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Numerical Simulation for the Effects of Pulse Power Parameters on Ozone
Generation by Pulsed Dielectric Barrier Discharge
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Abstract  The parameters of pulse power play avital role in ozone generation by pulsed dielectric barrier discharge. To
investigate effects of pulse power parameters on streamer propagation velocity and ozone density, a qusi-two-dimensional
dynamic model is developed. The numerical model consists of hydrodynamic model and chemical model including 11
species and 29 reactions. The numerical results show that both streamer propagation velocity and ozone density increase
with the increase of pulse peak voltage and the decrease of pulse rise time. The streamer propagation velocity varies from
4.20x10* m/s to 3.57x10° m/s. Pulse width hardly has impact on streamer propagation velocity and ozone density, but de-
creasing pulse width is favorable for the improvement of ozone yield. With the increase of pulse rise rate, the change of
electric field strength becomes larger at the sametimeinterval and the electric field strength is also larger at the same time
after the streamer emerging. So streamer propagation velocity increases with increasing the pulse rise rate. Meanwhile,
ozone density increases because the production rate of O radia increases. This work will provide a reference for choice
and optimum of pulse power.

Key words pulse power parameters; streamer propagation; ozone generation; pulsed dielectric barrier discharge; paral-
lel-plate; dynamics, numerica simulation
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Tablel Reactionsand reaction rates
/em®s?  cmbs?
R1 e+0,_ O+O+e f(E/N) [24]
R2 e+t0,- 2e+0," f(E/N) [24]
R3 e+0,- 0+0~ f(E/IN) [24]
R4 et+0, -, 2e+tO+0O" f(E/N) [24]
R5  etO,- O+etO(*D) f(E/N) [24]
R6 e+O3- 0+0, f(E/N) [24]
R7 e+0, - O,(*Ag)+e f(E/N) [24]
R8  etO,(*Ag) - O+O+e f(E/N) [24]
R9 e+0, - Oy('Z; )+e f(E/IN) [24]
R10  e+tOy('S;)-etO+0 f(E/IN) [24]
R11 e+tO3 O+0 +e 5.0x107° [23]
R12  etO, - O+O(‘D) 2.2x10°4T) °° [24]
R13  O+0;+0;- O3+0, 6.9x10 34(300/Ty) "% [23]
R14 0+05- 0,+0, 1.8x10 Yexp(—2 300/Ty) [24]
R15  O;+03- 0+0,+0, 7.26x10 exp(~11 400/T,) [24]
R16 0+0," - O+0, 2.6x10 ](Ty/300) [24]
R17 0,+0" - 0+0," 21x10 " [24]
R18 0,+0 - O+0, 3.2x10°% [24]
R19 0, +0," - 0,+0, 2.01x10 (T4/300) °° [24]
R20  O(‘D)+0;- O+O4 2.5x107%° [24]
R21  O+0,+05- O3+04 1.45x10 'exp(—663/T,) [24]
R22 0, +03- 0,405 7.8x107%° [24]
R23 O +053- O+05 5.3x10° % [24]
R24 O('D)+0,- O+05('Z; ) 2.56x10 Yexp(—67/T,) [24]
R25  O,+0," -, O+0+0, 1.01x10 (Ty/300) °° [24]
R26 0,"+05 - O5+0, 2.0x10 /(Ty/300) °° [24]
R27  0,'+0; - O+O+0; 1.01x10 (Ty/300) °° [24]
R28  0,'+0 - 0O+0O+0O 2.6x10 ¥(T4/300) [24]
R29  O(‘D)+0,- O+O, 7.0x10 2exp(67/Ty) [24]
cmist cmbs?
Te v T, K
380 ns
3 9kVv
380 ns
4 9kV
380 ns
3 4
2
2.1
5
380 ns



2662

2016, 42(8)

2
Fig.2 Waveform of positive pulse voltage at different

pulse peak voltages

3
Fig.3 Waveform of positive pulse voltage at different

pulse widths
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Fig.5 Streamer propagation velocity as afunction of

pulse peak voltage

T Vv 1URNYV

o
<
T

W
N
T

W
(=
T

G A% R /(1

he
N
T

40 1 1 1 1 1 1
200 250 300 350 400 450 500
Jik 3t B 5 /s
6
Fig.6 Streamer propagation velocity as afunction

of pulse width

550



2663

6
5
7 380 ns
Allen N L
[34]
-
.
4.76x10*~3.57x10° m/s
7kV  380ns
10kv  40ns Yagi | -
(8]
8(a)
BridlsTM P Winands G J J*
Yagi 1¥ - - -
ClevisTTy @
ClevisTTJ
Winands G
JJ 8(b)
2.2
9 380 ns

0 50 100 150 200 250 300 350 400
Jok ot 1 71 B [/ns

Fig.7 Streamer propagation velocity as a function of

pulserisetime

8
Fig.8 Streamer propagation velocity as afunction of

pulseriserate



2016, 42(8)

2664

[10]

Ono R
8.0F T~

7.5

)

02,

9
10 1 380 ns Fig.9 Ozone density asafunction of pulse width
10
10 kv
40 ns 3.88x10% m°
11

(O+0O2+M - O3+M)

12(a) 9kV
10
12(a) Fig.10 Ozonedensity asafunction of pulserisetime
Komuro A [
12(b)
9kv 23.68V/ns 45V/ns

Komuro A -

24 kV 110 V/ns
520 V/ns 45V/ns

11
12(a) Fig.11 Ozone density asafunction of pulse riserate
13 13(a)
13(a)

23.68V/ns



2665

[e]

1

o~ i tem . , . , L
100 200 300 400 500
i 18] /ns
(a) AL 145 R

———

F/(10%m™)

/10"
A~ W
]

12 13
Fig.12 Time evolution of the density and number of O radical Fig.13 Spatial distribution of the production rate of O radical
2.5x10° mol/(m*-s)
290 ns 3
13(a)
11 29
13(b)
45V/ns
13(a) 13(b)
45V/ns 23.68V/ns 1
2x10" mol/(m>.s)
23.68V/ns 2
230 ns 4.20x10*~3.57x10° m/s
45V/ns 48 ns 2
23.68 V/ns 8ns
3



2666

2016, 42(8)

[

[2

[3]

4

[5]

(6]

(8]

[9

[10]

[11]

[12]

[13]

References

Ono R, Oda T. Formation and structure of primary and secondary
streamers in positive pulsed corona discharge-effect of oxygen con-
centration and applied voltage[J]. Journal of Physics D: Applied
Physics, 2003, 36(16): 1952-1958.

Van Veldhuizen E M, Rutgers W R. Pulsed positive corona streamer
propagation and branching[J]. Journal of Physics D: Applied Physics,
2002, 35(17): 2169-2179.

Winands G J J, Liu Z, Pemen A JM, et al. Tempora development and
chemical efficiency of positive streamers in a large scae wire-plate
reactor as a function of voltage waveform parameters[J]. Journa of
Physics D: Applied Physics, 2006, 39(14): 3010-3017.

Tardiveau P, Marode E, Agneray A. Tracking an individual streamer
branch among others in a pulsed induced discharge[J]. Journa of
Physics D: Applied Physics, 2002, 35(21): 2823-2829.

Briels T M P, Van Veldhuizen E M, Ebert U. Experiments on the di-
Proceedings of the 27"
International Conference on Phenomenain lonised Gases. Eindhoven,

ameter of positive streamers in air[C]

Netherlands: Eindhoven University of Technology, 2005.

. [J.
2015 41(1) 282-286.

LIU Dian, XIA Shenguo. Experimental studies on characteristics of

streamer branching in short air gaps discharge[J]. High Voltage Engi-

neering, 2015, 41(1): 282-286.

Wang D Y, Okada S, Matsumoto T, et al. Pulsed discharge induced by

nanosecond pulsed power in atmospheric air[J]. |EEE Transactions on

Plasma Science, 2010, 38(10): 2746-2751.

Yagi |, Okada S, Matsumoto T, et al. Streamer propagation of nanose-

cond pulse discharge with various rise times[J]. |EEE Transactions on

Plasma Science, 2011, 39(11): 2232-2233.

ClevisT T J, Nijdam S, Ebert U. Inception and propagation of positive

streamers in high-purity nitrogen: effects of the voltage rise rate[J].

Journal of Physics D: Applied Physics, 2013, 46(4): 045202.

Ono R, Nakagawa Y, Oda T. Effect of pulse width on the production of

radicals and excited species in a pulsed positive corona discharge[J].

Journal of Physics D: Applied Physics, 2011, 44(48): 485201.

[J. 2015 41(8) 2528-2544.

YAN Keping, LI Shuran, FENG Weigiang, et al. Analysis and prospect
on key technology of high-voltage-discharge for environmental engi-
neering study and application[J]. High Voltage Engineering, 2015,
41(8): 2528-2544.

Komuro A, Ono R, Oda T. Effects of pulse voltage rise rate on velocity,
diameter and radical production of an atmospheric-pressure streamer
discharge[J]. Plasma Sources Science and Technology, 2013, 22(4):
045002.

Fujiwara M. Short-pulse discharge for simultaneous pursuit of energy
and volume-efficient NOy removal[J]. Japanese Journal of Applied

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27

[28]

[29]

[30]

Physics, 2006, 45(2A): 948-950.

Namihira T, Tsukamoto S, Wang D Y, et al. Improvement of NOy
removal efficiency using short-width pulsed power[J]. |[EEE Transac-
tions on Plasma Science, 2000, 28(2): 434-442.

Ono R, Oda T. Measurement of gas temperature and OH density in the
afterglow of pulsed positive corona discharge[J]. Journa of Physics D:
Applied Physics, 2008, 41(3): 035204.

[J. 2015 41(6) 2100-2107.
XU Shuangyan, LI Jiang, CAl Jinsheng, et al. Modeling of the
two-dimensional nanosecond SDBD discharge with symmetry elec-
trodes[J]. High Voltage Engineering, 2015, 41(6): 2100-2107.
We L S, Yuan D K, Zhang Y F, et al. Experimental and theoretical
study of ozone generation in pulsed positive dielectric barrier dis-
charge[J]. Vacuum, 2014, 104: 61-64.
Baldus S, Schréder D, Bibinov N, et al. Atomic oxygen dynamics in
an air dielectric barrier discharge: a combined diagnostic and modeling
approach[J]. Journal of Physics D: Applied Physics, 2015, 48(27):
275203.
Wei L S, Peng B F, Li M, et al. A numerical study of species and
electric field distributions in pulsed DBD in oxygen for ozone
generation[J]. Vacuum, 2016, 125: 123-132.
Mennad B, Harrache Z, Amir Aid D A, et al. Theoretica investigation
of ozone production in negative corona discharge[J]. Current Applied
Physics, 2010, 10(6): 1391-1401.
Eliasson B, Hirth M, Kogelschatz U. Ozone synthesis from oxygen in
dielectric barrier dischargesJ]. Journal of Physics D: Applied Physics,
1987, 20(11): 1421-1437.
Yanallah K, Pontiga F, Fernandez-Rueda A, et al. Ozone generation by
negative corona discharge: the effect of joule heating[J]. Journd of
Physics D: Applied Physics, 2008, 41(19): 195206.
Loiseau J F, Lacassie F, Monge C, et al. Numerica simulation of
ozone axia and radial distribution in a cylindrical oxygen-fed ozoniz-
er[J]. Journal of Physics D: Applied Physics, 1994, 27(1): 63-73.
Eliasson B, Kogelschatz U. Basic data for modelling of electrica
discharges in gases: oxygen[R]. California, USA: University of Cali-
fornia, 1986.

[J. 2012 38(7) 1548-1555.
LI Qingquan, XU Guangke, FANG Xinzhen, et al. Numerical smula-
tion of surface dielectric barrier discharge[J]. High Voltage
Engineering, 2012, 38(7): 1548-1555.
Rafatov | R, Akbar D, Bilikmen S. Modelling of non-uniform DC
driven glow dischargein argon gas[J]. Physics Letters A, 2007, 367(1):
114-119.
Almeida P G C, Benilov M S, Cunha M D, et al. Analysing bifurca
tions encountered in numerical modelling of current transfer to
cathodes of dc glow and arc discharges[J]. Journa of Physics D: Ap-
plied Physics, 2009, 42(19): 194010.
Kumara S, Serdyuk Y V, Gubanski S M. Charging of polymeric sur-
faces by positive impulse corona[J]. |EEE Transactions on Dielectrics
and Electrical Insulation, 2009, 16(3): 726-733.
Liu X H, He W, Yang F, et al. Numerical simulation and experimental
validation of a direct current air corona discharge under atmospheric
pressure]J]. Chinese Physics B, 2012, 21(7): 075201.



2667

[J. 2013 39(1) 37-43. 234004.

PENG Qingjun, SIMA Wenxia, YANG Qing, et al. Influence of initial [33] Winands G JJ, LiuZ, Pemen A JM, et al. Analysis of streamer prop-

electron concentration on positive streamer discharge in pin-plate air erties in air as function of pulse and reactor parameters by 1CCD

gap[J]. High Voltage Engineering, 2013, 39(1): 37-43. photography[J]. Journal of Physics D: Applied Physics, 2008, 41(23):
[31] Wang D Y, Jkuya M, Yoshida S, et al. Positive-and negative-pulsed 234001.

streamer discharges generated by a 100-ns pulsed-power in atmos- [34] Allen N L, Mikropoulos P N. Dynamics of streamer propagation in

pheric ar[J]. IEEE Transactions on Plasma Science, 2007, 35(4): air[J]. Journa of Physics D: Applied Physics, 1999, 32(8): 913-919.

1098-1103. [35] BrielsT M P, Kos J, Van Veldhuizen E M, et al. Circuit dependence of
[32] BrielsT M P, Kos J, Winands G J J, et al. Positive and negative strea the diameter of pulsed positive streamers in air[J]. Journa of Physics

mers in ambient air: measuring diameter, velocity and dissipated D: Applied Physics, 2006, 39(24): 5201-5210.

energy[J]. Journal of Physics D: Applied Physics, 2008, 41(23):

1957— 1980—

E-mail: liming@ncu.edu.cn
E-mail: weilinsheng@ncu.edu.cn

LI Ming WEI Linsheng
Ph.D., Professor Ph.D., Professor
Corresponding author
1992— 1981—

E-mail: 1207591028@qg.com
Email: zhangyafang@ncu.edu.cn

PENG Bangfa ZHANG Yafang

2016-01-30 2016-03-26



