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Motivation and introduction
For ITER and future fusion devices, it is important to control the heat and
particle fluxes onto first wall materials. Alongside an increase in the target area,
impurities are added to enable additional cooling. Sputtering from the walls leads
to additional impurities in the divertor region. In order to develop predictive
models, the physics needs to be understood. Filaments are a non diffusive
transport mechanism, and play a role in the cross field transport. Therefore the
influence of neutrals on the dynamics of filaments is studied in slab geometry.
BOUT++ is a great tool for developing and testing new methods for fluid
simulations in curvi-linear geometries, due to its modular design [1].

Neutrals model
• In order for the Navier–Stokes Equations to be valid, the fluid needs to be
dominated by collisions. The mean free path λm should be shorter than the
length scales L of interest, i.e. λm� L. The mean free path ranges from the
centimetres to meters. The size of filaments is also of the centimetre range [3].

•Alternative are kinetic Monte-Carlo based neutral models like EIRENE. Kinetic
models are computationally more expensive, but can represent neutrals also in
non collision dominated regions correctly.

•The neutrals are assumed to influence the background plasma and not the
motion of the filaments directly. EIRENE can be used to confirm this.

Steady State Profiles
• In order to run the filament simulation, a backgground is needed. This is
achieved by running one-dimensional simulation to steady state. Thereby energy
and particle influx have been changed.
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On the left is a plot of
the midplane density
and temperature.
The selected points
(circle) have been
used as background
profile for a filament
simulations. The
corresponding profiles
are shown below.
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•Plasma density np, temperature T and neutral density np as a function of the
distance to the sheath. The sheath is at the right hand side at L‖ = 10 m.
Temperatures are in eV and densities in 1019 m−3. As the neutral densities are
significantly smaller than the plasma density, the neutral ones are plotted on the
right axis.

•The model both can reproduce both a sheath limited (a, b) and a high recycling
regime (c, d) [2]
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Equations
The code evolves the equations for the plasma density n, parallel velocity for ions
U and electrons V , parallel vorticity w and plasma Temperature T .
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Convective, electrostatic, pressure, diffusive, friction, curvature and neutral terms
are highlighted.

Results
•On the different background profiles, filaments have been initialised with
δ⊥ = δx = δz = 2 cm. The amplitude of the filament was 80 eV and 1.6 · 1019

m−3 above the background temperature and density profile.
•The centre of motion has been computed across the different profiles.
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Above is a plot of the time evolution of a
filament with profile (a) as background.
On the left is the radial velocity profile
for the different background profiles. It
can be clearly seen that the filament mo-
tion strongly depends on the background
profile.

Outlook
• Study influence of background on filament dynamics
•Compare fluid model with full kinetic treatment
• Study neutral interaction in realistic diverter geometry
•Extend code to handle impurities and study influence
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