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Outline

1) DIII-D RE experiments with diverted target plasmas

2) GATO linear stability analysis of early TQ phase triggered by Ar-
pellet injection

3) NIMROD nonlinear simulations with simplified Ar pellet model

4) Summary




Ar pellet injection into DIII-D discharges frequently

produces RE current plateaus following disruption
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Appearance of RE plateaus for diverted plasma shapes

is very unreliable on a shot-to-shot basis
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GATO analysis reveals unstable linear mode structure

shortly after Ar pellet injection
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GATO results separate high/low RE current discharges

based on location of instability peak
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Is core/edge peaking of modes due to target

equilibrium or pellet differences?

* Linear GATO runs begin with EFIT reconstructed after pellet

injection, finds unstable modes at start of thermal quench
-Differences in target plasma equilibrium or variations in pellet
size/ablation rate could contribute to GATO results

* Nonlinear NIMROD simulations are carried out starting from
EFIT reconstructed before pellet injection
-NIMROD includes Ar-pellet deposition model, which is
simplistic, but invariant over the set of simulations
-Only difference between two NIMROD cases is target
equilibrium
-NIMROD also includes RE orbit-following model to calculate
RE confinement as nonlinear instabilities evolve




Six shots are chosen for NIMROD simulations
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Equilibrium correlations with DIII-D RE measured
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Sequence of event is common to all NIMROD

simulations of Ar pellet injection

Deposited Ar rapidly cools plasma Current profile contracts
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Fraction of REs lost due to MHD varies considerably

between the simulations
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NIMROD outlier was also outlier in the GATO analysis
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Time evolution of n=1 mode shows strong similarities in

several simulations

These 4 cases have q,<1
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Radial profile of n=1 mode at first peak very similar for all

q,<1 simulations
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Amplitude of n=1 fluctuations appears to determine losses

for q,<1 simulations
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Simulations with q,>1 show very different mode structures

Case with good
confinement 1s
peaked off-axis,
where as case with
poor confinement is
peaked on axis...

But, poor
confinement case also
has much higher
amplitude; effect of
mode structure 1s
unclear
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DIII-D tends to show higher prompt loss for higher RE

current in diverted shots

Inconsistent with hypothesis that confinement 1s the primary determining factor
in plateau current?

From A.N James

—_— 0.020 '- | T T | T T T T T T "-‘
& 0.016 | P)|* diverted -
=% b 7 |+ limited ) -
[0 - -
5 0.012 X -
= _ﬁ x o
= 0.008 [ Xx x i
& 1 + )
0 100 200 300 400 500
Ir [kA]

Variation in seed generation could be equally (or more) important. NIMROD

does not yet model RE generation, but may need this capability to capture the
whole story.
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Summary

* Diverted DIII-D plasmas produce a wide range of RE plateau currents when
terminated by Ar pellet injection

* GATO linear stability analysis suggests that radial structure of the unstable
mode may play a role in RE confinement: on-axis peaked modes=> poor
confinement; off-axis peaked = good confinement

* NIMROD simulations of six DIII-D discharges predict a range of confined
RE fractions, not in all cases consistent with DIII-D plateau currents

* Simulations with q,<1 all have similar n=1 mode radial-profile and time
evolution; amplitude predicts RE confinement well; qos may play a role in
determining amplitude

* Simulations with q,>1 show different mode amplitudes and radial profiles; role
of each factor is unclear.
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