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Nonlinear ELM simulations with the MPP version of M3D has been improved to run to a steady, saturated state (Fig. 1, from DIII-D like case with XGC-predicted profiles).  The MPP code runs several times faster than the M3D OMP code used for most of the 2006 IAEA conference results, at higher resolution, by using more processors. The MPP code scales well with problem size to several hundred processors.Exploratory runs for nonlinear ELM physics regularly use 64 to 256 processors on the ORNL and NERSC computers.The nonlinear MHD ELM can now be run with the MPP code from the XGC-computed, unstable edge profiles through the fast ELM growth with plasma expulsion into the vacuum region, to the longer time reformation of the closed-flux-surface plasma pressure and density profiles.  Blobs of density form, extrude, and break up, the density reaching the surrounding wall.

Two-fluid nonlinear work is in progress. Recent results suggest that ion diamagnetic effects at realistic levels can have a strong effect on the nonlinear ELM (Fig. 2, from same initial state as Fig. 1). Diamagnetic effects on the mode structure tend cause the mode to mix more thoroughly earlier in its evolution (eg, in temperature and pressure). This reduces edge pressure gradient faster than in MHD, reducing the overall disturbance, despite the reduced linear growth rate.

Numerical parameters for the matrix solvers in the PETSc MPP library can be adjusted to further speed up the run by a factor of 2 while retaining good accuracy. Typically a small toroidal periodicity such as N_per=3 is assumed. Many cases have a hole in the central part of the plasma, to save computation time. No hyperviscosity or hyperresistivity (4th order spatial derivatives) are used in MHD.

Alcator C-Mod Type I ELMs with MHD and two-fluid models have been studied[2]. Linear resistive mode growth rates vary with toroidal mode number.  Resistive MHD modes are more unstable than ideal MHD growth rates from ELITE, as expected for resistive ballooning. The ion diamagnetic frequency reduces the growth rate but does not completely stabilize the modes. The diamagnetic reduction is smallest around the experimentally observed mode numbers, but does not completely explain stability. C-Mod Type I ELM linear modes differ from the more typical DIII-D ones. C-Mod growth rates  are lower and the perturbations couple more strongly to the plasma interior. Based on this work, the MPP M3D code should be able to test the linear mode two-fluid growth rates for XGC cases by computing several toroidal mode numbers simultaneously on multiple processors, eg, 256 for 4 mode numbers. A machine larger than the present EWOK is needed for simultaneous XGC and linear stability computations.

The C-Mod studies are being extended to nonlinear simulations. The resistive MHD perturbations appear to be relatively stable nonlinearly, but better equilibria, including triangle meshes that handle the complicated C-Mod vacuum shape, are needed.  In addition, ion orbit effects may important, since the poloidal banana width often exceed the width of the C-Mod pressure pedestal.
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Figures:

Figure 1.  Nonlinear MHD ELM from AVS (similar to CPES Kepler visualization).

 Frame a)  t=78.8 Alfven times. Early nonlinear ballooning (top:pressure, bottom: 2 views of plasma density).

 Frame b)  t=90.0 Later ballooning stage. Density reaching the wall.

Frame c)  t=492.5 Long time state showing restoring of original plasma  shape and homogenization of the outer, open field line region , (where sources  and sinks not included). Bottom left is temperature.

Figure 2. Nonlinear two-fluid ELM.

 Frame a) t=45.0 Two-fluid mode shows effects of diamagnetic drifts.

 Frame b) t=56.3 Distortion causes blobs to break up more easily.

 Frame c) t=112.4 Reduced edge pressure gradient and restoration of closed field line plasma is reached earlier than MHD.

Figure 1.  Nonlinear MHD ELM from AVS (similar to CPES Kepler visualization).
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 Frame a)  t=78.8 Alfven times. Early nonlinear ballooning (top:pressure, bottom: 2 views of plasma density).
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Frame b)  t=90.0 Later ballooning stage. Density reaching the wall.
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Frame c)  t=492.5 Long time state showing restoring of original plasma  shape and homogenization of the outer, open field line region , (where sources  and sinks not included). Bottom left is temperature.

Figure 2. Nonlinear two-fluid ELM.
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 Frame a) t=45.0 Two-fluid mode shows effects of diamagnetic drifts.
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Frame b) t=56.3 Two-fluid distortion causes blobs to break up more easily.
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Frame c) t=112.4 Reduced edge pressure gradient and restoration of closed field line plasma is reached earlier than MHD.

