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Table 1.  Coefficients of the three terms Helmholtz

equation A, and A,

n A,/(cm 2torr 1) A, /(cm ttorr )
1 3.74x10° 2.31
2 4.35%10°° 0.837
3 1.55x101 7.79

10-°
® Calculated by
PHOTOPiIC
:‘\ — Fitting curve
g
? 100
|
a Fitting function:
2 w
3 Lo Prsiae
L P bt
@
=~ 10"}
on R2: 0.99991
~
&
Reduced Chi-Sqr:
5.99974 x 1016
108 1
0.1 1 10

Pr/(torr-cm)

K1 =Tz g R aE E
Fig. 1. Fitted plot of the three terms Helmholtz equation.
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Table 2. Overview of particles included in the

SR GNP RE DS HE N =Vl Tai ) S i o model,
Yar: 7 7 ) 5y 4 5 5
ST TV DX ORI RS A 2 4950 B0 1 " €02 €0, 0,
A B T B R U 94 RO I 2350% 2350, wr cof, cor, ¢+, 0%, 0F , 07, 0y
N N — " . A 3 0, C
T R A, BRFE R 2(c) U R
(a) P T TN Unit: mm 10 | (b)
Z 8t
Domains’ <
i Plasma S 6l
s
S 4t
D1 > 2+
ol . . . .
—FR0.3 0 10 20 30 40 50
é I.r'”_RO'l . Time/ns
DO ' Mesh (c)
=
U e |
D3 (Dielectric3)e=== i .%;=Ground i B i
0bg 001 %0 02 04 ... s
X/mm

Bl 2 BAEEEHE () JLTZEH; (b) BRIE; (c) RIS &4 7m 2
Fig. 2. Model structure: (a) Geometry; (b) voltage; (c) mesh.
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3 RO B TR D

Table 3.  Electron collision reactions included in the model.

i RN $57E eV SR A
HL B e+ COy= COJ +e+e ~13.80 BOLSIG+
L e+ CO,=CO+ 0" +e+e ~19.1 BOLSIG+
B e+ C0,=0+CO" +e+e -19.5 BOLSIG+
LS e+ CO,=>0,4Cr +c+e -27.8 BOLSIG+
LB e+ CO=CO"+e+e ~14.01 BOLSIG+
LS e+ CO=C+0 +te+te -22.0 BOLSIG+
HLE e+ CO=>C+0"+ec+e ~25.0 BOLSIG+
L e+ 0y,= 0 +e+te ~12.06 BOLSIG+
e e+ 0,=e+0+0 0.8 BOLSIG+
e e+ COy=e+CO+0 -7.0 BOLSIG+
W e+ 0, + 0,= 0; +0, 0 6.0 x 1037, L
W B e+ 0y + COy= CO, + Oy 1.60 3.0 x 1022Y"
% Bt e+ O+ COy=CO,y + O 1.60 1.0 x 100"
S - B e+ COy,=CO + O 0 BOLSIG+
fith 5+ W e+ CO=C+ 0O 0 BOLSIG+
iR 55 + W e+ 0,=0+0 0 BOLSIG+
ei BH e+ COJ =CO+0 1.60 2.0 x 10~ 17705 e
el HA e+ COf =C+0 1.60 3.68 x 10~ 14705547
ei Ziy e+ CO} =C+ 0, 1.60 3.94 x 10~ 18704
i HA ¢+ 0f 0+0 1.60 6.0 x 1013705 . 7, 05
ei HE e + 0yt + COy= 0, + CO, 1.60 1.0 x 10738
ei 6 e+ O* + COy,= O + CO, 1.60 1.0 x 103"

2 U A m? / (mol-s), b*CR A mb/ (mols).
F 4 BRI IR O

Table 4. Heavy particle reactions included in the model.

KR i JAE [eV R H R
M4 O + 0= Oyte 0 1.4 x 10-162*
LT O; +0=0,+0+e 0 1.5 x 1016+
HE A 05 +0F +0,= 0, + 0y + O, 7.0 2.0 x 10797V
LA RS O + COy= O +CO 0 9.4 x 10716
HLTE RS O* + CO,= CO3 + 0O 0 45 x 1010%
HLfTHE RS CO* + COy= COF + CO 0 1.0 x 10132
CEN T C*+ CO=CO* +C 0 5.0 x 107194*
LELERE 4 0} +C=C0"+0 0 5.2 x 1017+
CiN T COF + 0,= CO, + OF 0 5.3 x 10717+
HLAT RS COF + 0= CO+0F 0 1.64 x 107169*
HLfr i 5% COJ + 0= CO, + OF 0 9.62 x 1017
HL 5% CO"+0=CO + O 0 1.4 x 10-162*
HURT R CO* + 0,= CO + OF 0 1.2 x 10 169"
rpep CO, + CO, = CO + O + CO, 0.60 3.91 x 10716 exp[—(49430/Ty)] =
b SR CO; + O=CO + 0O, 0 2.8 x 10—17 exp[—(26500/Ty)] *
Hh S CO, + C=CO + CO 0 1.0 x 10-21 a*
repE R CO + O + €0, = CO, + CO, 0 8.2 x 1046 exp[— (1510/T)]
rpep N 0y + CO=COy + O 0 4.2 x 10718 exp[— (24000, T})] **
HE S 0,4+ C=CO+0 0 3.0 x 10-17 «*
RS O + C + COy= CO + CO, 0 9.12 x 107377 398 exp[—(2114/Ty)] v*
R 0 + 0 + CO,= 0, + CO, 0 3.81 x 10~427; ! exp[—(170/Ty)] »*

2 RN m? / (mol-s), b*CR BN Hmb/ (mol®s).
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FH,  filf 8 52 107 S5 R L % i 2R 4K, 8
RO FFECHE PR 9400 L e - il 1 4 T Sl , A
Bolsig+11 31545 . 1 HAx J0R 22 8] Y S i 3R
R kit Arrenhius A4 H:

kj = A]ij exp(—Ej/RgT), (10)

Horfr, A R TER B FLL m?/ (mol-s) KA |

Ty IR L K R 3fir  m, O IE SR 458

LA 1Bz B N IE SOSEALRELL J /mol D FuA

R, HARHE AL T/ (mol-K) Ay By . {E A4 Y
J&, f4fE Bogaerts 4 12 (HF5Y, $1xF DBD —%fk
e ifp 25 S AT Phelps BT B HL5 B, [W]
7 eV BB SRR, A i — 2025 B A Ak
MIfERI VA, Bl e + COy = e + CO; (7 eV) =
e+ CO + O.

3 BRERGW®H
3.1 BFEESEFNMNEEL

AR S5 B T AREUE T, — B T2
AR R R XS Y
AL 33X P S BORAR IR 5 B Y rh i i e

SR R AAZ O S8 Sl S 2 3710 JL
Al A 78 i e g 4 A H S 4L, 78 DELL T7920 3

T ARG PAERHE T 100 h A )5 HL4

HL 5 B Zs A an &) 3 s, =& 3(a)—
(£) 435t 1, 3, 4, 5, 7, 12 ns AL T35 B 201
250 F X, Y8 5 mm BYIE IR X8, 246 A
[ Z0 B R, 1 2%, AERIIRIREST, nl&l 3(a) Fr
R, BEP A EL 1x108 m 3 [T, X
FhFLFAESM I AR T, 1) BRAR I A 7%
SEE 1 EAFRBR (D1) B P00 PR o T
DX e B A A R v ok — K 28 B DX Rk
PR, XEWES 12 2 )20 FERe) IS
2 AR AR AR B A RO & AR Y B AE 3 ns
B, W&l 3(b) fias, B SN R TR, DO M2
HELS D1 AEBRANAR X IV ) JR 3 B 2 B 5. 1%
IG5 A D R AT AR Ao P 4(b) AT A R, B
BHAR FL A T3, P A I3 =2 TR AN 7= A= 1 )Ry
T E g, 1Y D15 Do Z A s pl < iE
(143 LA X3, 7 I DXk L 7 5 L S O/ T T
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Fig. 3. Time evolution of electron density.
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Fig. 4. Time evolution of the reduced electric field.
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Fig. 6. Time evolution of the number density of space charge.
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Fig. 7. Time evolution of the dielectric surface charge: (a), (f) D2; (b) (e) D1; (c) (d) DO.
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Fig. 8. Time evolution of carbon dioxide ions.
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Fig. 9. Time evolution of oxygen molecular ions.

025202-10


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 Z 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 025202

CO density/m~3

| x [ T
1.0 102 104 106 108 1010 1012 1014 1016 10'8 1020 1022
(a) 1 ns (b) 3 ns (c) 4 ns
4 ;
3t
2t
1r
g i
S
(d) 5 ns (e) 7 ns (f) 12 ns
4f
3
2 3
1 I
0 L L Ll
0 1 2 3 4 5 1 3 4 5 1 2 3 4 5

X/mm

K10 —S ARk =S Ak
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Fig. 11. Time evolution of the electron temperature.
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Abstract

The streamer propagation and electric field distribution in a two-dimensional fluid model of a packed bed
reactor (PBR) filled with carbon dioxide are comprehensively studied by utilizing the PASSKEy simulation
platform in this work. The spatiotemporal evolution of electron density, electric fields and key plasma species in
the discharge process are studied in depth. The PBR with layered dielectric spheres is simulated by using the
model, indicating that the inner sides of the first layer and the second layer of dielectric spheres are not the
main regions for reactions such as CO, dissociation; instead, the main regions are along the streamer
propagation path and the outer side of the first layer of dielectric sphere. In this work, the propagation of
streamers in an electric field is investigated, highlighting the influence of anode voltage rise and dielectric
polarization on local electric field enhancement. This enhancement leads the electron density and temperature
to increase, which facilitats streamer propagation and the formation of filamentary microdischarges and surface
ionization waves. This work provides a detailed analysis of the local electric field evolution at specific points
within the PBR, and a further investigation of the spatiotemporal dynamics of spatial and surface charges,
revealing that negative charges concentrate in the streamer and on the dielectric surface, with density being
significantly higher than that of positive charges. The positive charge distribution is closely related to the
streamer path, and with time going by, the charge distribution becomes dominated in the discharge space. This
work also explores the surface charge deposition on the dielectric spheres, and discusses the evolution trend of
the distribution. Additionally, this work discusses the temporal and spatial evolution of key plasma species,
including ions and radicals, and their contributions to the overall discharge characteristics. The production
mechanisms of carbon monoxide particles, carbon dioxide ions, and oxygen ions are analyzed, with a focus on
their spatial distribution and correlation with electron density. Finally, the energy deposition within the PBR is
examined by integrating the spatial energy deposition of electrons and major positive ions. The results indicate
a total energy deposition value of approximately 1.428 mJ/m, with carbon dioxide ions accounting for 8.8% of
this value.

Keywords: packed-bed dielectric barrier discharge, dissociation of carbon dioxide, numerical simulation of

plasma, reaction mechanism
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