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Fig. 1. The simplified electrical equivalent circuit: (a) Non-
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Fig. 3. Evolution of end-view discharge under different U.
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B 4 ARSMERE T BERERREES  (a) 2.34 kV; (b) 2.23 kV; () 2.22 kV; (d) 2.19 kV; (e) 2.14 kV; (f) 1.99 kV
Fig. 4. End-view discharge images under different Up,: (a) 2.34 kV; (b) 2.23 kV; (c) 2.22 kV; (d) 2.19 kV, (e) 2.14 kV; (f) 1.99 kV.
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Fig. 5. Radial evolution of discharge pattern when Uy reduce from 2.23 kV to 2.22 kV: (a) t = 0, Ups = 2.23 kV — 2.22 kV; (b) ¢
=0.017 s; (¢) t = 0.033 s; (d) t = 0.050 s; (e) t = 0.067 s; (f) t = 0.083 s.

¥ U R FEAK R 2.22 kV, SNt R 10 V
IR IV AR TR T B (R SRR, B A ) i B
RN 1.5 mm BT X, WLIE 5(b). #
JHCERL X R T b S T R B SRR 54N 3 AV
LS5 Y “MlAE”, DU 5(c). X 3 MIH: 5 Bt
B ROP AR, 7 B AKE, AXTF JF AR
BEAWICE, RO, B st A B AR DX
UG 23 AN HrkE, Qi 5(d) FioR. fe] i,
BRI PR SN ], B AT Bl 8 S B
Ja MBI R 7 ANVE ST A, ULIEL 5(e). Bt
AR B L 8 DI P B R IR B, e 2k Bk
A, B L + 7T WZEZHE R IEL, WA 5(f).

4.2 HMEHFZESH

FHEAF image j A& 4(a) L DI, MR R
AR 60 mm, FHRAG B SLER R 5 EEE

1 . PRk i A 5 RS A ER A B I R R
A% 32 AT AR AR s R G ) R T
HE 4(b)—(d) iR EA SR, AR RS
RS He A SE PR BAR d AR RIEE 1

B PO AR IR I Ah, BRI BRI d),
dy, ds, -+, dpy TRV ERIRIRA d,,, Hh
n K o 2R AR BN A AR E B R 18] BEAR Y
hons by s by SFEICHL 1 + 7 PR ZAETRCAE,
1+ 6 + 12 ZZZHi BN R d,. HE
¥E 1, PHIH AVE, J72: D L3k 1.

M2 1A, 2520 BRI 231 2% L
W, B by SMERIBERY 7 2239978 2% DAY, )= r9AE
HAR d AL EE LTI AR AR, XY U, =
219 kV, JHH A 1 + 6 + 12 =EEH2IENHES
Ak, Ao i S e R A AR R 1, = 4.15 mm
Frpa] 2 5 502 A RIEE Ly = 4.17 mm /A

145203-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 69, No. 14 (2020)

145203

1 MR (223 kV). 1 4+ TESHE (222 kV) 1 + 6 + 12 =2 EHHECE (2.19 kV) AU EAR  HEEE

Table 1.  Diameters and spacing of discharge columns in single-column discharge (2.23 kV), two layers columnar discharge
(2.22 kV), and three layers columnar discharge (2.19 kV).
Ups = 2.23 kV Ups = 2.22 kV Ups = 2.19 kV
n dy,/rom dy,/mm dy/mm g, /mmdy/mme dy,/mm by /mme dy/mme by, /mm
1 2.21 3.10 3.59 4.33 3.21 3.42 4.21 3.69 4.03
2 — — 3.50 4.28 — 3.31 3.88 3.43 4.54
3 — — 3.29 4.29 — 3.36 4.25 3.65 3.83
4 — — 3.36 4.55 — 3.45 4.18 3.57 4.47
5 — — 3.37 4.25 — 3.58 4.26 3.59 3.83
6 — — 3.65 4.22 — 3.40 4.14 3.58 4.44
7 — — 3.45 4.26 — — — 3.59 3.85
8 — — — — — — — 3.83 4.38
9 — — — — — — — 3.81 4.01
10 — — — — — — — 3.42 4.27
11 — — — — — — — 3.41 4.05
12 — — — — — — — 3.69 4.30
AVE 2.21 3.10 3.45 4.31 3.21 3.42 4.15 3.61 4.17
D 0 0 1.69% 1.22% 0 0.85% 1.99% 1.94% 6.94%

72 0.02 mm, /T 0.5%, J“RE X R AR Shi
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Fig. 6. Force analysis diagram of discharge column of two

(a) P

layers distribution: (a) Coulomb force; (b) magnetic field
force.
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of 3 layers hexagon distribution: (a) Qg; (b) Qg1; (¢) Qga.-
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8 14+ THWEZHEH 222kV). 14+6+12=2%
HERCR (2.19 kV) SMiti L | R RO | HL B B L T

(a) 2.22 kV; (b) 2.19 kV. P4 &l hy HL 3 bk v ik 34 45 9 0 19
oL ONL

Fig. 8. Waves of applied voltage, discharge current and dis-
charge transferred charge: (a) Two layers colummar dis-
charge (2.22kV); (b) three layers columnar discharge
(2.19 kV). The inserted figure is a partial enlarged view of

these waveforms during the current pulse period in both (a)
and (b).
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F£2 1+ THWESHMAE (222kV). 1 4+ 6 + 12 =JZZHN0E (2.19 kV) BIRTHLEEZ 108251

Table 2. Parameters used when calculating Lorentz force and Coulomb force under two layers columnar discharge

(2.22 kV) and three layers columnar discharge (2.19 kV).

TSI, TR,
Ups/kV 0/(°) a/(°) r/mm l/mm h/mm
Qu/nC Q/nC I,/mA I/mA
2.22 51.43 64.29 3.74 4.31 3 0.12 0.015 2.95 0.37
2.19 60 60 4.16 4.16 3 0.31 0.016 5.40 0.28

£3 1+ THESHBE (222kV). 1+ 6 + 12
IR AR (2.19 kV) BIRLEES H Siis

Table 3.  Coulomb force and Lorentz force of dis-
charge columns under two layers columnar dis-

charge (2.22 kV) and three layers columnar dis-
charge (2.19 kV).

U /kV Fo/107 N F/10% N

2.22 4.01 7.01

Qs Qu Qe  Q Qu Qs
535 4.82 225 469 4.22 1.97

2.19

R, %30, U, = 210 kV I,
Qs, Q1. Qup B[R T A FCHL E T 9 K/
WAEAERESR, 51 + 7 HRELR 0 — 8, B2
3 BN T AL, iR EE Q52919 0,
H 146+ 12 SRSHE0ET, SNERERZ
By 9 1 T 2, LA 752 4 P
SR P ) 2t R AME ZE LU RER YO, i T
P ) 5 2SN A8 PR AR AR 1, L0
R IR JE 4 i R 3224 S8 B /N B2 28 e
LRELARYCH I, TR 25 0.

AN, R R B, AR E A Qq A
FERABON 6 R0 /INVE BB, 4 3, 48
HiHLIEREAE, Qq 3 U RE A BOM N, =%
S S IRV, S B4 B R A R
QUAATRUIC, WU AERTZ Fy R K, IR
M, HE I 24 SROAAR i 0 % 2 5 A, ELRS M
ML AR R R Qq SO RE A
BRI B R, e R B AL o 7 B R
A A A | B R BB L4 2 %24
SRR /N A L

TEBCHERY |, SRR ALY 1+ 7 RS
B P o 24 ARG BERE PR, T BB
HCHL RO, 2 ARy 021, b FEAS B0
MR, R TR I, ZES T R 5
B — i o AL T OB X 22, o [ 22
T IAEAE T B9 6 1, FLHUERER AR
KRR b, AR, R 0, 76

ARBEGFEC TR T, B 1 + 7
PR ZAEMORIE . I3, 280t i ek — 20
RIS, 2y Bt — IR, H1E S G TR

T, N1+ 7 PZZHRAN 14 6 + 12
=R, AR AL, B
Rl E AN TR T LA | AR SRR 25 57
A 15— 2P

5 & @

AT KRB, DBD 5256, 18 i FEAR Ak
Jith FiL A2 1 BA: 5 22 R R BRE PR AL RS 4A
T T FELRRRC TR R UG A R, IR AT AR
FEMRIEE, TH8 T AR AL T 32 10 1 S5 3 ).

1) AR T RS LR A R A S LR T, Tl
AR, 7 T RZE AR A AR
HC [ AN Z ARG K. i R REAR, oo r A
ELAREEM, oA S AE AR AT ] BRI/

2) FAHE T B IR 1+ 7 R 2R LAY
AR, Y Ah it F R S NI, ik F B S
H B RR 55  “OAE ) -2 i T B R 5 S
PAREHEAR BB ST R, SRZOERRRER 1 + 7
[FEZE S/ GN

3) ANTE T 1+ 7T EZAE 1+ 6 + 12
=) Z2 RO IS [ 2 00 H A T A2 HL A B A A i
IS 1 5063971, KIUICRRERTZ 0 B E S
WRZGE R T B )1, BARFNLE | ASE SNt
TR AT I A2 R ) KNS ] AN TR JZ 8T F A
i 52 PR T R RO 2 2 A D AR RIS N, Hub sz
T8 0, e RAEAE A2 TS AL, H AL TR 4R
F, HL P 114 A1t L R ) B AR T 4 .

4) 5532 150, W AEFE— D AR 3ok 1
S J1, UMERFCE AR S A8 A0, AR
CAEA R SR T A S 3R T L far FCR
BB 25 S B ES T R/ 25, #Elix
LAY TR A 58 R AN T A7 | A T P RS LA
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Abstract

Dielectric barrier discharge is widely used as a low-temperature plasma source in industry. Columnar
discharge is an important form of dielectric barrier discharge. However, its discharge theory has not been clear
yet. In this paper, the dielectric barrier discharges in helium at atmospheric pressure are carried out between
parallel dielectric barrier electrodes to study the evolutionary dynamics of single-multiple columns. By reducing
the applied voltages to a value lower than the initial discharge voltage, the pattern of the columnar discharge
evolves from a single column into multiple columns. Discharge images from the bottom are taken to observe the
evolution of discharge and measure the diameter of discharge column and spacing between columns. The applied
voltage, the Lissajous figure, the discharge current, and the discharge transferred charge are measured in order
to calculate the Coulomb force and the magnetic field force exerted on the column by the other columns. It is
found that in columnar discharge, there is a dynamic evolution process that the single columnar discharge
evolves into the two-layered columnar discharge when the applied voltage slightly decreases instantaneously. On
the one hand, the column diameter is different in different layer: the column diameter increases from the center
to the outer layer. On the other hand, as the applied voltage decreases, the diameter of the center column grows
and the spacing between the center column and its adjacent column decreases. The calculations show that the
Coulomb force is far greater than the magnetic field force when the evolution is stable, which indicates that, as
mentioned in the established knowledge, there is a confinement potential to balance the Coulomb force, thereby
keeping the distribution of discharge columns stable. Furthermore, the results also show that the Coulomb force
on the discharge columns at different voltage and position is different. The strength of Coulomb force on
column is different at different layer: it decreases from the outermost layer to the center column, which is zero
on the center column. Based on the balance between the Coulomb force and the confinement potential in
columnar discharge, it is suggested that the strength of the latter may also follow the same law. In addition, as
the applied voltage decreases, the charges accumulated on the surface of the dielectric and the number of
discharge columns both increase, which results in the increase of the maximum of the Coulomb force. The

confinement potential may increase as well and follow the same law.

Keywords: columnar pattern discharge, spatio-temporal evolution, coulomb force, confinement potential
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