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Computational development: 
Daniel Barnes gave an update on developments for the Green’s function approach to resistive 
wall modeling.  It is an integral method that leads to elliptic integrals with a logarithmic 
singularity.  He has applied a corrected version of Young and Martinsson’s Nystrom numerical 
integration, and Barnes uses a special patch near the boundary-element corners to handle the 
singularity.  Implementation is the NIMbnd code that is called as a preprocessing step and takes 
the place of the low-order GRIN code.  It has been tested on solutions manufactured from 
internal current filaments, and p-th (polynomial degree) order convergence is shown for 
functions and derivatives for p as large as 5.  This result is also shown for cylindrical and large-
R/a toroidal resistive wall modes (RWMs), provided that the internal resistivity shape function is 
correctly set.  Error in that regard is likely the cause of non-convergent behavior shown in 
Andrea Becerra’s MS thesis.  On a small-R/a shaped equilibrium, the error with NIMbnd is 
smaller than with GRIN, but the expected convergence order has yet to be demonstrated. 
Brett Adair presented his numerical work on improving the numerical computation of particle-
speed collisional effects in the continuum Chapman-Enskog-like (CEL) kinetic modeling.  
Phase-space momentum exchange between electrons and ions is particularly challenging, 
because of the disparate masses/thermal speeds.  These effects need to be resolved at very low 
speeds for the electrons, yet high-speed electron-electron effects also need to be resolved.  Adair 
has been investigating an approach that uses two subdomains for low and high speeds, each with 
a unique type of polynomial to best capture the collisional effects in the respective subdomain.  
He is testing the approach on Spitzer thermalization and electrical conduction problems.  There 
is some concern regarding continuity across the domain interface when few collocation points 
are used in each of the two subdomains. 
Trevor Taylor is reinvestigating the application of higher-order interpolation/projection of 
weights in NIMROD’s df PIC model for energetic particles.  He has made a direct comparison of 
bilinear and biquadratic shapes using the DIII-D equilibrium for the giant sawtooth study.  When 
tracking particles launched inside the 1/1 surface, the two methods find the same trajectory.  
However, the traces deviate significantly when launching outside that surface.  Taylor is 
considering whether there would be advantages to using Q8 serendipity elements. 
Eric Howell reviewed the status and current development of FGNIMEQ, which combines the 
three preprocessors FLUXGRID, NIMEQ, and NIMSET.  He implemented a 
proportional/derivative controller feedback on external coils for free-boundary solves, where the 
user can specify the shape of the outer flux surface.  An improved scheme for the controller is to 
use just the derivative term, periodically reset to permit full convergence.  Howell recommends a 
two-step process to facilitate convergence in free-boundary computations: 1) run FGNIMEQ as a 
free-boundary solve and write an eqdsk file, 2) then run FGNIMEQ as a fixed-boundary solve 
with mesh refinement.  He has also generalized some input parameters and is cleaning-
up/correcting output coding. 

Physical model development: 
Hankyu Lee presented his recent work on implementing closures based on Jeong-Young Ji’s 
general-moment method analysis.  The relevant set of closures have been obtained through gyro-
averaging to obtain evolution equations for parallel moments, and the series is made finite by 
truncation.  This system is solved implicitly, and convergence with respect to the number of 
moments has been tested for ions and electrons.  The electron results are new.  Closure 



information for the NIMROD fluid system includes viscous stress, heat flux density, heating, and 
friction (resistivity).  Lee is applying this model to a time-dependent large-R/a test case, which 
appears to work, apart from boundary layers.  There is also a concern about memory limitations. 

Andrew Spencer discussed the implementation of df CEL kinetics, using thermal conduction as 
the target problem to drive development.  The computations are nonlinearly implicit to converge 
on the Rosenbluth potentials.  Recent development includes a linearized electron-ion collision 
operator for the Newton iterations and improved convergence criteria.  Spencer now uses 
numerical (Frechet) differencing of the collision operator.  His primary test case is thermal 
conduction across a magnetic island in slab geometry, and he is able to take large implicit time 
steps to converge quickly on steady results.  He is comparing high-collisionality results with 
those computed from NIMROD’s Braginskii closures.  He is also using an external integrator 
(DCUHRE) to check the accuracy of NIMROD’s Rosenbluth potentials. 

Joseph Jepson is verifying df CEL kinetics with respect to an analytical result for poloidal flow 
damping in a torus.  He had previously developed a means to compute the evolving electrostatic 
potential, consistently with the kinetics.  The NIMROD result has differed from the analytical 
one by 12-15%.  The published analytical computation used a 2-moment analysis, and to 
investigate its level of error, Jepson extended the analytics to a 3-moment analysis.  While the 3-
moment form of the collision term does not limit to the 2-moment result in an obvious way, 
numerical evaluation for different trapped particle fractions finds that the two predictions are 
within about 1%.  Jepson compared the NIMROD and analytical results over an NSTX profile, 
and some potential causes of the 12-15% discrepancy have been identified. 

Applications: 
Jacob King gave an update on the QH-mode study that he and Alexei Pankin have conducted for 
their DIII-D collaboration.  The computations are being used to understand the “wide pedestal” 
regime of experiments.  King noted the issue that the simulations receive kinetic EFIT 
information from experiments that already have turbulence saturation built into their profiles.  To 
put more of the free energy back into the profiles used in the simulations, the profiles are re-
solved with narrowed pedestal widths.  Nonlinear time-dependent results show either turbulent 
or laminar saturation of edge modes in the presence of flow—depending on much the profile’s 
pedestal is narrowed.  Either way, the nonlinear results relax these profiles back toward the 
experimental fit.  King also reported on a development of a synthetic beam emission 
spectroscopy (BES) diagnostic for NIMROD.  Computed diagnostic output for the different 
cases will test whether the experiment can distinguish the turbulent and laminar conditions.  
King then reported on transport modeling, based on explicitly included sources for density 
thermal energy, and momentum.  He compared this with the implicit sources from the separated 
steady fields in NIMROD and noted how equilibrium flow makes interpretation more 
challenging.  He then reviewed possible models for sources and transport. 
Torrin Bechtel described his study of pressure-driven effects in an l=2, Np=10 stellarator 
configuration.  He updated his numerical calculation of closed-flux beta by limiting the 
integration volume to locations where temperature is at least 10% of its maximum value.  The 
limiting beta values associated with Shafranov-shift are about 3% and are quantitatively similar 
to values expected from stellarator experiments.  Bechtel is also computing effective 
perpendicular transport by integration of the divergence of heat-flux density over the same T-
determined volume.  This diagnostic has been applied to scans of local parallel and perpendicular 
thermal conductivity in NIMROD computations with the limited stellarator toroidal periodicity.  
Another new diagnostic estimates thermal conductivity for the Rechester-Rosenbluth stochastic-
field model for collisional plasma.  The results show reasonably good agreement when the 
logarithmic term is used in the stochastic-field model.  Bechtel also described his full-3D 



stability computations that include all toroidal components.  Sensitivity when changing the 
iterative solver tolerance and the form of the semi-implicit operator suggest that the observed 
asymmetric evolution is either numerical or not resolved numerically.  New work on toroidal 
precondition is considered necessary for improving these computations. 
Urvashi Gupta presented her computational study of quasi-single helicity (QSH) in RFPs.  She 
noted that the long-term goal of her study is to understand RFP sustainment in the presence of 
pressure gradients and thermal transport, including two-fluid effects.  As previously shown by 
King, warm-ion two-fluid effects induce larger flows and lead to smaller single-helicity island 
widths.  Gupta is modeling toroidal and cylindrical configurations to identify toroidal effects.  In 
these computations, she starts with vacuum fields, and applies simulated loop voltage in 
axisymmetric computations to drive plasma current.  The computations are then reset to allow 
asymmetric dynamics with limited n=5 toroidal periodicity and heating.  Some of the 
characteristic behavior of QSH is observed, including high temperature within a helical region of 
closed flux when thermal conduction is anisotropic.  For the n=10 component, both m=1 and 
m=2 flow patterns are evident in contour plots of flow.  Gupta is also trying another approach, 
starting from a cylindrical stabilized pinch with uniform axial current density and parabolic 
pressure, which is a self-consistent steady MHD state, considering resistive diffusion, particle 
transport, and thermal conduction.  Her nonlinear computation at S=40,000 is able to get through 
the initial violent MHD phase when using Pm=200. 
Jacob Maddox summarized his study of plasmoid reconnection and energy conversion in slab 
geometry.  The motivation is representing heating in macroscopic simulations, such as localized 
injection in Pegasus and coaxial injection in spheromaks, where NIMROD modeling has not 
reproduced observed temperatures.  The slab computations start from an initial paramagnetic 
current layer that is unstable to resistive tearing.  After the mode saturates, island growth 
eventually produces a narrow current sheet that excites plasmoid reconnection, which is difficult 
to resolve with conventional resistivity alone.  These computations show that conversion of 
magnetic energy to thermal energy via reconnection is only significant in the fast plasmoid 
phase.  The computations are not driven to allow a conservative problem setup, and too much 
dissipation kills the fast reconnection or the large-scale tearing.  Hyper-resistivity helps avoid 
grid-scale variations, and hyper-resistive heating has been added to avoid energy loss.  Maddox 
described how the hyper-resistivity influences onset and current-sheet aspect ratios and how the 
hyper-resistive heating affects dynamics. 
Kyle Bunkers provided an update on his boundary and edge-plasma modeling for simulations of 
vertical displacement events (VDEs).  He reviewed the magnetized presheath model used for 
deriving boundary conditions and showed why lowest-order in gyroradius terms dominate VDE 
dynamics.  Evolution of plasma current with the different possible boundary conditions shows 
the sensitivity.  Bunkers has also been improving his edge plasma modeling by applying the 
Braginskii thermal conduction closures in their detailed form with magnetization—previously 
implemented by John O’Bryan.  A physically realizable set of parameters for a smaller 
experiment serves as the basis for the Braginskii computations.  Bunkers noted a difficulty when 
using two-temperature modeling, which is needed for the presheath boundary conditions.  King 
pointed-out that the standard NIMROD electron temperature system does not conserve energy 
without a two-fluid Ohm’s law, but that is easily remedied by skipping the J part of Ve in the 
electron-temperature equation. 
Finally, the team discussed different code-access policies of open source vs. open access vs. 
team collaboration.  Sovinec summarized concerns with unaffiliated groups attempting to apply 
NIMROD without knowledge of its numerical methods nor of good computational practices.  
The discussion led to consensus on restricting code access to groups that have active 
collaboration with established team members. 


