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Simulation Calculation of the Surface Dielectric Barrier Discharge Characteristic
Parameters Under Nanosecond

HAO Lingyan', LI Qingquan®
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Abstract: In order to better understand the discharge mechanism of the surface dielectric barrier discharge and il-
lustrate the regularity evolution of characteristic parameters of the plasma,an equivalent circuit of the asymmetric
surface dielectric barrier discharge plasma generator is established based on the experimental results of electrical
and optical diagnostics of surface dielectric barrier discharge. The parameters such as the discharge current and
electron density acquired by the equivalent circuit model are fitting well with the experimental data,which proves
the effectiveness of this model. Firstly, the variation of air gap voltage, voltage drop across the discharge gap,elec-
tron density,electron temperature ,were calculated.Moreover,the influence of the slope of the power supply on the
discharge parameters mentioned above is analyzed. It is shown that under the effect of the nanosecond discharge,
there exists the second discharge under the rising edge and the reverse discharge under the falling edge,and the
electron density and electron temperature are 2.7x10"® m™~ and 8.3 eV. The slope of the power supply takes impor-
tant part in the discharge. As the voltage rate of rise is increased,the discharge occurs earlierand the current in the
first discharge increases but the second discharge current decreases slightly. The increase of the voltage rate of de-
crease is positive correlation with the second discharge, but the first discharge current decreases slightly.

Key words: nanosecond pulsed power; circuit simulation; plasma; power supply slope

s H#A:2016-11-27; & E HH3:2017-02-06
E&WH MR A KRB EIESE(51077089),
Project Supported by the National Natural Science Foundation of China(51077089).



- 54 - 20174 4 A y SN X $53% A
0 3= TRl R A A R AR RS T A R AR

ARk U THT A J5T BHL P 7 H A S R kAR A A
ORI N )R NG 28 7 A R R E N T AN =S
T AR S A B A SR AT ) R B I
IWCAME R B R o 2577 A R B AU F(0) R
FE(OH) WA (H,0,) | 5 48 (0,) 55 Fh 2 B 2 1 36 PR
T IEA YRS RO YK H R A5 I 40 B4
B 7Bk BT IZ B S BEE FL IR EOR A AN W n)
ok b 75 ) A J A AN R ik R R Sy S R AT
AT Wk [R] 7 A2 o e 5 25 B 00 45 8 10K i B 2L #%F
439 FE Dy ZR A RIAR A M A5 R A, TR AR 22 I B 5
IR WA ED ik o e U AR R R O SR R AR Y
R,

SRUNE SV SRR NP 3 N
T 0L, SMER A0 B kT RE—52 R R B A ik
BERIUSISE Jr e A L, JO 5 i 2 1 % IR B 4 1 )
PR 05 FL PR SR — R TR Tk . AT LA
S HL R 2 HOR R U TR B R S S R
Z I C R MBESE . SCL19)0H i T IR AR R 5 2 1k
BT S0 g5 RARAT T AT R A R LR OB
FE S HL T A2 i P A 5 2 R0 AR B 5 SC[201R
O A Y A2 A I TR R 43 S5 X6 S AT AR R R
T TR AT T AR AL I A BT SC[21 3 R 5 AR
A RETENTREYHBE T TELS
BUEROH B% ; SC[221 8 37 T I A 4R R S RS A i
THE T A 5 2 1 R RIBCH R R AR S 8, SC[23] M
FH VCCS A, 3% 45 255 v A0 s Fi A TR] A4 rlL , 5] A W] A
Fh, BEL R AT 8 H 2 A S80I Y R U O T A ST T S R
JHCHRL AR A SC[24 )8 F Maxwell %4245 11 55 8% 1) B 25
T AT A R R AT B T T Ry oA Y g i DORR AR I it
25 SC[25-27 1o %k 25 30 v, B A AU B F 5 AR T R S 1Y
TAE B T RAFRCR

IR AE R SR BRI Y SRl | S %
SC[28 % 37 Fof 5 A2 il 2 B0 S5 200 v B R AL B 7 1% B
R T A AR AR JRy B T 8RR A PR PR A
ff A RSB I RIF Y 3 s S 56 A I 4 S - AL
] RS W56 37 L R 8 R H R 5 B KR o A R T
VTR, R E S R R AT
ZR, T A R RE Y DR /N AR ARSI FR 1 T
B {4 MATLAB/Simulink F13% /R 25 2 7 B 5K ff 4%
XoF T 5% i v PSR R W T 5 BEL Y kR A S 1A
RERESEGHEAT T 0 a7 DR gl
R0k of L A TR 55 8 PR E S B AL
AR T AE R SEah b HE— 2P S g R K b F R

OB R A LR F S RN R TR AR S R
(s A R, I BE— 25 70 A 1 4D Ik o P AL s
B AT N S I N WA NI R E i N

LB
1 EWIRE

AR X R R T T R A Joi L R ) S P
705 T P DL P 10T A5 e T A A ke e R T
Jot B4 25 B 1 PRl A% R SO B R g e
FAMLLL B L 2 R PRI R 4

ST
[prest
Y

B1 ENREEENTRASEEXIRTEEATE
Fig. 1 Experimental arrangement of the
asymmetric surface dielectric barrier discharge

plasma actuator
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Fig. 4 Calculated characteristics of discharge

voltage and current
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Fig. 6 Evolution of the electron density over time
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Fig. 7 Emission spectra emitted by SDBD in air
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