highest value among the tested
fuel formulations. The subsequent decrease in
BTE at 3300 rpm was observed for most fuel
formulations, indicating that the effect of engine
speed was dependent on the fuel composition and
operating condition [11].
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Figure 4. Variation of BTE with engine speed.

VI. Brake-Specific Fuel Consumption

Figure 5 demonstrates the variation in BSFC
with engine speed for the tested fuel formulations.
BSFC generally decreased with increasing engine
speed for most of the tested fuels. PG showed a
reduction in BSFC from 0.29 kg/kWh at 1700 rpm
to 0.24 kg/kWh at 2900 rpm, which remained at
0.24 kg/kWh at 3300 rpm. The ethanol blends
generally exhibited higher BSFC than PG,
particularly at lower engine speeds, which may be
associated with the lower energy content of
ethanol [12]. The addition of Al.Os resulted in a
reduction in BSFC for some fuel formulations and
operating conditions. At 2500 rpm, BSFC
decreased from 0.32 kg/kWh for E20 to 0.31
kg/kWh for E20A10, while E20A20 recorded
0.32 kg/kwWh. At 2900 rpm, E10A20 recorded
0.26 kg/kWh compared with 0.29 kg/kwh for
E10. However, the reduction was not consistent
for all blends; at 3300 rpm, E20A10 and E20A20
recorded relatively higher BSFC values of 0.33
kg/kwWh. The minimum BSFC of 0.24 kg/kWh
was recorded for PG at 2900 and 3300 rpm and
for E10A10 at 3300 rpm [13].
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Figure 5. Variation of BSFC with engine speed.

VII. CO Emissions

Figure 6 shows the variation of CO emissions
with engine speed for the tested fuel formulations.
CO emissions generally decreased with
increasing engine speed for all the tested fuels. PG
exhibited the highest CO emission of 5.21% at
1700 rpm, which decreased to 1.71% at 3300 rpm.
The ethanol-containing blends generally showed
lower CO emissions than PG, with the reduction
becoming more evident at higher engine speeds
[14]. At 2900 rpm, CO decreased from 1.41% for
E10 to 1.35% for E20, while the corresponding
values for E10A10, E10A20, E20A10 and
E20A20 were 1.27%, 1.11%, 1.01% and 0.96%,
respectively. At 3300 rpm, E20A10 and E20A20
recorded the lowest CO values of 0.59% and
0.56%, respectively. The lower CO emissions
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observed with the ethanol-containing blends may
be associated with the oxygen content of ethanol,
which can favour oxidation of carbon-containing
species [15]. The further reduction observed for
some AlOs-containing blends indicates that the
effect of nanoparticle addition was favourable
under the corresponding operating conditions.
The minimum CO emission of 0.56% was
obtained with E20A20 at 3300 rpm.

1700

2100 2500

Speed (rpm)

Figure 6. CO emissions with engine speed.

2900 3300

VIIl. HC Emissions

Figure 7 shows the variation of HC emissions
with engine speed for the tested fuel formulations.
HC emissions generally decreased with
increasing engine speed for all the tested fuels. PG
decreased from 579 ppm at 1700 rpm to 203 ppm
at 3300 rpm. At 1700 rpm, E20 recorded a higher
HC emission of 613 ppm, whereas the addition of
Al:O; reduced the HC emission to 590 ppm for
E20A10 and 576 ppm for E20A20. With
increasing engine speed, the ethanol-containing
blends generally exhibited lower HC emissions.
At 2900 rpm, HC decreased from 224 ppm for PG
to 124 ppm for E20, while E20A10 and E20A20
recorded 119 ppm and 115 ppm, respectively. At
3300 rpm, the lowest HC values were observed
for E10A20 (66 ppm) and E20A20 (71 ppm). The
reduction in HC with increasing engine speed and
the lower values observed for several ethanol- and
AlOs-containing blends may be associated with
improved oxidation of unburned hydrocarbons
[16].

IX. NOx Emissions

Figure 8 shows the variation of NOx emissions
with engine speed for the tested fuel formulations.
NOx emissions generally increased with engine speed
up to 2900 rpm for most fuel formulations, followed by
a decrease at 3300 rpm. PG increased from 1603 ppm
at 1700 rpm to 1992 ppm at 2900 rpm and further to
2100 ppm at 3300 rpm [17]. The ethanol-containing
blends showed considerable variation in NOXx
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emissions depending on ethanol and ALOs
concentration.
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Figure 7. HC emissions with engine speed.

At 1700 rpm, E20, E20A10 and E20A20 recorded
substantially lower NOx emissions of 350, 339 and 314
ppm, respectively, compared with 1603 ppm for PG.
At 2900 rpm, PG recorded 1992 ppm, while E20,
E20A10 and E20A20 each recorded 1985 ppm. At
3300 rpm, E20A20 recorded 1815 ppm compared with
2100 ppm for PG. These results indicate that the
influence of ethanol and Al:Os addition on NOx
emissions varied with engine speed and fuel
composition. Since in-cylinder combustion parameters
were not measured in the present study, the specific
mechanism responsible for the observed NOx variation
cannot be directly established [18].

2900 3300
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Figure 8. NOx emissions with engine speed.

2900 3300

X. CO2 Emissions

Figure 9 shows the variation of CO: emissions
with engine speed for the tested fuel formulations.
CO: emissions generally increased with
increasing engine speed for all the tested fuels. PG
increased from 5.11% at 1700 rpm to 8.58% at
3300 rpm. The ethanol-containing blends
generally recorded higher CO: emissions than PG,
with E20 showing the highest values among the
tested fuels at higher engine speeds [19]. At 2900
rpm, CO:z increased from 8.24% for PG to 17.30%
for E20, while E20A10 and E20A20 recorded
17.00% and 17.55%, respectively. At 3300 rpm,
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E20 recorded 20.50% and E20A20 recorded
19.56%, compared with 8.58% for PG. The
increase in CO: with ethanol-containing blends
indicates greater conversion of carbon-containing
species to CO: under the tested operating
conditions. The observed CO: response Vvaried
with ethanol concentration, AlOs addition and
engine speed [20].

1700 2100

2500
Speed (rpm)

Figure 9. CO: emissions with engine speed.

2900 3300

CONCLUSIONS

This experimental study investigated the
effects of ethanol concentration and ALOs
nanoparticle addition on the performance and
emission characteristics of a spark-ignition engine
over the tested engine-speed range. Increasing the
ethanol concentration from E10 to E20 generally
improved BTE, with the maximum BTE of
36.93% obtained for E20A20 at 2900 rpm. The
addition of ALOs improved BTE for several
operating conditions, although its effect varied
with fuel composition and engine speed. The
BSFC results showed that nanoparticle addition
did not produce a consistent reduction for all fuel
formulations, with the minimum BSFC of 0.24
kg/kWh recorded for PG at 2900 and 3300 rpm
and E10A10 at 3300 rpm. CO emissions
decreased with increasing engine speed, and the
minimum CO value of 0.56% was obtained with
E20A20 at 3300 rpm. HC emissions also
generally decreased with increasing engine speed,
with the minimum value of 66 ppm obtained for
E10A20 at 3300 rpm. NOx emissions varied with
fuel composition and engine speed; the lowest
value of 314 ppm was recorded for E20A20 at
1700 rpm. CO: emissions generally increased
with engine speed, with higher values observed
for the ethanol-containing blends than for PG.
Overall, E20A20 provided the highest BTE and
favourable CO and HC emission characteristics
under several of the tested conditions. However,
its performance was not uniformly superior for all
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measured parameters, and therefore it should not
be considered an optimized formulation. The
findings indicate that the combined use of ethanol
and AlOs can influence SI-engine performance
and emissions, with the response depending on
fuel composition and operating speed.
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