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1.1 SDBDESIGNERE{tT4?

SDBDesigner/ & % T-Python & 3R 1 /-5t FHES B G Bt iy 55 i Fe B o) 1
RezforE TR, Z LAMAEA LT II6E:

(1) THEFEE T R 5 A D5 B0 1 45 2 1R 5 i sl R

(2) BHIIZHMWITEIR R SRR E;

(3) ARAEZR A BT PR H b 23 m s vk R i o 5T PR BCR B LT R
PHRMREME 230

Z A B 5 T Victor SolovievE 3% fllVliadimir KristovZ #2 BT B3 18 TAE 12, 11.
KR FE AT T kR EEIE, F5Em 7 S5 5k,

1.2 15FIZEH

2% SC R T U 4 A 4 SDBDesigner (1B VE 7. A G B4 25 7] 96 SO AR B 48 D
=,

PR N IR R FEA B AR R TR, S W 68 B4R U] 4 A S v B O R
VARERIE, WA AT SHU T, e AR T 3 5 L e A S N 45 S
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2.1 BB

BAFFT I IGRIA “HEAMT (direct analysis)” U (BRI, HPFELEN RS
¥ (dielectric parameters). HLJEZ % (voltage parameters). S & Z#${ (gas parameters)
FEE 7124 (plasma parameters ).

4§ SDBDesigner (internal test) - o X
Project(P)  Analysis(A)  About(H)
Dielectric parameters
Ditectic tikness fo] Surface Dielectric Barrier Discharge
Substate thickness [m] Analyzer & Designer
Penivity
Plasma parameters
SEE cosficient
Use recommended value
T fon deft velocity ') Towmscnd oetl. (V)
Fasm s thickness n) Cathode potental deop V)
Masman otie (¥
lonizaion eguency () Toumscnd coef AV Tor)
Riang s ) iectrn mobilty (a275) anes Towmsead cocl (Ven/Tar)
Frequency (Hz) 20000 T
Tttage ype © e O pute Braktomm volage (¥ b ] Pulse thrust (V) b ]
Steame dilectne ap n) b ] e average st (V) P ]
Gas parameters
D dischage legth o) b ] Is st L 1
Pressure (pa) 101
3D dischargeength () b ] loducedveocty () b ]
Tonpersbare (0 w0 Sufichrgelsrlogth) D] Deposied ncezy Gim) b ]
Dischurge ropagatontme 1 L ]
Load Calcutat Expe

Figure 2.1: “HE#/r T (direct analysis)” TU[f].

K RaF & AN BEE R S 3HE 7T 3INE, AP LLAT M3, st “itH
(Calculate)” %45, “455H (Results)” HHv K& BonitE 4

“EETRZH (Plasma parameters)” i 73 Tl GE 245 AN AR S5 S AR BRI FH
ORI ME, AULH P AT LB A “Use recommended” #2401, 27K HIEAN KA
RSB T ERSEEE. WRAERNBESNSHE L, ESE IR
=,

midi “FH (BExport)” %1 RIADG v H 45 RARAE B AR SO . SUHE R S5k
BAFESRA D S “EAN (Load)” A EFIE A

SNBSS B AR S SO LR SRl A4

2.2 #HtEUDH

M s “S8 /8 (Parametric analysis)” IR NS A BT LT fE1%5E
M, MR I BN AN RS H O FURE. AR EEG AR E A BT ED,
I 2 A 51 RS PR R T A S5 B 8 R R PR AR A R PR AR A
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8 SDBDesigner (internal test) - a x
Project(P) Analysis(A)  About(H)
Dieleciric parameters R —
Dielectric thickness [m] 1 | |le—} | Use recommended value
o iy o S
Substate tickness [n]
ER—— PS——

- — 0

SEE coefficient 0.01 Electron mobility (m2/V/s) 600c-+ Townsend coeffB (V/em Tom)
Voltage parameters

NR— o

f— (CEm— o

Erequency (Hz)

ltage type ® sin O pur
Gas param
Pressure (pa) 101325
»
ransiorms. [ Power Spectrum (FFT)
2 rt... lownsa e »
g 8 oo .
Log X
0.z verage v =3
» Log ¥
Load Run Esp:

Figure 2.2: Z#({t. /347 (parametric analysis) UL [H]

ZEHAMAS RS “BSHo” SRR, E-H 5 & 2R T s A2
B O e AR RS It B e .

s “1BAT (Run)” %4, BIAIAE “4553 (Results)” #rEEIHAES K. 4R L
BRI EBL, P Al RLsi s T iz 5 B 25 TS BOR AR 2R B AR I AR |, i
A (1 At v TR P P i E I3 AR BN AR ALV L SRR P AT BB A o B R
AR WA, AR R R AR AR AT DUELRRS BRUbR 8 LR B B Bh k. T
g R .2

mifi “H (Export)” 240 BV Al o+ 545 RARAE B A SCAF . SCPF IS 80K
B R A LUEE fi “HAN (Load)” #ZHIEH# A,

2.3 RIENEIT

A I T EARAE OB A IR S T PR R g5 R RS itk
AT DAE N S 1 vt B sl, Sy “ & ml il (Reverse design)” #%4H.

ZUY “HtEMHT (Parametric analysis)” TUHIZRAL, {HEH P REEYE “¥)
it B (Design target)” #75, T 75 2 SDBDSCHLUEFEFIPERE. A, H P LR
TR R AR ORI ] 9

£ “¥Wit Hbr (Design target)” #i5r, i&H —A> “%AX (teration)” &I, thAbH
JIATLAEFEL0 (PR 8100, FEFPREARYE HI 7 B £ 2 803 R VG H B HUCN 105010078
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‘§ sDBDesigner (internal test)
Project(P)  Analysis(A)
Dielectric [fy Direct analysis

*  Parametric anal

About(H)

Dielectric

= Reverse design

Substate thickness [m]

Pemitivity

SEE coefficient

Voltage parameters

Masinum Voltage (V)

Rising time (s)

Erequency (Hz)

Veltage type

Gas parameters

Pressure (pa)

Temperature (K)

Load

8 | b |
0.01

b= | [ \

= = \

® sine

Run

O Puse

101325

Export

Plasma parameters

Use recommended value

fon drift velocity (m/s) 1ed

Plasma layer thickness (m)

tonization frequency (Hz)

Electron mobility (m2/V/s)

Townsend coeff. (V/m)

Cathode potential drop (V)

Townsend coeff A (V/em Tom)

Townsend coeff B (Vicm/Tom)

|
a
X

e

5

65

Design tarzet Results
Cycle average thrust (N/m): Plan(1): =
oot | Jox J Voltage rising time (s) = 1e-05
Induced velocity (m's): Maximum Voltage (V) = 6500.0
£ | [0 | | Distectic thickness () = 0.0001
Deposited energy (I/m): Dielectric Permittivity = 4.0
oot | [0 | Plan(2):
Eceatila g oticr=S(QE Voltage rising time (s) = 1e-05
ot e | Maximum Voltage (V) = 6500.0
Discharge range (m): Diclectric thickness (m) = 0.0001
[z | [ ||| Ditectric Pemitiviy =45
Tterations ® 10 (quick) O 100 Plan(3): .

AT IR R,

i

[H]

<.

6 il

Figure 2.3: “X[Fi% il (Reverse design)” G[fi.

FEU P45 € — IR R, RS RIZ

Wi YR

st “SH (Export)” $24H B Al o+ 545 RARAE BIAH SCAF e SO IS 80K
B SAR ] U mily “8N (Load)” $ZHIEH 8.
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3.1 fl\ N=2% & (DIELECTRIC PARAMETERS)

NRSHOFENFRZRE RAKERE. A B BN — ki 7 A8 R 8. R/ il
%EKEEE’J%*@ R B BB

Substrate thickness Dielectric thickness

SR

T i

Figure 3.1: R 111 /1 /5 FELA2 80 LAy 454

Dielectric thickness: /15T 55, N BB 5 47 5T 2 1H1 %) 22 LR B9

Substrate thickness: /IR 7KJZE.  EO R 5 A5t 2 1 2 (AR 2400 o1 1) JE B

Permittivty: AHXf /- L 4L

SEE coefficient: — /X L K 5 R EL

TEFERE IR, KA AR AT A T BT b A AR AR T 1) AR R Y
HHES, AMRERE, R L TNHEREAES, aea I RAATEE BUH.

3.2 HES%# (VOLTAGE PARAMETERS)

HIEZ AR KBE. BT AL SR KRR, &SN E LT US R
£]3.2):

Maximum voltage: V& (i i .

Rising time: b J1I[A].  HL H ANO b T BV E L FRTBSF (] i‘Zﬁiﬁ)ﬂﬂl%%W?)ﬁZﬁﬁ
AP Gt — kK. X T IEsZAC i,  H BT I a oy —AN R A Y 43

Frequency: 1%, U1 voltage type (HEJEZEA) & IE5%, %Bﬁxﬁhiﬂﬁ;ﬁ%iﬁg,
N ETHR RS TR SRRk EIY, B4 F P /R EAE R e Bk A

3.3 HEEFEESH (PLASMA PARAMETERS)

FERTUSHOEE TEREE. SR THRZRERS. XESHRONEE, "L
WL e he AE AR XTI, RPN E TIEM T RS RE ORI E T
w4

5510 51, JH18j
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- Rising Time

1/Frequency

Figure 3.2: LKL 52 8RB

Ton drift velocity: & TS HEE, Vi =wE, pui NEFIEHEE, o] DA HH AR
3RS (WIMOBIONE ),

Plasma layer thickness: %5 5§ 14 JZ B2,  BGERTHNRVE X K L. % IX 80
W it AR AR S UL N A A R E

SRR B W] LB v (B) = ar (B u EM 5, arNnE B REL pe v TiE
MR, HEIR AT DS T 20 5

Vi(E) = vic(ElE,)? 3.1)

ERPEEPIDRAEL: vi E,:

Ionization frequency: L E K v; .. (EEEMEFH P FESA Evi 8, ZE-RER
RSB FETL ORI, SCHRI6) I S HH A23.5 x 1011,

Characteristic Electric field. : Ff{EFIAE,, 554K% E AR,

Electron mobility: -7 iTF53%, 1] L BOLSIG+S5 3 1 H 3k 15.

Cathode potential drop: [ HH/Z K%, KR T BINKEEZ K 28600V, [2].

HERE R arn] LR IE Nar = Apexp(-Bp/E), H AN A & #ATownsend
coeff.A, B N7t Z % (BTownsend coeff.B.

3.4 %R

TR A R BB s TR S, SNSRI AT ES
SESCHR AR DY

511 57, 4Ig5
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Breakdown voltage: fCUH L R (5D,

Streamer-dielectric gap: % ﬁ%?ﬁ-‘“ﬁ T 55 JE AR T ) ) PR

2D discharge length: 7£ —4E L T4 8 R Z LRI E. £/ BB T,
TR TR AN T8 R 4R

3D discharge length: 7£ =45/ A NS TR Z M ERKREE. Ho & ETHEIERE K
(R, TR AT 2 5 AR = YR 2R TRC.

Accumulated surface charge layer length: % /Ui J5 T2 5 ) 38 1] HELAef 24K

Discharge propagation time: .7 i H A% #& B (8]

Pulse thrust: 5K o A 1~ 2 S8 HE DT

Cycle average thrust: H.7 & {7~ 42 (3 S B0 HE 7.

Is saturated: 7 IE7Z HLRIKA) T, Wiz &, TEea SBULHE “fBm”,
T T U S A T o

Induced velocity: 75 J& 3~V 34 71 R 72 AL (115 R K.

Deposited energy: .1~ J& I HHRCHLE A B RE B

512 51, 18
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4.1 ¥HEAh

f§ F{SDBDesignertH SR G 4 /) 5k EL fif 22, 58 A0 A (5 AN 7] [ A 285 R gk 47
TXTHETE, )R,

Average force (N/m)

(reduced to dielectric thickness of 1 [mm])

0.01 -
0.001

1E-4 -

1E-5 -

A \-\.\
A, NG

Absolut Force
WY
Ty i
1 v _'
0.1 n '\ 20kV
[ ] ]

] A
/ A -

A E
] m  Ref [Moreau] ]
/ A  Ref [Kotsonis] 183%
3 v Ref [Thomas] ;

4  Ref [Li and Meng]
—4l—rrrrr|'rrrrmy//{| T T LI R B B B B B | T T 7 T oo
5x10" 10’ 10° 10°

Rising time (us)

Figure 4.1: TF 5145 R 5B AR L. SEER N B Jo W 70 (0 J946, b SRR AE K IRAG 1Y) ol i
AR MM IR THE, R EA B P AR MR, S8 KEE LA SCHR T, 8, 9 10,

11].

TR R AR TG T ImmN TR R, AF R BE AT, it
SR 5SS RS R

4.2 B55&EE

Pl BEONARIEHE S AR B, H A A S A5 Rk AT T xt L n a2 R
ff FISDBDesigner i+ 5 4 R SN EE LW & R & EERAE, BIME0GML
HTE) AT — BT R, T R DX TR) G 2 T T30 R, “ AR 5 03, 2 X TE) 75 3 1 B2 R ) Bk

5514 U1, 18
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10 LUELAAAALL IR LLLY DR LLLL RN LAY DL LLLL IR LAY B LLLL I
94 @ Ref[Thomas]
= @ Ref [Moreau]
£ _ 20kV
@ E 8 @ Ref [Kotsonis]
E3 4]
> & ]
T E 6-
S Z ]
£ 5-
= .
S T 44
- = _
"g E: 3 10kV
IS N\
N 2_
1 _—F%‘ " [\\[

10° 10% 10" 10° 00 10° 10° 10° 10°
Rising time (us)
Figure 4.2: 115 45 B 59206 45 Bxt L. S48 Fl A IS 35 4 0305 11 S B, SO0 B

NV SCHRIZ, 8,81 P (45 REIHT & 8 Immo B . T AT DORE B R 25 SR Bk LS 5t
JEE PR A AT B LS Gl

WEAE, TCIRAREEIA, TR XS EI5], U5l B AT AE 2 RO 22 R8O 175 100 HH B
111 BiE B

4.3 gE=FAN

XA RS (R JEAREEIATIHE, JIF5 Seie i & A £ (i B0l 45 SR i 17
TORFLLHAIE, 4 L3R,

IHHRERNNBEER. NMRERZET TIE, ' RNe/d. AT HTA KRS,
F P 5 B s R DL e/ d. RemiE N Se59H2c, TR AN HE 77 B e AR s ea. 3lisk
1T96 L, T E 348 FISDBDesignertt 51 #./% T
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0'3 L DA I LAY LA IR LLLLL IR LY L LLLLL BRI
1 Analytic model
¥  Fluid model
’g @ | A Ref [Zhang]
= E o124 kV|-------- .' m  Ref [Benard] i
= E | ':‘ ® Ref [Sergey]
S = ]
Q - ]
s s -
) i 4 v 0! ]
T 2 —20 kv—v-j'
22 0.1 \ -
‘@ T 1 L R
g =
% < 1 VAR A 4 1
= 1—14 kV I
] \
—eemem e -, A AA
004 Mokv*| ~~ T TR~ T T T T T T A
Rk IR ALY IR AL ALY I LR LLLLY B I Crrn

10° 10* 10° 0’ o' 10° 10" 10° 10°

Rising time (us)

Figure 4.3: SDBDesigneril 5 45 F 5 52 56 I & A1 AU B0 45 SR X e Fr B 19 45 SR X A i
el dFN L EFERAT THG. SE8. R4 S 24 NSDBDesignerth 545 58, CAN[FI 4 AR B
ANFE el dfE). FF5 B U 2 M H AR (PASSKEy code) A1SZE6 N & 3k 15 [12) 13} 14
TRV R A, 10 kIS EHT TRRARE, ZF 4 FeeEIEAIER /N, WRBNTEZE R4
Bl T TR EYAAHR, IBA10 kVERIE FIEAREEA 2 — KT,
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