Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

SR C S i G B kA DA

FRAE FAE LR EmT KRR PBH OAHE

Effect of flow rate on the characteristics of repetitive microsecond-pulse gliding discharges

Niu Zong-Tao Zhang Cheng Ma Yun-Fei Wang Rui-Xue Chen Gen-Yong Yan Ping Shao Tao
5| F{% K Citation: Acta Physica Sinica, 64, 195204 (2015) DOI: 10.7498/aps.64.195204

7 2% )13 View online:  http://dx.doi.org/10.7498/aps.64.195204
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/119

AT RERH B B S &
Articles you may be interested in

o s T AT WA el o R SRR T
Experimental study on breakdown voltage between parallel plates in high-pressure helium
YH % 4.2015, 64(10): 105101  http://dx.doi.org/10.7498/aps.64.105101

vty A v ) 25 K e A S P 8 AR T8 P 2K
Enhanced discharge of high power pulsed magnetron sputtering coupling with high voltage
PP 224%.2014, 63(18): 185207  http://dx.doi.org/10.7498/aps.63.185207

T ) K e P AT P 9 B P T R AR ALE
Phasic discharge characteristics in high power pulsed magnetron sputtering
YE = 4.2014, 63(17): 175201  http://dx.doi.org/10.7498/aps.63.175201

YA Ik b A2 T R, R R g F - PR R B AT
Runaway electron beams in nanosecond-pulse discharges
PP 27 4%.2014, 63(8): 085208  http://dx.doi.org/10.7498/aps.63.085208

A7 DB S R TS FE A P RS UA T 7
Computer simulation of the glow discharge characteristics in magnetron sputtering
YEEA4.2012, 61(16): 165101  http://dx.doi.org/10.7498/aps.61.165101


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.195204
http://dx.doi.org/10.7498/aps.64.195204
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract64056.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64056.shtml
http://dx.doi.org/10.7498/aps.64.105101
http://wulixb.iphy.ac.cn/CN/abstract/abstract61122.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61122.shtml
http://dx.doi.org/10.7498/aps.63.185207
http://wulixb.iphy.ac.cn/CN/abstract/abstract60707.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60707.shtml
http://dx.doi.org/10.7498/aps.63.175201
http://wulixb.iphy.ac.cn/CN/abstract/abstract59012.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59012.shtml
http://dx.doi.org/10.7498/aps.63.085208
http://wulixb.iphy.ac.cn/CN/abstract/abstract49757.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49757.shtml
http://dx.doi.org/10.7498/aps.61.165101

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 19 (2015) 195204

SRR BB B R A M FO R

b2 mAE29 D=2 TEEY) Rk
EIE23) FRE

1) (IR s SRR, #6591 450001)
2) (hER 2R B Lo AT, JE5 100190)
3) (P E R =R ) BT AR IRE) E AR E, dEa( 100190)

(2015 4F 1 A 30 HIEI; 2015 4F 5 A 14 HIREMEMH )

Jik e R Y X 0 £ T I T H R £ KU R R

I REE R D AR R ORI 5 3 TR O T W TR Bk

FLJRAE BT B R SR 7 A S ROH RARFALE, AR SOR A L IR 9 030 KV, Bk 9820 8 s, ik LR A0
F9 13000 Hz IS kb BLUR, 303 00 62 P s« LR TR R S50 F AR, B9F 9 17 SRR K o e sl T 1
Fetk. SEIR A5 SRR, B A0 i e (88 DN K o S0 A A2 = b S AR O s o 2 5O L SRS
ANEHE BB, AN R QR R T« R BT AT P MR 2 1) 22 S S 25 ok o 00 3 o i A Mk v e 81 T
HURFPEAT 2, RN 2RI B (2 L/min) I, ST 3780 008 T8 Bl 55 K o 5 525005 (0 1 R T
b, M0 AR EBOK (16 L/min) I, S8 S8 R T0H I8 38 FE 2 ik b 3 SR (R 08 KO8T 7 ik ANTA)
Uit E A BRI AR S T8O RO AL RN AN R RS R

KRR SRbHKkoh, WA, kb AR, SR

PACS: 52.80.-s, 51.50.+v, 52.80.Hc, 52.80.Mg

1 5 =

T B BCBAE i DL SRR, AT RAAE R
AEF AR PSSR AL w
F0 e AR JEU B Tt o R % B 2 A Al B, O
A FE B 18] 5 PN SN, A P R 2 TR A AT T
HIE, X B AR R AR N ST R
201, ANTAITE e sl e 101, ol 0 Bl s L g i 7
R REN AT SRS E T, HERT
A E ) HL AT R )T BORIE 2 51 RS ) T RO
WO B, P A KR AV R SR AN T B
m AR, B, AR SR TR AR A
J 2 N HE R A ML R B R IR EE A LR 7K
I AEIE | 5 R Bl R e 26 4, 1051,

RGN E R R R R PN SR E g (AR TR

w [E K HRBHEE S (IHES: 51222701, 51477164) FBIHIEE.

T WE/E#. E-mail: zhangcheng@mail.ice.ac.cn
T @fE1E#. E-mail: st@mail.iee.ac.cn

© 2015 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.64.195204

PRLE IR, AT BB B AS, Hi
HLJR. Fridman 28 1D IR 1 KV 1) B AR i
PRSI o A B w51 7 N 1 K W = 4
HLR R, R TR B AR B, FHAE
28 1120131 43550 SR FH A e B 9 s A7 o L ERL 10 PR
Bt -SRI S b B SR UE Y 0—10 L/min
USRI SRR R A LN AR (/)
T3 mm) P PEAE /NI KRR, K2 LT
L R IR, Aldén %5 1) K i i s
JEAZ i L PR R KA IR IR R, B3 e B AE
P YR ) S5 RS R e, A9 58 A Vi 3 e 4 )
e T, SR T R ER IR R
(R BR A, T H AR ME SR A 4 4 () K AETBOR. HAZ B
T EL T 4% M A 2 T S IS P e X R 4%
A 7 A I IR 55 R ) R A ). ek, B

http: //wulizb.iphy.ac.cn

195204-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.195204
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 19 (2015) 195204

B ok o oy 2R R g e, DAk b Th 26 i 5 R
Jil s I EAT WA A 5] RS I 9 AN TN B2 R
. B S B R P B TR A KT R
B 3y SR RV B S i, I35 25 15200 S AR A
YD fik i S TR P e 2 RO B R PR AT TR
Fo, RIS H IR (B 3CU) AH G, fikod B i
WD R S B TR R M RE RS mE T
SRPE. Pai % U2 SR H Gy FD ik el YRS T - A
SERIBCE, BHIE T ORAUE N AR R S O
BRURCH AT KA TBOR IR, DA BT [ (R e 4
4. Korolev %5 291 S ] 2= 0 fhk v v Y5 6 ) #8 J) Y
B b T e AR S AR IR, W T B RO BE AR 1L
FUEE. Zhang 2 26:27) S FGNAD ik v L9 4 FR AE 51 -
EF AR b, BFFCAESARE N 0—10 L/min N 3)
TR, FEXT B T gD Rk RN S IR B0 TR )
fiE, R BLGNAD ik i e YR 52 0 B RS, REAS PR AL
SRS T I TR R R U RS IR KA.

SERR K R R BT, R AR NI OGRS
AT 2, Bk B JE 4 280 (B THE K
FVE SRR AE) Z 0, JLOREN R M AN R A
). FRATTHT AT 0 R IR 5 0D ik ot e YR 1)
W BAEA RS N RV AR B EE. N
TR FERRD Ik e 2058 L AR5 1, A SR H
JEMRAE A 0—30 kV, Bkt S BE294 8 ps, ki EE
B9 13000 Hz 1D fik i L U580 K< T
B, BT T GRS K Sl s R ) AR R R
M) B 2%

2 IRhERESMNERS

SEIO R RS R WO (19 25 18] 9 3R AT, 38
Bl 1. HE BARSH08: BIETRME 0—30 kV,
fik o 55 FE 20 8 ws, ETHRZ10.5 s, BkihE R AR
13000 Hz. T AEMES. Bham. §
P O S5 R A, TR A Bt IR 1)
AR E AR N2 mm, KEF A 15 cm, SL5 AR
UE 7 F A Ak T [R) — oo 7 B, F AR TR) B AT R,
TRAE T 30 75 R () R A=, S 56 B I YT R B D B
10 mm. AU S T80 TE H R [R] B A0 A B OE T
7715 mm &b, HWIBERI A B4 8 mm. Wi &S
B SEFHIE A, FELF FRE T =
A, S ORIE SRR B, SR P A T
s AN 10 L/min f145 L/min. 2454k
PE /N T25F 10 L/min i, 3% /N R (9% 10

&1 (10 L/min), 2 R%0E KX T 10 L/min i, %
AKREREMF R ET (45 L/min). HEH 3 E
EE 41000 = 1/ TEK 73 48k (P6015) Ml &, H
HH Pearson £¢ 8l &, HAFLL A1 V/A. NS FTEH)
H R A R S8 I 3 m K 1Y) [ il H 25 543 B Lecroy
WR204Xi 78 9% 2%, 1% I 45 (1) R A¥ 2 07 58 49 01
910 G/s 12 GHz. Ji§ L E1Z H Canon EOS500D
BAD A HURT S 1285 5k (Model A001) #1145, AHALHA I
77 11 5 H AR A 28 7 1) e LS R A e B AL
i A PR AR AT B 1 m A, FLCRR X A g 4 A T
FALET A, LRAUEARAL AT UMK ST 7 1a) 45 31 R
KA.

ok il
K
= D
L Frmait »
[iS
28
0000 “
0o04d
0000
\7 0000 ¢pe6
Voltmeter M@”“ - d i —_
ng Nd4 =
bk e Y5

K1 s BRI

Fig. 1. Schematic view of the experimental set-up.
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Fig. 2. (color online) Typical voltage-current waveforms and discharge images in microsecond-pulse gliding

discharges (a-b) corona mode; (c-d) diffuse mode; (e-f) gliding-like mode.
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Fig. 3. (color online) Power and energy waveforms for
microsecond-pulse gliding discharges: (a) corona dis-

charge; (c) diffuse discharge; (e) gliding-like discharge.
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Fig. 5. (color online) Images of the gliding-like discharge at different pulse repetition frequency in flow rate
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Fig. 6. (color online) Images of the gliding-like discharge at different pulse repetition frequency in flow rate
of 16 L/min (10 pulses).
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Abstract

Gliding discharges driven by microsecond-pulse power supply can generate non-thermal plasmas with high energy
and high power density at atmospheric pressure. However, the flowing air significantly influences the characteristics of
the microsecond-pulse gliding discharges in a repetitive mode. In this paper, in order to obtain the characteristics of the
microsecond-pulse gliding discharges in a needle-to-needle gap, a microsecond-pulse power supply with an output voltage
up to 30 kV, a pulse width ~8 us, and a pulse repetition frequencies 1-3000 Hz is used to investigate the electrical
characteristics of gliding discharges by analyzing the voltage-current waveforms and obtaining the discharge images.
Experimental results show that there are three typical discharge modes in the microsecond-pulse gliding discharges as
the applied voltage increases, i.e. corona discharge, diffuse discharge, and gliding-like discharge. Both voltage-current
waveforms and the discharge images at different discharge modes have significantly different behaviors. Corona discharge
only exists near the positive electrode with a small radius of curvature. Diffuse discharges behave as the overlapped
plasma channels bridge the entire gap. The channel of diffuse discharge is full of gap, which starts from the positive
electrode, spreads in all directions, and ends at the negative electrode. Gliding-like discharge behaves as a continuous
spark channeling, showing a continuous spark, which is discharging strongly and influenced by flow rates. Furthermore,
both pulse repetition frequency (PRF) and flow rate remarkably affects the characteristics of microsecond-pulse gliding
discharges. When the flow rate is small (2 L/min), the spark channels of gliding-like discharge gradually concentrate
with the increase of the PRF. However, when the flow rate is larger (16 L/min), the spark channels of gliding-like
discharge behave dispersively when the PRF increases. In our opinion, different characteristics of microsecond-pulse
gliding discharge at different flow rates are closely related to the memory effect of the residual particles in the discharges
and the state of the air flow. When the flow rate is small (2 L/min), the air flow is stable, and the discharge is generated
in a laminar flow state. In this case, the memory effect of particles in repetitive microsecond-pulse gliding discharges
dominates the formation of the discharges. These particles could enhance the electric field strength for the next pulse.
Because the time interval between two pulses at high PRF is shorter than that at low PRF, there are fewer particles
leaving the air gap at high PRF. Thus, memory effect is more significant at high PRF. As a result, the channel of spark
discharge concentrates with the increase of the PRF. When the flow rate increases to 16 L/min, the calculated Reynolds
number increases to 2864, indicating the transition from laminar state to turbulence state. The residual particles are
more likely to escape from the gap. Thus, memory effect slightly affects the characteristics of the microsecond-pulse
gliding discharges. In this case, the state of the air flow dominates the formation of the discharge. The spark channels
spread towards the top in the direction of the gas flow, making the region of the spark channels gradually disperse as
the PRF increases.

Keywords: microsecond-pulse, gliding discharges, pulse repetition frequency, flow rate
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