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What are streamerse

®» Thin channels of weakly-ionized nonstationary plasma
produced by an ionization front that moves through
non-ionized matter

®» Streamers in nature: lighting and sprite discharges in
the upper planetary atmospheres

» Applications of streamers:
o Ignifion of high-intensity discharge lamps
o treatment of polluted gases and water

34 mm



Streamer modelling

» \otfivation:

o better understanding of streamer physics
o optimization of streamer applications

®» Types of streamer models

o Parficle models

o Fluid models
o Hybrid models




Fluid models of streamers

» Number densities of charged particles are
represented by continuous functions

®» [ime evolution of these number densities are
represented by the fluid equations

» Fuid models are generally more computationally
efficient than the particle models and are much
simpler than the hybrid models




First-order fluid model

Advection diffusion reaction equation for the time evolution of
the number density of electrons:
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Reaction equations for the time evolution of the number
densities of ions:
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Photoionization

® [n air photons emitted from excited nitrogen molecules can ionize
oxygen molecules

» Zheleznyak model:

() F(r-r"))
Sph(r) i deT AtT|r—1"|2
®» The photon source term
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® [onization source term:
Si(r) = a|W|

®» The absorption function:
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Photoionization

®» The absorption function can be represented as:
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®» [eading to the decomposmon of the source term:
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®» The components of the source term can be determined by solving a set
of Helmholtz equations:
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®» Parametrizations: Lugque, Bourdon 2 term, Bourdon 3 term




Spatial discretization: Finite volume method

» Scalar variables are defined at cell centers

» \Vector variables are defined at cell faces

» Flectric field components at the cell centers are interpolated
from the cell faces

» |nterpolation of the number density of electrons from the cell
centers to the cell faces, to calculate electron fluxes, is not
triviall

» First order upwind scheme creates too much numeric
diffusion, while linear interpolation (central differencing)
creates strong numeric oscillations.

® For this reason, flux limifing schemes are used.




Koren flux limiter

» The flux of electrons is calculated as:
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» The Koren flux limiter is defined as:

¢(r) = max (0, min (2r, min G -+ 2—;, 2)))

» The upwind ratfio of consecutive solution gradients:
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Time integration

» Time integration is performed by employing the 29 order
Runge-Kutta method.

» Flectric potential of space charge, resulting electric field, and
transport coefficients are calculated at each stage of the
Runge-Kutta method

®» Time step restrictions:
o The CFL condition:

At (gildim TV 4 ZimP) < CFL, CFL=0.4
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o The dielectric relaxation time:
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The AMReX library

®» An open-source C++ library for massively parallel, block-
stfructured adaptive mesh refinement (AMR) applications

» Has inbuild geometric multigrid solvers

®» Has many inbuilt classes which enable a convenient
Implementation of both grid and particle data

» Allows both MPlI and OpenMP parallelization, as well as
parallelization on graphic processing units



Adaptive mesh refinement

» Adaptive mesh refinement is used when high precision is
required only in the subset of the calculation domain

» Using a uniform mesh with high resolution is impractical and
inefficient under such circumstances

®» The streamer dynamics is determined by the electron
dynamics in the narrow region at the streamer front

» Thus, a high-resolution mesh is required at the streamer front,
while a coarser mesh can be used in the streamer channel,
and in the other parts of the domain, which are far from the
sfreamer front



Refinement criteria

®» The refinement criterion due to ionization frequency:

Aerr(C1|Erorai|)AXx > co, Qe = a —1 c1 =12, ¢, =0.8
» The refinement criterion due to number density of space
charges:
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» The de-refinement criterion:
Aerr(C1|Etotar)Ax < 0.1 A Ax < 30um




Solving elliptic equations

®» The Poisson equation and the Helmholtz equation are elliptic
equations

» Their solutfion in each part of the domain depends on the
values of the right-hand side in the entire domain

» Geometric multigrid method is very efficient in solving elliptic
eqguations

®» The method consists of applying a simple iterative procedure
(like Gauss-Seidel or Jacobi) across a hierarchy of grids with
reducing resolution

» AMReX includes inbuilt geometric multigrid solvers for the
Poisson equation and the Helmholiz equations.

» These multigrid solvers can be easily applied across the enftire
hierarchy of adaptive mesh refinement levels



Results: Simulation conditions

®» Axisymmetric model

®» Domain size: [0 mm, 16 mm] along both coordinates

®» Number of points along each axis at the coarsest level:. 64
» Boundary conditions:

o For the number density of electrons: Zero Neumann conditions
at all boundaries

o For the electric potential of space charge and
photoionization source terms: Zero Neuman conditions at
boundaries perpendicular to the radial axis and zero Dirichlet
conditions at boundaries perpendicular to the axial
coordinate

®» Results of our AMReX-streamer code are compared to the
results of the open-source Afivo-streamer code



Two-headed streamer in the Titan mixture
» The Titan mixture: 98.4% N,, 1.6% CH,
» The number of AMR levels 7 (from O to 6)

= No photoionization

» The applied reduced electric field: E/N, = 147 Td,
1Td = 10%" V/m, Ny = 2.50475764 - 102> m3,

» The initial condition: Neutral Gaussian given by:

_(z—zo)2+r2
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. 14..,,—3
nbackground = 10""m

nog =5-108m=3
Zo = 8mm

o=4-10"*m




Number density of electrons at t = 0.25 ns

Afivo-streamer AMReX-streamer

DB: streamer cyl 000001 .silo DB: Header
Cycle: # Cycle: #

Pseudocolor Pseudocolor

Var: e 5 1350418 Var: nfesleﬁgonsls

| | R
—3.85]94-]812 —3.88494-]812
— 2.567e+18

— 2.58%e+18

— 1.284e+18

. 1.096e+140

Max: 5.135e+18
Min: 1.096e+14

— 1.295e+18

. 1.096e+140

Max: 5.179e+18
Min: 1.096e+14

Y Axis (x10"-3)
Z-Axis (x10"-3)
o

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att =2 ns

Afivo-streamer AMReX-streamer

DB: streamer _cyl 000008.silo DB: Header
Cycle: 8¢ Cycle: 84

Pseudocolor

Pseudocolor
var: e 5.181e+18 var: n_esltezcifzrlonsw
| |
73,886e+]t§12 73,91De+]t§12
—2.591e+18 —2.607e+18
— 1.295e+18 — 1.304e+18

. 1918e+140

Max: 5.181e+18
Min: 1.918e+14

. 1924e+140

Max: 5.214e+18
Min: 1.924e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att =4 ns

Afivo-streamer AMReX-streamer

DB: streamer _cyl 000016.silo DB: Header
Cycle: 16 Cycle: 16

Pseudocolor

Pseudocolor
Var: e 51900418 Var: n_esltez%féonsls
| |
—3.892e+18 o —3.943e+18 o
— 2.5%95e+18 — 2.62%9e+18
— 1.298e+18 — 1.315e+18

. 2.999e+140

Max: 5.190e+18
Min: 2.99%9e+14

. 2999e+140

Max: 5.258e+18
Min: 2.99%9e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att =5 ns

Afivo-streamer AMReX-streamer

DB: streamer _cyl 000020.silo DB: Header
Cycle: 2 Cycle: 2

Pseudocolor

Pseudocolor
Var: e 51410418 Var: n_esltezcggonsls
| |
—3.856e+18 5 —3.920e+18 o
—2.571e+18 —2.613e+18
— 1.286e+18 — 1.307e+18

. 3.500e+140

Max: 5.141e+18
Min: 3.500e+14

l3.477e+1410

Max: 5.226e+18
Min: 3.477e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att =7 ns

Afivo-streamer AMReX-streamer

DB: streamer cyl 000028 silo DB: Header
Cycle: 28 Cycle: 28

Pseudocolor

Pseudocolor
Var: e 69870418 Var: n_eslted'%féonsls
| |
— 5.240e+1 tﬁz — 6.34%e+1 tﬁz
— 3.4%94e+18 — 4.233e+18
— 1.747e+18 —2.117e+18

. 4.609e+140

Max: 6.987e+18
Min: 4.609e+14

l4.477e+1410

Max: 8.465e+18
Min: 4.477e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att =8 ns

Afivo-streamer AMReX-streamer

DB: streamer cyl 000032 silo DB: Header
Cycle: 32 Cycle: 32

Pseudocolor
Var: e

2.658e+19
]

— 1.994e+1% o

Pseudocolor
Var: n_electrons

3.676e+19
]

—2.757e+1% o

— 1.329e+19 — 1.838e+19

— 6.646e+18

. 5.230e+140

Max: 2.658e+19
Min: 5.230e+14

—9,190e+18

. 5060e+140

Max: 3.676e+19
Min: 5.060e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att = 10 ns

Afivo-streamer AMReX-streamer

DB: streamer _cyl 000040.silo DB: Header
Cycle: 4 Cycle: 4

Pseudocolor

Pseudocolor
Var: e 02970420 Var: n_ezl%%féon:j?o
e |
— 1,7239+2012 — 1,78?e+2012
— 1.149e+20 — 1.191e+20
— 5.744e+19 — 5.957e+19

lé.700e+1410

Max: 2.297e+20
Min: 6.700e+14

. 6.589e+140

Max: 2.383e+20
Min: 6.589e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att = 12 ns

Afivo-streamer AMReX-streamer

DB: streamer _cyl 000048.silo DB: Header
Cycle: 48 Cycle: 48

Pseudocolor

Pseudocolor
Var: e 2 2740420 Var: n_ezltes%fgon:j?o
| |
— 1,7D5e+2012 — 1.7829+2012
— 1.137e+20 — 1.188e+20
— 5.684e+19 — 5.940e+19

. 9.344e+140

Max: 2.274e+20
Min: 9.344e+14

lo.1s1e+1410

Max: 2.376e+20
Min: 2.181e+14

Y Axis (x10"-3)
o

Z-Axis (x10"-3)
o

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x107-3) R-Axis (x10"-3)




Numlber density of electrons att = 14 ns

Afivo-streamer AMReX-streamer

DB: streamer cyl 000056.silo DB: Header
Cycle: 56 Cycle: 86

Pseudocolor Pseudocolor
Var: e 0 3780420 Var: n_ezlegcztéons20
| e m—
—1 .7839+2012 — 2,122e+2q2
— 1.189e+20 — 1.414e+20
— 5.945e+19

— 7.072e+19

-—1.69]e+1510

Max: 2.829e+20
Min: 1.691e+15

. 1.672e+190

Max: 2.378e+20
Min: 1.672e+15

Y Axis (x10"-3)
-}

Z-Axis (x10"-3)
[

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Electric field infensity at t = 0.25 ns

Afivo-streamer AMReX-streamer
DB: streamer_cyl 000001 .silo DB: Header

. 4. H f . 4. H f
Cycle: T Time:2.5e-10 Cycle: T Time:2.5e-10
Pseudocolor Pseudocolor
Var: e\eggié:a_ﬂd% Var: E_Tgfgé_zintecvgiw

— 3.690e+04 5 | — 3.690e+04 5 |
B 33916400 B 33880406
— 3.092e+06 — 3.086e+06
2.794e+0d 0 2.784e+0d 0
Max: 3.988e+06 Max: 3.992e+06
Min: 2.794e+06 Min: 2.784e+06

- -

(I (I

-3 - -3 -

< 8 - - 8 -

“ - “ -

[ [

= T

> N

6 6
4 4
2 2
-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0

X Axis (x107-3) R-Axis (x10"-3)




Electric field infensity at t =2 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl _000008.silo DB: Header
Cycle: 8¢ Cycle: 8¢
Pseudocolor Pseudocolor

Var: electric_fld Var: E_total_intensity
5.450e+06 5.485e+06

—4.312e+40¢ o — 4.3369+0(12

3.174e+06 3.187e+06

2.035e+06 2.037e+06

8.973e+08L0
Max: 5.450e+06
Min: 8.973e+05

8.879e+051 0
Max: 5.485e+06
Min: 8.879e+05

Y Axis (x10°-3)
Z-Axis (x10"-3)

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Electric field infensity at t =4 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl 000016.silo DB: Header
Cycle: 16 Cycle: 16

Pseudocolor Pseudocolor
Var: electric_fld Var: E_total_intensity
6.269e+06 6.324e+06

—4.804e+04 5 — 4.8309+0q 2

3.339e+06 3.337e+06

1.873e+06 1.843e+06

4081e+0510 3.497e+0510
Max: 6.269e+06 Max: 6.324e+06
Min: 4.081e+05 Min: 3.497e+05
~ ~
™ ™
1 1
< <
o o
% =
S N 8
n 7]
- -~
L] L]
N T
] N

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Electric field infensity at t =5 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl 000020 silo DB: Header
Cycle: 26 : Cycle: 26

Pseudocolor Pseudocolor
Var: electric_fld Var: E_total_intensity
6.577e+06 6.651e+06

—5.043e+04 5 — 5.0849+0q2

3.510e+06 3.517e+06

1.977e+06 1.950e+06

4.433e+0810
Max: 6.577e+06
Min: 4.433e+05

3.834e+09 0
Max: 6.651e+06
Min: 3.834e+05

Y Axis (x10°-3)
Z-Axis (x10"-3)
(-}

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Electric field infensity at t =7 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl 000028.silo DB: Header
Cycle: 28 Cycle: 28

Pseudocolor Pseudocolor
Var: electric_fld Var: E_total_intensity
8.015e+06 8.288e+06

— 6.262e+0q 2 — 6.456e+0q 2

4.509e+06

4.625e+06

2.755e+06 2.793e+06

9.618e+081 0
Max: 8.288e+06
Min: 9.618e+05

1.002e+04 0
Max: 8.015e+06
Min: 1.002e+06

Y Axis (x10"-3)
Z-Axis (x10"-3)
(-}

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Afivo-streamer

DB: streamer_cy! 000032 silo

Cycle: 32

Pseudocolor
Var: electric_fld
040e+07

— 8.1849+0§2
5.970e+06

3.756e+06

1.542¢+08L 0
Max: 1.040e+07
Min: 1.542e+06

Y Axis (x10"-3)

-2.0 -1.0 0.0 1.0 2.0

X Axis (x10"-3)

Electric field infensity at t = 8 ns

AMReX-streamer

DB: Header
Cycle: 32

Pseudocolor
Var: E_total_intensity
1.122e+07

— 8.8059+0q 2

6.390e+06

3.974e+06

1.559e+04 0
Max: 1.122e+07
Min: 1.559e+06

Z-Axis (x10"-3)
(-}

-2.0 -1.0 0.0 1.0 2.0
R-Axis (x10"-3)



Electric field intensity at t = 10 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl 000040 silo DB: Header
Cycle: 48 Cycle: 48

Pseudocolor Pseudocolor
Var: electric_fld Var: E_total_intensity

. 1.954e+07 . 1.951e+07

— 1.497e+07; 5 —1.493e+07; 5

1.040e+07 1.034e+07

— 5,835e+06 k — 5.749e+06
l 1.266e+04 0 l 1.160e+08L 0
Max: 1.954e+07 Max: 1.951e+07
Min: 1.266e+06 Min: 1.160e+06

~ ~
™ ™
1 1
< <
o o
% =
-~ 8 -~ 8
%) )
-~ -~
M L]
= T
™ N

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Electric field intensity at t = 12 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl 000048 silo DB: Header
Cycle: 48 Cycle: 48

Pseudocolor Pseudocolor
Var: electric_fld Var: E_total_intensity

. 1.660e+07 . 1.646e+07

- L275e+0712 —1.265e+07; 5

8.898e+06 8.833e+06

— 5.049e+06 — 5.020e+06

1.200e+08t 0 1.207e+08L 0
Max: 1.660e+07 Max: 1.646e+07
Min: 1.200e+06 Min: 1.207e+06

Y Axis (x10"-3)
Z-Axis (x10"-3)
o

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Electric field intensity at t = 14 ns

Afivo-streamer AMReX-streamer

DB: streamer_cyl 000056 silo DB: Header
Cycle: 86 Cycle: 86

Pseudocolor Pseudocolor
Var: electric_fld Var: E_total_intensity

. 1.399e+07 . 1.391e+07

— lAOBBe+0712 — 1A0829+0712
7.770e+06 7.733e+06
4.660e+06 4,647e+06
1.550e+068L 0 1561e+08L 0

Max: 1.399e+07 Max: 1.391e+07
Min: 1.550e+06 Min: 1.561e+06

Y Axis (x10"-3)
Z-Axis (x10"-3)
o

=~

2

-2.0 -1.0 0.0 1.0 2.0 -2.0 -1.0 0.0 1.0 2.0
X Axis (x10"-3) R-Axis (x10"-3)




Positive streamer in the air

» The dry air: 80.0% N,, 20.0% O, .
®» The number of AMR levels 7 (from O to 6)
®» Photoionization parametrization: Bourdon 3 term

» The applied reduced electric field: E/N, =80 Td

» The initial condition: Positive line segment with a length of 0.64
mm and a width of 0.4 mm, centered at the center of the z
coordinate range

» Background ionization: 107m-s.
» Neutral gas density: 2.50475764 - 102> m3.




Number density of electrons at t = 0.25 ns

fivo-streamer AMReX-streamer

DB: streamer_cyl_000001 .silo DB: Header
Cycle: 1 Time:2.5e-10 Cycle: 1 Time:2.5e-10

Pseudocolor Pseudocolor
! Var:

var e ' n_electrons
- 1.753e+14 - 1.844e+14
— 1.314e+14 — 1.383e+14

— 8.763e+13 —2.219e+13

_4610e41Z. 0

l 9. 832e+08

Mo 1.844e+14
Min: 9.832e+058 g, 0

_a3:e1Z.0

l 2. 794e+08

Mo 1.753e+14
Min: 9.794e+08 &, 0

5.0 5.0
- -
) )
1 1
< <
o o
- -
x 4.0 x 4.0
S S
v v
- -
k: k:
3.0 1 3.0
> ]
2.0 2.0
1.0 1.0
4 2 (o] 2 4 4 2 [o] 2 4

X Axis (x107-3) R-Axis (x107-3)



Numlber density of electrons att =4 ns

fivo-streamer AMReX-streamer

DB: streamer_cyl_000016.silo DB: Header
Cycle: 16 Time:4e-09 Cycle: 16 Time:4e-09

Pseudocolor Pseudocolor
Var Var:

ar e ' n_electrons
- 1.394e+20 - 1.404e+20
— 1.04ée+20 — 1.053e+20

— 4.972e+19 — 7.022e+19

_3.511e+17. 0

l 3.011e+08

Mare 1.404e+20
Min: 8011e+08 &, 0

_ 3.486e+19 . 0

l 4.005e+08

Mo 1.394e+20
Min: 8005e+058 g, 0

5.0 5.0
- -
) )
1 1
< <
o o
- -
x 4.0 x 4.0
S S
v v
- -
k: k:
3.0 1 3.0
> ]
2.0 2.0
1.0 1.0
4 2 (o] 2 4 4 2 [o] 2 4

X Axis (x107-3) R-Axis (x107-3)



Numlber density of electrons att =8 ns

fivo-streamer AMReX-streamer

DB: streamer_cyl_000032.silo DB: Header
Cycle: 32 Time:8e-09 Cycle: 32 Time:8e-09

Pseudocolor Pseudocolor

var e Var n_glectrons
- 1.317e+20 - 1.334e+20
— 9.875e+19 — 1.000e+20

— 5.583e+19 — 5.660e+19

_ 3.3350+19 . 0

l 0.448e+08

Mo 1.334e+20
Min: 64482408 g, 0

_3.202e417 .0

l 0.423e+08

Mo 1.317e+20
Mir: 6.423e+08 6, 0

5.0 5.0
- -
) )
1 1
< <
o o
- -
x 4.0 x 4.0
S S
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Electric field infensity at t = 0.25 ns

fivo-streamer AMReX-streamer

DB: streamer_cyl_000001 .silo DB: Header
Cycle: 1 Time:2.5e-10 Cycle: 1 Time:2.5e-10

Pseudocolor Pseudocolor
var electric_fid var E_total_intensity
.'I.'I?Se+0? .1.173e+0?

— 8.800e+05 — 8.801e+06
5.873e+050 5.873e+00
2.9456+08 - O 2.9456+0% - 0
1.692e+04 1.675e+04

Mae 1.173e+07 Maie 1.173e+07

Min: 1.852e4+04 g, 0

5.0 5.0
-~ -~
™ ™
I I
< <
o o
- -
¥ 4.0 ¥ 4.0
S S
2] 2]
) )
3 3
3.0 1 3.0
™ N

X Axis (x107-3) R-Axis (x107-3)



Number density of electrons at t = 4 ns

fivo-streamer AMReX-streamer

DB: streamer_cyl_000016.silo DB: Header
Cycle: 16 Time:4e-09 Cycle: 16 Time:4e-09

Pseudocolor Pseudocolor

Var: electric_fid var: E_total_ntensity
. 1.495e+07 . 1.453e+07
— 1.1268+07 — 1.1258+07

I?.ﬁ&)e+00
3.8%6e+0% - 0
.:2.1109+05
M 1.495e+07

Min: 2.110e+05 g, 0

I 7.572e+06

3.891e+0% . 0

'2.1me+05
QX

5.0 5.0
- -
™ ™
1 1
< <
o o
- -
x 4.0 x 4.0
S S
v v
- -
k: k:
3.0 1 3.0
] L]
2.0 2.0
1.0 1.0
4 2 (o] 2 4 4 2 [o] 2 4

X Axis (x107-3) R-Axis (x107-3)



Number density of electrons at t =8 ns

fivo-streamer AMReX-streamer

DB: streamer_cyl_000032.silo DB: Header

Cycle: 32 Time:8e-09 Cycle: 32 Time:8e-09
Gﬁ?i&%ﬁ@;ﬁm Sﬁ?ﬁféﬁéj%mw

m m
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Conclusions

®» We have implemented an axisymmetric fluid model in
the AMReX library

» Qur model is based on the first-order fluid model with
local field approximation

» Photoionization is implemented by solving a system of
Helmholtz equations

» The good agreement between the results of our
program and the Afivo-streamer open-source program
confirms the validity of our code.
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