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The nuclei are positively 

charged. For fusion they have to:

• overcome their electrostatic

repulsion   100 million °C

• interact frequently

 confinement necessary

Computational plasma dynamics: electromagnetic
turbulence at 1 million kelvin

• Lorentz force can 

provide magnetic 

confinement

Magnetic field of a tokamak is 

produced by:

• superconducting magnet coils 

• inductive plasma current

 pulsed operation



Computational plasma dynamics: electromagnetic
turbulence at 1 million kelvin



Focus on realistic magnetic
geometry

OpenMP in plane:

106 − 1010 points

MPI

(8-32

planes)

Outlook: 3D MPI domain decomposition or 1D MPI + in-plane GPU?



Magnetic

Equilibria:

- diverted / 

circular / 

numerical

- B(R,Z)

- boundary 

contours

Mesh:

- unstructured

- coarseness 

levels

Elliptic operator:

- Helmholtz operator

- Matrix and matrix free

Solvers:

- Multigrid

- Direct

- iterative

Parallel operators:

- FCI

- field line tracing

Penalisation: 

boundary

conditions

Model:

- Fluid 

Braginskii

- linear

- gyrokinetic

- ...

Variables        time-stepping        species        I/O        diagnostics        ...

Objects in GRILLIX & performance

Hierarchical depth

Curretly: 106−7 points on 32x24 cores in 1-12 month

Goal: 106−11 points on any amount of cores in 1-12 weeks

Flexibility: abstract data, for both CPUs and GPUs


