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NIMROD Team Meeting Minutes 
July 16-18, 2007 

University of Wisconsin-Madison 
Development: 
 
Carl Sovinec provided a historical review of the NIMROD code development effort that 
started with applications requirements from OFES and a group of potential users.  
Necessary numerical research did not allow the rapid development initially envisioned 
for the project, but significant problems have been overcome, and the code has never 
grown stagnant.  As at the start, physics applications have always guided the effort and 
have served as the most exacting tests. 
 
Sovinec reviewed the staggered centering used for the implicit leapfrog two-fluid 
algorithm.  Many terms are temporally centered by the stagger, some nonlinear terms use 
a Newton-like step, and some coefficients require a predictor step.  Temporally averaged 
data is saved in quadrature-point locations (spatially interpolated) then replaced before 
the new fields are needed.  This saves storage, and time-averages do not need to be taken 
during integrand computations. 
 
Charlson Kim reviewed NIMROD-related activities of the PSI-Center including better 
meshing for LDX simulation, progress on HIT-SI computations, FRC studies, and 
discussions of modeling neutral atomics physics.  Regarding hot-particle kinetics, 
isotropic velocity-space loading of simulation particles makes the 1/1 benchmark 
computations agree very well with M3D results.  Charlson has been modifying selective 
pieces of the hot particle kinetics to better understand what effects are stabilizing and 
destabilizing at different beta-hot levels.  He will look into fishbone chirping as a 
nonlinear application.  The NIMLITE code reorganizes some of NIMROD to reduce 
compile time. 
 
Chris Hegna gave a presentation on a theoretically sound approach to formulating the 
RF/MHD interaction for ‘slow MHD.’  The effect of the RF is to add source terms to the 
moment equation and to make important modifications to the closure relations.  With a 
background Maxwellian and small kinetic distortion (appropriate for ECCD but not 
ICRF), the quasilinear diffusion operator from the RF effectively modifies the collision 
operator for the closures.  The kinetic modification will be needed in 5D.  Hegna worked 
through an example based on the Spitzer problem.  Held’s work will be used as a basis 
for incorporating free-streaming. 
 
Jeong-Young Ji provided a review of the moment-based approach to kinetic closure 
computations.  His formulation uses the exact linearized Coulomb collision operator, and 
the moment approach converts differential operators into algebraic sums.  The 
coefficients for the matrices are functions of mass and temperature ratios only and may 
be computed once at the beginning of a simulation.  Results from a sample application 
compare the accuracy of Braginskii with the moment approach retaining different 
numbers of moments (up to 40 in pitch-angle and 40 in speed) over a range of 
collisionality. 
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Eric Held reviewed progress in nonlocal closures, including work of recently graduated 
PhD students.  Quantitative predictions require full collision operator effects 
(incorporated in Ji’s moment approach), and time dependence is needed in the kinetic 
equation.  Nonlinear terms may be important to assess how fast a distribution returns to 
Maxwellian, and an approach expanding in pitch-angle only may be better for solving 
these nonlinear effects.  The recent efforts to fit temperature fluctuation to a functional 
form will be useful in these time-dependent nonlinear kinetic calculations, where the drift 
kinetic equation is solved after Fourier and Laplace transforms, and Lomb periodograms 
can be sufficiently accurate for confined field-lines.  Inverses can be done reasonably 
well and quickly by using 1-pole approximations. 
 
Scott Kruger covered the Taylor forced-reconnection problem in the context of a test for 
nonideal wall modeling.  Both normal and tangential components of the specified 
injected magnetic flux are changing, but there appears to be a quantitative mismatch 
leading to large divergence error.  Debugging will continue.  The team SVN repository is 
reasonably up to date at version 3.2.4, but there is list of very recent changes that will 
need merging at some point. 
 
Eric Howell described a new computation being added to NIMPLOT.  It solves the del-
star operator to generate the poloidal flux function from J-toroidal and the distribution of 
B-normal along the wall.  It will be able to replace the existing poloidal flux diagnostic 
and work in more general geometry without assuming a logically rectangular 
arrangement of rblocks.  It will also provide the linear part of a Grad-Shafranov solver 
using NIMROD’s spatial representation. 
 
Sovinec reviewed the use of ‘2D’ and ‘3D’ algebraic systems in advancing NIMROD’s 
implicit algorithm.  He also described how GMRES works and the recent update to using 
the Hessenberg matrix based on information from Y. Saad’s book.  A small nonlinear 
computation shows how sensitive the two-fluid magnetic advance is to variations in 
coefficients in the toroidal direction.  Initial work on incorporating toroidal 
preconditioning was described. 
 
Srinath Vadlamani has an SBIR grant funded to incorporate a multi-grid solver for 
NIMROD’s linear algebra.  Phase I will explore use of HYPRE (available through 
PETSc) on SPD matrices.  Phase II will extend this work to non-symmetric operators.  
An important research aspect will be developing one or more problem-relevant restriction 
operators, so that the multi-grid does not wash out important characteristics of the 
original matrix.  Vadlamani noted that using PETSc may have other effects on building 
NIMROD, since it expects to initialize MPI.  Selecting relevant benchmark and scaling 
cases will be an important task. 
 
Sovinec presented an update on IMP development for (and from) Dan Barnes.  First, the 
nomination for Dan’s invited talk was accepted, and he will prepare a paper for the 
special PoP issue.  Second, Dave Nystrom will help develop a shooting code to 
investigate the high-k unstable g-modes found with IMP kinetic computations.  Finally, 
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work to investigate the IMP algorithm on parallel polarizations includes a 1D code that is 
already under development.  Dan is not planning to extend IMP itself to parallel 
polarizations but will make a slab-specific version of NIMROD for these tests. 
 
Development-related discussion focused on parallel scaling.  Eric’s recent development 
for extending parallel scaling with nonlocal kinetics is significant.  We also want to 
improve scaling for fluid computations.  Vadlamani’s work on MG will push on this 
front, and Xiaoye Li’s proposed SAP effort will improve SuperLU. 
 
Applications: 
 
John O’Bryan described his work on verifying that NIMROD reproduces basic transport 
that results from the fluid models.  To check classical particle transport, he has run 
cylindrical cases starting from uniform axial magnetic field with applied axial electric 
field driving plasma current.  He shows that the net pinch flow decays over the very long 
particle transport time, as expected and that the transport rate agrees with expectations.  
Toroidal cases check Pfirsch-Schluter transport, but a small amount of artificial particle 
diffusivity (1/100 of the classical diffusivity) is required to avoid numerical oscillations.  
Quantitative checks on transport were presented.  O’Bryan also described a new effort to 
model compression experiments in Pegasus. 
 
Scott Kruger summarized the ELM benchmark case.  It uses a TOQ equilibrium where 
the profile is forced into vacuum behavior in the outer region.  The location and width of 
the resistivity transition matter, and Kruger is trying to do a systematic study, but there 
are no new results on the spectrum since Sherwood.  The LINROD work helps automate 
linear studies and should be useful for this benchmarking. 
 
Val Izzo described how she has incorporated KPRAD into NIMROD for her work on 
disruption mitigation.  She uses separate continuity equations for electrons, deuterium, 
and impurity ions, and Z_effective for the impurities gets updated to ensure 
quasineutrality.  The impurity charge state affects the fluid evolution through resistivity.  
Since KPRAD finds an independent prediction for Z, the two computations are 
resynchronized at each time-step.  Izzo is working with Paul Parks for the neutral source 
modeling.  She has computations with He and Ar.  The new time scales introduced by the 
radiation make interpretation more difficult when scaling Lundquist number to facilitate 
numerics. 
 
Adam Bayliss is modeling the HIT-II experiment.  So far, he has used zero-beta 
simulations, but injected flux and other parameters are based on the experiment.  With a 
moderately distributed poloidal flux, he has to lower I-toroidal-field to see MHD 
relaxation, which is not inconsistent with experimental results.  He is working on a more 
realistic geometry that is expected to have less loss of current in the absorber region. 
 
Dalton Schnack reviewed the status of linear g-mode analysis and computation.  A high-
wavenumber mode arising at low ion gyrofrequency has been reported in the literature; 
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though, it is not yet clear whether this is the same mode as the one obtained with IMP.  
Ping Zhu helped correct an analysis based on the local approximation. 
 
Ping Zhu presented a nonlinear 2D study of interchange evolution for blob formation 
relevant to ELMs.  [Callen and Brennan suggested that “filament” may be more 
appropriate than “blob.”]  One set of computations is based on a paper by Aydemir; the 
computations use an exponential equilibrium profile near the wall and dissipation cuts off 
the MHD spectrum at high-k.  Zhu compared evolution starting from different initial 
conditions.  With a hyperbolic equilibrium profile, there is also a hole feature that moves 
in the opposite direction.  Nonlinear two-fluid computations show asymmetric distortion 
of the features. 
 
Nick Murphy described two-fluid simulations of MRX that use his new mesh generation 
algorithm that allows for weighting and smoothing.  He is simulating with the 
experiment’s physical parameters, including more accurate thermal conduction.  Toroidal 
geometry simulations show pressure building on the inboard side during push 
reconnection.  The length of the current sheet is limited by the flux-core separation with 
pull reconnection as pressure builds near the cores.  It also leaves a relative cavity on the 
inboard side.  In addition to the two-fluid computations, Murphy has performed a 
parameter study for MHD.  Deviation from asymptotics may result from global geometry.  
Differences between inboard and outboard two-fluid quadrupole lobes, seen in 
experiment, are also produced in simulation.  A diagnostic that measure force densities 
provides quantitative information on the causes of asymmetries. 
 
Jake King presented his linear studies of two-fluid reconnection with guide field.  He 
considered the balance of different terms that leads to broadening of the velocity part of 
the eigenfunctions when two-fluid effects are present.  With equilibrium scale greater 
than sound gyro-radius scale in slab geometry, there is a 10% discrepancy in growth rates 
between NIMROD results and analytical theory, and further checks will be made.  Initial 
results for cylindrical geometry obtain reasonable agreement with those from a shooting 
code. 
 
Sovinec reported on nonlinear two-fluid reconnection computations including GEM 
calculations with moderate guide-field.  Including the partial(J)/partial(t) electron inertia 
term adds a symmetric term to the operator for advancing magnetic field and seems to 
make the matrix easier to solve.  The guide field quickly suppresses fast reconnection, in 
agreement with M3D-C1 results.  Cylindrical computations are used for 1/1 reconnection, 
but preconditioning over the Fourier direction is essential before resolved computations 
can run through the nonlinear phase. 
 
Chris Carey described recent results from his astrophysical jet simulation.  Collimation at 
zero and 10% beta is achieved at large S but also large Pm, and he is working to lower 
Pm.  A kink instability saturates leaving a helical distortion in the magnetic arcade.  
Tracing field-line evolution indicates sudden changes of foot-point connectivity during 
saturation, indicative of magnetic reconnection.  A new synthetic diagnostic to infer the 
synchrotron radiation signature for simulation results has been developed.  The radiation 
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weighting tends to make the helical structure look a little more collimated.  This 
diagnostic will facilitate comparison with observational results.  It can also be run quickly 
on parallel machines. 
 
Dylan Brennan presented research plans at U. Tulsa associated with NIMROD.  Topics 
include the influence of hot particle kinetics on the 2/1 tearing onset in D3D and JET, 
resistive drift wave interaction with MHD, and flow-shear effects on tearing.  Brennan 
outlined experimental results that suggest possible particle effects on tearing, and much 
of Kim’s simulation particle developments should be applicable.  The drift wave 
turbulence interaction will be in collaboration with the UCSD theory group.  There was 
discussion of the computational similarities of this problem and the RF interaction 
problem. 
 
The meeting broke into four discussion groups with all four tasked to consider the 
questions:  1) What technical issues pose the largest impediments to applications? 2) 
What can be done to correct these issues? 3) What aspects of the project can be changed 
to facilitate physics output?  After discussion, the groups reconvened to present what was 
discussed, which is listed below. 
 
1) What technical issues pose the largest impediments to applications? 

• Improvement of preconditioning with Fourier coupling is needed. 
• Attempts to use Jaguar at ORNL are still not fruitful. 
• Interchange near marginality needs improvement. 
• Nonlinear evolution at low dissipation should be more robust. 
• Portability has become difficult with newer versions and platforms, and this 

makes it difficult to get started using NIMROD. 
• Documentation of more realistic sample problems would help. 
• The ‘proliferation’ of versions makes it difficult to access all capabilities. 
• Different namelist lists slows comparisons of different versions. 
• Visualization (particularly 3D) needs to be more available. 

2) What can be done to correct these issues? 
• Establish a Wiki for the web with FAQs on different general topics. 
• Maintain a case library that is available on the web. 

o Start by defining the format for an entry. 
• Maintain a volunteer task list. 
• Add more documentation of calling parameters for modular tools. 
• Contribute diagnostics that are developed. 
• A team accessible build is already available at NERSC. 
• Replacing artificial particle diffusivity with a hyper-dissipation may help low 

dissipation nonlinear computations. 
3) What aspects of the project can be changed to facilitate physics output? 

• Reduce the learning curve with getting through input.f. 
• Updates need to come with more detailed information on what is changed. 


