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Abstract. The physics of the process of electric pulse purification of exhaust gas is outlined. The article analyzes the
mode of operation of the electropulse equipment of the storage device, designed to clean the exhaust gases of the
car. The scheme and a description of the laboratory bench operation are given. On the basis of the analysis of the ex-
perimental results the conditions of corona discharge occurrence at the experimental stand are established. The data
confirming the best cleaning efficiency when corona discharge occurs in comparison with pulse and arc discharges are
given. The dependences of the luminosity of the cleaned gas, on the pulse exposure time, pulse frequency and the dis-
tance between the electrodes are obtained. The results of calculating the cleaning efficiency for 1 minute of ionization
exposure at different modes of operation of the equipment are given.
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Introduction

Car engines significantly pollute the air, especial-
ly in cities. The reduction of this damage is carried
out in the following directions: the operation of elec-
tric cars and cars with hybrid engines, as well as with
the help of catalysts of various actions built into the
car's mulffler [1, 2, 3].

Despite the relevance of the above solutions, they
have a number of drawbacks: in the coming decades,
replacing all cars with electric cars is not possible; cat-
alysts are very expensive and have a short (no more
than 100 thousand/km) service life [4, 5, 6]. The fol-
lowing methods of cleaning exhaust gases are used:
dry, wet, electric, catalytic and ultrasonic methods
[7].

The authors developed and investigated silencers
with ultrasonic cleaning method. Tests have shown
that this method is effective, but the main disadvan-
tage is the short life of the ultrasonic generator [8,
9]. We carried out preliminary tests of electric pulse
system of car exhaust gases cleaning, mounted in the
muffler [10].

There are corona, pulse and arc discharges. Spark
and arc discharges occur in a homogeneous or inho-
mogeneous electric field. Corona discharges occur

only in an inhomogeneous electric field, with the nec-
essary shape of electrodes and the distance between
them [11, 12].

The physics of the corona discharge process is
well understood. Charge development begins with
the application of a high voltage to the charge elec-
trode and the formation of electrons by shock ion-
ization. Subsequently, avalanche or chain ionization
occurs. The essence of which is that a free electron,
which has a higher binding energy, when it collides
with an atom, knocks one electron out of it and a
single-charged positive ion is formed. After the col-
lisions, the electrons will gain energy, and the next
collisions will produce four electrons. Then eight,
then sixteen and so on. The electrons will move to the
anode and the positive ions to the cathode [13].

Our experiments have shown that during spark
discharge the cleaning efficiency is less than during
corona discharge. In this regard, it is necessary to
determine the parameters for the corona discharge
occurrence: the distance between the electrodes; the
frequency and the duty cycle of the charge.

The aim of the study was to establish relationships
between the parameters of the electric pulse equip-

ment, such as charge frequency and duty cycle, in-
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ter-electrode distance and gas purification efficiency.

The following tasks are solved:

- the stand was designed and made;

- the criterion of gas purification efficiency is
substantiated;

- dependences and experimental data on the val-
ue of the distance between the electrodes at which the
corona discharge occurs have been determined.

Research hypothesis: depending on the frequen-
cy, charge power and distance between the elec-
trodes, there is an optimal mode of gas purification.

The scientific novelty of the study lies in the es-
tablishment of dependences between the degree of
transparency of the purified gas, the pulse frequen-
cy and pulse well and the distance between the
electrodes.

Materials and methods

An active force, determined by the electric field
strength, and the frictional resistance force act on the
particle between the electrodes. The value of the elec-
tromotive force F is determined by the expression:

= Eq, D

where E — is the tension;

g — the value of the charge.

When particles move, there is a force of frictional
resistance (Stokes Force) equal to:

F.=6mprd, )

where r —is the radius of the particle;

4 — dynamic viscosity;

0 — the velocity of the particle.

Assuming that the corona discharge process is
similar to the discharge between the plates, accept the
dependence of the voltage and the distance between
the electrodes:

E=1, ®
where U - is the applied voltage;
[ - electrode spacing
Equating (1) and (2) and considering (3) we
obtain:

Eq = 6mpry, 4)

%q = 6 prv, 5)
__Uqg

= 6 urd” ©)

The physical meaning of the obtained dependence
is that the distance between the electrodes A increases
with increasing electromotive force and decreases
with increasing Stokes friction force.

As the value [ corona discharge is replaced by
spark discharge and cleaning efficiency decreases. In
this connection it is necessary to have experimental
values A for the existence of corona discharge.
The greater the degree of purification of the gas,
the greater its transparency. Experimentally the
transparency is determined through its relationship
with the illuminance. To carry out experiments on
smoke purification by means of electric discharge, a
stand was created, the scheme of which is shown in
Figure 1.

The plan for the experiment is shown in Table 1.

Results. The results of the experiments are
presented in Table 2.

Discussion. The light transmission capacity of a
medium depends on the fine light-absorbing parti-
cles contained in it in suspension and is characterized
by the transparency coefficient. Transparency coeffi-
cient of the medium inside the tank is determined by
the formula:

1 - tank for smoke accumulation; 2 — high-voltage ignition coil; 3 — spark plug; 4 — battery; 5 — frequency and duty
cycle controller; 6 — smoke source; 7 — connecting wires; 8 — oscilloscope; 9 — luxmeter; 10 — light source

Figure 1 — Schematic diagram of the storage device for electric pulse purification of exhaust gas
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Table 1 - Order of the experiment

Stage Operations

1. Add a drop of oil to the nichrome coil

2. Place the coil inside the container

The first stage (determination

- . 3. Heat the coil for 15 seconds
of absolute illuminance)

4. Perform illuminance measurement without turning on the electric pulse

5. Release the smoke from the container

6.Set the distance between the electrodes /; =0.012 m

7. Add a drop of oil to the nichrome coil

8. Place the coil inside the container

The second stage (at /; = 0,012 m) 9. Heat the coil for 15 seconds

10. Apply voltage to the electrodes

11. Fix the change of illumination for 60 seconds

12. Release the smoke from the container

13.Set the distance between the electrodes [, = 0.015 m

14. Add a drop of oil to the nichrome coil

15. Place the coil inside the container
Stage Three (at [, = 0,015 m) 16. Heating the coil for 15 seconds
17. Apply voltage to the electrodes

18. Fix the change of illumination for 60 seconds

19. Release the smoke from the container

20.Set the distance between the electrodes /; = 0.018 m

21. Add a drop of oil to the nichrome coil

22. Place the coil inside the container
Stage Four (atl; =0,018 m) 23. Heating the coil for 15 seconds

24. Apply voltage to the electrodes

25. Fix the change of illumination for 60 seconds

26. Release the smoke from the container

27.Set the distance between the electrodes Al, = 0.021 m

28. Add a drop of oil to the nichrome coil

29. Place the coil inside the container
Stage Five (at /, = 0,021 m) 30. Heat the coil for 15 seconds

31. Apply voltage to the electrodes

32. Fix the change of illumination for 60 seconds

33. Release the smoke from the container

34.Set the distance between the electrodes /s = 0.024 m
35. Add a drop of oil to the nichrome coil

36. Place the coil inside the container
Stage Six (at /s = 0,024 m) 37. Heating the coil for 15 seconds
38. Apply voltage to the electrodes

39. Fix the change of illumination for 60 seconds

40. Release the smoke from the container

Ei

a=Fo ?) E, - the luminosity of the empty tank, Ix.

The results of calculation of the change in the
where F; — illuminance at the i-th moment, 1x; transparency coefficient ¢ as a function of time ¢ at
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different values of the interelectrode distance [ for the
pulse frequencies 16, 21 and 22 Hz are presented in
Table 3.

The intensity of the process of suspended parti-
cles deposition in the gas volume under the action
of ionizing radiation characterizes the rate of change
in the transparency coefficient, and is determined by
the formula:

_ai—a
ke =73

®)

The results of calculating the rate of change in the
transparency coefficient &, are presented in Table 4.

Plots of the dependence of the rate of change of
the transparency coefficient k, with time are present-
ed in Figure 2.

The cleaning efficiency, determined by the degree
of purification from suspended particles by ioniza-

tion action, we define by the following ratio:

9=%' 100%=(1— g;)&()()%,
where £ is the light absorption coefficient, character-
izing the concentration of suspended particles in the

gas, determined by the formula:
B=1-a. (10)

The results of calculating the efficiency of clean-
ing E for 1 minute of ionizing action are shown in
Table 5.

Conclusion: The results of calculation of the rate
of change of transparency coefficient k, from time
for all experiments show an insignificant growth of
the rate of change of the coefficient k, at increasing
the distance between the electrodes [ from 0.012 m to
0.021 m. At increase of [ up to 0.024 m sharp inten-

©)

Table 2 — Results of experimental studies

Distance between

0.12 0.15 0.18 0.21 0.24
electrodes |, m

Frequency of the vi=16 | v,=21 | v3=22 | v;=16 | v,=21 | v3=22 | v;=16 | v,=21 | v3=22 | v;=16 | v,=21 | v5=22 | v;=16 | v,=21 | v3=22
electrical pulse Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
luminance of the |, 535 00123730| 23570 2416023446 | 24510/ 23285 | 23670| 23832| 22370 22235 2273020977 | 20840

empty vessel — EB, Ik
t,=0c | 482 | 557 | 626 | 626 | 535 | 443 | 862 | 493 | 432 | 475 | 407 | 424 | 506 | 449 | 624
Capacity |h=15¢ 711 | 706 | 749 | 852 | 670 | 639 | 1269 | 694 | 618 | 736 | 681 | 636 | 954 | 923 | 1394
illuminance Ei, [t,=30c| 797 | 785 | 841 | 988 | 755 | 732 | 1483 | 819 | 737 | 984 | 879 | 862 | 1986 | 2015 | 2669
Ixattimet |y _45¢ 890 | 870 | 944 | 1150 | 870 | 824 | 1689 | 940 | 894 | 1387 | 1118 | 1202 | 4624 | 4098 | 5067
t,=60c| 976 | 983 | 1058 1410 | 985 | 931 | 1981 | 1114 | 1121 | 1831 | 1286 | 1630 | 7387 | 6705 | 8078

Table 3 — Change of transparency coefficient over time

elentodeshm | electncal pulse v e Tansparency coefficient —e-107

Time interval t,=0c t,=15¢c t,=30c t;=45c t,=60c
0.012 16 2.042 3.013 3.377 3.771 4.136
0.012 21 2.395 3.035 3.375 3.74 4.226
0.012 22 2.638 3.156 3.544 3.978 4.458
0.015 16 2.656 3.615 4.192 4.879 5.982
0.015 21 2.214 2.773 3.125 3.601 4.077
0.015 22 1.889 2.725 3.122 3.514 3.971
0.018 16 3.517 5.177 6.051 6.891 8.082
0.018 21 2.117 2.98 3.517 4.037 4.784
0.018 22 1.825 2.611 3.114 3.777 4.736
0.021 16 1.993 3.088 4.129 5.82 7.683
0.021 21 1.819 3.044 3.929 4.998 5.749
0.021 22 1.907 2.86 3.877 5.406 7.331
0.024 16 2.226 4.197 8.737 20.343 32.499
0.024 21 2.14 4.4 9.606 19.536 31.964
0.024 22 2.994 6.689 12.807 24.314 38.762
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Table 4 — Results of calculating the rate of change of the transparency coefficient k,

Distance between Frequency Cafisel The rate of change of the transparency coefficient — k,- 103
electrodes |, m electrical pulse v, Hz
Time interval t,=15¢c t,=30c t;=45c t,=60c
0.012 16 0.6468927 0.2429379 0.2627119 0.2429379
0.012 21 0.4270565 0.2264259 0.2436228 0.3238750
0.012 22 0.3455542 0.2584633 0.2893665 0.3202697
0.015 16 0.6392307 0.3846698 0.4582096 0.7353981
0.015 21 0.3725166 0.2345475 0.3173289 0.3173289
0.015 22 0.5573090 0.2644374 0.2615940 0.3042452
0.018 16 1.1070311 0.5820753 0.5603155 0.7942336
0.018 21 0.5754778 0.3578842 0.3464319 0.4981748
0.018 22 0.5238699 0.3351641 0.4421912 0.6393466
0.021 16 0.7301108 0.6937451 1.1273358 1.2420275
0.021 21 0.8165698 0.5900760 0.7122634 0.5006705
0.021 22 0.6356345 0.6776104 1.0194138 1.2832621
0.024 16 1.3139757 3.0268368 7.7372049 8.1038275
0.024 21 1.5064118 3.4704677 6.6199488 8.2852648
0.024 22 2.4632118 4.0786948 7.6711452 9.6321177
ke-1073
10

8

6 o

4 —

2 -

0 T 1
0 10 t,c

Figure 2 — Plots of the rate of change in the transparency coefficient k, with time

sification of cleaning process is observed at all fre-
quencies of electric impulse, characterized by speed
of change of transparency ¢, that is explained by oc-

—=[=0,012 m; vi=16 Hz
e [=(),015 m; vi=16 Hz
e [=(),018 m; vI=16 Hz
=—=[=0,021 m; vI=16 Hz

1=0,024 m; vi=16 Hz

== ]=0,012 m; v2=21 Hz
== ]=0,015 m,; v2=21 Hz
w— =(),018 m; v2=21 Hz
== ]=0,021 m; v2=21 Hz

= [=0,024 m; v2=21 Hz

—fe=]=0,012 m; v3=22 Hz
=@=]=0,015 m; v3=22 Hz
w——[=(),018 m; v3=22 Hz
=e=]=0,021 m; v3=22 Hz

1=0,024 m; v3=22 Hz

currence of corona discharge at /= 0.024 m.
At the spark discharge the greatest degree of pu-
rification is observed at low experimental frequencies
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Table 5 - Efficiency of electric pulse gas purification E for 1 minute

Distance between electrodes |, m Frequency of the electrical pulse v, Hz Efficiency of gas purification, %
0.012 16 2.14
0.012 21 1.88
0.012 22 1.87
0.015 16 3.42
0.015 21 1.90
0.015 22 2.12
0.018 16 4.73
0.018 21 2.72
0.018 22 2.96
0.021 16 5.81
0.021 21 4.00
0.021 22 5.53
0.024 16 30.96
0.024 21 30.48
0.024 22 36.87
of the electric pulse, whereas at the corona discharge The obtained dependences are necessary to es-
at [=0.024 m the greatest degree of purification is | tablish the optimal modes of operation of the electric

ac.

hieved at the maximum experimental frequency of | pulse equipment of the designed exhaust gas purifi-

22 Hz. cation systems.
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*aemop-KoppecrnoHOeHm.

AHOamna. alidanaHblnraH 2a30bl 3AeKMpPiK UMIYa6Ccmi masapmy npoueciHiH puauKacel KepceminzeH. Makana as-
momobusnedin NalidanaHslAFaH 2a30a0pbIH MA3APMYFa APHAAFAH CAKMAY KYPbIAFbICbIHbIH 31eKmp UMMyabemi 1 ab-
O0bIKMApPbIHbLIH HYMbIC PEXUMIH Mandayra apHAAFAaH. 3epMXaHanbiK CMeEHO HYMbICbIHbIH CbI36aCbl MeH cunammama-
cbl bepineeH. IkcnepumeHmmepOiH HomuxenepiH manday HeziziHOe sKcnepuMeHmMmiK cmeHome maxc paspsaoblHbIH
nalioa 6oay wapmmapsl 6enzineHoi. IMnyabcmik #aHe 00FanbiK pa3pAaoneH canbicmoelpraHOa maxcOik paspAao nalida
b6onraH Kezde mazanayoblH eH #aKcbl muimdinieiH pacmalimeiH Oepekmep bepinzeH. TazapmelnraH 2a30blH ¥APLIKKA,
UMMyAbCMiK acep emy YaKbIMbIHA, UMMYAbCMIH HUinieiHe #aHe 3aeKmpodmap apacbiHOGFbl KAWbIKMbIKKA mayer-
diniei anbiHObI. #ab60bIKMbIH 3p Mypsi HYMbIC percumoepiHoe UOHOAHY acepiHiH 1 MuHymosiHOa masapmy muimoinieiH
ecenmey Hamuxcenepi KeamipinzeH.

Kinm ce30ep: anekmprik UMmyansc, maxc paspaosl, Huinik, 31ekmpoo, KepHey, masapmy, nalioanaHbIAFAH 203.

YcmaHoeneHue napamempoe 31eKmpoumnyabcHo20 060py0oeaHus HAKONUMenbHo20 ycmpoiicmea
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*aemop-koppecrnoHOeHm.

AHHOMayus. M3101eHa hu3uKa npoyecca 3neKkmpoumnyabcHoli o4yucmku ompabomaswezo 2a3a. Cmames noceauje-
HQ aHaAu3y pexcuma pabomsi 31eKMPoUMyAbCHO20 060py008AHUA HOKOMUMEAbHO20 ycmpolicmea, npedHa3HaYeH-
HO20 0719 04YUCMKU 8bIX/I0MHbIX 20308 asmomobunsd. [aémca cxema u onucaHue pabomel 1a60pamMopHO20 cmeHaoa.
Ha ocHose aHanu3a pe3ynbmamos 3KCIepuMeHmo8 YyCMaHOB/EHbI YC108USA 803HUKHOBEHUSA KOPOHHO20 pa3pAadd Ha
3KcnepumeHmMasnsHom cmeHoe. [TpusedeHbl 0aHHbIe, Mo0meepxdaroujue Hauay4ywyr sghPeKmusHOCMb OHUCMKU Npu
B803HUKHOBEHUU KOPOHHO20 pa3psa0d Mo CPAsHEHUK C UMIYsbCHBIM U Oy208b6IM. [10syYeHbl 3a8UCUMOCMU OC8EeUWeHHO-
CMu oYuwaemoao 2a3d, om spemeHu 8osdelicmaus UMMYbCA, YACMOMbI UMITYAbCA U PACCMOAHUA Mex0y 31eKkmpooa-
mu. [MpusedeHsl pe3yabmamel pacyema aghhekmusHOCMU 04UCMKU 30 1 MUHYmMY UOHU3AYUOHHO20 8030elicmaus npu
Pa3AUYHBIX percumax pabomesl 060py008aHUS.

Knroueevle cnoea: 31eKmMpoumMiysnsc, KOPoHHbIl paspao, Yyacmoma, 371eKmpoo, HanpsaxeHue, o4ucmeka, ompabomas-
wuti 2a3.
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