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Introduction--Background
• Spheromak relaxation physics was one of the first nonlinear

applications for NIMROD (preliminary results at APS ‘98).
• Zero-beta studies produced information on dynamo, chaotic

scattering, flux amplification and its saturation, and formation of closed
flux surfaces during decay.

• More recent SSPX simulations distinguished
dynamo and transients effects, identified
reconnection events, and tested new ideas.

Simulation/exp.
comparisons from
Cohen, et al., PoP
12, 56106.

magnetic probe
data (left) and Te
profiles (right).



Motivations for Present Work
• Current drive and startup in spherical tori is geometrically

challenged and remains an active area of experimental
and theoretical research.

• Simulations of weakly relaxing conditions in HIT-II started
as a benchmark.
– Future work can consider transient CHI and two-fluid

effects.
• Pegasus is considering two innovative approaches based

on current filament injection.
– Injection at the outboard midplane creates a nearly

symmetric current ring that can be compressed by
vertical field transients.  Simulations can investigate
efficiency and stability during the transient.

– Relaxation of helical injection from the bottom of the
chamber is not well understood, and simulations are
being applied for analysis.



The 0-β study of weakly relaxing conditions in
HIT-II is essentially complete. (AB)
• Many of the simulations are 2D, but 3D simulations have
checked MHD stability at different points in parameter space.

• Boundary conditions at the absorber gap fix the voltage drop.
Boundary conditions at the injector set the current.  Injector
current is adjusted to maintain the net ITF.  Flows maintain mass
content.

• S is representative of the experiment at LVA/η=3×105 (based
on the central η and 50 eV); Pm=4.5.

• Simulation results are compared with experiment and the 0-β
equilibrium scaling argument:
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A typical computation illustrates that the flux
expands to fill the confinement region.

Initial flux distribution is
the vacuum solution for
coils near the injector.

Applying voltage across the absorber pulls
the poloidal flux up until a new equilibrium
with                                      is reached.
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Plasma current is independent of ITF due to
Iinj~1/ ITF in bubble-burst relation.

Ip is independent of ITF while Iinj varies. Ip changes linearly with ψinj since Iinj is
tied to IBB.



Variation in the proportionality constant
provides a gauge on the scaling argument.
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• 33% variation in C over factor of 4 in ITF supports simple scaling.
• Variation in C indicates changing discrepancy between Iinj and IBB.
• Different simulation/experiment behavior needs further study.



Pegasus Flux Compression (JO)

• Pegasus now has a miniature gun
on the outside of the midplane.
• Modifications to the vertical field
circuits allow flux compression.
• John O’Bryan also has code that
reads time-dependent data from the
experiment’s ‘wall’ code.  The data
is used for bcs for B.
• The poloidally localized current
source is used to generate the gun
current.
• The computations use
temperature-dependent resistivity,
thermal conduction, and Ohmic
heating.

Poloidal flux (left) and Jφ (right) at 100 and 217 µs.



Development to reproduce demagnetization effects
for perpendicular transport coefficients is underway.

• In the Pegasus compression simulations, the entire domain
contains (mostly unrealistically cold) plasma.
• The existing perpendicular thermal conductivity extinguishes the
filament, because it does not include the demagnetization effect.
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• The required modifications are straightforward but nontrivial
changes to the existing code.

• For general current filaments, the demagnetization will need
to be 3D.



We are presently testing the demagnetization
implementation.

These computations have a filament initiated in a purely toroidal field
without compression.  Energy confinement is better with the
demagnetization effect (right).



Simulations of current filament injection are
now progressing. (TB)

• Previous attempts used T-
dependent anisotropic
conductivity from a hot spot to
make an electrically conducting
channel.
• Applied 3D surface potential
distributions led to large
unphysical perpendicular flows
and numerical difficulties.
• We are now using a localized
volumetric source.
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Contours of λ induced follow the
vacuum field.  The source has radius
0.02R and some toroidal localization.

• We are increasing the injector
magnitude to examine
redistribution and relaxation.


