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Introduction

In the present work, a new code for optimizing stellarators with fixed coil design is
developed. It is based on an existing code for calculating neoclassical transport with field
line integration [1]. The advantage of optimizing a stellarator in real space variables is
that there is no need neither for running an equilibrium code nor for a transformation to
Boozer coordinates. It is possible to do an optimization in real space in case of a weak
influence of the finite plasma pressure on the equilibrium.

The optimization of neoclassical transport properties is part of most of the design activ-
ities or configuration changes (e.g. inward shifted discharges in LHD and CHS). Some
of the Heliac configurations (e.g. TJ-II) are not optimized with respect to neoclassical
transport because this was not their main objective. To improve the performance of
those configurations, the prospect of some minor configuration changes to improve the
neoclassical confinement is checked. This in turn might improve the possibilities for the
specific main tasks of those configurations. Since coil design cannot be changed for an
existing device, the possibilities to control the magnetic field configuration are limited to
the changes in coil currents or coil positions.

Method

The optimization is based on the field line integration technique which is employed in
the NEO code [1] and has originally been developed for magnetic fields represented in
real space coordinates. The magnetic fields computed directly from coil currents can be
used for evaluation of neoclassical transport properties. Therefore, the optimization can
be done without any restrictions to the complexity of the field. Of course, the field line
integration technique in its real space representation is limited to vacuum fields, unless
PIES equilibria are used. For configurations of interest (e.g. a Heliac like TJ-1I; [2,3,4])
this causes no problem because the pertinent equilibria are only very weakly modified
with finite plasma pressure.

Optimization Procedure

The chosen optimization procedure simulates the annealing process of solid state matter
and is called simulated annealing [5,6]. This method uses stochastic processes [7] to
“scan” the parameter space and selects “test configurations”. From each test configura-
tion a fitness parameter, which here is the energy contents, is calculated. Comparing the
fitness parameters according to the simulated annealing process gives the desired solution.

*This work has been carried out within the Association EURATOM-OAW.
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Fitness Parameter

As fitness parameter for the optimization, the total stored energy in the plasma volume
in case of an energy source, which is localized at the magnetic axis, is used. The 1/v-
confinement regime is assumed. Furthermore, we assume cold ions and use the ambipo-
larity condition in order to eliminate the radial electric field. Therefore, the temperature
profile is uniquely defined by the heat conductivity equation
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and the boundary conditions T'(a) = 0 and 9T|,_y = 0. Here, £, denotes the heat

conductivity coefficient and the source term is Q(r) = %5 (r). The heat conductivity can
be expressed as k| = AﬁeiﬁT” 2 where A is a constant which does not change during
optimization, e.s¢ is an effective ripple calculated by the field line integration technique
[1], r is an effective radius (see next section), and n is a normalized plasma density.
Integrating the temperature profile resulting from Eq. 1, one obtains the normalized

stored energy as
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where the normalization factor stays constant during optimization.

Effective Radius

The effective radius is defined in Ref. [1] in differential form, Sdr = dV', where S is the
area of the magnetic surface and V' is the volume limited by the magnetic surface. The
computation of this quantity requires the calculation of many magnetic surfaces. The
accuracy is low, if just a few surfaces are used. Instead of this, one can introduce a
different definition of an effective radius r = 2V/S, which can be calculated during a
single field line integration. Dividing the volume V', limited by the magnetic surface, by
the surface area S, one obtains
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Here, V1) is the vector normal to the flux surface, r is the radius vector, B is the module
of the magnetic field, and Lg is a distance measured along the magnetic field line. For
configurations like the TJ-II standard configuration the effective radius is close to the
quantity defined in [1], since the shape of the cross-sections of magnetic surfaces changes
only little with radius (see Fig. 1).

Preliminary Results

For the first run of the optimization, four currents (the toroidal coil current, I, the
helical coil current, I, the horizontal coil current corresponding to the central coil,
Inor, and the horizontal coil current corresponding to the vertical field coils, I,e+) are
varied. The limits of the variation of the currents was set to 10% of the value of the
corresponding current to limit the number of possible configurations for a first run of
the program. As a configuration with an enhanced energy confinement compared to the
TJ-II standard configuration the configuration, which is marked with a blue point, at
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the upper left plot in Fig. 2 has been found. For calculation of the fitness parameter
two models for the particle density are used, one where n = constant (green) is assumed
and for the other a parabolic particle density profile n = 1 — a * (r/a)?, with a = 0.8, is
assumed (red). It turns out, that W for the model with the parabolic profile for particle
density approximately scales with 0.8 to W, when constant particle density is assumed.
In Fig. 3 the corresponding cross-sections of the TJ-II standard configuration and the
marked configuration, mentioned above, are shown. The configuration with an enhanced
energy confinement has a bigger plasma volume compared to the standard configuration.

Conclusion and Outlook

In the present work the stellarator optimization is set up directly in real space variables.
A new formula for calculating an effective radius r = r(1)) is proposed.

Due to the big amount of computational time, a parallelization of the optimization will be
done. First estimations of computational time have shown, that it is possible to perform
such an optimization on a cluster of PCs.

An extension of the code to include criteria for Mercier stability and for stability of
resistive local modes is possible in the future.
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Figure 1: Effective radius calculated as proposed in [1] (red) compared to the effective radius
as proposed in Eq. 3 (blue) the TJ-II standard configuration, given in Boozer coordinates.
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Figure 2: Normalized stored energy (see Eq. 2) vs. change of the corresponding current in
plots accordingly).
(AL = 0).
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percent. In the upper left plot, the current I, is varied and Ipep, Inor, Iyert are fixed (other

The energy confinement of the configuration with Al = —8% (blue
point in the upper left figure) is about 50% enhanced compared to the standard configuration
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Figure 3: Cross-sections at ¢ = 0° for the TJ-II standard configuration (red) and the configu-
ration, which is marked in the upper left plot in Fig. 2 (green).




