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‘o: |PP  C&compass Coulomb collisions in PIC codes

Motivation
5
1. Classical PIC simulates only macro fields and — s
neglects particle collisions. . — 2D
i __ 3 |
2. Inside grid cells the interaction between particles ~1/r
deviates from the Coulomb law 3
~1/r?
0 -0 F 0 - 2-
PIC —+V —+ _ f(r,V,t)zO
ot or moV — ~const
1
0 -0 F 0 - !
We need —+V —+ — f(r,V,t)—St 0 : : : :
at af' m a 0 0.2 0.4 0.6 0.8 1
— r/AY
: n
Reminder Veoulumb — —==a15 Interaction force between two particles inside the grid cell




‘o: |PP (Ccompass Coulomb collision models

Nonlinear model

- N

N y g ) )

AV = FAt+,AV AtRE, +,/AV/ AR,

large number

(U 4
! ‘ — PIC ! 4
(Tl'Tz)/(Tl'Tz)o ‘
— An.
0.8+ 1
. : @ NN
0.6’ e 7] oy .
Thermal equilibration of @
two-temperature plasma Binary collisions conserving
0.4 (BIT1 code) [2] A. Bergmann, Contrib. Plasma Phys., 38, 1998 momentum and energy
, [3] O.V. Batishchev, Phys. Plasmas, 3, 1996
0 0.5 t/to 1 [4] T. Takizuka and H. Abe, J. Comput. Phys., 25, 1977

Tskhakaya 27.03.2023




so: |PP Ccompass Binary collision model

Choosin g of Simulation

particles —> Particle sorting
colliding pares . 1] [2 Ne

Grid cells ArPIC ~ /’L

Debye

All particles are collided

ANNNVE

N

w

&
AT

too expensive v

3b.
\

. , Cumulative binary
Collision of two V= O(y)V P(y) = X exp| — 4 | collision operator [5] —
particles <;(2>At 2<;(2>At applicable for relatively

T uniform plasmas

2 4 3
. < X > ~ e 'nAt/v
Scattering angle At [5] K. Nanbu, Phys. Rev., E 55, 1997



Questions?




so: |PP comveass  Atoms and molecules in fusion devices

Tokamak Plasma fueling & » Atomic and molecular fuel (D, T, D,, T,):
Cross /7 / Impurity seeding plasma fueling, NBI, plasma recycling
section | | » Seeded impurity particles (N, Ne, Ar, Xe
\_ + First wall mpurity particles (N, Ne, Ar, Xe)
\ » Intristic impurity particles, sputtered due
to plasma-wall interactions (C, W, Be, Li,
Fe, Sn, ...)

P|a5ma_wa|| » Parasitic impurity particles penetrating

Neutral beam into the plasma due to different processes

Interaction injection (NBI) (O, 0,,...)

/ / / | .
\ » Fusion product impurity (He)

» Impurity particles used in different

/ diagnostics (Li, ...)
Divertors — * Impurity particles can form molecules: C,H,, N,H,, BeA, WA (A=H, N, O)



o: |PP (C:compass General principle of MC model

Deterministic model of particle motion Deterministic + stochastic model of particle motion

d - d-, 1

EF:V i_bzl_> _ﬁ:Vi’ _Vi':_lfaivfield’
dt gt m Y dt dt m
— — — St(l)lqh_astic,
- collision
F T |:av. field + |:collisions \7;' RN \7:
. Different ways of choosing
Collision event the collision partners*
P(t)
1. Counter based models
P (t) =1- EXP (_Ut) V1 — V1 | Equations conserving 2_. Non-_countgr based models:
L= HUG(U) \72 \72 '] momentum and energy direct simulation MC (DSMC)



‘o: |PP  C&compass Counter based models

P(t)=1—exp(-ut InR
( ) ( ) tco| — _T , Re [0,1] For each particle one has to
UanG(U) calculate and curry an
1. Calculation of average time between collisions ‘ — 1, V, i, additional parameter

o _ _ Too expensive!
2. Colliding particle after t,, time.

Null collision method [6]

: InR . .
1. Calculation of shortest possible collision time ~ t7," =— Tl IS same for any particle of
Umax the given type — less expensive!

2. Analyzing for collision after tg‘;}”

P l-exp(—vt) v
P _1—exp(—vmaxt)~vmax

max

3. Colliding these particles if R'<

What if different collision types can take place?
[6] H.R. Skullerud, J. Phys. D., 1, 1968



fo: |PP (C:ocomeass Different collision types

. 7] : InR
Collision types goin = — U:ZUi
Ncollided 2 |vlproducts max
« 2 > 2 - elastic, excitation, charge-exchange, ... A
If R'<—=—,then collision 1 takes place
« 2 > 1- recombination (radiative) Vinax
« 2 > 3- dissociation, ionization LV VY, o
f R'< , then collision 2 takes place
2 - 4 - double ionization, dissociative ionization Vinax
« 3 > 2- recombination (three-body)

Frequently used in SOL simulating Linear MC codes (e.g. EIRENE)

Linear MC codes: target particles are not followed, but represent a background with given density, temperature and EDF

[7] D. Tskhakaya, Contr. Plasma Phys., (2008); (2016)



% COMPASS EIRENE basics

\ INSTITUTE OF PLASMA PHYSIC:!

EIRENE-NGM iterative scheme with the CFD codes [8]: NGM — Neutral Gas Module; CFD - computational fluid dynamics;
CRM - collisional-radiative model

Macroscopic: T N ST QR Ve ST N ST U S Vi SR S SN S Microscopic:

I I
CFD codes Plasma flow parameters EIRENE-NGM: 2

l—--- S -
(computational fluid 3D3v MC multi-
dynamic): species transport
B2, Edge2D, EMCS3, code incl. radiation

SOLEdge3X, efc... transfer, kinetic
or F-K hybrid.

3D EIRENE
volume cell

2D or 3D Volume grid
(e.g. tetraeder) adopted Pt - |
for current magnetic I Source terms (Partlcle <: CRMs
configuration /‘, Momentum, Energy) : (HYDKIN, AMJUEL,
_______ e
emdme YT T TN for atomic and

-
’ ﬂ\ 3) v | molecular neutrals
—4 /\ *

l

[

e N H,H*,H2,_H2(v):IjI2 e
| \;._ X ,Ho*,..., impurities
S * ,r-" lonisation, CX,

I

~ - - -
< =" recombination etc.

[8] https://www.eirene.de/Basics/basics.html



Questions?




so: |PP  compass Non-counter based models (DSMC)

Particles are sorted into the grid cells o
» Parameters in different cells are

statistically independent

. DeC|§|9n _ Pij N = Pij N » Scales as ~N_,
on collision j At At — FPat (O') i . .
» Null collisional method can be applied
I
. i
If yes
____________________________________________________________________________________ 1. Calculation of maximum
possible  number  of
. . Binary collision model collided particles in each
ii. Calculation sell - N__
of a_ft_er- ® _ 2. Analyzing only N,
collision 4 particle number, particles.
velocities ®.. . .® energy and
@ :‘. momentum are
® conserved = ttttemeeeeeeoeosssoseeeeeoooeeooo

[9] G. A. Bird, Molecular Gas Dynamics and the Direct Simulation of Gas Flows, (1994).



so: |PP C&compass Collision operators

Elastic: e+D—>e+D U=V, -V, U':()(Q)U UIF[EJZ{EJ G(E,g)
2 2

) . S o . " N . L E,
Excitation: e+D—>e+ D" U=V, -V, U'=0(6)U oV,'=V, = —E_h
0

. GE[ = E.0.n

lonization: e+D—>2e+D o(E,0,E,6,) ( ij( 2-) o ( )

Double ionization: e+Ne—>3e+Ne,* o(E0,E,0,E,0,n)



