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Abstract. Nowadays, creating an environmentally reliable car by reducing the volume of
harmful gases in it is a global problem of mankind. For this reason, one of the main areas
of research is to improve the exhaust gas cleaning system of internal combustion engines.
However, to date, there are no universal designs that would improve the performance of
the purification system. In this regard, the development of new vehicle exhaust system
designs based on an effective cleaning method is an urgent task. The article highlights the
results of scientific and experimental research of the authors on the development of new
designs of automobile exhaust muffler working on the basis of the method of electro-
pulsed cleaning, designed to reduce the concentration of harmful exhaust gases. The
developed experimental installation of the electric-pulse muffler performs gas
purification by feeding an electric shock discharge to the electrodes installed in the
muffler. The experimental data obtained show changes in the gas transparency
depending on changes in the distance between the electrodes. Regression-correlation
analysis established empirical dependences of gas transparency values on changes in the
distance between the electrodes.

Keywords: car, electric pulse muffler, gas ionization, exhaust system, gas transparency.

DOI: doi.org/10.32523/2616-7263-2023-142-1-23-31

1. Introduction

Today, there is a steadily increasing fleet of vehicles worldwide. The increase in the number of
motor vehicles leads to intensive air pollution by exhaust gases. High levels of air pollution have been
recorded in megacities and large cities, since most of the passenger cars are concentrated precisely on
urban roads and the density of their traffic can increase on average by 200-300 times.

According to statistics for the last two years, just one car on the city's busy roads emits about 800
kg of carbon monoxide (CO), 40 kg of nitrogen dioxide (NOz) and 200 kg of hydrocarbon (CH) into the
air annually. These emissions increase the overall concentration of harmful gas particles, which is the
main reason for the lack of clean air in the city, particularly in the narrow streets and adjacent areas to
the city's residential buildings. As a consequence of such intensive air pollution, the ecosystem of the city
is destroyed and the overall quality of life of city dwellers is reduced [1].

The problem of emission of harmful components of car exhaust gases into the atmosphere
requires scientifically substantiated engineering solutions, which involve the development of various
designs, working on an effective method of purification in the exhaust system of internal combustion
engines. According to the scientific papers in this direction, published in the last few years, many studies
have been conducted on the development of auxiliary devices and equipment to the exhaust system. The
disadvantages of such developments are the structural complexity of their structural design and low
efficiency of exhaust gas purification. In this regard, a different direction in research has been chosen,
which is the development of new muffler designs, through the application of an effective method of
exhaust gas purification in them.

The aim of the study is to experimentally determine the dependence between the interelectrode
distance and the transparency of the exhaust gas after exposure to an electric pulse.

The research hypothesis is the assumption that gas transparency increases with increasing
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distance between the electrodes.
The scientific significance is determined by the obtained regression relationship between the
transparency and the distance between the electrodes.

2. Methodology

Development of new muffler designs requires a preliminary analysis of existing methods of
exhaust gas purification. In the course of such analysis the following purification methods were
considered, such as gravitational sedimentation, inertial sedimentation, centrifugal and filtration
methods, electric pulse, catalytic, absorption and ultrasonic methods [2]. The general characteristic,
namely the advantageous differences and disadvantages of each method are presented in Table 1.

Table 1. Literature analysis of existing methods of gas purification

Noe | Cleaning methods | General characteristic

1 Gravity Gravity precipitation is effective only for large particles with diameters
deposition greater than 50-100 microns, and the degree of purification is no higher than
40-50%. The method is suitable only for preliminary, coarse gas purification.
2 Inertial The degree of purification depending on the particle size is 20-70%. The
deposition inertial method can only be used for coarse gas purification.
3 Centrifugal The degree of purification for particles with d =30 pum is up to 80%, and at
methods d =5 pm it is less than 40%. Cyclones are widely used for coarse and
medium gas purification
4 Filtering Filtration is characterized by high hydraulic resistance and rapid clogging
of the filter media with dust
5 Absorption Absorption methods are characterized by the formation of liquid effluents

and cumbersome hardware design. Also this method provides a sufficiently
high degree of extraction of harmful impurities only with a large number of
purification stages.

6 Catalytic methods | The disadvantage of catalytic purification is the formation of new
substances that must be removed from the gas by other methods
(absorption, adsorption), which complicates the installation and reduces the

overall economic effect.

7 Ultrasonic
cleaning

Ultrasonic cleaning makes it possible to precipitate small gas particles
which are difficult to trap with conventional apparatuses, also this method
is applicable to aggressive gases; it can work at high temperatures and
pressures, as well as in compact apparatuses.

According to the results of the analysis, it was found that most of the considered methods are
designed for purification of large gas particles and can not fully clean the gases from harmful, small
particles. Also many methods can be applied only on large installations, respectively, they can not be
applied in a small exhaust system of the car. Only ultrasonic and electric pulse purification methods can
affect the smaller particle sizes and allow increasing the efficiency of particle purification by increasing
the intensity of coagulation and ionization of particles with their subsequent deposition. However,
compared to the coagulation process, the ionization process is much faster, due to the occurrence of a
shock discharge between the electrodes, which leads to intensive gas purification from harmful particles.
Thanks to the electric pulse method it is possible to achieve rapid and high rates of gas purification, which
averages 95%. Consequently, in order to reduce the concentration of toxic and polluting gas substances,
the development of new muffler designs based on the electric pulse purification is proposed [3].

24 Ne 1(142)/2023 A.H. Tymunres amoindazor EYY Xabapurvico. Texnukarvi zoiAvimoap xatie mexXHoAOZUAAAP cepusicol

ISSN: 2616-7263, eISSN: 2663-1261



Ye. Kryuchkov, A. Kukesheva, A. Kadyrov, B. Kurmasheva, K. Sinelnikov

In order to develop new designs of mufflers based on electric pulse cleaning, the scientific group
of the Department of "Transport Engineering and Logistic Systems" of Karaganda Technical University
has developed an experimental installation of electric pulse muffler. Muffler body is made of asbestos,
as this material has low electrical conductivity. The installation itself consists of the body 1 of the inlet 2
and outlet 3 holes for passage of exhaust gases; high voltage generator 4; two electrodes 5 mounted inside
the body; batten-rail 6 to change the distance between the electrodes. Two electrodes are mounted inside
the housing on a special bar rail, to which high voltage electric current is supplied from generator 4 by
high-voltage wires (Figure 1).

1 - cylindrical body; 2 and 3 - inlet and outlet holes; 4 - high voltage generator; 5 - two electrodes mounted inside the
body; 6 - batten-rail
Figure 1. Experimental installation of electric pulse muffler

Efficiency of operation of the above described unit required experimental confirmation, which
was proved by determining values of gas transparency passing through the electropulse muffler. In this
regard, experimental studies were carried out in the electropulse unit, the purpose of which was to
determine the change in gas transparency from the distance of electrodes in the muffler, installed
opposite to each other.

A one-factor experimental plan was made in advance, according to which (n) experiments will
be performed at discrete points in time of the input parameter (x) (distance between the electrodes, 1) and
the corresponding values of the output parameter (y) (gas transparency, p).

The input parameter x is an adjustable parameter, which is set directly by the experimenter, and
the output parameter y is the result of n number of experiments. In the experiment the distance between
the electrodes will be varied in three different values, according to which the values of gas transparency
without influence and with influence of an electric impulse will be determined. As a result 6 experiments
will be carried out in the experiment, the number of which is determined by the product of three values
of the distance between the electrodes to the number of two exposures to the gas with and without the
electric pulse. Thus, it will be possible to make a plan of the experiment, which is presented in the form
of a matrix in Table 2.

Table 2. Plan for a single-factor experiment

[ P1 P2 y
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Ly Lipy Lip, Y2
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l3 l3py l3ps Y4

3. Results and discussion

Experimental studies were carried out as follows. Gas was pumped into the vessel without the
pulse and its transparency was measured, then this experiment was repeated when the pulse was applied
and the distance between the electrodes was 0.015, 0.02 and 0.025 m. Electrodes that received a shock
discharge through a high-voltage generator triggered the process of gas ionization in the electropulse
unit. During ionization, the gas was purified from heavy harmful particles, which were subsequently
deposited on the inner surface of the muffler. The purified gas was released into the atmosphere through
the outlet holes. The degree of gas purification was determined by the gas transparency parameter, which
depends on the concentration of harmful particles in the gas. The change in transparency indicates a
change in the concentration of harmful particles in the exhaust gas, caused by the deposition of particles
on the bottom of the muffler as well. It is possible to record changes in transparency using any device
that reacts to changes in illumination, such as a luxmeter. For the experiment, we used a smartphone
equipped with an illuminance sensor and Lux Meter v18.12.09 software installed, which allows us to
record the value of illuminance (Ix) and its changes. A similar experiment was carried out several times
with a step-by-step increase in the distance between the electrodes. The results of the experiments are
presented in Table 3 and Figure 2.

Table 3. Experimental results

No of | Distance | Frequency of | Electrode Gas transparency | Gas transparency after
expe- | between | the electrical | squareness, without  electric | exposure to an electric
rience | elec- pulse, % pulse effect, pulse,
trodes, Hz Ix Ix
m
1 0,015 12,2 33 62 70
0,02 12,2 33 75 129
3 0,025 12,2 33 80 247
350
247
_
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Figure 2. The graph of gas transparency dependence on the distance between the electrodes
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Following the results of the experiment regression-correlation analysis of the obtained values of
gas transparency y depending on the change of distance between the electrodes x was carried out [4]. The
results of the regression-correlation analysis are presented in Table 4.

Table 4. Results of approximation of the gas transparency function p from changes in the distance
between the electrodes [

Ne | Type of regression Regression equation Correla- | Deter- The
tion mination | average
coeffi- coeffi- error  of
cient cient approxi-
mation, %
1 | Linear y =17700x — 205.33 0,98 0,96 11,09
2 | Quadratic y = 1180000x? — 29500x + 1 1 0
+247
3 | Stepwise y = 2019083.53 - x>*° 0,99 0,99 4,4
4 | Indicative y = 10,49 - 5.752959604310741e | 0,99 0,99 0,85
+ 54*
5 | Logarithmic y = 1485,38 + 339,83 Inx 0,97 0,93 14,63
6 | Hyperbolic y = 47879 — 6,32 0,94 0,89 17,58
X
7 | Exponential y = e235++126,09x 0,99 0,99 0,85

From the analysis of Table 2 for the highest values of the correlation coefficients, determination
and the lowest values of the average error of approximation for the gas transparency p from the change
in the distance between the electrodes |, it is proposed to use the quadratic regression equation, equation

(D):
p = 1180000x2 — 29500x + 247 1)

Experimental and empirical values of gas transparency p from changes in the distance between
the electrodes I are shown in Table 5

Table 5. Experimental and empirical values of gas transparency p from changes in the distance
between the electrodes [

Distance between | Experimental values Empirical values
electrodes,

m

0,015 70 69,99

0,02 129 128,99

0,025 247 246,99

Plots of dependences of experimental and empirical values of gas transparency p on changes in
the distance between the electrodes I are shown in Figure 3
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Figure 3. Plots of dependences of experimental and empirical values
The quadratic dependence is the most adequate. The high determinacy of the obtained regression

equation allows us to apply mathematical analysis to it.
The rate of determination as a function of the value from (1) is, equation (2):

—=a—fa )

The total increase in transparency ) P is calculated by a certain integral, where @ = 7058; § =
295, equation (3).

TP = [0 (al? — Bl + 247) 3)

(0,025 — 0,015)* (0,025 — 0,015)?
Z P = 7058 _B

3 > +247-(0,025 - 0,015) = 2,45755

Thus, the total increase in transparency is 2,45755 1x.
4. Conclusions

In order to reduce the overall concentration of harmful exhaust gas emissions of a car, it is
necessary to apply the method of electro-pulsed exhaust gas purification. The results obtained allow us
to determine the optimal distance of the electrodes inside the electro-pulsed muffler, depending on the
indicators of gas transparency. From the results of studies, it follows that when the distance between the
electrodes increases, there is a sharp increase in the value of the shock discharge, which contributes to a
more rapid passage of the ionization process between the gas particles and achieve a high degree of gas
purification from harmful particles.
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E.I0. Kproukos, A.C. Kaaeipos, A.b. Kykemesa, b.K. Kypmamesa, K.A. CiirieaAbHIKOB
Obirkac Cazvirios amvindazor Kapaeardor mexnuxarvix ynusepcumemi, Kapazanouv, Kasaxcman

ABTOKOiK 0dCeHAeTKilIiHIH NalijalaHbLIFaH ra3japblH 91€KTP MMIIyAbCIIEH
Ta3apTyABIH 9KCIIEPMMEHTTIK )XOAMeH aHBbIKTay

Angarna. Kasipri yakpITTa naijasaHblaraH Ta34apAbIH 3UAHABI IIBIFaPhIHABLAAPBIHBIH KOAeMiH
a3aiiTy apKbLAbl DKOJAOTMAABIK CEHiMAi aBTOKOAiK KypaablH KYpPYy ajaM3aTThIH >KahaHABIK Maceaeci
0oapim Tabblaaabl. Ocpl ceDemnIeH >Kyprisidin >KaTKaH FRLABIMU 3epTTeyAepAaiH Herisri OarbITTapbIHbIH
Oipi iITeH >XaHy KO3FaATKbIIITapbIHbIH I1aliJalaHblAFaH ra3JapblH TasapTy KYJieciH XeTiaaipy 00AbIIT
TabblaaAbl. /JereHmeH, OyriHIi KyHre JeifiH iIITeH >KaHy KO3FaATKBIIITapbIHBIH MalidadaHblAFaH
rasJapblH TazapTy >KYMecCiHiH JKYMBICBIH JKaKcapTaTbIH aMOeOall KyphlabIMAap MeH TUiMA] 94icTep >KOK.
Ocpiran 0OaitaaHBICTBI TUIMAI Tadaday 9Jici HeridiHAe aBTOKOAIKTIH Ta3 IIbIFapy >KYMeciHiH >KaHa
KYPBLABIMAApBLIH 93ipaey ©3eKTi MiHAeT Ooablll TaOblaaabl. Makasaga aBTOpAapAbIH aBTOKOAIKTiH
3USHABI IIBIFAPBIHABLAAPBIHBIH, KOHIIEHTPalMACHIH TOMEHAeTyTe apHaAFaH 9AeKTP-UMITYyAbCTi Ta3apTy
d/ici HerisiHAe >XYMBIC iCTeMTiH aBTOKOAiK O9CeHAeTKIiIliHiH >KaHa KYpPbLABIMAApPBIH >Kacay OOJNbIHINIA
FBIABIMM >K9HE BDKCIEPUMEHTTIK 3epTTeyaepiHiH HoTmKeaepi KeatipiareH. baceHgerximTiy imrine
OpHAaTbIAFaH DAEKTPOATapFa COKKbI DAEKTp paspsablH Oepy apKblAbl ra3 OeAllleKTepiHiH MOHAaHY
MpOIIeCiH >XKeJeaaeTeTiH aBTOKOAIKTepAiH HaligadaHblAfaH Ta3gapblH TasapTy HNPUMHIUINH >Kys3ere
achIpaThIH  DAEKTP MMIYALCTI O9CEHAETKIINTIH 9KCIEPUMEHTTIK KOHABIPFBICBI — CUIIaTTaAFaH.
DaekTpoATap apachlHAAFbl KAIIBIKTBHIKTBIH ©3repyiHe OaillAaHBICTBI ra3 MOAAIpAiri KepceTKillTepiHiH
e3repyi OOIBIHIIIA ODKCIIEPUMEHTTIK JepekTep aaAbiHAbL COHBIH HOTMIKeCiHAe >KyprisiareH
PerpeccusAbIK-KOPPeAsSIuAALK TaaAay Herid3iHAe TrasablH MOA4ipairi MoHAEpiHIH 9AeKTpoATap
apachIHAAFbI KAIIBIKTHIKTHIH ©3repyiHe SMIMPUKAABIK ToyeAAiAiKTepi aHbIKTaAAbL.

Tyiin ce3aep: aBTOKeaiK, malidalaHbLAFaH Ta3Abl IIbIFAPY >Kylleci, ®AeKTPOMMIIYABLCTEI
OoceHAeTKiIl, ra3AbIH MOHAAHYHI, Fa3AbIH MOAAIpPAiri.

E.1O. Kpioukos, A.C. Kageipos, A.b. Kykemesa, b.K. Kypmamesa, K.A. CiureabHKOB
Kapazanoumckuil mexnuueckuii yrnusepcumem umenu Abviakaca Cazurosa, Kapazaroa, Kasaxcman

BKCHepI/IMeHTaAbHOe oripedeaeHye CTerreHy OIMCTKM BbIXAOITHOTO ra3a
aBTOMOOMABHOTO rAymmnreasi 9AeKTpOMIIyAbCOM

Annoraumms. B nacrosmee Bpems cosjaHue ®KOAOTMYECKU HaAEXKHOIO aBTOTPaHCIIOPTHOTO
CpeACTBa IOCPEeACTBOM YMEHbBIIeH!s B HeM oObeMa BpeAHBIX BBIOPOCOB BBIXAOIIHBIX Ta30B SIBASETCS
r100a4bHBIM BOIIPOCOM ueAoBedecTBa. Ilo 9Toil mpuumHe OAHMM U3 TIAaBHBIX HalpaBAeHMI, IIO
KOTOPOMY BeAyTCs HaydHble MCCAeAOBaHMS, SABASETCS COBEPIIeHCTBOBAHME CHUCTEMBl OYMCTKU
OTpaboTaBIIMX TIa30B ABUTaTeAeil BHyTpeHHero cropanus. OgHako Ha CEeTOAHAIIHMII AeHb HeT
YHMBEPCAaAbHBIX KOHCTPYKIMI U 9(PPEKTUBHBIX MEeTOA0B, KOTOpbIe ITO3BOANAN Obl yAy4YIIUThH paboTy
CMCTeMBI OUMCTKM BBIXAOMHBIX Ia30B ABUTaTeAeil BHyTpeHHero cropanus. B cBsasu ¢ 9Tum paspaboTka
HOBBIX KOHCTPYKIIMII CHCTE@MBI BBIITyCKa Ta30B aBTOMOOMAS Ha OCHOBe 9(PPeKTUMBHOIO MeTOAa OUMCTKI
SABASETCs aKTyaAbHON 3asadell. B craThe mpejcraBaeHbl pedyabTaThl HAyYHBIX M 9KCIIEPUMEHTaAbHBIX
1CCA€40BaHUII  aBTOPOB IO pa3pabOTKe HOBBIX KOHCTPYKIIUII aBTOMOOMABHOIO —TIAYIIUTEAs,
paboTarommx Ha OCHOBE MeTOJa 9AeKTPOMMIIYALCHOM OUMCTKM, NpejHa3HaYeHHBIX A4S CHMKeHMS
KOHIIeHTpalUM BPeJHBIX BBIOPOCOB OTpaOOTaBIINMX ra3os aBToMo0mAs. OnucaHa sKcrepuMeHTaabHasl
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yCTaHOBKa 9A€KTPOMMIIYAbCHOIO TAYIINUTeAs, pPeaAu3ylolas IPUHIUII OYMCTKM BBIXAOIIHBIX Ta30B
aBTOMOOMAeN 3a CYeT yCKOpeHMsI IIpoliecca MOHM3alMy YacTUIL ra3a IOCpeACcTBOM I104adM yAapHOTO
DAEKTPUYECKOTO pa3psga Ha 9AEKTPOABI, BMOHTHUPOBaHHBIE BHYTpM raymmreas. IloaydeHsr
DKCIIepYMeHTaAbHbIe JaHHBIE II0 M3MEHeHMUIO ITOKa3aTeAell IIPO3padyHOCTM Ta3a B 3aBUCUMMOCTU OT
U3MEHeHIsI PacCTOSHUII MeXAy »aekTpogamu. Takum oOpa3oM, OblAM yCTaHOBAEHBI DMIlepudecKye
3aBMCUMOCTY 3HaYeHUII ITPO3PavyHOCTI Ta3a OT M3MEeHEeHNs pacCTOSHUN MeXAY 9A1eKTpOAaMIl Ha OCHOBe
IIPOBEeAEHHOTO PerpecCMOHHO-KOPPEeAAIMIOHHOTO aHaAM3a.

Karouesbie caoBa: aBTOMOONAD, DAEKTPOUMITYAbCHBIN IAyIINTeAb, MOHMU3AIUA ra3a, cucTeMa
BBIITyCKa OTpaOOTaBIIIIX Ia30B, IIPO3PayHOCTh Tra3a.
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