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The University of Michigan participated in the joint UCLA/Maryland fusion science center
focused on plasma physics problems for which the traditional separation of the dynamics
into microscale and macroscale processes breaks down. These processes involve large-scale
flows and magnetic fields tightly coupled to the small scale, kinetic dynamics of turbulence,
particle acceleration and energy cascade. The interaction between these vastly disparate
scales controls the evolution of the system. The enormous range of temporal and spatial
scales associated with these problems renders direct simulation intractable even in
computations that use the largest existing parallel computers. Our efforts focused on two
main problems: the development of Hall MHD solvers on solution adaptive grids and the
development of solution adaptive grids using generalized coordinates so that the proper
geometry of inertial confinement can be taken into account and efficient refinement
strategies can be obtained.

Hall MHD

We have successfully implemented the most important term for the Hall effect into the
BATSRUS code. The electric field is modified from the resistive MHD expression E = -u x B
+ n j to the Hall MHD form E = -u x B + nj + j x B/(ne), where u, B, and j are the
velocity, magnetic field and current density vectors, respectively, n is the resistivity, n is the
number density and e is the electron charge (the magnetic units are chosen such that the
magnetic permeability of vacuum is unity). This seemingly small modification drastically
changes the character of the MHD equations. In Hall MHD the stable limit for the explicit
time step is proportional to the square of the grid resolution. This means that using implicit
time stepping is very important. The extra derivative in the induction equation requires
higher order approximations at resolution changes. The Hall MHD implementation is fully
compatible with the requirements for multiscale fusion codes: non-cartesian block-adaptive
grids, implicit time stepping, multispecies plasma etc.

Non-Cartesian Grids

We have implemented generalized curvilinear coordinates into our MHD code. Generalized
coordinates provide a smooth mapping from a logically Cartesian grid to an arbitrary
curvilinear grid, including spherical, cylindrical and toroidal grids. The generalized grids
allow us to match non-planar boundary surfaces more accurately and it also allows the
resolution to be concentrated in a continuous manner. Combined with the block-adaptive
mesh refinement, the generalized coordinates provide an extremely flexible, efficient and
accurate grid structure.
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