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Abstract

The one-fluid visco-resitive MHD model provides a description of the dynamics of a charged
fluid under the influence of an electromagnetic field. This model is strongly coupled, highly nonlin-
ear, and characterized by physical mechanisms that span a wide-range of interacting time scales.
Solutions of this system can include very fast component time-scales to slowly-varying dynamical
time-scales that are long relative to the normal-modes of the model equations. For this reason fully-
implicit time stepping is an attractive choice for simulating a wide range of physical phenomena
exhibited by the resistive MHD model. However, for efficient and scalable solutions fully-implicit
methods require an effective preconditioner. In this talk, we propose a preconditioner for the prim-
itive flow-variable formulation of the incompressible resistive MHD system that is based on an
operator-split approximation. This method reduces the system into two 2× 2 operators; a Navier-
Stokes operator and a magnetics-velocity operator with a Lorentz force coupling. Using previously
developed preconditioners for Navier-Stokes, and an initial Schur-complement approximation for
the magnetics-velocity system, we show that the split preconditioner is scalable and competitive
with other preconditioners, including a fully-coupled algebraic multigrid method.

* This work was supported by the DOE office of Science Advanced Scientific Computing Research - Applied
Math Research program at Sandia National Laboratories. Sandia National Laboratories is a multi-program
laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract
DE-AC04-94AL85000.


