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Abstract

The complex geometry in the edge and scrape-off layer poses a challenge to simu-
lations of magnetically confined plasmas. The usually employed field /flux-aligned
coordinates become singular on the separatrix/X-point. In the field line map ap-
proach these problems are avoided and a separatrix can be treated [1, 2, 3, 4] (see
also FCI approach [5, 6, 7]). The approach is based on a cylindrical grid, and
the characteristic flute mode property (kj < k1) of structures is exploited com-
putationally via grid sparsification in the toroidal direction. A field line following
discretisation for parallel operators is then required, which includes field line trac-
ing and interpolation or integration. The drawback of the approach is that there
arises a numerical erroneous perpendicular coupling among distinct field lines,
which causes numerical diffusion. Based on the support operator method [8] a nu-
merical scheme was constructed for the parallel diffusion operator, which exhibits
only very low numerical diffusion. The numerical concept was applied to a simple
plasma turbulence model, the Hasegawa-Wakatani equations [9], which were im-
plemented in the new code GRILLIX. Extensive benchmarks show the validity of
the field line map approach in general and GRILLIX in particular. Finally, first
geometrical effects of the X-point on turbulent structures have been identified.

References
[1] A.Stegmeir, D.Coster, O.Maj, and K.Lackner. Contributions to Plasma Physics, 54:549, 2014.

[2] Andreas Stegmeir. GRILLIX: A 8D turbulence code for magnetic fusion devices based on a field line map. PhD
thesis, Technische Universitat Miunchen, 2015.

[3] A.Stegmeir, D.Coster, O.Maj, K.Hallatschek, and K.Lackner. The field line map approach for simulations of mag-
netically confined plasmas. Journal of Computational Physics, Submitted, 2015.

[4] A.Stegmeir, D.Coster, K.Hallatschek, and K.Lackner. Grillix: A 3d turbulence code based on a field line map.
Computer Physics Communications, Submitted, 2015.

[5] M.Ottaviani. Physics Letters A, 375:1677, 2011.

[6] F.Hariri and M.Ottaviani. Computer Physics Communications, 184:2419, 2013.

[7] F.Hariri, P.Hill, M.Ottaviani, and Y.Sarazin. Physics of Plasmas, 21:082509, 2014.

[8] Mikhail Shashkov. Conservative Finite-Difference Methods on General Grids. CRC Press, 1996.

[9] Akira Hasegawa and Masahiro Wakatani. Physical Review Letters, 50:682, 1983.

le-mail: Andreas.Stegmeir@ipp.mpg.de



