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Fig. 1. Schematic diagram of the electrode structure and
computational domain used in the simulation, the numeric-
al values for the boundary extent shown in the figure are
purely for schematic illustration. These values will be sys-
tematically modified in the subsequent sections to investig-

ate the trends in simulation results.
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Table 1.  Plasma boundary conditions used in the simula-

tion.
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Fig. 2. Applied voltage waveform in the simulation.
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Table 2. Reaction system used in simulation.
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Fig. 3. Discharge development captured by ICCD, gate used is 200 ps.
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Fig. 4. Simulated electron density evolution with time.
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Fig. 5. Simulated and experimental discharge length and width comparison: (a) Discharge length; (b) discharge width.
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Fig. 6. Electron density and reduced electric field (in Td) distribution on the axis during the discharge development: (a) Electron

density; (b) reduced electric field.
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Fig. 7. Reduced electric field (in Td) evolution on the axis
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Fig. 8. Simulated and experimental discharge length and width comparison in two different calculation strategies: (a) Discharge

length; (b) discharge width.
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Fig. 9. Discharge length and width influenced by different plasma boundaries: (a) Discharge length; (b) discharge width.
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Fig. 10. Electron density distribution on the axis at ¢ = 0.6 ns under the influence of different plasma boundaries: (a) Electron dens-

ity; (b) reduced electric field.
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Fig. 11. Impact of plasma boundary reduction to 0.5 cm on

discharge simulation results.
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Fig. 12. Electron density evolution process under different boundary range of Possion’s equation.
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Fig. 13. Discharge characteristics under different boundary range of Possion’s equation: (a) Discharge length; (b) discharge width.
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Fig. 14. Schematic diagram of the distribution of Laplace
electric field lines near the discharge channel under differ-

ent boundary ranges of Possion’s equation.
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Fig. 15. Reduced electric field distribution at ¢ = 1 ns un-

der different boundary ranges of Poisson’s equation.
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Fig. 16. Changes in discharge characteristics during dis-
charge development after shortening the upper boundary of
the Poisson’s equation: (a) Discharge length; (b) discharge
width.
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Fig. 17. Reduced electric field distribution at ¢ = 1 ns after
shortening the upper boundary of the Poisson’s equation.
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Fig. 19. Comparison of simulation results for 5 cm and 2 cm Poisson’s equation boundary after reversing the needle electrode

voltage polarity.

SR B IAR T3z Bl R ) D5 R 4R RS [R], (HAETA
FATT R 1 S8 RO R s e LA R B e —
B, P R SRAR SCHP 1 A AR T — 4
BRUIAG T ID 20800 . =29 BUs A | 28 =4k 3h
S A S GRS EE B, B Oy L A R L
P =HEfF BB T2, (T 75 = HEROR b 45
P R A TR

TR 53T B Xt G AR 1 A FE Y i
H Bt H A b P F R AR R A T AR P 3 2 A A
5 B0 B g R K 19 Fras, BE& IR AN i BN
5 cm FEIRZE 2 cm, Jil AL KA 58 FEE A 16 mm
FEMRE 12 mm. A S ERAME T —3. 7R
5 cm I A SN PR B OR BEEE N 16 mm, #5
SR 3.4 715 v A Y T AR R B B B (E 0.24,
PR EERE AN A 8/0.24 = 33 mm = 3.3 cm. 7E
Wi FE R, (5 a5 R an A 19 s, iR
FaE N 14.25 mm, 5 5 cm T RYZE R AR
EATERERE, HEDS T im s =
BRSO, TOEHIWHz s A AR 6 5 s
R—3, BHHEBERH AR R 1 k%
TG 2521 A RAN R R IS Tk SR

3.6

& i

ARSCE R KA 2 R RAER ik ob BT T
7R SR OB BRG] T A A o AR A A A
AT TR, EUGHEAT T RO RGN F AT
AR P T FEL e R AR P 25 S AT s B R
P R A S R e, A TRUT

4518,

4

1) FEEF X A5 B R SRR A Oy R B Rl
FRR AR L RO AR S R i S R (AR S
KI5 cm x5 ecm(Rx Z) JE KR
Y 6 A5 LA _E) B, (7 FLAS 30 A0 50 R B B RN O e
R4 5 SR S5 AR, (HAE R K J s 2R i 21
FERCRL T 2R AT R R BB BT L, (i EATI A H L
B HAFTEAER ) [RIA ikt H AT BAE G T
PR AT AT ELYR HORTH I A7 1Y 0]

2) BEXTTEIR 5 FE SR A 1l 0 53 55 2 1A
THEA DK S DAl 5 e RS TR oy 2 0 55 5 A
PG R Y R R i BRI AR AN A7 BT 52 )
Tk BB L i A T35 B AT IR i, (BT ]
ZWEANTT, PRI T I A A A S PRl X 4 B 1A
A B PR EE IR S M RO R

3) TEAR IRIE AN J5 B A i LN, ke P 1% i A
JE T B, G0 H, o B AR GRS B L A D) 32 ¥ v
K, (RIS, i H 7R b2 TR B PN 9 2 R AR 18 T 7
TR RN ) 2 AR, e LB TR FEAR B ]
LR A DA B ST R B, TERCR B
T8 Y 45 ok A 0 A B T A A T R S A B A
PCHRIES. PRI, FEEREIARA R AT ih 56
o R SEBRE e 8RR, 3 R B AR N AL = A
SRR A AR B b0 7 B S
S5, WNTEA ST SIS RIN, BT R
18 GINIONEL ISR TS 7 = VA TS & )i G N S Eor S BT
FERE AN R T 0.24.

4) FELR IR T TR b B, R ) R
FEAH LU R ARSI A8 18, 328 PR A = i A 4
VA A R EC R S Y <SR AR 5O B AR 55, AT
SECTAE R E AR h SE AS [A L SN A A i

165201-12


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 16 (2025) 165201

A e A BT B, [R5 SR A A HUAH 22
BRI, T LAIA ) AR SR HOS R i 05 P AR E TR
PATDTREA TS, AN B b SRR IO BT

TR [ B2 5% 50 B K2 Laboratoire de Physique
des Gaz et des Plasmas SL46%E E. Marode #7108 M

S 0k

[1] Chng T L, Pai D Z, Guaitella O, Starikovskaia S M, Bourdon
A 2022 Plasma Sources Sci. Techn. 31 015010

[2] Brisset A, Guenin T, Tardiveau P, Sobota A 2023 Plasma
Sources Sci. Techn. 32 065014

[3] Babaeva N Y, Naidis G V 2016 Phys. Plasmas 23 083527

[4] Nijdam S, Teunissen J, Ebert U 2020 Plasma Sources Sci.
Techn. 29 103001

[5] Marode E, Dessante P, Tardiveau P 2016 Plasma Sources
Sci. Techn. 25 064004

[6] Tardiveau P, Moreau N, Bentaleb S, Postel C, Pasquiers S
2009 J. Phys. D Appl. Phys. 42 175202

[7] Babaeva N Y, Naidis G V, Tereshonok D V, Son E E 2018 J.
Phys. D Appl. Phys. 51 434002

[8] Bourdon A, Péchereau F, Tholin F, Bonaventura Z 2021 J.
Phys. D Appl. Phys. 54 075204

[9] Bourdon A, Péchereau F, Tholin F, Bonaventura Z 2021
Plasma Sources Sci. Techn. 30 105022

[10] Zhu Y F, Chen X C, Wu Y, Hao J B, Ma X G, Lu P F,

Tardiveau P 2021 Plasma Sources Sci. Techn. 30 075025

(11]

(12]

(24]

(25]

[26]

(27]

165201-13

Brisset A, Gazeli K, Magne L, Pasquiers S, Jeanney P,

Marode E, Tardiveau P 2019 Plasma Sources Sci. Techn. 28

055016

Guo Y L, Li YR, Zhu Y F, Sun A B 2023 Plasma Sources

Scie. Techn. 32 025003

Grubert G K, Becker M M, Lofthagen D 2009 Phys. Rev. £

80 036405

Bourdon A, Pasko V P, Liu N Y, Célestin S, Ségur P, Marode

E 2007 Plasma Sources Sci. Techn. 16 656

Pancheshnyi S 2015 Plasma Sources Sci. Techn. 24 015023

Phelps A V, Pitchford L C 1985 Phys. Rev. A 31 2932

Lawton S A, Phelps A V 1978 J. Chem. Phys. 69 1055

Pancheshnyi S 2013 J. Phys. D Appl. Phys. 46 155201

Kossyi I A, Kostinsky A Y, Matveyev A A, Silakov V P 1992

Plasma Sources Sci. Techn. 1 207

Pancheshnyi S, Nudnova M, Starikovskii A 2005 Phys. Rev. E

71 016407

Li X R, Dijcks S, Nijdam S, Sun A B, Ebert U, Teunissen J

2021 Plasma Sources Sci. Techn. 30 095002

Li X R, Guo B H, Sun A B, Ebert U, Teunissen J 2022

Plasma Sources Science & Technology 31 065011

Guo B H, Li X R, Ebert U, Teunissen J 2022 Plasma Sources

Seci. Techn. 31 095011

Li H W, Sun A B, Zhang X, Yao C W, Chang Z S, Zhang G

J 2018 Acta Phys. Sin. 67 045101 (in Chinese) [ZERSHF, N4

I, TRaE, BB, RS, HOER 2018 PIIAEA 67 045101]

LiYT,FuYY,LiuZG,Li HD, Wang P, Luo HY, Zou X

B, Wang X X 2022 Plasma Sources Sci. Techn. 31 045027

Zhang C, Ma H, Shao T, Xie Q, Yang W J, Yan P 2014 Acta

Phys. Sin. 63 085208 (in Chinese) [FF2, Ty, A%, WK, &
T, R 2014 PIFIAAR 63 085208]

Shao T, Tarasenko V F, Yang W J, Beloplotov D V, Zhang

C, Lomaev M I, Yan P, Sorokin D A 2014 Chin. Phys. Lett.

31 085201


https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/ac4592
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1088/1361-6595/acdd96
https://doi.org/10.1063/1.4961925
https://doi.org/10.1063/1.4961925
https://doi.org/10.1063/1.4961925
https://doi.org/10.1063/1.4961925
https://doi.org/10.1063/1.4961925
https://doi.org/10.1063/1.4961925
https://doi.org/10.1063/1.4961925
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/1361-6595/abaa05
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0963-0252/25/6/064004
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/0022-3727/42/17/175202
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/aada74
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6463/abbc3a
https://doi.org/10.1088/1361-6595/ac2be5
https://doi.org/10.1088/1361-6595/ac2be5
https://doi.org/10.1088/1361-6595/ac2be5
https://doi.org/10.1088/1361-6595/ac2be5
https://doi.org/10.1088/1361-6595/ac2be5
https://doi.org/10.1088/1361-6595/ac2be5
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ac0714
https://doi.org/10.1088/1361-6595/ab1989
https://doi.org/10.1088/1361-6595/ab1989
https://doi.org/10.1088/1361-6595/ab1989
https://doi.org/10.1088/1361-6595/ab1989
https://doi.org/10.1088/1361-6595/ab1989
https://doi.org/10.1088/1361-6595/ab1989
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1088/1361-6595/acb813
https://doi.org/10.1103/PhysRevE.80.036405
https://doi.org/10.1103/PhysRevE.80.036405
https://doi.org/10.1103/PhysRevE.80.036405
https://doi.org/10.1103/PhysRevE.80.036405
https://doi.org/10.1103/PhysRevE.80.036405
https://doi.org/10.1103/PhysRevE.80.036405
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/16/3/026
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1088/0963-0252/24/1/015023
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1103/PhysRevA.31.2932
https://doi.org/10.1063/1.436700
https://doi.org/10.1063/1.436700
https://doi.org/10.1063/1.436700
https://doi.org/10.1063/1.436700
https://doi.org/10.1063/1.436700
https://doi.org/10.1063/1.436700
https://doi.org/10.1063/1.436700
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0022-3727/46/15/155201
https://doi.org/10.1088/0963-0252/1/3/011
https://doi.org/10.1088/0963-0252/1/3/011
https://doi.org/10.1088/0963-0252/1/3/011
https://doi.org/10.1088/0963-0252/1/3/011
https://doi.org/10.1088/0963-0252/1/3/011
https://doi.org/10.1088/0963-0252/1/3/011
https://doi.org/10.1103/PhysRevE.71.016407
https://doi.org/10.1103/PhysRevE.71.016407
https://doi.org/10.1103/PhysRevE.71.016407
https://doi.org/10.1103/PhysRevE.71.016407
https://doi.org/10.1103/PhysRevE.71.016407
https://doi.org/10.1103/PhysRevE.71.016407
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac1b36
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac7747
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.1088/1361-6595/ac8e2e
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.7498/aps.67.20172309
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.1088/1361-6595/ac5ec9
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.7498/aps.63.085208
https://doi.org/10.1088/0256-307X/31/8/085201
https://doi.org/10.1088/0256-307X/31/8/085201
https://doi.org/10.1088/0256-307X/31/8/085201
https://doi.org/10.1088/0256-307X/31/8/085201
https://doi.org/10.1088/0256-307X/31/8/085201
https://doi.org/10.1088/0256-307X/31/8/085201
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 165201

Boundary range sensitivity of nanosecond pulse diffuse
discharges in atmospheric air: Simulation analysis
based on axisymmetric fluid model’
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1) (School of Electrical Engineering, Xi’an Jiaotong University, State Key Laboratory of
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Abstract

Diffuse discharges generated by fast rising edge of nanosecond pulses possess a larger discharge radius than
classic streamer discharges. However, existing simulation studies often employ boundary ranges similar to those
used for simulating streamer discharges, thus neglecting the influence of the boundary range on their
characteristics. In this work, the characteristics of diffuse discharges in atmospheric-pressure air are investigated
using a fluid model. The research focuses on the influences of plasma and Poisson equation boundary ranges,
especially the top and right boundaries of the rectangular computational domain, on discharge evolution. The
comparison between numerical simulations and experimental results reveals several key findings: When both
plasma and Poisson equation boundaries are set to 5 cmx5 cm (exceeding six times the maximum discharge
radius), the simulated discharge width and propagation velocity accord well with experimental measurements.
However, consistent delays are observed in simulating the time required to reach the plate electrode,
highlighting the inherent limitations of current fluid models in accurately simulating temporal scales. Reducing
the plasma boundaries results in negligible fluctuations in electric field strength and electron density at the
discharge head, indicating a minimal effect on macroscopic discharge characteristics. Narrowing the Poisson
equation’s right boundary significantly reduces the discharge width while simultaneously increasing the
discharge width relative to the domain size. Asymmetric propagation patterns occur between the upper and
lower halves of the discharge gap. Nevertheless, appropriate reduction of the right boundary improves
morphological consistency with experimental observations, thereby suggesting practical optimization strategies.
Conversely, reducing the top boundary weakens the electric field “focusing effect” at the discharge head,
homogenizes the spatial field distribution, and delays accelerating, thereby exacerbating deviations from
experimental data. These results demonstrate that Poisson boundary conditions critically govern spatiotemporal
discharge dynamics. Top boundary truncation significantly reduces the simulation accuracy, whereas adjusting
the right boundary allows for a balanced optimization between computational efficiency and result reliability.
This work provides theoretical guidance for selecting boundary conditions in the numerical modeling of diffuse
discharges.

Keywords: nanosecond pulsed diffuse discharge, fluid model, streamer discharge, boundary conditions
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