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_Background

* Importance of kinetic effects in the SOL/DIV plasma is recently re-focused.
High energy tail particles remain collisionless, thus in the divetor region,
plasma are non-Maxwellian.

¢ The fluid model cannot fully consider the kinetic effect, thus underestimates
T,, overestimates n, [1], and underestimates ion flow at the LFS [2].

» It is necessary to introduce kinetic effects to fluid model.

Kinetic effect= » Microscopic phenomena (non-Maxwellian) appear as macroscopic effects
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Purpose

M Development of a hybrid code that introduces the kinetic
particle calculation to the 1D fluid simulation.
M Introduction of kinetic effects in a cost-efficient way.

output

»In future, kinetic corrections from particle model will be
introduced into fluid model. In this study, We investigated
the influence of kinetic effects by comparing results of the
fluid model and the hybrid model.
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10 hybrid model

* We developed a 1-D fluid/particle hybrid code for further understandings of kinetic effects in the SOL/DIV plasma.

¢ As we artificially increases collisionality, lower electron heat conductivity appears an

d results between the fluid model and the (kinetic) hybrid model becomes closer.

 Further investigations (kinetic effects of ion, heat flux) will be taken in this 1-d simulation. Then the model will be applied for 2D codes such as SOLPS and/or SONIC.

Fluid model Particle model

MPlasma transport calculation

« Continuity equation n;, ne: ion, electron density
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HMBoundary condition
Stagnation point = * -% =0,V = 0 Divertor plate- - *Bohm condition

HRecycling model

* Recycling particle flux
Sionization(t + At)Lppy =
Recy(ScoreLsor X Sionization(©)Lprv)

Particle flux from CORE X Previous Recycling

¢ Energy of recycled ion at
jonization (and T, = Ty)

Qionization = 2€rc X Sionization

* lonization position
lonization occurs placed at

Where, S;onization=const. Particle flux random position between X-pt.

Sionization = Score X 132% and wall
- Lsor . Low :
— 11 SoL 1 DIV |
Qcore  Score CORE Sionization |
I | ionization :
Stagnation pt. (x=0) X-pt. Divertor plate (x=L)

HECollision model
We treated collisions as a binary
collision, and used Symmetric
model[3]

MParticle motion model

MData transformation (Fluid—>particle )
o~ Fluid model — . Particle model

Flow velocity: V' Initial velocity: v = vy + V
Temperature: T

\

vy + randomly selected from Maxwell
distribution with Temperature T

density:n The number of superparticle : N = n/w We Use PARASOL-like model.
I w : a weight of super particle | ~—
g NG ) Guiding center model for electron,
. Gyro motion model for ion
MElectric field  Electron 0.719(kT,) 1 dp
momentum balance E, = o el CT7e
without electric current e 0x en 0x

Values obtained from fluid simulation results are used

in all steps. No self-consistent calculation is taken.
MBoundary condition

Stagnation point == -V (t + At) = —V(t) Divertor plate- - -Simple sheath model

#"Simple sheathmode| """~~~ """"""==========7=7=777=7oommo o
Incident high energy particle:mevé”/Z > eps(t)

Reduction of calculation cost

ions : always penetrating sheath
Electrons : penetration or reflection
is judged by its incident energy
compared with the sheath
potential ¢ (t)

MRecycling model * Number of recycled neutral particles

[number of incident particle] X [Recycling rate]

Rest of incident particles are returned as plasma flux from
CORE.

The particles are returned as a pair of electron and ion.
 Particle energy after ionization

Franck-Condon energy is used. (same as the fluid model.)
* Recycled position

Reflective low energy particle:mgv;"/Z < egy(t) °

¢s(t + At) = ¢s(t) —aTe/e
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| Potential control parameter a = (N; — N,)/(N; + N,)

Divertor region

Field line

Recycled particles are placed at random position
between X-pt. and wall

Numerical result (collisionality dependence)

HIn order to investigate the dependence of the collisionality, we changed the 50" i —— 40 OAs collisionality decreases, the electron
- . . .. . . particle normal . .
variance value in the binary collision calculation in eq.(11) of Ref. [4]. pariclvar<10 + g density and temperature profiles tend to be
(variance value determines magnitudes of the scattering angle) ~ 410 }éfﬁ 3 flat_. . .
MCalculations with x 10 and x 100 variance values are performed in order to & n, 4 |z DAt ion density and temperature, there is
increase the collisionality artificially. § N € o g almost no difference is observed between
. . N n 3x10 i ici it
MResults of the fluid model and the fluid/particle hybrid model are compared. 2 different collisionalities. )
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