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Introduction

The PLX is a new experiment at Los Alamos National Lab.  The
experiment is designed to investigate the use of plasma jets to form a
plasma liner which could eventually be used in magneto inertial fusion
(MIF). This poster discusses progress towards the use of magneto-fluid
dynamic methods in the Tech-X code TxFluids for plasma jet modeling.
2D results are presented for merging neutral and MHD jets and compared
to solutions using a simple radiation model.  When a simple optically thin
radiation model is included we observe “radiative collapse” in certain
situations illustrating the importance of radiation modeling for this
problem and the need for a more complete radiation and plasma chemistry
treatment in TxFluids.  These issues will only become more important
when the full 3D device is modeled.



TxFluids for Jet Merging
In order to accurately simulate jet propagation in a vacuum one needs to
be able to switch between positive schemes (schemes that preserve
positive pressure and density) and accurate schemes.  When ever
negative pressures or densities occur in the high order solution, the
solution using the positive scheme is used.  The alternative method,
simply setting negative pressures or densities to a basement value is not
conservative and leads to unphysical solutions.

•  Positivity conserving base scheme
 First order finite volume method using Lax, HLLE, HLLC or HLLD

numerical fluxes
•  High resolution 2nd order accurate scheme (or better)

• 2nd order MUSCL scheme
• WAVE method (Lax-Wendroff type)
• Discontinuous Galerkin/WENO



Jet Merging Setup

In the following simulations one quarter of the domain if the PLX device
was simulated.  The real device has a diameter of ~3 meters and we
simulate the interior starting from a diameter of about 0.8 meters.  We
determined that peak pressure convergence could be achieved simulating
this domain with about 800X800 cells in 2D.  The full device in 2D would
require ~3200X3200 cells in 2D.

• Mach 80 = 226 km/s, Mach 40 = 113 km/s
• Jet diameter is 8cm
• Jet length is 50cm
• Initial total temperature is 2eV
• Jet and target are Argon
• Initial jet number density is 5.0e23/m^3
• Radiation model is simple bremsstrahlung radiation assuming constant Z



Neutral Jet Merging

Example of a mach 80 jet merging simulation for a neutral fluid
using the WAVE algorithm combined with a first order positive
scheme.  Vacuum density is one millionth the jet density.



Neutral Neutral - Mach 40

Merging results for a neutral non-radiating fluid in
2D with Mach 40 jets



Neutral Neutral - Mach 80

Neutral jet merging simulations with Mach 80 plasma jets.  The 24 jet case is delayed
slightly since the domain was expanded to account for the larger merging radius in the 24 jet
case.  In the 24 jet case peak pressure approaches a megabar.



MHD Jet Merging

In the MHD jet merging simulation a uniform background magnetic field
of 1e-3 Tesla is used to prevent denormalization of the MHD eigensystem
which is required for the Riemann decomposition.  In these simulation,
conditions remain identical to the neutral fluid situation with the following
additions

• Target number density is 1e22/m^3
• Target temperature is 2eV
• Target field is in the Z direction and starts at 0.1 Tesla

In addition, magnetic field plots of Bz for the case with radiation are
shown on a log scale since the field peaks in a few cells at the center of
the domain washing out the contrast in the everywhere else



MHD Jet and Target - Mach 40 no radiation

Snapshots of MHD jet merging.  Liner formation is visible at 1.5 microseconds.  Multiple shock
reflections are visible at 3 microseconds.  The reflected shock is visible in at 4.5 microseconds
and turbulence at 6.1 microseconds after implosion is complete.



MHD Jet and Target - Mach 40 no radiation,
plots of Bz

Implosion of the magnetic field.  Some of the field squeezes along the diagonals, but a
significant amount remains contained.



MHD Jet and Target - Mach 40 radiating Z=9
plots of log(Bz)

Using a simple radiation model the magnetic field compression is significantly enahanced
since the thermal energy of the liner is reduced effectively increasing the Mach number
during implosion.



MHD Jet and Target

Peak density in the radiating case is about 3 orders of magnitude greater than the non
radiating case.  An optically thin model has been used, these results indicate that we need
to account for re-absorption to get accurate results.



MHD Jet and Target - Mach 80, no radiation



MHD Jet and Target - Mach 80, no radiation



MHD Jet and Target - Radiating Z = 9
plots of log(Bz)



MHD Jet and Target - Mach 80

The radiating case shows increased peak pressure while peak density and magnetic
field is maintained constant for several microseconds.  The target is reduced to a few
cells in the radiating case.  Once again, a more accurate radiation model should be
used to model this device.



MHD Discussion
For Z=1 it was observed that the radiation in these simulations was
insignificant and the results were essentially the same as the non-
radiating case.  For Z=9 a collapse is observed where the density and
magnetic field are maintained at high values.

Peak magnetic field increases significantly in the radiating case reaching
values ~100 times higher than in the non radiating case.  The target
plasma is also Argon so the thermal energy in this plasma is also
radiated.

The peak field/density is observed in only a few cells in the center of the
domain, this means that the grid should be much higher resolution inside
the target than we are currently able to do.

Finally, a much improved radiation model should be used for modeling
plasma jet liners near fusion conditions.



Conclusion
We have shown that we can model plasma jets propagating into vacuum
using both MHD and neutral fluids in TxFluids.  This work however
points to several areas where improvement to TxFluids should be made.

1) Add unstructured grid capability to the current algorithms.  This will
allow us to refine the mesh in the target region and more accurately
resolve the plasma dynamics in that region.  This will also allow us to
more efficiently model the device in 3D.

2) Add plasma chemistry and thus allow us to model consistent free-free
and free-bound radiation in the optically thin limit.

3) Add the ability to model multiple atomic species.  This will allow us to
make the target a different species than the plasma jets.

4) Add radiation transport in the diffuse limit since reabsorption will be
important in preventing the “radiative collapse” observed in our
simulations.


