
The 8th European Congress on Computational Methods in Applied Sciences and Engineering
ECCOMAS Congress 2022

5-9 June 2022, Oslo, Norway

Implicitly extrapolated geometric multigrid for the gyrokinetic
Poisson equation
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We are interested in the solution of the gyrokinetic Poisson equation appearing as part
of a 5D coupled problem in the context of Tokamak plasma simulations. The gyrokinetic
Poisson equation is solved on a large number of poloidal cross sections of the Tokamak
geometry; see, e.g., [1]. In the current Gysela simulation code, this task represents a bot-
tleneck with respect to the computation time and thus requires fast and scalable solvers.

In our work, we make use of geometric multigrid methods, as these can achieve opti-
mal complexity and are among the most efficient solvers for elliptic partial differential
equations. As a starting point, the cross sections can be considered as circular domains,
but deformed geometries were found to be advantageous and more realistic for the Toka-
mak application. However, multigrid methods for geometries described by curvilinear
coordinates are less common. In this talk, we present a tailored geometric multigrid al-
gorithm using optimized line smoothers to enable parallel scalability [2]. We use a finite
difference discretization of the energy potential of the Poisson equation, so that a matrix-
free implementation with a low memory footprint is possible. Furthermore, we propose an
implicit extrapolation technique that increases the order of convergence from linear to at
least quadratic order. Finally, we will present scalability results for our recent OpenMP
and Cuda implementations of the solver.
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