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Fig.1 Experimental system
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Table 1 Factors and levels

K THCR X R T A B B JGEET E AU D
Level Surface temperature of discharge area/’C Discharge voltage/kV Discharge frequency/kHz Air flow/(L-min™)
1 40 (A1) 17 (By) 7(Cy 3(Dy)
2 50 (A2) 18 (Bo) 8(Cy) 5(D2)
3 60 (As) 19 (B3) 9(Cy) 7 (D3)
4 70 (As) 20 (Ba) 10 (Cy) 9 (Ds)
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Fig.2 Influence of surface temperature of discharge area on
the mass concentration of O
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Fig.3 Influence of discharge voltage on mass
concentration of O3
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Fig.4 Influence of discharge frequency on
mass concentration of O
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Fig.5 Influence of air flow rate on mass concentration of O3
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TEATTRI 45 R 73 BT an 36 2 Jios

HI3% 2 W0, &R0 O BT IR RS2 IR R
ANy = 2 AU B > T3P DX 3R TR S > TR AR
>R HL S ARl Og JBTHE R e v PR 6 2% A4 BT
BALHA K BORX R 40°C, R HL
19 kV. JHCHEAIZ 7 kHz, 2553 = 5 L/min,
4.3 FHEDW

TEATRI 45 R 77 22 73 W n 36 3 Jim
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>HCu s, SRZES AR S HA X &
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F2 EXRWERED
Table 2 Range analysis of orthogonal test

e SRR E
TesLt nﬁr:ber A'C BV CikHz /(L-r?in'l) concem?:tsion of
Os/(mg:L™)

1 40 17 7 3 4.6
2 40 18 8 5 5.1
3 40 19 9 7 5.2
4 40 20 10 9 4.9
5 50 17 9 3.3
6 50 18 7 4.4
7 50 19 10 5 4.3
8 50 20 9 3 0.7
9 60 17 9 5 3.9
10 60 18 10 3 1.6
11 60 19 7 9 4.7
12 60 20 8 7 43
13 70 17 10 7 34
14 70 18 9 9 3.6
15 70 19 8 3 14
16 70 20 7 5 4.1
kom1 198 152 178 8.3
k2 127 147 141 174
foms 145 156 134 173
foma 125 140 142 16.5
R, 18 0.4 11 2.3

Opt?jnaﬁinﬁevel As Bs G D:

FERFFE
Primary and D, A, C, B
secondary factors

ko 278 m I n AKCET O WREERIFL, R, %78 m RIZ IR
Notes: &, is sum of the conc-entration of Oz of n level of m factor, R, is the
range of m factor.

F3 EXRWHEDN
Table 3 Variance analysis of orthogonal test

YRS/ B IR S; HHEE f KR P BFHACT
Soruce of variation Column error sum of squares Degree of freedom Mean sum of square Level of significance
A 8.692 3 2.897 6.702 <0.1
B 0.357 3 0.119 0.275 >0.25

C 2.947 3 0.982 2.272 >0.25
D 14.532 3 4.844 11.205 <0.05
RIE 1.297 3 0.432

TE: Foos(3,3)=9.28: Fo1(3,3)=5.39; Fo25(3,3)=2.36.
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G 2 MR 3 AR A A R X R T
40°C. L HLE 19 KV, BCEAR 7 kHz, SR
5 L/min,
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AN PRI RS PR ST L R S o

1) Og JFr il JE Bt 5B DR TR 5 1 T v B AR
G, BEBORIUR I TR G R R T
Dz o FIr AR AR T80 Hb X34 1 g 2 AT 80 303 A ) 1
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Optimization of working parameters for non-thermal plasma reactor

Shi Yunxi, Cai Yixi*, Li Xiaohua, Chen Yayun, Ding Daowei
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Diesel engines are widely used in the field of industrial and agricultural production and transportation
for their good economy and dynamic performance. However, with emission regulation becoming gradually stricter,
how to reduce diesel particulate matter (PM) emissions effectively has become a growing concern of people.
Diesel particulate filter (DPF) are considered to be the most effective means to reduce emissions of particulate
matter, and the key of DPF lies in their regeneration. DPF regeneration is usually divided into two categories:
active regeneration and passive regeneration. Active regeneration refers to the combustion of PM directly heated
by external energy and the temperature is usually above 650°C. There are many methods of active regeneration,
such as electric heating, microwave heating and combustion heating with the injected fuel. But there are many
problems of these methods of regeneration, such as energy consumption, high cost and thermal damage of the
carrier structure. Passive regeneration means to achieve regeneration by improving exhaust temperature to reach
the minimum combustion temperature of the regeneration without the external auxiliary. There are many problems
of passive regeneration problem, such as sulfur poisoning of the catalyst and low regeneration efficiency.
Non-thermal plasma (NTP) technology can effectively remove the PM deposited in the DPF and it provides a new
method for the DPF regeneration. The oxidation of the active substances produced by NTP reactor is stronger than
0O, and PM can be well oxidized by these active substances. The working parameters of NTP reactor directly
affect the concentration of the active substances, so suitable working parameters are conducive to the regeneration
of active substances.

This article discusses four working parameters of NTP reactor which affect the concentration of the active
substances. The four factors are the surface temperature of discharge area, discharge voltage, discharge frequency
and air flow. For the multi-factor experiment, orthogonal experimental design is an effective method of scientific
experiments where part of the ones can reflect the comprehensive experiments. In this article, an experimental
study on the performances of NTP Reactor was conducted, where air as the gas source. The optimal conditions of
working parameters for Non-thermal plasma Reactor were determined by orthogonal design. Under the conditions
of the concentration of O3 as the test indicators, the surface temperature of discharge area, discharge voltage,
discharge frequency and air flow were optimized. The experiment results were analyzed by range analysis and
variance analysis, and the influence of single factor was analyzed. The results revealed that the surface
temperature of discharge area and air flow were remarkable factors, while the discharge frequency and discharge
voltage had inapparent affection. Lower surface temperature of discharge area and discharge frequency would
increase the concentrations of O3;.With the increasing of air flow rate, the concentrations of O3 increases first and
then decreases. There is no obvious trend of the concentrations of Os; with changes in discharge voltage. The
effects on the concentration of Oz were in the order of air flow>surface temperature of discharge area>discharge
frequency >discharge voltage. The optimal combination were surface temperature of discharge area: 40°C,
discharge voltage: 19kV, discharge frequency: 7 kHz, air flow: 5 L/min. It was proved by the experiment that the
optimal combination was reliable and stable. The results obtained in this study has established the foundation for
DPF regeneration based on non-thermal plasma technology. These results are of great significance for
development of NTP system used to decompose the PM of diesel engines and optimization of DPF regeneration
based on NTP Technology.
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