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NSTX research targets predictive physics understanding
needed for fusion energy development facilities

« Enable key ST applications :
— Move toward steady-state ST FNSF, pilot plant

— Close key gaps to DEMO AT L

Fusion Nuclear o

(FNSF)

« Extend understanding to tokamak / ITER Science Fecility  TIME

ST Pilot

— Leverage ST to develop predictive capability

Present Research

0 Develop key physics understanding to be tested
In unexplored, hotter ST plasmas

0 Study high beta plasma transport and stability at
reduced collisionality, extended pulse

0 Prototype methods to mitigate very high
heat/particle flux

O Move toward fully non-inductive operation

New center-stack 2nd Neutral Beam
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Nonlinear microtearing simulations for NSTX consistent with
measured electron heat transport dependence on collisionality
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* Predicted y, and scaling ~ vt consistent
with experiment (Qtg ~ Bytg ~ v, 09)

» Transport dominated by magnetic “flutter”

dB,/B ~ 0.1% - possibly detectable by planned

UCLA polarimetry system

0 NSTX-U computed to extend studies down to < 1/4 of present v*

Guttenfelder TH/6-1
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NSTX/NSTX-U investigating snowflake divertor and detachment
physics for large heat-flux reduction for FNSF, ITER, and Demo

* Divertor heat flux width decreases with
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NSTX-U: U/D balanced snowflake has < 10MW/m? at I, = 2MA, P, x=10-15MW
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Disruption detection & warning analysis of NSTX being developed
for disruption avoidance in NSTX-U, potential application to ITER

Disruptivity Warning Algorithms

0 All discharges log,(disruptivity [s"]):  Disruption warning algorithm shows
since 2005 H A ' 0 202§ high probability of success
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O ~98% disruptions flagged with at least
10ms warning, ~6% false positives

0 Most false positives are due to “near
disruptive” events
® Early MHD slows o,

Gerhardt EX/9-3 ® recoverable Z motion
|
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® Consistent with specific disruption
control experiments

Q Strong disruptivity increase for g* < 2.5

a Strong disruptivity increases for lowest
rotation




L-mode discharge ramping to 1MA requires 35% less
Inductive flux when coaxial helicity injection (CHI) is used
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0 Reference inductive discharge
O Uses 396 mWhb to get to 1IMA

0 CHlI initiated discharge
0 Uses 258 mWhb to get to 1MA (35% less

inductive flux)

0 Doubling of CHI closed flux current
projected for NSTX-U: 200->400kA

TSC simulation of NSTX CHI startup
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Decaying poloidal flux induces
positive loop voltage, causes flux
closure

Raman EX/P2-10
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100% non-inductive NSTX-U operating points projected for
range of toroidal fields, densities, and confinement levels

Br=1.0T, =1 MA, P;;=12.6 MW Projected Non-Inductive Current
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Rapid progress being made on NSTX Upgrade Project
First plasma anticipated mid-2014

Beam box craned over NSTX

[

« 2"d NBI box moved into place| ¢ Center-stack upgrade TF
— 1 month ahead of schedule conductors being fabricated

&
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Formulating FY2014-18 5 year plan to access new ST regimes
with Upgrade + additional staged & prioritized upgrades

2009 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

1 MA Plasma Upgrade Outage 1.5 > 2 MA Plasma NSTX Upgrade
. 0.5 MA CHI research goals
@CHI Control Coils |  New Center-Stack @ | V- ° o VA CH(Isl in support of
Plasma Gun
@LLD @ Moly-tile 2 NBI @ UM | FNSF and ITER
ECHEBW@ 1MW =@ 2 MW * Low collisionality

@ HHFW Upgrade

New Center-stack plasma regimes

o
g’lgyr#a Gun * 100% non-
Long-pulse inductive
Divertor @ operation

* Long-pulse, high
power divertor

NCC Upgrade @
* Advanced high-8
scenarios
Primary
PP option : )
Existing — : NOTE: Upgrade operation

would be delayed ~1 year to
mid-2015 w/o incremental,
Non-axisymmetric other follow-on upgrades
Control Coils (NCC) are further delayed

coils
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