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Formation mechanism of concentric-ring pattern in dielectric barrier discharge
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Fig. 1. (color online) Schematic diagram of the experimental setup.
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Fig. 2. (color online) (a) A photograph of concentric-ring pattern observed in DBD in an air/argon mix-

ture; (b) waveforms of the applied voltage and the current of the concentric-ring pattern.

Experimen-

tal parameters: applied voltage U = 2.8 kV, voltage frequency f = 58 kHz, gas pressure p = 228 Torr

(1 Torr = 1.33 x 10? Pa), air content x = 20%.
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Fig. 3. (color online) Evolution of the concentric-ring pattern: (a) Uniform discharge, U = 2.4 kV; (b) chaos,
U = 2.7 kV; (c) concentric-ring pattern 1, U = 2.8 kV; (d) static spiral pattern, U = 2.85 kV; (e) concentric-
ring pattern 2, U = 3.2 kV; (f) hexagonal pattern, U = 3.4 kV.

M AT L, el ] o [BE 2 BRE F FD TR 2 A 5
JE S B A AN R D SE G R AR AT TR
Z B AR LR ZR, BATT ek WA LA 5% T 34
=N IR R AN G R T N BRI R (T

RN A =838, &2 R e RN kiE st
kb O FE B HE ), LTS L B Ol AR T A S S R[]
AR5 2 (b) A AL R B 25t 2090 9 0.8 A
8 ps. P64 T B 53X /N gKIE SR Ji I Ay

245202-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 3 % ]  Acta Phys. Sin. Vol. 64, No. 24 (2015) 245202

HIE N, N T EINEM, 73 AgE Nk R e BT JiT B A B AN, AR 2 A ][54 B
L (B5 (a)—(f) 2 BB AL 38 G IR I IR EE ). Fe B AEAS [A] 2 J ST T8O AL B A [R] ) K B TR0 224K
Xt ECPE 5 AT 6 R DL H, A [ A I 2 ] ST R 22 I TRV R 88 e n = 2R 1.

Fla (WITIRE ) AN IR0 B SR O 2 (RO AT BB R (a) 1AM (b) 5 AN ;
(c) 101MEHI; (d) 15~

Fig. 4. (color online) Images of concentric-ring pattern with different time integrations:
(a) Loop=1; (b) loop=5; (c) loop=10; (d) loop=15.
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Fig. 5. (color online) Instantaneous images corresponding to three successive positive and negative half

voltages of the concentric-ring pattern obtained by the ICCD. The exposure time of each image is 0.8 s

and the delay time between two adjacent images is 8 ps.

245202-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 245202

P 3 & L T8 A 41 S 7 i A 0 L S T 7 [
O [ 31 B JBI AR T e 2 8] ] LUK ZE A B A, 2
SR [19] XHZIRBE B AT T PRARRIIE AL, i S
ARSL PN R RO b IE S P R ) LR s R A B
1, RIS ACHE ol BTS2 T8 22, 1R = JA) 1T
22 tHIAE AN RO B, AN ] AR R RS TR Il 7 &
H AR, T HAT T X [R] L[5 A B P TR e
A BT HEATRIE TR B, 1 4 7 A o B P ) A
HEMRAR, BRI AL

Bl6 (M TR M) B 5N sk B m B8 i 4 2,
B 5 (a)—(f) 2 BIULRRAL VB G IR 06 TSR

Fig. 6. (color online) Superposition of Figs. 5 (a)—(f).
Spots in Figs. 5 (a)—(f) are colored red, yellow, green,

light blue, blue and purple, respectively.
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Fig. 7. Variation of discharge power with different
states in the evolution sequence of concentric-ring pat-

tern.
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Fig. 8. Cross correlation between two instantaneous
images as a function of the delay time: (a) Concentric-

ring pattern; (b) spiral pattern.
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Formation mechanism of concentric-ring pattern in
dielectric barrier discharge’
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Abstract

Concentric-ring pattern is observed in an Ar/air mixture dielectric barrier discharge. The discharge images within
one half voltage circle are taken by an intensified-charge coupled device camera, indicating that the discharge filaments
are the basic units of the concentric-ring pattern. By comparing the six instantaneous images corresponding to three
successive positive and negative half voltages, it is proved that the concentric-ring pattern seen with naked eyes is formed
by the numerous discharge filaments located at different positions during successive acquisition intervals. With applied
voltage increasing, concentric-ring pattern can transform into spiral, and then into concentric-ring pattern again. By
analyzing the features of formation and transformation of these two patterns, it is inferred that the two patterns have
similar dynamic mechanisms. Discharge powers of concentric-ring pattern and spiral are calculated respectively, and the
results show that the power increases linearly approximately with applied voltage increasing. The correlation coefficients
of concentric-ring pattern are compared with those of spiral, and the results show that the correlation coefficient of
concentric-ring pattern is relatively low and irregular, while the correlation coefficient of spiral is relatively high and has

an oscillatory characteristic.

Keywords: dielectric barrier discharge, concentric-ring pattern, spiral pattern, formation mechanism

PACS: 52.35.Mw, 47.54.-r, 52.80.Tn DOI: 10.7498/aps.64.245202

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11175054, 11375051), the Key Basic
Project supported by the Research Project in the Application Basic Research Plan of Hebei Province, China (Grant No.
15961105D), the Research Foundation of Education Bureau of Hebei Province, China (Grant No. LJRCO011), and the
Natural Science Foundation of Shandong Province, China (Grant No. ZR2014AQ023).

t Corresponding author. E-mail: donglfhbu@163.com

245202-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1009-1963/16/9/024
http://dx.doi.org/10.1088/1009-1963/16/9/024
http://dx.doi.org/10.1103/PhysRevLett.93.158301
http://dx.doi.org/10.1063/1.2835602
http://dx.doi.org/10.1063/1.2835602
http://dx.doi.org/10.1103/PhysRevE.81.016204
http://dx.doi.org/10.1103/PhysRevE.81.016204
http://dx.doi.org/10.1063/1.1765210
http://dx.doi.org/10.1063/1.1765210
http://dx.doi.org/10.1103/PhysRevLett.71.2216
http://dx.doi.org/10.1103/PhysRevLett.71.2216
http://dx.doi.org/10.1103/PhysRevLett.93.213904
http://dx.doi.org/10.1103/PhysRevLett.93.213904
http://dx.doi.org/10.7498/aps.64.245202

	1引 言
	2实验装置
	Fig 1

	3实验结果与讨论
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8


	4结 论
	References
	Abstract

