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QH-mode is a naturally occurring ELM-free state!
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Prior modeling shows simulations bracket measured beam

emission spectroscopy (BES) fluctuation amplitude!?

 Peeling  EFIT based on “best fit” to experimental data is
R ) stable when ExB flow is included with single fluid

 To destabilize: density and temperature
gradients increased in the pedestal region

Stablllty boundary '

w/o flow ;
\  Nonlinear relaxation relaxes plasma profiles back
Stabl Ballooni towards measured state
allooning
unstable
/
pped 1.2 = experiment 1.2 :
9w Tpetp 3 == | L4x VpF (x2) o
~— s} 2XVp . E W 2% VpP (x0.004) E LOf—
f‘? == 14 x Vp? e e |Ea
2 = 5 08 S 08 i
ool \ES,”G L Channel A GS,M_.-‘ : Channel B
— = U a" = Lon ’
= 5 R p, ~ 0.95 s p, ~ 0.98
— & PR 204
<
= & 502
01 0.0 B 1.0 I T T I R T T A R T SO R T TR TR
Frequency (kHz) Frequency (kHz)
n-D 1 Pankin et al., NF (2020)

3 NATIONAL FUSION FACILITY
King CTTS APS-DPP 2022



Reduced, two-fluid nonlinear modeling reproduces

electron/ion dynamics observed by BES!*
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Major improvements to model fidelity

* First NIMROD: simulations with unreduced MHD,
full shaping and

 Two-fluid, FLR terms (Hall, ion gyroviscosity,
cross heat flux)

. that incorporate
impact of carbon

* Heuristic neoclassical closures

. (scan drive within same
computation / reconstruction)
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Ohm'’s law includes two-fluid terms, heuristic non-axisymmetric
bootstrap current drive! and multispecies resistivity
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Momentum egn includes magnetized viscosity, heuristic non-

axisymmetric poloidal flow damping and multispecies collisionality
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Temperature equation incorporates magnetized

heat flux
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Separate density equations are evolved

Ne = Ng + LN Dn:1m2/3

S = My(R, Z)n ((na) = ma (£ = 0))
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Zhadanov! formulas used for multispecies

collision freguencies
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Neoclassical coefficient computed from

extrapolation across collisionality re

e = (VsTss) (ft/ fe) K

1/2

1 Kim et al., PFB (1991); errata
2 Callen CPTC report 09 6-rev1 (2010)
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Choose DIIlI-D wide-pedestal QH-mode shot 184971 at

3200ms for local diagnostic availability

184971 @ 3200ms
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Density (m~3)

Temperature (eV)

lon temperature used as free parameter

to match pressure without multispecies
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Collisionality and gyroradius vary from

multispecies by factors of 2-3x
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Global energy decomposition shows model tuning

used to achieve low-n saturated state

Ramp to 2f/FLR Add ¢-hyperdiffusion Focus analysis here
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After nonlinear saturation the profiles relax;

toroidal flow is most impacted
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The temperature perturbation is localized within the
edge pedestal and SOL and dominated by n=1

b
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The density perturbation exhibits non-field aligned
structure in the core that produces minimal transport
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Extended-MHD model produces ITG-like modes!

« Candidate to explain non-field aligned
density fluctuations

* Magnetized thermal conduction likely
suppresses temperature perturbation
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Straight-field line decomposition used to represent

maghnetic flux

~ B - Vg exp (in® — imO)
w ’ %% V@Do VO x ¢

* Definition is independent of choice of radial
coordinate at the resonant surface:

* Permits examination of poloidal mode structure

Dill-D 1 Park et al., PoP (2008)
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n=1 shows dominant 6/1, 7/1 tearing modes

w(n=1) at 0.286ms
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The n=2 is dominated by the m=12 first harmonic and

a broad poloidal spectrum of subdominant modes

p(n=2) at 0.286ms
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The n=3 modes are not resonant and small in

amplitude

w(n=3) at 0.286ms
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Future work: energy saturation analysis and

synthetic ECE and BES diagnostic comparisons

 Energy analysis will resolve is saturation results
from coupling to high-n modes or profile relaxation

— Need to reduce or treat hyperdiffusive terms with care
* Relaxation frequency can be tuned to match

amplitude of measured perturbations

— Compare frequency analysis, resulting mode structure

— Does a single simulation agree with both BES and ECE
measurements?

* Quantify the role of the neoclassical closure
* Run full model on a standard QH-mode with EHO
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Conclusions

* Unreduced, extended-MHD simulations have been
carried out with the NIMROD code that
incorporate

— Two-fluid, finite-gyroradius effects

— Multispecies closures that include impact of carbon
— Heuristic neoclassical closures

— Relaxation sources

* Non-field-alignhed structure present in density
perturbation, but produces minimal transport

* Multiple magnetic modes present in pedestal that
are dominated by the 6/1 and 7/1
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