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Introduction

Interpretation of experimental data from stellarators needs the topological information of
the 3-D flux surface structure in order to compare the data on a common flux coordinate
system. The plasma equilibrium currents driven by the plasma [ change the magnetic
configuration and vacuum flux surfaces can serve only as zeroth order approximation to
this problem. Therefore, equilibrium codes calculating the finite-3 flux surfaces have to be
applied to interpret the data correctly. However, MHD-equilibrium codes which assume
the existence of nested flux surfaces, like the widely used NEMEC-code [1], fail if island
structures are getting important. For W7-AS, this is the case in the high-+ configurations
(¢ > 5/11) where natural islands lead to a corrugated separatrix. These configurations
are of strong interest being used for experiments with the island divertor. At present,
evaluations have to be done with the vacuum field, which is a good approximation for
small (-values. However, the new Improved Confinement (HDH) regime reaches non-
negligible 3-values. These lead to a shift of the plasma as a whole, possibly displacing
the strike-point patterns on the divertor targets and also deforming the ¢-profile. The
different shear at the plasma boundary then alters the size of the boundary islands re-
sponsible for the separatrix which may even lead to ergodization of the plasma boundary.
Thus, diagnositics as well as theoretical modelling of the plasma edge need appropriate
equilibrium calculations including these effects. To understand the changes in the mag-
netic configuration due to the finite-3, we investigate the most simple configuration at
the relevant ¢-value of 5/9, i.e. without vertical field and without using the control coils
to change the size of the boundary islands.

The HINT-code

We use the HINT-code [2] which, besides the PIES-code [3], is one of the advanced 3-D
MHD-equilibrium codes not relying on the existence of nested flux surfaces. Therefore,
it is able to handle islands in- and outside the plasma. The HINT-code solves the time-
dependent resistive MHD-equations on a Eulerian grid. The pressure relaxation along
field lines is treated in a separate way by averaging the pressure along the field line for a
certain length (input parameter) and then interpolating it onto the grid. This decouples

to a certain extent the pressure evolution from the magnetic field evolution depending on
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Figure 1: Left: comparison of vacuum flux surfaces from NEMEC and Poincare plot from field line
tracing code GOURDON for considered 5/9-configuration. Right: ¢-profiles from field line tracing and

from NEMEC-calcuations (different small radii) which show a general agreement.

the averaging length for the pressure. A major advance in the applicability of HINT is
the possibility to include coil currents in the computational region. However, convergence
problems due to the numerical scheme applied for the time integration occur if the coils
are quite close to the plasma like in the case of the control coils at W7-AS. Therefore,
we omit them in the investigations at the moment.

5/9-configuration

The magnetic configuration of W7-AS at the boundary ¢-value 5/9 which is used in di-
vertor experiments is characterized by 9 large islands leading to a separatrix forming the
plasma boundary (Fig. 1). Although the NEMEC-calculation cannot reproduce the sep-
aratrix correctly - NEMEC smoothes the boundary - the ¢-profile is generally consistent
with the field line tracing results. A smaller boundary for the free-boundary NEMEC
calculation gives a better agreement showing the effect of the indentation on the profile.
HINT-calculations
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Figure 2: pressure profiles (a.u.)

and Therectangular regions in R and z have a size of 2.0m
initial profile form (1 — (r.;,/0.14)*)?). x 1.2m in the triangular plane (original size 1.0m x
0.6m). The local coordinate system used in HINT rotates helically so that the R-z-size

in the elliptical cross section is 0.6m x 1.0m. We start the investigation with a pressure
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profile form of (1 — s*)* (Fig. 2) to have a broader profile with zero gradient at the edge.
Due to the numerical solution method the pressure profile changes during the iteration

process. The final pressure-profiles are shown in Fig. 2 compared with the initial profile

form. The peaking factor of
no < ﬁ > ﬁo aeff,Hint bo bb

00 0 0 27.37 | 0.5305 | 0.5464
60-3.1 | 0.21% | 0.49% | 27.05 | 0.5493 | 0.5468
120.3.1 | 0.41% | 0.99% | 26.62 | 0.5670 | 0.5460
180-3.1 | 0.62% | 1.49% | 26.56 | 0.5839 | 0.5412
240.3.1 | 0.81% | 1.99% | 26.28 | 0.5981 | 0.5351

the evolved profiles is about 2.5

which can be seen in the table
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Figure 3: Left: Poincare plots showing the triangular plane for 3 cases of the table (8,=0, 1, 2%). Axis

shift and increasing indentation are marked by bars as well as the movement of 2 upper x-points. The
outer x-point seems not to move. Right: ¢-profiles resulting from HINT- (with symbols) and VMEC-

calculations.

in the small radius a.;,;. The positions of the x-points seem not to move very much in the
present calculations. There is, however a movement which is mostly due to the effect of
the Shafranov shift, i.e. due to the effect that the outer flux tubes expand poloidally, the
upper and lower x-points seem to move inward. The boundary value of ¢ tries to approach
5/9. The profile develops a minimum which, in the course of increasing (3, heads towards
the 10/19 resonance. For a slightly higher -value one expects the resonance to appear,
defining a new separatrix. Indeed, in a case with a more peaked profile, we see the 19
islands developing at the boundary within an overall 5/9 corrugation of the flux surfaces,
forming a new separatrix and thus decreasing the confinement region. Due to the low
shear at the boundary it is difficult to keep the pressure distribution consistent with the
existing flux surfaces.

Recalculating with fixed boundary VMEC

Taking the boundary from the HINT calculations, it is possible to perform a fixed bound-

ary VMEC-run calculating the equilibrium with the corresponding pressure profile to
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check the consistency of the HINT equilibrium. We did this recalculation for the cases
whit 8, ~ 0.5% and 1% . A difficulty in these VMEC calculations is that the number of
Fourier coefficients (F.C.) is quite high to represent the corrugated boundary. We had to
take 16 toroidal and 16 poloidal F.C.’s at least for both cases. In the 1% case a better
representation had to take 20 poloidal F.C.’s into account. The calculations need consid-
erably more time due to the large number of iterations needed for convergence because
of the small time step required to advance the F.C.’s carefully enough. The comparison

of the flux surfaces from the VMEC-run and the HINT-calculation is shown in Fig. 4.
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Figure 4: Comparison of HINT Poincare-plots (black) with flux surfaces from fixed-boundary VMEC-
calculation (green) for cases with 3,=0.49% (left) and 0.99% (right).

Conclusion

The first calculations show the applicability of the HINT-code to the high-t-configurations
of W7-AS without the correction coils. The changes in the ¢-profiles as seen in the
HINT results can be confirmed with fixed boundary VMEC-runs based on the HINT-
boundaries. As a main change in the configuration we point to the increasing indentation
of the separatrix with higher 3-values which is a sign of an increasing boundary island
width. Depending on the location of a profile diagnostic this can have a considerable
influence on the transformation from real space to flux coordinates. In general, this is
a good step forward since the principal changes of the magnetic configuration with (3 is
accessible with this code. However, further studies and comparisons with experiment and
benchmarking with other codes like PIES are necessary to confirm the results.
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