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RESISTIVE MHD EQUATIONS
(POLYTROPIC MODEL)
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RESISTIVE MHD EQUATIONS
(ZERO BETA MODEL)
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INITIAL SIMULATIONS
3D Cartesian (x,y,z) resistive MHD code

Finite difference mesh, structured, nonuniform
Implicit (semi-implicit waves, fully implicit diffusion)
Cray legacy, converted to OpenMP

Used for solar coronal modeling (magnetic and thermal structure of
active regions)

Kepler differential flow profile in the disk (at z = 0):
Q = Qu(rlro)-3/2
(suitably flat-topped at small radii and reduced at large radii)

Line-tied boundary conditions at the coronal base (z = 0)
No feedback between the corona and the disk yet

Start with a stationary disk (v =0) and a potential magnetic field
Spin up the disk over a time ¢, = 10



INITIAL SIMULATIONS (CONT.)

Zero 3 evolution
Simple magnetic field loop (footpoints centered at r =3 and r = 5)

Coronal density profile (fixed):

po= poeH

with A =2
Maximum disk rotation velocity = 0.04 << v (corona) = 1 at base

Two cases:
151 x 151 x 51 mesh
301 x 301 x 101 mesh






Differential Disk Rotation

r Ve Q T =2m/2
2 0.0292 0.0146 430
= 3 0.0232 0.0077 812
4 0.0200 0.0050 1256
= 5 0.0180 0.0036 1745
6 0.0164 0.0027 2299




Field linesatz = 0




Field lines at £ = 90 (0.07 turns at r =4)




Field lines at £ = 137 (0.11 turns at r = 4)
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PROGRESS

We have demonstrated the zero-f evolution of a simple loop in the
corona driven by Keplerian shear flow in the disk

Low resolution simulations (151 x 151 x 51 mesh points)
Intermediate resolution simulations (301 x 301 x 101 mesh points)
We have resurrected an old code (10+ years old)

We can run parallel cases using OpenMP on shared memory
machines (8—32 processors IBM/SP4, maybe even 512 processors?)



FUTURE PLANS

Higher resolution simulations

Couple the coronal boundary conditions to the disk
Investigate possible initial magnetic equilibria
Emerge flux tubes from the disk into the corona
Twisted magnetic loops?

Transition to using a massively parallel code (using MPI on
thousands of processors):

MAS (spherical 3D solar MHD code) converted to Cartesian
geometry

NIMROD?
More complex B; distributions in the disk

More realistic coronal conditions (finite 3, coronal atmosphere)



