Kinetic trajectory simulation method for interaction of magnetized plasma having two
species of positive ions with tungsten surface
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ABSTRACT

The Kinetic trajectory simulation (KTS) method has been employed to study the
plasma-wall interaction mechanism in the magnetized plasma with two species of
positive 1ons exposed to the tungsten (W)-surface. This work Is done when multi-
component plasma Interacts with W-surface through non-neutral plasma sheath
formed near the Plasma Facing Materials (PFMs). It is assumed that two ion species
have different temperatures with same degree of 1onization. It Is found that the i1on
velocity distribution functions have a cut-off Maxwellian distribution with almost
equal magnitudes of cut-off and Maxwellian maximum velocities. The presheath
electron temperature can significantly affect the ion velocity distribution functions,
wall potential and 1on flow, whose effect can be seen on the ion fluxes and current
density at the wall. The wall potential 1s deviated from the analytical result by
1.86% In magnitude. In addition, the reflected concentration of both the ions
decreases so that absorption rate increases; however, the lighter 1on absorption Is
about 16% higher in magnitude than that of heavier ions for the W-surface (PFMs).

MODEL AND BASIC EQUATIONS
A model considered for magnetized plasma sheath that interacts with the W-surface
IS shown In Figure 1, where x = D Is the plasma Injection side (sheath entrance) and
X = 0 represents the material wall. The plasma consists of two species of singly
charged positive ions (hydrogen H* and helium He*) and electrons. The external
magnetic field acts In the x-y plane, which makes an angle v with direction of
electric field.

Vlasov equation:

Poisson’s equation: &, V? O=— e(nl +1N, — ne)

Electron density distribution: n°(g)=n¢, exp G—fj

lon velocity distribution: _ _
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Figure 1. Schematic geometry of magnetized plasma-wall interaction.

Theoretical value of wall potential :
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Particle reflection coefficient for normal incidence:
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Thomas Fermi-reduced energy with Lindhard screening length is given by
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The reflected and absorbed ion density:
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Figure 2: lon velocity distributions at particle
Injection side (a) hydrogen ions (b) helium ions.

Figure 3: lon velocity distributions at the wall
(a) hydrogen ions (b) helium ions.
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Figure 4: Phase-space ion trajectories (a) for hydrogen ions (b) for helium ions.
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Figure 6: Variation of presheath
lons velocities.

Figure 5: Variation of wall potential with
presheath electron temperature.
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Figure 7: Reflected ion densities. Figure 8: Absorbed ion densities.

CONCLUSIONS:

» The present work confirms that the electron temperature, wall potential, incident
lon fluxes and i1on current reaching the wall have considerable effects on plasma-
wall transition process.

» The magnitude of wall potential increased for the increase in presheath electron
temperature and it Is found that the value of wall potential is higher about 1.86%
In magnitude compared to the analytical result.

» The velocity of both ions at the presheath side increased for the increase in wall
potential; however, the increment rate for lighter ions Is higher than that of
heavier ions .

» The W-surface has higher value of ion absorption coefficient for lighter ions than
that for heavier ions.
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