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The objective of the study was to develop an ethanol mixture with the lowest possi-
ble concentration and to use that mixture as additional fuel. The purpose was to motivate
the farmers to produce local alternative fuels without using any rectification or blending
processes. The study also dealt with potential methods for adjusting, at minimal cost, a
common agricultural small tractor in order to use ethanol fuels. The article describes and
analyzes the experimentally obtained characteristics of a diesel engine exhaust gases,
when it is used simultaneously with two fuels, diesel and bioethanol from different concen-
trations.

The purpose of this study was to find minimum concentration of bioethanol mixture,
which allows satisfactory engine operation in the overload area of test plan. Ethanol fuels
EF 90; EF 80; EF 70 and EF 60 were used for performing by engine testing. The analysis of
combustion process in the engine indicates that introduction of different fuels in combus-
tion process by qualitative and quantitative method is acceptable in technical terms.

As far as the selection of ethanol fuel is concerned, 60% fuel does not cause signifi-
cant deterioration of engine operation or increase the amount of other hazardous com-
pounds in exhaust gases. It is recommended to use a 60% ethanol fuel as minimum concen-
tration in addition to regular diesel fuel so that the ethanol fuel would comprise up to 60%
of the entire fuel amount used by medium load of engine.

Fuel mixture, dual-fuel method, exhaust gas characteristics.

Intruduction
The use of biofuel as motor fuel has been studied in detail already since the
20" century. Today alternative fuel is used as motor fuel or addition to basic fuel in

many countries such as USA, Brazil, Germany and Sweden [1; 2]. There are tech-
nologies developed for producing motor fuels for plain ethanol as well as its blends
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with regular gasoline and diesel fuel to be used in internal combustion engines [3,
4,5, 6]. More significant research in this field has been presented in the following
patents, W02009106647, US5628805 and DE10339355 [7, 8, 9]. Despite the re-
search performed and existing technologies there are still several countries in the
European Community, where alternative fuels are not sufficiently used in produc-
tion sphere. Hence there are several other objective factors and legislative re-
strictions that prevent wide use of ethanol fuel in different countries and require
further studies. Some of these factors are also considered in this present study.

The geographical location of the Republic of Estonia, availability of large
amount of unused production land, population’s high level of education and tradi-
tional connection with agricultural production create new opportunities for the de-
velopment, production and use of modern liquid fuels made of local lignocellulose
bio-materials. Marine climate and geographical latitude affect the specific nature of
technologies for production and use of fuels in Estonia. Crucial factors include
extensive fluctuations in air temperature and air humidity over the year and in dif-
ferent combinations. The motor fuel used in Estonia has to ensure that the engine
would run at the temperature ranging from +40... -40 °C. Another geographical
factor is the proximity of the Russian market. It is a well-known fact that Russia is
one of the largest producers of fuel oil and motor fuels in the world. Currently Rus-
sia does not produce alternative fuels and it is not likely to be considered a priority
in near future either. It is also necessary to point out the fact that the proximity of
the engineering market of Russia, as Estonian neighbour state, affects the fuel mar-
ket of our country. Relatively inexpensive agricultural equipment from Russia
makes the Estonian farmers to favour and use the machinery manufactured in Rus-
sia. About 82% of tractors currently used in the Republic of Estonia is made in
Commonwealth of Independent States (CIS). Meanwhile, the quality of these trac-
tors is very unsteady. Considering the abovementioned facts, the test object chosen
for this study is a diesel engine D-120 manufactured in Russia.

The aim of the current research is to study the impact of the 60 % bio etha-
nol on the exhaust fumes emissions of tractors used in agriculture. To conduct the
research, the particular tractor engine is equipped with additional fuel supply sys-
tem (carburetor) which has been used to dose bioethanol into the engine.

Object and methods

The reason behind introduction of bioethanol as additional motor fuel is the
decrease in fossil fuel resources. The problem with using ethanol blended fuels
consists in their lower efficiency in comparison with standard fuel. At the same
time EU environmental directives provide for strict requirements on the composi-
tion of exhaust gas and emission limits thereof [10]. This is particularly relevant in
case of the mechanical fuel-supply system diesel engines manufactured in CIS. The
composition of exhaust gases and limits thereof in the aforesaid engines exceed the
EU standards to a significant extent. One potential solution is found in improve-
ment of the fuel-supply system of these engines by means of addition system,
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which is used to introduce bioethanol in the combustion process. The composition
of exhaust gases in the case of an engine operating on ethanol and diesel fuel dif-
fers significantly from the composition of exhaust gases when using standard fuel
and thus this subject is open to further research in the future. This article presents
the research results obtained when using ethanol made of lignocellulose biomass as
additional fuel for diesel engine [11; 12]. The analysis focuses on potential uses of
the fuel blend in question and the impact thereof on the combustion process in the
diesel engine. Assessment of the composition of fuel mixture uses qualitative and
quantitative methods of mixture formation.

Quantitative ratio of fuel components in a diesel engine is determined by
controlling the adjustment characteristics of in-line high-pressure pump and load
and adjustment characteristics of diesel engine [13]. Physical-chemical properties
of alternative fuel are assessed by measuring the indicator parameters of engine
combustion process, composition of exhaust gas and output parameters of the en-
gine [2]. The object of the study consisted in a diesel engine D-120 equipped with
two fuel-supply systems: main fuel-supply system, which ensures pilot injection of
basic fuel and additional fuel-supply system, which ensures the supply of various
blended ethanol fuel mixtures according to engine load mode. Such solution en-
sures good engine start-up and its operation within a wide range of operating
modes. Additional fuel is introduced to the work process via intake collector by
using relevant fitting. The loss of power resulting from the low level of basic fuel
during engine operation is compensated by administering additional ethanol fuel.

Results and discussion

The tests were executed while the rotational speed of the engine's crankshaft
was n.= 1300 rpm. Ethanol was added to the air fuel mixture while the engine was
still running smoothly and stable. In case of increasing pilot injection (standard
diesel fuel), including at every value of the ethanol fuel consumption (Fig. 1) the
amount of CO in exhaust gases decreases. Meanwhile, as the ethanol fuel con-
sumption increases in every particular load mode, the amount of CO in exhaust
gases increases monotonously. Using ethanol fuel in engine reduces the amount of
CO in exhaust gases by 3...5 times, depending on the load mode of the engine.
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Fig. 1. Impact of the ethanol fuel consumption on the value of carbon monoxide in
case of different pilot injections, where By = 1,35 kg/h; B, = 2,33 kg/h and B = 3.05 kg/h

Carbon dioxide (CO,). Fig. 2 describes the change in the concentration of
carbon dioxide at various engine loads and at different ethanol fuel consumption.
The concentration of carbon dioxide shows linear increase upon increased delivery
of ethanol fuel. The concentration of carbon dioxide also increases in case of in-
creased pilot injection (upon increase in load mode). Test results indicate that in
case of adding ethanol fuel in the amount of up to 3 kg/h the amount of carbon di-
oxide in exhaust gases is reduced by 2...3 times.
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Fig 2. Impact of the ethanol fuel consumption on the values of carbon dioxide in case
of different pilot injections, where By = 1.35 kg/h; B, = 2.33 kg/h and Bz = 3.05 kg/h

Hydrocarbons (HC). Fig. 3 describes the change in the concentration of hy-
drocarbons in exhaust gases at various quantities of ethanol and diesel fuel. The
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concentration of hydrocarbons in exhaust gases increases at low delivery of stand-
ard fuel, according to the increase in ethanol fuel consumption. This is caused by
high proportion of ethanol fuel in the fuel mixture. The amount of diesel fuel is
insufficient for full combustion of ethanol in the cylinder. In case of medium and
high delivery of standard fuel the proportion of hydrocarbons begins to decrease as
the ethanol amount increases. In given modes the pilot injection of diesel fuel is
high enough for the ethanol to ignite and burn in the cylinder. In comparison to
using plain diesel fuel the proportion of hydrocarbons in the exhaust gases increas-
es up to 30 times when using ethanol.
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Fig. 3. Impact of the ethanol fuel consumption on the values of hydrocarbons in case
of different pilot injections, where By = 1.35 kg/h; B =2.33 kg/h and B = 3.05 kg/h
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Oxides of nitrogen (NO,). Figure 4 describes the change in nitrogen com-
pounds in case of different quantities of ethanol and diesel fuels. In case of low
pilot injection delivery the amount of nitrogen compounds decreases, because eth-
anol fuel cools down the combustion chamber and less nitrogen compounds are
generated at lower temperatures. At average and high loads the concentration of
nitrogen compounds increases as the ethanol fuel consumption increases. The pro-
portion of nitrogen compounds in exhaust gases is reduced significantly in compar-
ison to using diesel fuel. In case of ethanol fuel consumption up to 3 kg/h, the
amount of nitrogen compounds in exhaust gases is reduced by 2...5 times. An im-
portant aspect to point out is that while using common rail fuel supply systems on
high modes, the proportion of nitrogen compounds in exhaust gases increases sig-
nificantly compared to using diesel fuels. [7].
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Fig. 4. Impact of the ethanol fuel consumption on the value of nitrogen compounds in
case of different pilot injections, where By = 1.35 kg/h; Bp =2.33 kg/h and B = 3.05 kg/h

Opacities of exhaust gases. Main pollutant in diesel engines is carbon black,
which is generated during combustion of diesel fuel. Fig. 5 shows the values of
opacities of exhaust gases in case of different concentrations of ethanol fuels
(60...90%). The limit values indicated in the figure have been obtained with engine
running with diesel fuel and in the same load modes and level of completion: oper-
ating with and without additional fuel. Crankshaft rotational speed was
n. = 1800 rpm.
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Fig. 5. Impact of the ethanol fuel consumption on the opacities of exhaust gases de-
pending on its concentration

Based on test data the opacities of exhaust gases is significantly reduced upon

using ethanol fuel with different concentration. The lower the water contents in
ethanol, the lower the value of smoke in exhaust gases. When using ethanol fuels
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with different concentration, the value of opacities of exhaust gases increases con-
stantly, at even pace corresponding to the increase of the amount of water in etha-
nol. The higher the ethanol contents of the fuel mixture, the lower the value of
opacities of exhaust gases. In case of higher fuel delivery the values of opacities of
exhaust gases begin to even up and reach identical values at the delivery of
2.5 kg/h. When the fuel delivery is increased, the indicators begin to grow again.

Conclusion

Production of ethanol as local biofuel is relatively inexpensive and the tech-
nology used for production is quite simple. In technological terms, nowadays any
farmer can manage producing up to 70% ethanol. Elementary carburetor is all that
is necessary for adjusting the engine for ethanol fuel. Ethanol fuel consumption
was changed by the extent of opening ratio of main metering jet. In the framework
of follow-up research on this subject field tests shall be carried out with diesel en-
gine D-120 in summer, in the course of which common control system for both
delivery systems shall be developed. Using ethanol motor fuel enhances energy
security and reduces environmental pollution.

1. As far as the selection of ethanol fuel is concerned, 60% fuel does not cause
significant deterioration of engine operation or increase the amount of other
hazardous compounds in exhaust gases.

2. It is recommended to use a 60% ethanol fuel as minimum concentration in ad-
dition to regular diesel fuel so that the ethanol fuel would comprise up to 60%
of the entire fuel amount used by medium load of engine.

3. The concentration of exhaust gas components such as CO, CO,, NOx as well as
the value of smoke in exhaust gas were significantly reduced when using etha-
nol fuel.

4. The proportion of hydrocarbons, however, was increased. This may be due to
reduced efficiency of combustion process. This issue shall be subject to follow-
up research.
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Risto Ilves, Antanas Sakalauskas, Jiri Olt

BIOETANOLIO DEGALU JTAKA TRAKROTIAUS VARIKLIO
ISMETAMUJU DUJU SUDECIAI

Tyrimy objektas buvo sukurti maziausios galimos koncentracijos etanolio
misinj ir panaudoti §j misinj kaip papildomus degalus. Tikslas buvo motyvuoti tiki-
ninkus gaminti vietinius alternatyvius degalus nenaudojant reaktifikacijos ar mai-
Symo procesy. Tyrimais taip pat sprendziamas minimaliy kasty potencialiy regulia-
vimo metody klausimas, dazniausiai eksploatuojamiems maziems traktoriams sie-
kiant naudoti etanolio degalus. Straipsnyje apraSomi ir analizuojami eksperimen-
tiskai gautos dyzelinio variklio iSmetamyjy dujy charakteristikos, kai tuo pat metu
buvo naudojami dviejy risiy degalai — skirtingy koncentracijy dyzelinas ir bioeta-
nolis.

Sio tyrimo tikslas buvo surasti minimalios koncentracijos bioetanolio misinj,
kurj naudojant variklis gerai dirbty tyrimy plane numatyty apkrovy ribose. Variklio
tyrimams buvo naudojami etanolio degalai EF 90; EF 80; EF 70 ir EF 60. Degimo
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proceso variklyje analizé parodé, kad jvairiy degaly jvedimas j degimo procesa
naudojant kiekybinius ir kokybinius metodus tenkina technines salygas.

Kas susij¢ su etanolio degaly pasirinkimu, tai 60 % degalai neblogina varik-
lio darbo parametry ir nedidina Zalingy junginiy kiekio iSmetamose dujose. Reko-
menduojama naudoti 60 % etanolio degalus, kaip minimalios koncentracijos prieda
tradiciniuose dyzeliniuose degaluose taip, kad etanolio degalai sudaryty iki 60 %
viso kuro kiekio esant vidutinei variklio apkrovai.

Kuro misinys, dvejopo kuro metodas, ismetamyjy dujy charakteristikos.

Pucro Unsec, Aatanac Cakanayckac, IOpu Ont

BJIMAHUME TOIUIMBA BUODTAHOJIA HA COCTAB BBIXJIOITHBIX 'A30B
TPAKTOPHOI'O ABUI"ATEJIA

OOBEKTOM JAHHOTO HMCCIICAOBAHMS SBIIECTCS pa3paboTKa CMECH 3TaHOA C
MHUHUMAaJbHO BO3MOXXHOW KOHUEHTpPALUKUEW M HCIOJb30BAHUE ITOM CMECHU B Kaue-
CTBE JOIOJIHUTEIILHOTO ToIUIMBA. llenb cocTosiia B TOM, 4TOOBI MOTHBHPOBATH
(hepMepoB MPOM3BOANTH MECTHBIE abTePHATHBHBIE BUIBI TOTUINBA, HE MUCTIOIB3YS
MPOLIECCOB peakTU(UKALMU WM CMEIIMBaHUA. B McciemoBaHum Takke paccMar-
pI/IBaIOTCﬂ IIOTCHUUAJIbHBIC METOAbI IIO pCFyJ'II/IpOBKC MUHHUMAJIBHBIX 3anaT JJIA
Yaie CBEro HCIOJIB3YeMbIX HEOONBIINX TPAKTOPOB YIIOTPEOIISIst 3TAHON KaK TOII-
TuBO. B cTarhe ommcaHbI M MpOaHATN3UPOBAaHBI SKCIIEPUMEHTAIHHO MOTydYeHHBIE
XapaKTepI/ICTI/IKI/I BBIXJIOIIHBIX I'a30B AU3CJIIBHOI'O ABUIAaTCIIAd, I/ICHOJ'H)3y5I OILHOBpe-
MEHHO JIBa BHJa TOIUIMBA - JU3EIbHOE TOIUTUBO W OMO3TaHONA B Pa3IMYHBIX KOH-
neHTpanusax. Leapio 3Toro mccienoBaHus OBLIO HAWTH MUHAMAIbHYIO KOHIICH-
TpaIMI0 CMECH OMOATaHOJa, KOTOpas MO3BOJISCT MOIYyYUTh YIOBJICTBOPUTEIIEHYIO
paboTy ABHUraTells B Mpejaeiax Meperpy3ok moao0paHbIX M0 IUIaHy TECTUPOBAHMS.
OtanoabHele TomuBa EF 90; EF 80; EF 70 u EF 60 Obuin McHojb30BaHbl IS
MIPOBEICHMSI WCIIBITAaHUIN JBUTaTeNlel. AHalIMU3 Mpolecca CropaHusl B JBUTATEIIC
IIOKa3aJl, 4YTO BBCJCHUC paSHI/I‘-IHbIX BUJOB TOIIJIMBA B Hpouecce FOpeHI/ISI Kaye-
CTBEHHBIMHU U KOJUYECTBEHHBIMU METOJIAMHU B TEXHUYECKOM IIJIaHE SBISIETCS TIPH-
emsieMbIM. UTo kacaeTcst BBIOOpa TOIUTMBHOTO dTaHo’da, To, 60% TormiuBa HE TpH-
BOIUT K 3H3‘II/ITGHLHOMY YXYI[IHGHI/IIO pa6OTLI JABUTATCIIS NN K YBeJ'II/I‘-IeHI/IIO KO-
JINYECTBaA Bpe):[HBIX COGI{I/IHGHI/Iﬁ B BBIXJIOIIHBIX TI'a3ax. PeKOMeH}J;yeTCSI HCITIOJIB30-
BaTh 60% 3TaHOJIBHOTO TOIUIMBA B KadecTBE JO0ABKM MUHUMAIILHOW KOHIIEHTpPA-
MK B OOBIYHOE JU3EIIHLHOE TOIUIMBO, TAK YTO 3TaHOJ cocTaBisul 70 60% oT Bcero
KOJIM4YECTBA TOIIJIMBA, I/ICHOJ’ILS}/GMOI‘O Ha CpeIlHI/IX Harpy31<ax JABUTATCIIA.

Cmecu monauea, mMemoo 08yX U008 MONIUBA, XAPAKMEPUCTMUKA BbIXION-
HbIX 2d308.
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