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Introduction

From the point of view of the mechanical energy when minimum fuel consumption, diesel is the
most effective. Due to its fuel-economic features diesels have been most widely used as the power-plant.

The increased level of the nitrogen oxides NO, emission and hard bodies emission into the
environment is the disadvantage of diesels in comparison to the petrol engines. The above-mentioned
negative features of the diesels stipulate carrying out the activities aimed to the reduction of the
concentration of the nitrogen oxides NO, and hard bodies in the exhausted gases (EG) while the existing
level of fuel efficiency remains and, if possible — increases.

Consumption of the fuels of the renewal sources of energy — vegetal fuels of the first is one of the
ways of solving the problem of widening the energetic base for the diesel and for partial solving of the
ecological problems. These are the vegetal oils and biodiesel fuel (BdF).

The most widely used in Europe fuel, produced from the plant raw material, is the rape oil and the
products of its processing, especially the complex methyl esters of fatty acid of the rape oil (methyl esters
of the rape oil). The part of the physicochemical features of the above-mentioned fuels accords with the
similar features of the regular diesel fuel (DF) and the part of them doesn’t, which has to be noticed and the
activities that have to deal with the preparation of the BdF should be carried out.

The explicit feature of the vegetal fuels is that they contain oxygen (nearly 12%), which leads to
decrease of the heating value. Containing the oxygen also decreases the temperature of their heating and
improves the ecological features. During the studying of the work of the diesel, when methyl esters of the
rape oil (MERO) were used as the fuel, the reduce EG smoke and the concentration of the unburned
combustibles. Meantime the increase of the fuel consumption per hour and the concentration of the
nitrogen oxides NO, [1].

The fuel combustion in diesel happens in diffusion flow, where the most intense fuel combustion is
developed in stoichiometric zone, which is one of the peculiarities of the fuel combustion in diesel (6=1). If
the combustion temperature is maximal, the intense production of the nitrogen oxides NO, is the result.
They are known to be one of the main ingredients of the EG of the diesel, their part in the total drawn to
CO emission index may be approximately 90% [2].

The ecological features of the work of the diesel are dependent on such physicochemical features
of the fuels as density and kinematic viscosity. Density determines the quantity of energy, that is given in
the combustion chamber, as in the high pressure rotary plunger pumps the big dosage of fuel is processing.

Kinematic viscosity determines the internal friction of the fuel flow. The main factor of the
viscosity influence on the cycle fuel deliver are the fuel leakages through the gaps of the precision couples
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of the fuel delivery equipment. The higher the meaning of density and viscosity, the bigger the drops
during the dispension, the maximum range of the fuel flow is increased.

While trying to consumer the alternative fuels for the automobiles that are being used, it is
necessary to consider the difference of some physical-chemical features first, such as the kinematic
viscosity and density.

The aim of the research

To determine the ecological, economic and energetic properties of the work of diesel while
consuming the two-component and three-component BdF.

Materials and methods

Considering that one of the main disadvantages of MERO is the energy, that is demanded for its
consumption, is not a lot less than the lower heating value of MERO, so from the point of view of the
energetic and economic efficiency, on this stage of development of the technology of consumption of
MERO the more rational will be its use as of mixture with the regular DF.

Considering all the above-mentioned, for more rational use of BdF while preparing them the
physical-chemical features have to be provided (such as kinematic viscosity, density) as such of the regular
DF, by means of adding the components with lower kinematic value to the BdF.

The addition of the components with lower meanings of the kinematic viscosity allows to gradually
decrease this property. Kerosene may be one of such components. Its adding in the quantity of 20%
gradually influences the other physical-chemical properties of the mixed fuel [3]. In the Table 1 the values
of kinematic viscosity for various mixed fuels are shown.

Table 1. - The values of the kinematic viscosity of the mixed fuels
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at 20°C, mm~/s

It is obvious from the values, shown in the Table 1 that while preparing the mixed BdF, adding of
the kerosene TS-1 (the quantity of the adding has been determined by calculative-experimental means for
cach mixture) basically doesn’t lead to the alteration of the values of the viscosity in comparison with the
regular DF.

Results and discussion

While feeding of diesel with mixed fuels with 10-, 20% MERO in the mixture with regular DF
(further two-component mixed fuel) the hour emission of fuel has increased, so have the values of the
spinning moment in the area of full loads, concentration of the nitrogen oxides in the EG.

The effective output factor has decreased in comparison with the work of diesel on the regular DF
(Fig. 1.1).

While using the same mixed fuels, but adding 5-, 12,5-, 18% of kerosene TS-1, relevantly for 10-,
20-, 30% two-components mixed fuels (further three-component BdF) the hour fuel combustion practically
didn’t increase in comparison with the regular DF. The increase of effective output factors took place, but
the concentration of the nitrogen oxides NO, were lower, than while working on the regular DF and two-
component BAF . The concentration of the incomplete combustion products CO, C,.H, also of the smoke of
N as while feeding with the two-component and three-component BdF has reduced in comparison with the
regular DF.

According to the results of the research carried out (Fig. 1.1) it can be concluded that the hour
consumption of two-component BAF more than 3- and 6% relevantly with 10-, 20 % of MERO in the
mixture. While using of the three-component BdF the maximum increase of the hour consumption not
more than 1,5-2,5% upon the whole under-load area.
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Fig.1.1. The load characteristics of the VAG ASV 1.9Tdi Fig.1.2. The load characteristics of the VAG ASV 1.9Tdi
diesel. The fuel economical and energetic properties. diesel. The ecological properties.

—m— Regular DF --®--85% DF + 10% MERO + 5% TS-1
---A---67.5% DF + 20% MERO + 12.5% TS-1 --*--52% DF + 30% MERO + 18% TS-1
--¥--90% DF + 10% MERO ---®--- 80% DF + 20% MERO

While using the two-component BdF the concentration on the nitrogen oxides NO, in the EG is
increased with the increase of the volume part of MEROQ in the mixture (Fig. 1.2). As it has been underlined
before, the nitrogen oxides NO, make nearly 90% in the total index of the toxicity of the EG drawn to CO
which will lead to its growth, while nitrogen oxides also growing nevertheless the concentration of the
products of incomplete combustion CO, C,H,are decreasing, the smoke of N also (Fig. 1.2). While using
the three-component fuels, the decrease of the concentration of nitrogen oxides NO, takes place. Into the
cylinder of the engine less fuel is sprayed in comparison with the consumption of the two-component BdF,
which leads to the decrease of the combustion temperature and the process of the creation of nitrogen
oxides NO, and as a result the decrease of the drawn to CO total index of toxicity of EG.

In order to have the ability of determining the most exact level of the emission of the harmful
substances with the EG the automobile has to be examined under the conditions that are the most close to
the real conditions of exploitation. Contrary to the road tests, the research at the modeling role stage may be
carried out in the exact compliance with the pre-set speeds in time without the necessity to take into
consideration the real conditions of the movement of the transport flow. Only in such a way the repetitive
and comparative research of the automobiles may be carried out.

The program of the research of the conditional movement of automobile at the modeling role stage
under the European drive cycle includes the determination and the comparative analysis of the loss of fuel
and determination of the mass emissions of the harmful substances (nitrogen oxides NO,, total

hydrocarbon 7THC , carbon monoxide CO and particulate matter PM ) while working on the fuels under
the research:

- regular diesel fuel;

- two-component biodiesel fuel containing MERO 20%;

- three-component biodiesel fuel containing MERO 20%.

The analysis of the results of testing the automobile at the modeling role stage under the conditions
of modified European drive cycle while working on the regular and mixed biodiesel fuels shows under the
engine’s functioning on the biodiesel fuels the loss (g/cycle) increases on 4,6% - while functioning of the
two-component and on 1.8% while functioning on three-component biodiesel fuel.

The fuels, used during the research have different lower combustion value which is why the
evaluation of the quality of the their heat use is stated with the heat expenditure (MJ/cycle) for the
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execution of the equivalent work. Under the engine’s functioning on two-component biodiesel fuel takes
place the increase of the heat expenditure on 2.12% relevant to the heat, that is spent under the work on the
regular biodiesel fuel for the execution of the work under the drive cycle.

Table 2. — Mass emission of harmful substance s during the Skoda Octavia 1.9Tdi automobile
testing

Fuel
Emissions of the harmful substances Regular DF 2-comp. BdF 3-comp. BdF
(MERO 20%) (MERO 20%)
CO. glkm 0,3568 0,2893 0,2808
EURO 2 (CO emissions), g/’km 1,0
CO,*, g/km 133,26 | 124,07 | 11847
Maximum CO, emissions for Skoda 135
Octavia 1.9 Tdi, g/lkm
NO, + THC , g/km 0,6949 | 0,7115 | 06404
EURO 2 (NO,_+THC emissions), 0.7
g/km ’
PM , g/km 0,0421 | 0,0372 | 0,0365
EUROQO 2( PM emissions), g/lkm 0,08

* CO, non toxic substance.

During the engine functioning on the three-component biodiesel fuel takes place the inconsequent
reduce of the expenditure (on 0,68%) for the execution of the equivalent work.

The mass emissions of the products of incomplete combustion are reduced: total hydrocarbon 7THC
, carbon monoxide CO and particulate matter PA (Table 2). Herewith the mass emissions of the nitrogen
oxides NO_with the EG under the engine’s functioning on the two-component fuel (the value of the
coefficient of kinematic viscosity of which is some bigger) increase on 5,3% relevant to the mass emissions
of the nitrogen oxides NO,_ with the EG while functioning on regular DF. The mass emissions of NO,

while working on the three-component biodiesel fuel decrease on 6,2% (the kinematic viscosity of three-
component fuels is equal to the kinematic viscosity of the regular DF).

Conclusions

Also, the carried out research has determined that while using the three-component BdF the
effective output factors is higher in comparison with the DF and while using the two-component BdF it is
lower.

The higher effective output factors of the diesel while feeding with three-component fuel may be
explained by higher efficiency of its combustion due to the presence of oxygen in the molecule of MERO
while storing the quality properties of the sprinkling and dosage of the fuel, that is delivered to the engine
cylinder.

As the result of carried out research of two- and three-component BdF it may be stated, that the use
of the three-component BdF gives opportunity to improve the energetic, economic and ecological features
of the work of the engine in comparison with the use of the two-component fuels.

The results of the research has identified that the summarized mass emissions of the harmful
substances with the EG, modified to CO, under the modified European drive cycle while working on the
two-component biodiesel fuel increase on 0,68%, while working on the three-component — reduce on
8.22% in comparison with the regular diesel fuel.
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ABSTRACT

HovoroonA.G, PavlovskyM. V., KutsyyP.V. Mixed biodiesel fuel for diesel engines

The article goes over the ways of improvement of the ecological properties of automobiles with the
modern diesels, that are in exploitation by means of gradual transfer from supplying diesels with regular
fuel to supplying with the alternative types of fuels.

The aim of research is broadening of the fuel base of automobile transport while using the alternative
types of fuels.

The object of research — the influence of mixed biodiesel fuels on fuel-economy, ecologic and
energetic properties of the automobile with engine.

Methods of research — experimental.

The optimization of physical and chemical features of mixed biodiesel fuels is one of the effective
ways of reducing the toxicity of exhausted gas and improvement of fuel economy. This can be reached by
providing the necessary physical and chemical features of mixed biodiesel fuels as well as by narrowing
their limits of verification in other words by adaptation of these fuels to the diesels that are in exploitation.

Consequently the optimization of physical and chemical features of mixed biodiesel fuels allows to
improve the efficiency of its use in modern diesels and to reduce the emissions of harmful substances with
the exhausted gas.

The results of the article may be used as the recommendations while preparing and using the mixed
biodiesel fuels for the automobile transport.

KEY WORDS: DIESEL, ALTERNATIVE FUELS, BIODIESEL FUELS, METHYL ETHER OF
RAPE OIL, FUEL ECONOMY, ECOLOGICAL FEATURES.

PEDEPAT

l'osopyn A.L'., Ilasnoscekuii M.B., Kyuuii I1.B. Cymimesi 6ioan3enbHi nmamuBa Ui JU3CTIB /
l'oBopyH Anatoniii ['puroposuy, [laBnoscekuii Makcum Bikroposry, Kyumii [etpo Bikroposuu //

B crarri posrisHYTO HAmpsM TMOIMIICHHS CKOJOTIYHHUX MOKA3HUKIB aBTOMOOIIIB 3 Cy4aCHHMH
JU3CIIMH, M0 NepeOyBarOTh B CKCILTyaTallli, CUCTCMHHM MOCTAITHUM ICPEXOJOM 3 KUBJICHHS AU3C/IB
IITATHUM TIATMBOM HA JKUBJICHHS QJIbTCPHATUBHUMH BUIAMH TAJIHB.

OO0 eKT TOCIIIKEHD - BILTUB CyMIIMICBUX O10U3CIPHUX MAJMB HA NMAJUBHO-CKOHOMIYHI, CKOJIOTIUHI
Ta CHEPTETUYHI MOKA3HUKHA ABTOMOOLIS 3 AU3CICM.

Meroro TOCTIIKEHD € PO3MINPEHHS NMATUBHOI 6a3d aBTOMODIIBHOTO TPAHCIIOPTY NPH BUKOPUCTAHHI
ATBTCPHATUBHUX BUIB MAJIHBA.

Meroau JOCTIAKEHHS — SKCICPUMEHTATBHO-PO3PAXYHKOBI.

Ontumizamis  Qi3UKO-XIMIYHHX BJIACTHBOCTCH CYMINICBUX OIlOAM3CNBHUX MATUB € OJHHM 13
¢pCKTUBHHUX ILISIXIB 3HIKCHHS TOKCHYHOCTI BIAMPAI[POBAHUX Ta3iB Ta MOJIMIICHHS MAJTUBHOL
ekoHOMIuHOCTI. lle gocsraerpcss stk 3a0€3mMEUCHHSM  HEOOXIMHUX  (DI3UKO-XIMIYHHX —BJIACTHBOCTCH
CYMIMICBUX O10AM3CIbHUX MAJMB, TaK 1 3BY:KCHHSIM iX MEXK 3MIHM, TOOTO QJANTAIlEI) LUX MAJUB J0
JU3EIIB, IO MEPeOyBAIOTh B SKCILIyaTALlll.

Taxkum uuHOM, omTuMizamis (i3UKO-XIMIYHHX BJIACTHBOCTCH CYMIMICBHX O10AM3CIBHUX MAIUB JAE
MOKJIUBICTh TOKPAIIUTH S(EKTUBHICTh HOrO0 BHUKOPUCTAHHS B CYYACHUX AM3CIAX, & TAKOXK 3MCHIIUTH
BHKHU IIKIJIMBHX PCUOBHH 3 BIANPALIBOBAHUMH ra3aMH.

PesynpraTtu crarTi MOXKYTE OYTH BHKOPHUCTAHHI K PEKOMEHAALI] HNpH MIATOTOBLI Ta 3aCTOCYBAHHI
CYMIMICBUX O10JU3EIbHUX MATUB /11 aBTOMOOIIBHOTO TPAHCIIOPTY.

KJIKOUOBI CJIIOBA: JU3EJIb, AJIbLTEPHATHWMBHI TTAJIMBA, BIOAW3EJIBHI ITAJIMBA,
METUJIOBUMA E®IP PIMAKOBOI OJIIi, TIAJIMBHA EKOHOMIYHICTb, EKOJIOI'TYHI
TMOKA3HUKN.

PEDEPAT
TI'osopyr A.I'., IlaBnosckuii M.B., Koupiii [1.B. Cmecebie Onoan3enpHbIC TOMIMBA st JU3CICH /
I'oBopyH Anatonuii I'puropeesuy, [laBnosckuii Makcum Bukroposuy, Kyuperiii Ierp Bukroposumy /
B cratbe paccMOTpEHEI HANPaBICHUS YIYUIICHHS SKOJOTHYCCKUX IMOKa3aTeach aBTOMOOWICH ¢
COBPEMEHHBIMH AM3CTIMH, HAXOJAIIUXCS B KCILTYaTaIlHH, CHCTEMHBIM IOITAITHBIM TIEPEXOIOM C MTHTAHHU
JU3ENEH MTATHEIM TOILTMBOM HA NMUTAHUE alTbTCPHATHBHBIMHI BHAAMH TOIUIHEA.
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OOBEKT HCCIEAOBAHUM - BIMSHUAEC CMECEBBIX OHOAM3CIBHBIX TOILTHB HA TOILTHBHO-OSKOHOMUYICCKHE,
SKONOTHYECKHUE U SHEPTCTHUCCKHUE MOKA3ATCIH aBTOMOOHIIS ¢ AU3CTIEM.

Lempro uccaenoBanuil SBISCTCSA PACIIMPCHUE TOILTUBHON 0a3bl aBTOMOOHIBHOIO TPAHCIIOPTA MPH
WCHONb30BAHUH OHOJU3CTIBHBIX TOILIHB.

Meroas! uccaeqOBaHUS - SKCIICPUMEHTATBHO-PACUCTHBIC.

Ontumuzanms PU3NKO-XHMHUYECCKUX CBOMCTB CMECEBBIX OMOIU3ECITBHBIX TOILIHB SBISICTCS OJHUM H3
3G (GeKTUBHBIX NYTCH CHIDKCHHS TOKCHYHOCTH OTpaboOTaBIIMX Ta30B M YIVYLIICHUS TOIUTUBHOU
SKOHOMUYHOCTH. JTO JOCTHUTacTCs Kak OOCCHCUCHUEM HCOOXOAMMBIX (DUIUKO-XUMHUCCKUX CBOWCTB
CMECEBBIX OHOAM3CTIBHBIX TOIUIUB, TAK U CY)KCHHEM HX TPAHUL] H3MCHCHU, T.€. aJANTALNCH STHX TOILIHB K
JHU3EISIM, HAXOMIINXCS B IKCITYATALUH.

Takum obpazom, onTumm3anus (PU3HKO-XUMHUYCCKHUX CBOWCTB CMECEBBIX OHOTU3CIBHBIX TOIUTUB
MO3BOJISICT MOBBICUTD 3(EKTUBHOCTh UX HCIIONB30BAHHS B COBPEMCHHBIX AM3CTAX, 4 TAKXKC YMCHBIOUTD
BBIOPOCHI BPEIHBIX BEIICCTB ¢ OTPA0OTABIIUMH Ia3aMH.

PesynpTathl cTaThyl MOTYT OBITH UCTIONB30BAHBI KAK PEKOMEHIALMH TIPH HOATOTOBKE U IPUMCHEHHUN
CMECEBBIX OHOAM3ETBHBIX TOIUIUB AJIS ABTOMOOHIBHOTO TPAHCIIOPTA.

KIIIOUEBBIE CJIOBA: JU3EJIb, AJIbTEPHATHUBHLBIE TOIUIMBA, BHMOIU3EJIBHOE
TOIUIMBO, METUJIOBBIM D®UP PATICOBOI'O MACJIA, TOIUIMBHAS SKOHOMMHYHOCTH,
IKOJIOT'MYECKHME ITOKA3ATEJIN.
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