Background Optimization of Coil Rotation

 Existing stellarator coil optimization codes use a zero-thickness single filament « Winding pack rotation is determined by an angle function a , which is 10.01
model that only approximates finite build coils. parameterized using a Fourier series. This embeds flexibility to optimize the
rotation profile of finite build coils. - {0.005
« Finding a coil set with desirable physics and engineering properties is a crucial
step in the design of new stellarators.  Basis vectors are rotated by angle a about €, causing coil cross section to rotate. i
* Here we present a new method for the optimization of finite build. We show + A steepest descent forward tracking algorithm is used to optimize Fourier
initial results for the HSX stellarator and a candidate configuration for a new UW- components a,,, and a;., for each coil. e
Madison stellarator. | |
-0.01

Objective of Stellarator Coil Optimization

Alpha harmonics per coil: 2
Build dimension: 12cm. x 6cm.
Multifilament packing: 4x3 grid

« The goal of all coil optimization codes is to find a coil set that recreates a
specified magnetic equilibria. This is achieved by minimizing magnetic field B
error on the last closed flux surface:

Single filament rms error: 5.3261 x10-3
Unoptimized multifilament rms error: 7.4424 x10-3
Optimized multifilament rms error: 6.1257 x10-3

Reduction in rms error after optimization: 17.7%

Single filament mean coil-plasma distance: 19.50 cm.
Single filament min. coil-plasma distance: 22.49 cm
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« Feasible coil sets are determined by engineering constraints including coil-coil 281 /A \ A\ :
separation, coil curvature, and plasma accessibility, among others. S el A A /\\ A \ \
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« To model finite build coils we build on FOCUS single filament model [c. zhuet al.,
Nucl. Fusion, 58, 016008 (2018)].
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Fig 4. Coils for a candidate QHS design: Shown are the finite build coils and the single filament coils. The color bar
on the finite build figure indicates extent of magnetic field error on the last closed flux surface. Also shown are flux
surfaces for the optimized multifilament plasma and | B | along field lines at three differentr/a: 1/3, 1/2, and 2/3.
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Conclusions

Alpha harmonics per coil: 2
Build dimension: 6cm. x 3cm.
Multifilament packing: 4x3 grid
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Fig 1. Construction of finite build coils: [a] FOCUS single filament [b] basis vectors for finite build overlaying
FOCUS single filament [c] resulting finite build coil. [d] Cross section of finite build coil encasing a multifilament.

» Finite build coil models should be implemented in stellarator coil design, as

Single filament rms error: 6.0930 x10° finite build rotation can significantly affect the confining magnetic field.

Unoptimized multifilament rms error: 6.9681 x10-3
Optimized multifilament rms error: 6.1257 x10-3
Reduction in rms error after optimization: 12.1%

Finite build stellarator coils are capable of recreating magnetic fields with the
same fidelity as single filaments.

. T s : . . : . - Single filament mean coil-plasma distance: 14.57 cm.
Start by finding position along single filament coil  using a Fourier series. Sl AT e, G T Gy 14457 @ i
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» For each position on coil, calculate basis vectors £ , 7, b via differentiation and
the Gram-Schmidt process, using both position vectors r and coil centroids X, G

« Optimize finite build centroids and build dimensions
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¢ (rad) « Implement multi-layer parallelization (OpenMP, MPI, GPU)
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Fig 3. Coils for the HSX stellarator: Shown are the finite build coils and the single filament coils. The color bar on hi i d bv th
the finite build figure indicates extent of magnetic field error on the last closed flux surface. Also shown are flux This work Is supported by the US DOE Contract No. DE-AC02-09CH11466, US DOE Contract No. DE-FG02-

« Replace single filament with a multifilament according to user-defined coil cross
section dimensions, which specify Iengths along 7 and B directions. surfaces for the optimized multifilament plasma and | B | along field lines at three differentr/a: 1/3, 1/2, and 2/3. 93ER54222 and UW2020 Grant 135AAD3116.



