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OZONIZATION INFLUENCE ON ENERGY AND ECOLOGICAL
CHARACTERISTICSOF LOCOMOTIVE DIESEL ENGINE

Summary. The results of preliminary experimental researthzonized fuel influence
on working characteristics of diesel engine. Thereiese of fuel consumption on 1,1%
and exhaust opacity lessening of exhaust gasesolking on ozonized fuel on 12-17%
are discovered.

BJIMAHUE O30HUPOBAHUWA HA SHEPT'O-OKOJIOTUYECKUE
[NOKA3ATEJIX TETIJIOBO3HOI'O AU3EJIA

Pesrome. TlpencrtaBieHbl pe3ysbTaThl  IPEABAPUTEIHHBIX  OKCIEPUMEHTATBHBIX
WCCIICIOBAHUN BIIMSHUS O30HMPOBAHHOTO TOIUIMBA Ha pa0OyYue XapaKTEPUCTUKU
JU3EBHOTO JBUTATENsl. BBIABICHO CHMXeHHE pacxonaa TorumBa Ha 1,1%wu yMeHbIIeHHE
JIBIMHOCTH OTPa0OTABIIKX Ia30B MPHU pad0TEe Ha 030HUPOBAHHOM TOILIHBE Ha 12-17%.

1. INTRODUCTION

The jump of the world prices on oil and oil prodyjcenergy suppliers dependence of Ukraine
caused a serious problem for the country's econdoyeover threatening situation with ecology
which requires immediate implementation of measuves lowering man-caused influence on
environment actualized the search of alternativrgnsources and ways of fuel combustion.

According to the information of academician N.Pvé@v, energy sources consumption in XX
century has increased by 15 times and reachedllith lloe per year ( in which oil — 40%, coal —
27%, gas — 23%, atomic energy — 7%, renewable spurwater-power, solar, wind-power — 3
As a result the cost of fossil fuel has considerabtreased. According to energy prognosis of the
USA administration the volume of primary energy re@s consumption in the whole world will
amount to 22 billion toe by 2025 by average anmai of growth 1,9% (including in China — 3,5%,
India — 3,2%). The natural gas share in the gersgratture of energy consumption will increase to
28,4% and atomic energy will decrease to 4[3P4Fig. 1). Global energy crisis will grow and deepen
and fossil fuel will be continuously rising in pei¢by inevitable instability of world prices), thatill
extend economical borders of using renewable ensvgyces and increase their share in the structure
of energy consumption.

According to the information of the World Bank Ifet rate of growth of fossil fuel consumption
and the emission volume @fO, do not decrease, that by the beginning of XXlltagnthe mean
temperature on the Earth will increase3sy<C that it will be the cause of irreversible climateange
(Fig. 2) [3]. The only significant reduction of &kfuel use will let from 2020 to stabilize total
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volume of carbonic acid emission into the atmosphere and 2660 gradually reduce atmosphere
pollution. The modern energy revolution insepardbiited with and will take place simultaneously
with ecological revolution, the energy sector vattquire noospheric character. That is why it is
rightful to say about global energy and ecoloogieablution ofXXI century that will change the face
of the Planet.
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Fig. 1. The prognosis energy resources consumgptitre world before 2025 (billon toe)
Puc. 1.1Iporno3 norpediaeHust S9HEPreTHIECKUX pecypcoB B Mupe 1o 2025r., miapa. Ty.1

As it follows from[4] the main pollution sources of ambient air aeavy industry and transport
where railway transport also plays not the last.rol

During the last century car engine and fuel whiaitspthem in action were a powerful
motivational factor in the policy of the leading feb countries. If we take into consideration the
limited nature of oil reserves and intensificatmihgreenhouse effect in the atmosphere it wona be
surprise to get to know how much efforts are mamléntrease efficiency of internal combustion
engine — the main oil consumer and nitric oxiderseu

Railway transport as alternative to motor transypdatys greater role in different spheres of the
country's economy. Offering systemic advantagesggrend ecological in particular it is important to
provide new technical solutions by constructinglimgtstock with a view to rise comfort level,
lowering noise and vibration, functioning reliabjiliof all railway system and also above all
implementation of resource-saving technology.

2. STATEMENT AND PROBLEM SOLVING

One of the complex of measurements aimed at er@rdyresource saving on a rolling-stock in
general is the problem solving of using the enefgggenerative braking.

The offered way of using the energy of regenerativaking of diesel locomotive for the
effectiveness increase of locomotive diesel engbmescientists of East Ukrainian Volodymir Dahl
National University is of doubtless interest. Dgridiesel locomotive breaking that is a frequent enod
both for passenger locomotives and freight locomestirailway motors switch to the mode of
generator work. At the same time a great amourgledtric energy (exhaust) liberation takes place
which is lead to the ozone generator where ozogengrated during the period of the whole process
of braking and then diesel fuel is processed whiifers more quality and effective combustion in
cylinders of diesel locomotive. The suggested teethsolution allows:
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« to increase the process of fuel combustion,

« to use rationally and effectively exhaust eleanergy, obtained in the result of thermodynamic
braking of diesel locomotive,

* to increase efficiency of locomotive diesel engine,

* to increase economy of locomotive diesel engine,

* to provide for decrease to minimum harmful substanno discharge gas,

* to decrease calorific intensity and snuff formatadrsleeve assembly parts of locomotive diesel
engine.
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Fig. 2.The scenario of intensive use of fossil fuel angetfdly" attitude to climate (1990-2100)

Puc. 2. CueHapuii MHTEHCHBHOTO HCIIOJIb30BaHHS HCKOMIAEMOTO TOIUIMBA M "IPYKECTBECHHOrO" OTHOLICHHS K
kiauMary (1990 — 210Gr.)

Combustion process is a compound physicochemicategs consisting of a range of
interconnected physical and chemical stages: fuelpa@ration, oxidant diffusion in zone of
combustion and combustion materials in zone ohfrasture, chemical reactions taking place in the
flame front in zone of afterburning of fuel elem&nthe research of foremost scholars A. N. Voinov,
V.K. Inozemtsev, V.V. Pomerantsev, N.N. Semenov attrs for the basis of combustion process
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takes the conception of conversion, the speed athninfluences the development of the process in
general and diffusion conception, i.e. the speeti@fement of front flame in the bulk of air-and{fue
mixture [5, 6, 7].

Viscosity, surface tension and density are refetoethe physical properties of fuel influencing
fuel stream dynamics and shallowness of sprayingther equal conditions. Average volumetric
boiling point according to the characteristics wélfdistillation, critical temperature and phasasfer
pressure of liquid fuel into steam and others aferred to the physical characteristics of fuetetihg
the processes of its evaporation and burning.

Moreover hydrocarbon fuel content influences gyeath the processes of chemical kinetics.
According to [8] hydrocarbon fuel content is presenin tab. 1.

The influence of dispensing of ozone and air mixtimto fuel is basically connected with
chemical adsorption and reactions of ozonolysidignid phase. The analysis of reactiveness of
hydrocarbons can be done by constants of speexbabtysis reaction which are equal [9]:

for paraffin carbohydrates .................... 10,5-18...0,7 l/(mole-s);
for naphthenetic carbohydrates ................ 5:1M,321/(mole-s);
for aromatic carbohydrates .................. 3,4-10...5-10" l/((mole-s).

Thus the most reactive aromatic carbohydrates beéll mainly exposed to ozonolysis. The
influence of ozone on the process of burning bynisroaddition in fuel is explained by chain radica
mechanizm of chemodecomposition of peroxide jumstiwhich cause detonation in zone of burning.

The time of radical existence is limited that isywbng-term storage of ozonized fuel leads to
synthesis in its volume acids and decreases thigydbifull burning.

According to [10] by ozonizing gasoline fuel thepravement of air-and-fuel mixture preparation
for burning, evenness of burning in the whole frohflame are observed. The works on diesel fuel
ozonizing by the analysis of the sources of liter@have not been found.

For the verification of preliminary theoretical easch [11, 12] the initial testing of ozonized fuel
influence on working characteristics of diesel eeghas been carried out.

The testing was carried out by charging charadiesion the test bench with swirl-chamber
diesel engine®8,5/11 (fig. 3). PulverizePIll 6x2x25’ with the pressure of fuel injection 15 MPa was
set in the combustion chamber. The angle of advahfieel injection was 1before ODP.

Fig. 3. General testing bench view
Puc. 3.00mwmii Bug crenna
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Table 1
Average statistical hydrocarbon diesel fuel content
Ne Hydrocarbon Name Hydrocarbon content, % volume
1 Aalkanes 32,49
2 Naphthenes 31,72
3 Indans, tetralins 6,69
4 Alkyl benzenes 11,65
5 Indenes oCHan.10 1,74
6 Naphthalene 0,59
7 Naphthalenes 7,11
8 Acenaphthene€;Hon 14 4,06
9 Acenaphthelenes€;Hzn.16 2,76
10 Ricyclic aromatics 1,18
11 Total of naphthenetics 33,46
12 Average from alkyl benzeng 13,42
13 Average from naphthalenes 13,39

In the engine head (fig. 4) instead of the glowgpllne connecting pipe is set in which chromel
and copel thermopair with the diameter 1,5 nimthe outlet branch the temperature of the buast g
was fixed by a thermocouple. The thermocouples weewiously jointly calibrated and selected
according to their characteristics to control thates of valves and the influence of fuels on the
combustion temperature in the swirl chamber.
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Fig. 4. The circuit of the chamber of combustiordi@Esel enginél 8,5/11
Puc. 4.Cxema kamepsl cropanus ausens U 8,5/11

Then after the engine warming-up when it was waylon two cylinders at the time of damping-
down, the fuel supply to one sprayer was cut off Hre fuel delivery from the high-pressure pump
was effected to the volumetric flask. After thetagts the rocking arm of a gas-distributing meckani
of dead cylinder was taken off on the working eegand the necessary loading was charged.

The test desk contains an oil-electrical enginading device in the form of blocks with band
resistances, an inlet system with a stabilizinga@ioer and the gas-metRFr-40, the measuring of the
fuel consumptionAIP-50, the water system with an independent drivéhefwater pump and the
outlet system. The temperatures of the burnt gas#se outlet branch and in the swirl combustion
chamber were measured by chromel — copel thermtesiupe rotations of the engine crankshaft — by
the standard tachometer and were duplicated byfrdgaiency measuring metér-5080. The air
consumption was fixed with the gas-mek€&r40. Exhaust opacity (N) was indicated on the ganfy
exhaust opacity bench-tdp/IC-3C. This gauge of exhaust capacity is a microprogedsuice that
provides automatic calibration and setting. The sudag result is presented in the form of simple
average value, resulted from 20 current valuedi@fetxhaust opacity that have been measured during
the measurement cycle (20 s). The device is ligenmsdJkraine according to the certificate UA-
MI/1p-678-99.

The circuit of the experimental assembly for fugbmation is presented on fig 5. Testing was
carried out with ozonator voltage U2 = 6 kV, thetdhce between ozonator electrodes was | = 5 mm,
the ozonized fuel volume was V=2I, processing t#ie= 25 min.

The results of the test are illustrated below @)).

While carrying out the statistical treatment of esmental data with a likelihood of 99% the
reduction of the fuel consumption on the ozoniagal fvas by 1.1%, and reduction of exhaust opacity
by 12.29% and increase of performance index by5@®ere revealed.
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Fig. 5. Experimental setup for mixing diesel fuertiabzone
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Fig. 7. Experimental data of exhaust opacity matgei- on diesel oilm — on ozonized fuel

Puc. 7. OxcriepuMeHTaNbHBIC TaHHBIE 3aMepa JABIMHOCTH 4 - HA AM3EIHHOM TOIUIMBE, M — HAa O30HHPOBAHHOM

TOIINTUBC
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3. CONCLUSIONS

As the preliminary experimental research showseti®isome positive tendency of ozone usage
as fuel additive. However, additional experimentasearch is necessary with showing up the
influence on the flowing process of different fastsuch as concentration of ozone, time of infleenc
on fuel etc.

Furthermore, it is interesting to reveal the infloe of diesel air charge ozonation on its economy
and ecological compatibility as well as ozone ieflae on bio-diesel fuel.
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