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Introduction

The divertor concept is considered a well developed scheme for power and particle exhaust
from the outer regions of a fusion plasma referred to as scrape-off layer (SOL). Divertor
configurations have been successfully tested and modelled with tokamaks (JET, ASDEX-
Upgrade) and are designed for experimental use with stellarators (W7-AS, W7-X, LHD)
as well.

For W7-X a divertor is planned using the existing island topology of the magnetic field,
where configurations with and without strong stochastic effects are possible. Comparing
stellarator results to tokamaks the latter case is of particular interest.

In contrast to the highly sophisticated tools applied to the studies of tokamaks there is
an urgent need for an adequate numerical description of stellarators with their inherent
three-dimensionality.

Based on the same plasma fluid approach as used for codes like B2-Eirene a transport code
is under development taking account of the full three-dimensional geometry by solving
the strongly anisotropic SOL transport equations in magnetic coordinates. This ansatz
allows to use standard discretization methods with higher order schemes still enabling full
geometric flexibility. Experience and techniques of 2-D SOL modelling can be directly
adapted including the extension to multi-fluid formulations.

The general design of the code enables benchmarking with characteristic 2-D situations
covered by other codes (B2, UEDGE, EDGE2D), studies of 3-D effects in tokamaks such as
localized gas puffs or recycling and the description of SOL physics of stellarators without
an initial restriction to W7-X applications.

General concept and model equations

Due to the choice of magnetic coordinates the entire plasma can be described by a con-
junction of independent coordinate systems each of them representing a different region
as long as stochastic regions are negligible [1, 2]. In a first step this scheme is used to
describe the magnetic surfaces within an isolated island flux tube winding around the
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core plasma with and without intersection by target plates [3]. Subsequently the coupling
between neighbouring islands and the core will be introduced via appropriate boundary
conditions for each of the separate magnetic coordinate systems thus leading to a descrip-
tion of the entire SOL. The general design of the code contains no assumption about the
mesh with respect to local grid refinement and allows arbitrarily shaped computational
cells due to indirect addressing.

In addition to the actual SOL modelling adequate tools for grid generation and post-
processing are under development.

The general equations describing the SOL plasma fluid follow from the full set of multi-
fluid Braginskii equations [4].

Due to the extreme anisotropy between parallel and perpendicular heat flux the anisotropic
Laplace equation for the electron temperature 1, is considered an appropriate test case
and is solved for several situations of increasing complexity.

The equation to be solved reads

V-g=-V- (K”VHTe + HLVLTQ) =0 (1)

with the heat flux ¢, being given in magnetic coordinates s, 6, ¢ [5]
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with the left-handed system B, Vs, Vs x B (II, L1, Lo), the poloidal and toroidal currents
I and J, the radial derivatives of the flux functions F}, and F}. and the metric coefficients
g". The latter ones are numerically available with VMEC/JMC [5, 6]. The anisotropy
K||/k1 > 1 can be seen according to the conductivities

M x08 (3)
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An extension of the code successively implementing the equations for continuity, momen-
tum transport and complex heat flow is underway and the corresponding work will be
presented in future contributions.

Numerical aspects

Taking advantage of Gauss’ theorem the above equation (1) is integrated and can then
be discretized applying the Finite Volume method

N
/V-q’ed\/:/qe-d3:2/qe-dﬁi:0 . (4)
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Figure 1: Temperature profile for s = const.

The resulting system of N non-linear equations is iteratively solved via a Newton method,
i.e. by approximating the total heat flux balance for each computational cell V; succes-
sively, using a direct sparse matrix solver [7]. Properties which need to be derived from grid
points are available by a numerical interpolation scheme which is capable of accounting
for different computational molecules depending on a maximum order of neighbourhoods
to be considered.

Results

First calculations performed with the new 3-D SOL code were to determine the tempera-
ture profile for a single island flux tube winding around the core of a W7-X plasma. For the
boundary conditions we used poloidal (§) and toroidal (¢) periodicity, a no-power flow con-
dition at s = ¢ > 0 and a prescribed temperature profile (Ts—; = [12.5 + 7.5sin(270)]eV)
at the outermost flux surface s = 1. The latter condition was strongly influenced by
the results already presented in [3]. As in [3] an analytical metric model was used for
simplicity. The following figures are results for a regular grid with 20 grid points in each
direction.

Figure 1 scans through different radii and shows how the initial pattern prescribed at s = 1
becomes more and more toroidally structured due to the metric and the dominant parallel
transport along the magnetic field lines of rotational transform « = F},/F. = A§/A¢ =~ 1.
In order to study the influence of the 3-D magnetic field the contravariant metric coefficient
gops within the radial heat flow across a surface was artificially set equal to zero. Due to this
the spatial pattern of radial heat flow is actually governed by the remaining coefficient
g°° alone. The evolution of ¢** with the radial coordinate s is shown in Figure 2 and
clearly reflected by the temperature profiles given in Figure 3. This result appears as a
convolution of the initial temperature profile prescribed at s =1 with the function ¢**.
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Figure 2: Metric coefficient ¢°* for s = const.
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Figure 3: Temperature profile for s = const.
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