Accepted Manuscript

Finite element discretization of a Stokes-like model arising in plasma physics

Juan Vicente Gutiérrez Santacreu, Omar Maj, Marco Restelli

PII:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0021-9991(18)30424-8
https://doi.org/10.1016/j.jcp.2018.06.046
YJCPH 8095

Journal of Computational Physics

8 October 2017
14 June 2018
15 June 2018

Journal of
Computational
Physics

Please cite this article in press as: J.V. Gutiérrez Santacreu et al., Finite element discretization of a Stokes-like model arising in plasma
physics, J. Comput. Phys. (2018), https://doi.org/10.1016/j.jcp.2018.06.046

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jcp.2018.06.046

Finite Element Discretization of a Stokes-like Model Arising in Plasma
Physics

Juan Vicente Gutiérrez Santacreu®, Omar MajP, Marco RestelliP*

“Dpto. de Matemdtica Aplicada I, Universidad de Sevilla, E. T. S. I. Informdtica. Avda. Reina Mercedes s/n, 41012 Sevilla,
Spain.
b Numerische Methoden in der Plasmaphysik, Maz-Planck-Institut fir Plasmaphysik. Boltzmannstr. 2, 85748 Garching,
Germany.

Abstract

We consider a time-dependent diffusion-reaction model for two vector unknowns, satisfying a divergence-
free constraint, and the associated scalar Lagrange multiplier. The motivation for studying such a model is
provided by a plasma physics problem arising in the modeling of nuclear fusion devices (Braginskii equations),
where the two vector unknowns represent ion and electron velocities, the scalar unknown is the electrostatic
potential and the divergence-free constraint reflects the physical assumption of quasi-neutrality. We first
recast the problem in a form reminiscent of the standard Stokes problem, which allows us to recognize
the importance of using a compatible discretization for the vector and scalar unknowns, then propose and
analyze a stable finite element formulation. Following this, we address some peculiar geometrical aspects
of the model, showing how they can be naturally dealt with within our formulation, and finally discuss a
solution procedure for the resulting linear system based on the classical Uzawa algorithm. Some numerical
experiments complete the paper.
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1. Introduction

The magnetic confinement approach to nuclear fusion for civil applications relies on the construction of
large toroidal devices where a hydrogen plasma is heated while being confined by a strong magnetic field.
In order to obtain the plasma ignition, three simultaneous conditions must be fulfilled: high temperature,
high density and long confinement time. Ensuring these conditions has proven to be a major technological
challenge, which must be supported by a deep physical understanding of the involved processes; in this
context, an important role is played by the use of numerical models.

In this paper, we are interested in fluid models which are used to describe the heat and particle fluxes
occurring in the peripheral region of the confined plasma, the so-called Scrape-off Layer (SOL) [1]. A suitable
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