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MK R I 3R A P 2 T B SR A I R4 TR AR B R B 42001 (K] itk, DBD 5
VIR ST R R Je SRt « 3ok 33 R ] S A 55 8 7 2 P i it 1 58 3Ltk DBD (¢
AR AE PN AR IR 2B A7 AR — R B A BE, AE A3 U rp ™ AR I WL T i B8
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JRR BN, LKA N HAHLSUBEIEE. SR, B AT AT 4H-# DB
D 58 R B I (K T AL i 5k 2 R e

ASCR R A2 -1R DBD, 774 T R0E e B AR i Bt 18, 15 I 4544

FROX ] 8, ZAG PR —, RAEZSIAA R, XX BRI 3 1 It Fe A R L,



WA 0 NS TR BB R G5 AR P R AT RN 7. R P R A R
(intensified charge-coupled device, ICCD) HF 7% 1 izt B I 2384047 N, 041 T
FOE LB 23 )50 B RS B IR (1) 25 & TR S50 AT 11207
ARILRGHEFT T BT B B A8 v 58 B R SR B B i R A i AR, 48R T4
BRIy XU B A AR, RSk 2 1A B TR S )
I3AT, NERfEE -t DBD H LAY LR AL 1 SEIe ik yE. B F E Ll
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ERoR il A% 0.4 mm G ER, SEIG P A 102 A5% 9 20 KHz 1 1E 5% 38 It HL VR
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¥ A5 58 B A R DA R AR S, ORI R OGS B AE BRI R @i e
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4 (transistor-transistor logic, TTL) {5 5 itk ICCD, SZIL ICCD 1 TR H kS

FFD, LT ICCD MSEIR I 8], AT ASRAGTE A AN R IR 221 (4 R g O I 1] 4.

Needle

M1 sl E R E

Fig. 1. Schematic diagram of the experimental setup.

3 R Eit#h
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2 RNl (BEGIFIA] fexp=1/10 s) H1 ICCD (fexp=50 ps) 5% HIET—HR DBD Fifi ¥ A 5 A2 AL
T R (=20 kHz, B T AFRED , (d—(0) 7518 (a)—(c) WL ICCD #14% K%
Fig. 2. The images of needle-plate DBD with varying applied voltage captured by a camera

(exposure time zexp=1/10 s) and an ICCD (xp=50 ps). (=20 kHz, T represents the needle), (d)—(f)

are the ICCD images corresponding to (a)—(c), respectively.
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JEM) L2 ARTECH, R R ISR /N, A 2(a) J2 2(d) . 4 v THE 3 5.7 kV I,
PAFEAGE « SEIEIW R R TR, il 2(b) B, 1B B DY E 2R TR0
Hrd, FHAC0 (wheel center) SRR, BLACKE O A B o0 B 50 8 (Hiwheel
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A0 BRI HE R R A R B X ERAEHLAN ICCD #a3 e , ] DU HY 41 6 1 FL
TR A R B ML 22 2H R ), B (branch) RoR. MHEEY TR, &
W TP AT LA4E R B 2(b) BT /R FRPIRAS, B3V, TR 8 7.3 kV BB, TR aa AR

N

FOREL, S BT R AR RGO, ARG [ AR AT B =SB R R A,
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ZIRBUB AR _EIFANIEI S, e AN A TR A 32 B e 40 22 IR TR ZH RS



V,(kV)

V,=45kV (b)
0.1}
0.0

2 0 [V, =57kV fpz ©
Y - D,
M EL (d)
0.0 |
(I) 1I0 2IO 3I0 4IO
Time (us)

3 (a) LR BIE I, (b)— () AN M (78 B AL e
Fig. 3. (a) The waveform of the applied voltage; (b)—(d) are the discharge currents at different

voltages.
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PRATOGTR, FOGTR R AR AR T IR N AR, I LA B A A TR T R
TSI ARER AT R G A, & SBURBRE S, A R KR IR R
FEST R, PR AN 59 5 E ORI Yy, EURHAEK. BRI SN0 7 B
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2 mm

4 ICCD #1120 ) 6 % R 1 6f 2 ) TR SR (£exp=500 ns, BLIRAFRE) , 730 % 2 & 3 () )
Dyp1, Dp2, Dn
Fig. 4. Images of the spoke-like pattern discharge (fxp =500 ns, single shot), corresponding to Dy,

Dy2, and Dy in Fig. 3(c), respectively.
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K 5 ICCD ISR IR IEBUE (fexp=50 ns, FUCHHEE) FERS RIAGHEAL IR (), HoxH R EI9H
FITUEIS ZIbREAE R (b) 1, B (b) 9l 3(c)H Dy FLILJR B HOK A

Fig. 5. (a) ICCD images showing the temporal evolution of the second positive discharge (fexp = 50
ns, single shot) , with the corresponding acquisition start times marked in (b) . Fig (b) is a partial

enlargement of the Dy current waveform in Fig 3(c).
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(IR R, A P ) TF SR A B 0560 7 B S (o) bR ) a1 B 220, T FhL
fub B L5 B SR AEA R B — D5 (1) BEFE IR, s i
SEIHIER R HN RSN E TGS (), £ nBZ], TREB(H), RHRKRE
H B 5% RRARR A IB L, 6 W %), BARS)HE— B R, 1 W%, FFIRTER SR
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Kl 6 55 IR (Dpo) IFHEHR B I AE A1 o 2 T 8 B LR =
Fig. 6. Schematic illustration of the formation mechanism of the radial spoke-like pattern during
the second positive discharge (Dy2).
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Fig. 7. (a) Emission spectra of spoke-like pattern in the range of 300-800 nm (V= 5.7 kV); (b)
Variation of spectral line intensity ratio with R (spectra are acquired radially along the spoke, R is
the distance measured from the wheel center); (c) Fitting results of the N>*(B-X) rotational band;

(d) Changes of molecular vibration temperature and rotational temperature with R.
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Spatiotemporal and spectral characteristics of spoke-like

pattern in a needle-plate dielectric barrier discharge”
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2) (Engineering Research Center of Zero-carbon Energy Buildings and Measurement Techniques,
Ministry of Education, Baoding, 071002, China)

Abstract

Dielectric barrier discharge (DBD) can generate various of self-
organized static and dynamic discharge patterns, making it one of t
he most important physical systems for investigating nonlinear dyna
mics. In this work, a stable spoke-like pattern is generated in an. at
mospheric-pressure air needle—plate DBD system driven by a 20 kH
z alternating current (AC) voltage with a 1 mm discharge gap. The
spatiotemporal characteristics and formation mechanism of the patte
rn are investigated by means of electrical and optical diagnostics. T
he discharge characteristics are analyzed by synchronously measurin
g the voltage and current. The results show that the spoke-like pat
tern involves two positive discharge events occurring on the rising
edge of the positive half-cycle and one negative discharge occurring
on the falling edge of the positive half-cycle, while the second po

sitive discharge dominates the final morphology. The spatiotemporal



evolution of the second positive discharge is studied using an inte
nsified charge-coupled device (ICCD). It reveals that the formation
of the spoke-like pattern undergoes four successive stages: hub for
mation, spoke development, rim formation, and branching. The emis
sion spectra at different radial positions of the spoke-like pattern ar
e measured and analyzed, and a spatially resolved diagnosis of plas
ma parameters is performed. The electron density, electron temperat
ure, molecular vibrational temperature, and molecular rotational temp
erature are determined based on optical emission spectroscopy. It is
found that the electron density, electron temperature, molecular vib
rational temperature, and molecular rotational temperature all decreas
e gradually from the center toward the periphery of the pattern, wh
ich is consistent with the spatial attenuation of the electric field str
ength. The formation of the spoke-like pattern is closely associated
with streamer propagation and surface-charge effects. This work rev
eals the multistage evolution behavior of the spoke-like pattern and
the spatial distribution characteristics of plasma parameters in a nee
dle—plate DBD, providing experimental evidence for revealing the fo
rmation mechanism of self-organized discharge structures in needle—
plate DBD.

Keywords: dielectric barrier discharge, pattern discharge, spatio-temporal evolution, surface

charge
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