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The im por tance of al ter na tive fu els, es pe cially bioethanol and biodiesel, rises due
to the lim ited oil sources, se cure sup ply, prices changes, and en vi ron ment pol lu -
tion. Bioethanol is an al ter na tive fuel which will be im por tant in fu ture, as a fuel
pro duced from dif fer ent crops and lig no cellu los es ma te ri als. The qual ity of
bioethanol has sig nif i cant in flu ence on the char ac ter is tics of mix tures with gas o line 
and en gine per for mance.
The in ves ti ga tions were per formed with the bioethanol ob tained as by-prod uct from 
sugar in dus try, which is not denaturated and pro duced ac cord ing the re quests pre -
scribed by stan dards for eth a nol used in mix tures with gas o line. Main tar get was to
ex am ine the pos si bil ity of uti li sa tion of bioethanol ob tained as by-prod uct and
with out ad di tional tech nol o gies for pu ri fi ca tion and ad di tional costs. The re sults of
stan dard and non-stan dard in ves ti ga tions and en gine tests of bioethanol and gas o -
line mix tures are pre sented.
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In tro duc tion

Trans port com pletely de pends on oil sup ply and it is the source of im por tant part of
green house gas emis sion. All pre dic tions for the fu ture have shown that the trans port will in -
crease and that it is im por tant to find the so lu tions for se cure fuel sup ply and the pos si bil i ties for
pol lu tion re duc tion [1, 2]. One of the so lu tions for these prob lems is uti li sa tion of al ter na tive fu -
els which where ex am ined as pos si ble fuel for SI en gines at the be gin ning of the 20th cen tury.
The first at tempts of eth a nol use were made by H. Ford while R. Die sel pre dicted the use of veg -
e ta ble oils. The im por tance of in ves ti ga tions of al ter na tive fu els for SI en gines rises with oil cri -
ses and with the knowl edge about im por tance of pol lu tion re duc tion.

Di rec tive 2003/30/EC sets up guide lines for adopt ing biofuels in all trans port fu els in
the EU [3]. Eu ro pean Com mu nity pro gram pre dicted the in crease of biofuels uti li sa tion from
2% in 2005 to 5.75% in 2010, with the fi nal goal to meet 20% in 2020 [4]. The main ob jec tives
of the Di rec tive are to re duce emis sions of car bon di ox ide from trans port across Eu rope, and to
re duce the EU fu ture re li ance on ex ter nal en ergy sources (fos sil oil). Both rea sons sug gest the
ne ces sity of in tro duc ing bioethanol and biodiesel as en gine fu els [5]. 

The rea son for the trend of in creased use of bioethanol is, among oth ers, a pos i tive net
en ergy bal ance, mean ing that the en ergy con tained in a ton of bioethanol is higher than the en -
ergy needed to pro duce it. Bioethanol could be pro duced from dif fer ent crops, such as sugar
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beet, sugar cane, corn, wheat, etc. The con ven tional tech nol o gies (fer men ta tion pro cess) are
used for bioethanol pro duc tion from these crops (first gen er a tion of bioethanol). Fur ther, it is ex -
pected that the sec ond gen er a tion of bioethanol will be pro duced from lig no cellu los es ma te ri als
us ing more ad vanced tech nol o gies – hy dro ly sis and fer men ta tion [6]. Numerous in ves ti ga tions
have been made re lated to the pro duc tion tech nol o gies, bioethanol qual ity and pos si bil i ties of
uti li sa tion as a fuel for SI en gines [7]. 

In the pri mary phase, bioethanol could be used in mix tures with gas o line. The prob -
lems of bioethanol use in mix ture with gas o line are in creased vapour pres sure, cor ro sion, mix -
ture sta bil ity (phase sep a ra tion in cold con di tions), and poor lu bric ity. The con tent of bioethanol 
in mix ture with gas o line could vary de pend ing on the qual ity (de na tured or non-de na tured). The
mix tures of gas o line with up to 15% of bioethanol could be used, be cause ma jor ity of the ve hi -
cles can op er ate with out sig nif i cant changes of en gine and fuel sup ply sys tem. The in crease of
per cent age of bioethanol in gas o line would in ev i ta bly lead to ad just ment of en gine and fuel sup -
ply system. In USA, con tent of up to 10% v/v of bioethanol in a mix ture with gas o line is in use
(Gas o hol E10), in Brazil 20-25% v/v and in Eu ro pean Com mu nity con tent of bioethanol as an
ox y gen ate, as well as an oc tane buster, was re stricted de pend ing on max i mum per mit ted ox y -
gen ate con tent (2.7% m/m) in gas o line. The max i mum con tent of eth a nol in gas o line ac cord ing
EN 228 is 5% v/v. How ever, the ma jor part of eth a nol pro duced for trans port is used in the form
of ETBE and added in gas o line. 

The ac tual in ves ti ga tions are ori ented to the ex am i na tion of the pos si bil ity to in crease
the bioethanol con tent and the ef fects on hot and cold weather driveability of mod ern ve hi cles
[8], emis sion from ve hi cles [9], and de mands for bioethanol qual ity [10, 11].

In this pa per, the re sults of stan dard and non-stan dard in ves ti ga tions and en gine tests
of bioethanol and gas o line mix tures are pre sented. For all tests, the bioethanol of non-stan dard
qual ity is used with the in ten tion to de ter mine the pos si bil ity of its uti li za tion in mix ture with
gas o line. 

Ex per i ments

The ex per i ments were car ried out with the bioethanol pro duced in the sugar in dus try
and with the un leaded gas o line pro duced in do mes tic re fin er ies. The bioethanol ob tained from
sugar in dus try has not been ad di tion ally treated and de na tur ised. The qual ity of bioethanol was
non-stan dard re lated to the re quire ments de fined in the stan dards for eth a nol used for blend ing
with gas o line for au to mo tive SI en gine (ASTM D 4806-03, ASTM D 5798-99, and prEN
15376:2007). The char ac ter is tics of used bioethanol and gas o line are given in tabs. 1 and 2.
Three dif fer ent mix tures were in ves ti gated: gas o line mix tures with 1, 3, and 5% v/v bioethanol.

The ex per i men tal pro gram in cluded de ter mi na tion of:
– physical and chemical characteristics of bioethanol and gasoline mixtures,
– phase separation of bioethanol and gasoline mixtures,
– aggressiveness of gasoline and bioethanol and gasoline mixtures on the fuel supply system, 
– engine performances on test bench, and
– exhaust gas analysis.

The phys i cal and chem i cal char ac ter is tics of bioethanol and gas o line mix tures were
de ter mined ac cord ing to the stan dard test meth ods used for pure gas o line (EN 228).

From the prac ti cal and tech ni cal point of view, it is ex tremely im por tant that in all cli -
mate con di tions bioethanol and gas o line mix ture re main ho mo ge neous. The bioethanol and gas -
o line mix tures ex hibit sep a ra tion in two phases – up per (gas o line) and lower (bioethanol), es pe -
cially in the case of high wa ter and im pu ri ties con tent in bioethanol and with de crease of
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am bi ent tem per a ture. Phase sep a ra tion of gas o line-eth a nol mix tures, as a non-stan dard in ves ti -
ga tion in cluded:
– determination of temperature at which the sample of bioethanol and gasoline mixture divides 

in two layers – phase separation temperature, and 
– selection of appropriate stabilizer to diminish this phenomenon, resulting in decrease of

phase separation temperature (if needed).
De ter mi na tion of phase sep a ra tion tem per a ture of bioethanol and gas o line mix ture

was per formed ac cord ing to the ISO 3015:1997. Phase sep a ra tion tem per a ture is de fined as the
tem per a ture dur ing cool ing, at which the sep a ra tion of two phases in the sam ple oc curs. In some
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Ta ble 1. Bioethanol char ac ter is tics

Char ac ter is tic Value

Eth a nol con tent [% v/v] 96,3

Den sity [kgm–3] 788

High heat ing value [kJkg–1] 26.700

Taste and smell spe cific 

Vi sual ap pear ance clear and colour less

Barbet test 18 °C [min.] 34

Acid con tent, cal cu lated as ace tic acid (mg/l a. A.) 6.22

Es ter con tent, cal cu lated as ethyl ac e tate (mg/l a. A.) 18.26

Aldechides con tent, cal cu lated as acetaldehyde (% v/v a. A.) 0

Fu sel oil con tent, cal cu lated as isoamyl al co hol (% v/v a. A.) 0

Ta ble 2. Anal y sis of un leaded gas o line 

Char ac ter is tic Un leaded gas o line Stan dard EN 228

Den sity at 15 °C [kgm–3] 758 720-775 

Cop per strip cor ro sion (3 hours at
50 °C)

1a 1

Re search oc tane number 95.5 min. 95

Reid pres sure [kPa] 52
45-60*

50-80**

Dis til la tion:

% v/v dis tilled up to 70 °C, E70

% v/v dis tilled up to 100 °C, E100

% v/v dis tilled up to 150 °C, E150

Fi nal boil ing ponit (FBP) [°C]

Dis til la tion res i due (% v/v), max.

24.8

54.0

79.5

195

1

20-48*, 22-50**

46-71 

min. 75

max. 210

max. 2 

* for period May 1 to September 30
** for period October 1 to April 30



cases, when the bioethanol and gas o line mix ture was sep a rated at the room tem per a ture, the
sam ple was heated to make it ho mo ge neous, and af ter wards it was cooled to de ter mine phase
sep a ra tion tem per a ture. The heat ing was car ried out up to tem per a ture of 35 °C, to avoid evap o -
ra tion of light gas o line com po nents.

Based on ex pe ri ences from ear lier in ves ti ga tions of eth a nol-gas o line mix tures [12,
13], three sta bi liz ers were used:
– stabilizer A – isopropyl alcohol (IPA)
– stabilizer B – n-butyl alcohol, and
– stabilizer C – tertiary butyl alcohol.

A ba sic cri te rion for de ter mi na tion of op ti mum sta bi lizer con cen tra tion was to achieve
ho mo ge neous mix ture (with out the phase sep a ra tion) with small est con cen tra tion of sta bi lizer.
For pro posed mix tures, the stan dard fuel tests were per formed with the in ten tion to de ter mine
the in flu ence of bioethanol and sta bi lizer on the most im por tant char ac ter is tics.

Test ing of the in flu ence of bioethanol and gas o line mix tures on the fuel sup ply sys tem
was made by static method. The rep re sen ta tive parts of fuel sup ply sys tem were sub merged in
the gas o line and bioethanol and gas o line mix ture with high est per cent of eth a nol (5% v/v, as the
worst case) for 720 hours. The mass of each sin gle part was mea sured be fore and af ter the test.
Ev ery part was pho to graphed be fore and af ter the test to check out pos si ble de for ma tions or cor -
ro sion ef fects.

Tests, both on en gine and ve hi cle, were car ried out in par al lel, with the pri mary gas o -
line sam ple and with the mix tures of bioethanol and gas o line in con cen tra tions 1, 3, and 5% v/v
of bioethanol (re spec tively fu els E1, E3, and E5). Ac cord ing to the pre vi ous re sults of phase
sep a ra tion, the mix tures E3 and E5 were pre pared with the ad di tion of sta bi lizer C in the amount
of 1% v/v. The in ves ti ga tions of en gine per for mances were car ried out on test bench Schenk
W130 and in stal la tion on 1.3 litre en gine with sys tem for ig ni tion and  fuel sup ply BOSCH
M.4.6 (fig. 1). Test en gine char ac ter is tics are given in tab. 3.

The in ves ti ga tions com prised the fol low ing tests:
– flat road load characteristics (power, torque, and specific fuel consumption) according to St.

7.A6400,
– flat road load characteristics according to St. A.642, and
– exhaust gases emissions at full power curve (CO and HC).

Test en gine was equipped with stan dard en gine equip ment (in take and ex haust sys tem, 
fil ters of air, fuel, and oil, etc.). For en gine cool ing dur ing in ves ti ga tion, in stalled cool ing sys -
tem was used, which was lo cated on test bench for en gine in ves ti ga tion. Oil tem per a ture in en -

222 Stojiljkovi}, D. D., et al.: Mixtures of Bioethanol and Gasoline as a Fuel for SI Engines

Figure 1. Schematic display of measuring and test
installation

Ta ble 3. Test en gine characteristics

En gine type En gine 128A6.064

Num ber of cyl in ders 4 in line

Pis ton di am e ter 86.4 mm

Stroke 55.8 mm

Com pres sion ra tio 9.1

Max i mum power 46.5 kW

En gine speed at full
power

5800 rpm

Ig ni tion non-con tact



gine crank case was reg u lated by ad di tional oil cool ing sys tem. En gine run ning in was per -
formed on test bench in the pe riod of 6 hours per cy cle (ac cord ing to St.7.A6000). Be fore all
in ves ti ga tions, read ing was per formed on en gine, as well as con trol of main pa ram e ters of en -
gine op er a tion (en gine speed at idle travel, l value, throt tle position, etc.) by spe cial di ag nos tics
de vice BOSCH VS 23.

Spe cial ad di tional tank was used for test en gine sup ply with fu els. Mix ers, in stalled in
the tank, pro vided ho mog e nous mix ture of main fuel and bioethanol. The fuel prep a ra tion pro -
ce dure for each test in cluded two phases: mix ing and rins ing the fuel sup ply sys tem. Af ter each
one of the tests, the fuel sup ply sys tem was dis charged, rinsed, and filled with new fuel for the
next test.

Re sults

For in ves ti gated bioethanol and gas o line mix tures, phase sep -
a ra tion starts im me di ately af ter mix ing at the room tem per a ture
and be comes more and more ex pressed dur ing the time. Phase
sep a ra tion was not typ i cal: in stead of two ho mo ge neous lay ers,
the bioethanol was sep a rated in the form of drops set tled at the
bot tom of the test tube (fig. 2). Be cause of the phase sep a ra tion at
the room tem per a ture for mix tures with 3 and 5% v/v of
bioethanol, the sta bi liz ers were used. Based on pre vi ous tests,
phase sep a ra tion tem per a ture for mix tures with sta bi liz ers A and
B were higher than 0 °C, so the sta bi lizer C was found to be the
most ef fec tive and it was used for all fur ther tests [12.]. Phase sep -
a ra tion tem per a ture re sults
are pre sented in tab. 4.

The re sults of stan dard
tests for bioethanol and gas -
o line mix tures with sta bi -
lizer are given in tab. 5. Dis -
til la tion curves are pres ent-
ed on fig. 3. All char ac ter is -
tic listed in tab. 5 are within
lim its de fined by stan dard
EN 228.

The re sults of the bio-
eth a nol in flu ence on fuel
sup ply sys tem are pre sented 
in tab. 6, as a rel a tive mass
change in pre de ter mined
time. The test re sults of ag -
gres sive ef fect of bioethanol 
and gas o line mix tures on
fuel sup ply sys tem parts
have shown no dif fer ence
be tween gas o line and bio-
ethanol and gas o line mix -
tures.
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Figure 2. Characteristic
appearance of phase
separation

Ta ble 4. Phase sep a ra tion tem per a tures of gas o line-bioethanol 
mix tures with sta bi lizer C

Mix ture Fuel E1 Fuel E3 Fuel E5

Cloud point [°C] – –12 –2

Phase sep a ra tion tem per a ture [°C] < –20 –26 –26

Ta ble 5. Test re sults for gas o line-eth a nol mix tures with sta bi lizer C

Char ac ter is tic Fuel E1 Fuel E3 Fuel E5

Den sity at 15 °C [kgm–3] 758 759 760

Cop per strip cor ro sion (3 hours at
50 °C)

1a 1a 1a

Re search oc tane number 95.7 96,0 96.7

Reid pres sure [kPa] 48 52 49

Dis til la tion

% v/v dis tilled up to 70 °C, E70

% v/v dis tilled up to 100 °C, E100

% v/v dis tilled up to 150 °C, E150

Fi nal boil ing ponit (FBP) [°C]

Dis til la tion res i due (% v/v), max.

25.5

51.8

80.0

192

1

29.2

52.1

79.4

190

1

32.3

50.3

77.1

191

1



  Ta ble 6. Mass change of parts sub merged for 720 hours into the gas o line and
    bioethanol and gas o line mix ture (5% v/v of bioethanol)

Part
Gas o line
Dm [%]

Gas o line + 5% v/v bioethanol
Dm [%]

Fuel res er voir 0.04 0.10

Fuel in take hose Æ50 mm –6.02 –6.14

Rub ber seal of fuel res er voir –6.30 –5.10

Metal fuel pipe –0.01 –0.22

Fuel res er voir lid 0.00 0.00

Fuel level in di ca tor –0.37 –1.21

Rub ber hose Æ75 mm –2.30 –0.09

Pipe for fuel dis tri bu tion 0.06 0.07

Fuel at om izer 0.10 –0.29

Rub ber seal of fuel swim mer –7.80 –4.98

Max i mum val ues of en gine power, max i mum torque, and min i mal spe cific fuel con -
sump tion with gas o line and with gas o line mix tures with 1, 3, and 5% v/v of bioethanol are
shown in tab. 7.
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Figure 3. Distillation curves of unleaded gasoline and bioethanol and gasoline
mixtures



Ta ble 7. Max i mum val ues of power, torque, and min i mal spe cific fuel con sump tion

Fuel
Power [kW] / en gine speed 

[rpm]
Torque [Nm] / en gine speed

[rpm]

Spe cific fuel con sump tion 
[gkW–1h–1] / en gine speed

[rpm]

Gas o line 53.91 / 6200 96.10 / 3600 229.04 / 2600

E1 54.01 / 6000 96.61 / 3600 243.92 / 2600

E3 53.80 / 6000 97.00 / 3600 251.51 / 3000

E5 53.73 / 6000 94.96 / 3000 253.26 / 3000

En gine full load char ac ter is tics with gas o line and with bioethanol and gas o line mix -
tures E1, E3, and E5 are pre sented on fig. 4.

An a lyz ing the re sults of in ves ti ga tions with gas o line and mix tures E1, E3, and E5, it
can be no ticed that the char ac ter of curves for power, torque, and spe cific en gine con sump tion is 
ap prox i mately the same. The val ues of en gine max i mum power and torque with mix tures are
sim i lar com pared to the val ues ob tained for the gas o line (tab. 7). The val ues of en gine spe cific
fuel con sump tion in in ves ti ga tion with mix ture E1, E3, and E5 are higher in the whole range of
en gine run ning (fig. 4).

There is no sig nif i cant dif fer ence in re sults for in ves ti ga tions with gas o line and mix -
tures of bioethanol and gas o line, nei ther in val ues for vol ume and spe cific con sump tion, nei ther
in the trend of the curves. This is vis i ble in fig. 5. Smaller dif fer ence can be ob served only for
mix ture E5, where slightly higher vol ume and spe cific fuel con sump tion was ob tained. That is
agree able with ob tained val ues of power and torque from the cor re spond ing ex ter nal speed en -
gine curve.
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Figure 4. Engine full load characteristics with
gasoline and gasoline and bioethanol mixtures

Figure 5. Engine flat road load characteristics with
gasoline and with mixtures of gasoline and ethanol



Emis sion mea sure ments of CO and HC con tent in ex haust gases at full en gine load re -
gimes are shown on figs. 6 and 7.

As shown in figs. 6 and 7, it is not pos si ble to iden tify the sig nif i cant changes in the CO 
and HC con tent in ex haust gases, es pe cially for the mix tures E3 and E5.
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Fig ure 6. CO con tent on full power curve

Fig ure 7. HC con tent on full power curve



Con clu sions

Based on in ves ti ga tions per formed, and re sults ob tained for the mix tures of bioethanol 
(orig i nated from sugar pro duc tion pro cess) and gas o line it can be con cluded:
– judged on separation as principle criterion, mixture of gasoline with 1% v/v of bioethanol

can be used in practice, without addition of stabilizer, because the mixture is homogenous up 
to temperature of –20 °C,

– mixtures of unleaded gasoline with 3 and 5% v/v of bioethanol can not be used without
addition of stabilizer, because the separation occurs at room temperature,

– tertiary butyl alcohol (TBA) is appropriate stabilizer for bioethanol and gasoline mixtures,
– ad di tion of 1% v/v TBA to the mix tures of gas o line with 3 and 5% v/v bioethanol is nec es -

sary to se cure sta bil ity of the mix tures at tem per a tures oc cur ring dur ing exploitation,
– it was observed that only mixture with 5% v/v of bioethanol has higher impact on fuel level

indicator (than the impact of pure gasoline), and
– precise determination of bioethanol-gasoline mixtures impact on fuel supply system parts

require that those parts are in contact with fuel for prolonged period (more than 720 hours).
An a lyz ing the test re sults it can be ob served that max i mum val ues of en gine power,

torque and spe cific fuel con sump tion are ap prox i mately iden ti cal for both ex per i ments – with
pure gas o line and with bioethanol-gas o line mix ture. 

Fuel spe cific consumptions are higher for bioethanol-gas o line mix tures in whole op er -
at ing range of en gine com pared to val ues ob tained for pure gas o line op er a tion. Min i mum val ues 
are for mix ture of gas o line and 1% v/v of bioethanol, and max i mum for mix ture of gas o line and
of 5% v/v bioethanol.

Emis sion tests re vealed no sig nif i cant in flu ence of bioethanol ad di tion on ex haust
gases CO con tent for all tested mix tures. There was also no con sid er able change of HC emis sion 
for mix tures of gas o line with 3 and 5% v/v of bioethanol.

Ref er ences

[1] ***, Bio Fu els for Trans port – An In ter na tional Per spec tive, IEA, April, 2004
[2] ***, White Pa per – Eu ro pean Trans port Pol icy for 2010: Time to De cide, Brussels, 2001
[3] Hansen, S., Vaals, M., Bio Fu els in the EU – Chang ing up Gears, Rabobank, The Netherlands, 2005
[4] ***, Di rec tive 2003/30/EC
[5] Peši}, R. B., Davini}, A. L., Veinovi}, S. P., New En gine Method for Biodiesel Cetane Num ber Test ing,

Ther mal Sci ence, 12 (2008), 1, pp. 125-138

THERMAL  SCIENCE: Vol. 13 (2009), No. 3, pp. 219-228 227

No men cla ture

F –  force, [N]
n –  engine speed, [rpm]
Tin –  temperature of inlet water, [K]
Tout –  temperature of outlet water, [K]
Toil –  temperature of oil, [K]
tfuel –  fuel spending time, [s]
poil –  pressure of oil, [Pa]

Greek let ters

l –  air-fuel mixture
Dm –  mass change, [%]

Ab bre vi a tions 

ASTM –  American Society for Testing
–  and Materials

ETBE –  ethyl tertiary butyl ether
EN –  European norm
ISO –  International Organization

–  for Standardization
SI –  spark ignition
TBA –  tertiary butyl alcohol



[6] ***, Bio Fu els in the Eu ro pean Un ion – A Vi sion for 2030 and Be yond, Di rec tor ate – Gen eral for Re search 
Sus tain able En ergy Sys tems, Luxemburg, 2006

[7] ***: Al ter na tive Fu els for IC En gines in 21st Cen tury (in Ser bian), Fac ulty of Me chan i cal En gi neer ing,
Uni ver sity of Bel grade, Bel grade, 2008

[8] ***, Gas o line Vol a til ity and Eth a nol Ef fects on Hot and Cold Weather Driveability of Mod ern Eu ro pean
Ve hi cles, CONCAWE, 2004

[9] ***, Eu ro pean Com mis sion As sess ment of the Im pact of Eth a nol-Blended Petrol on To tal NMVOC Emis -
sions from Road Trans port in the EU: Re view of Fuel In put Pa ram e ters, Re port to the Eu ro pean Com mis -
sion DG JRC In sti tute for En vi ron ment and Sustainability, 2005

[10] Avelar, H. M., Barbeira, P. S., Conductometric De ter mi na tion of To tal Acid ity and Chlo ride Con tent in
Au to mo tive Fuel Eth a nol, Fuel, 86 (2007), 1-2, pp. 299-302

[11] Gao, J., Jiang, D., Huang, Z., Spray Prop er ties of Al ter na tive Fu els: A Com par a tive Anal y sis of Eth a -
nol-Gas o line Blends and Gas o line, Fuel, 86 (2007), 10-11, pp. 1645-1650

[12] D. Stojiljkovi}, D. Nestorovi}, In ves ti ga tions of Bio-Eth a nol and Gas o line Mix tures as Fuel for SI En -
gines, Pro ceed ings on CD, Con fer ence Al ter na tive Fu els 2008, Maribor, Slovenia, 2008

[13] ***, Re port on In ves ti ga tions of Pos si bil ity for Ap pli ca tion Mix tures of Un leaded Gas o line and
bioethanol in Zastava Ve hi cles (in Ser bian), ZA In sti tute for Au to mo biles, Kragujevac, Ser bia, 2004

Authors' affiliations:

D. D. Stojiljkovi} (corresponding author)
Faculty of Mechanical Engineering, University of Belgrade
16, Kraljice Marije, 11000 Belgrade, Serbia
E-mail: dstojiljkovic@mas.bg.ac.rs

D. B. Nestorovi}
Zastava Automobiles,
Department for Automobiles Development
Kragujevac, Serbia

V. V. Jovanovi}, N. G. Mani} 
Faculty of Mechanical Engineering, University of Belgrade
Belgrade, Serbia

Paper submitted: February 25, 2009
Paper revised: March 25, 2009
Paper accepted: May 10, 2009

228 Stojiljkovi}, D. D., et al.: Mixtures of Bioethanol and Gasoline as a Fuel for SI Engines


