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Fig. 1. Geometry of w-DBD simulation model.

HIl I8 BB iR
SR FH ) ) g Pl s 400 i T 52 F P A
FFFE i ) A B DX ) T B ) 4, 1T S PO )
HURBIEANE 2 Fizs. Hrp SRR RRIIRIE V,,, =
1.5 KV, B f= 10 kHz, HIHEBIHAEIE . 14
B Z A RFFRI PR, BB R ) 26, T
AP PR AR R, MR N A AT A A ) b
1] p, Hy 39:40)
pe = (1 —4ftp) x 100%.

2.2

(1)

--- IEEHE

1.5+ — MR

FEIX

HLE /kV
o

[
[

[

[

[

[

[

[

[
Ll/Qthg
0 50
Hsf1H] /s

100

K2 PR RO
Fig. 2. Waveform of clipping voltage.

EE T EB R HI T E MR R &4
SR TR BT RO n, M T

2.3

REE % B n il BER 252 R TR i, JFa T
TERS-1 WO LR A i Sy R (4410
One B
En +V - -I,=S8,, (2)
ong B
ot +V'I‘g—Se_E'FC7 (3)
I, = —peneE — DV - ne, (4)
5 5
I, = —guenEE — gDeV N (5)

P, T, F T 53500 a7 REIE s 5, Al

S. 735 DAy FL - 50 B DR UM R 5 BE 4 RE IR e
NHTIEREAR, P THE S IYRRER, BT Bolsig+17)
SRIERAT; DoAH T BOREL, TEu. WAL L
T 2 DT O oK A 1) B O R B, B AR
E - T, yfEH4 WA, i T, N

2. 2ng
T, = 35 “ 3 (6)
B HLFF1 He 43 LAAL, HORF RAE R FEME
LY O R

pa(g;k):vtjk"‘skv ke(]-??v "7Q_1)’ (7)
K, p HIRAAMWEE, w, WERT kRS
B, S, MERT kRN IR Q M ERLTFh2%L.

J REFRT kP HGE
a(g;k)c]k = pwy, (D % + Dy, V]\JJWn - Zk,UkE> ;
(8)

Xf, M, RGP EE IR R, 2, 9 HRLT
kBT, A1 Dy 23 SR k B IE RS R A
PR LWL

TR EEL 2 ) v ) L A B ER VAP T R
V- (eoerE) = =V - (g0&,VV) = py, (9)
K, VRZST I p, RS 8] B faf 25 55 e A1
e, J1 R A5 A HL R BORRR A LB 4R
FE I ‘ﬁ Jo A T ko R SR
il T A A R e A A SR
T [44,46,50,51],
n~1"f SkBen —an EnZNnI‘)
e 2 T me € e,ue YilVA
(10)
n-I,= g’ / BkpT. ng—asng,ueE-n—Z ~vi€oNa(n-I),
(11)

135201-3



#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 13 (2023) 135201

n - I, = My Rsy + asMicippipmzeE - n, (12)
A, me AHLFJBURE; vy, 9 BE R UL TR AL
T F Ty, 43500 2 320 AR 1 8 - RN B Tl s &0 K
TR T RPERIRI AR RE R n AR [ PR ER HTAY
BANLE ) Ny N SRR 8 kg N IR 2%
S My A e o3 R EORL T kB JR o A
BYEG R WA IR O, 1, RS
ERITFRR, o HFF R

{ 1, (sgn(¢)E-n >0),
e =

0, (sgn(q)E-n <0). (13)

A, sgn(q) NHARTS KA, 2R T Bl AT ¢
HIER, san(q) 4 1 M ¢ B, sqn(q) 4 1
I B T LA AR R AL A IR

doy

dt

os = (Dy — Dy) - n, (15)
N, o MR M RE; J, F1J; 7050 D 1 5 Ak
R FL 1 PR YRS 1 FL UL 5 2 s Dy M Dy 533 g 34
SRR R . AR Fir AT R AR E A
TR L, K, D iz AR R, r
el

R1 FETEEBIRD R

Table 1. Boundary conditions of plasma model.
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Table 2.  Initial parameters applied in model.
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Numerical study on uniformity of atmospheric helium gas
dielectric barrier discharge on non-smooth surface
regulated by sinusoidal clipping voltage”

Liu Kai Fang Ze Dai Dong'

(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

( Received 14 March 2023; revised manuscript received 7 May 2023 )

Abstract

In practical applications of dielectric barrier discharges under atmospheric pressure, plasma usually acts on
non-smooth surfaces. The electric field distortion and uneven surface charge distribution caused by its surface
morphology will create an adverse effect on the uniformity and stability of the discharge. In this paper, we
establish a simulation model of atmospheric pressure helium dielectric barrier discharge on a wavy lower
dielectric plate, and use a sinusoidal clipping voltage to regulate the discharge uniformity. The results show that
the discharge uniformity is improved compared with the unclipped case, and the discharge mode is changed
from columnar mode to quasi-uniform mode. This can be attributed to the incomplete discharge dissipation
caused by the reduction of air gap voltage; the subsequent electron backflow process neutralizes the the residual
space electrons with the surface charge, which limits the accumulation of surface charges. With the increase of
clipping ratio, the surface charge distribution becomes more uniform, and the radial fluctuation of electric field
distribution weakens. In addition, the discharge efficiency is improved in a certain clipping range. This study
reveals the mechanism of clipping voltage influence on non-smooth surface discharge, and provides a new idea

for regulating the uniformity of dielectric barrier discharge.
Keywords: dielectric barrier discharge, non-smooth surface, clipping voltage, uniformity of discharge
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