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Strike point control enables research with the Liquid
Lithium Divertor

« NSTX Plasma control

. Liquid
has continued to _ Lithium
enable access to N

advanced plasma
regimes

e Scenarios with outer-
only and outer+inner
strike point control
developed

Segments to control
strike points

Flux error between real and requested strike point, 134986

— Outer+inner strike point ?;00006”” Rkt
control is more stable - 3 ;o0 (<ImW) -
avoids bifurcation 3 ooozp E

« Second X-point %:z‘gzgjﬁ i
complicates control E oomef :

— But adds new < RUUEUURTE SOUUUTIO IV I ]

E 0.6 0.7 0.8

possibilities
See E. Kolemen, Poster PP8.080
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Snowflake divertor is a novel option for peak divertor heat
load reduction in tokamaks

snowflake+ snowflake-

« Strike point control partially stabilizes
snowflake configuration

« Scans across from snowflake+ to
snowflake- configuration

* Will develop technique to control the
separation between the two X-points

(a) (b)
D. Ryutov, Phys. Plasmas 14, 064502 (2007)
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By control will enable reliable control of plasmas near with
wall limit

e [y control was commissioned using NBI feedback during the FY-09 run.
« Gains not yet optimized

- Feedback gains adjusted
L 135465 éﬂ»5462 135463 between ShOtS

- * By requests of 4, 5, and 6

By request

| g, achieved _| + Reconstructed @, evolution

:’/—”QW\ 7| varies with the trends
correctly with the

- T ‘ 7| requested values

—r—’,,,jec,ed Power ‘ - * Rotating MHD comes

51 earlier when the beam
150l I Odd-n Rotating MHD ‘ l | '"l’

-{ power is reduced.
25.0
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odd-n MHD (G)

 Core MHD leads to a

18.8]— - similar low rotation state in
125— _
g-ﬁ— Core Rotation ] a” cases
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time (sec.)

Q (kHz)
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Rotation control will enable optimization of MHD stabilization
physics and transport

« Development of rotation model > 10°
5 5 1o '3 Shot 128820
9 V) V 9 ow|
anmz D 3'5 <3p ap anmzx"b VoY) 5, 3 25
+ ZTJ + InB1 + INTV g ; z :.;,/ \ _/
— One dimensional parabolic PDE model T{, 1
— Actuators: neutral beam injection, " 05 model
experiment
neoclassical toroidal viscosity (NTV).

0
_ 0.2 0.3 0.4 0.5 0.6
— Currently benchmarking models for neutral beam time [sec]

torque input and NTV

« Goal: Control of plasma rotation profile

— Optimal control: linear quadratic regulator (LQR)

— Real-time control with observer (LQE) g 8 ;r?gvizzmg -

— Reach desired rotational frequency within 50ms T 6 - control

— Wil determine range of possible profiles with B | [ e L one
NB+NTV A

—  Will verify compatibility with simultaneous 3 control. : : : :

0O 100 200 300 400 500

See K. Taira, Poster PP8.078 time [ms]
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Scenario development has created reproducible plasma
scenarios which are relevant for CTF and ST reactors

Shot= 133964, time= 737ms

 Successfully developed high ]
elongation scenarios, with
lithiumization, and non-
axisymmetric control
— Benefits appear to add

* Have successfully attained
high k¥ (~ 2.7) and high 3,

€ o
simultaneously
« These values were sustained 1
for long pulse (T, > TcRr)

» Set record for sustained 3, ~
1.8 during the |, flattop

_lIII|l|_T’II||II[I|IIlIIIIII

0.0 0.5 1.0 15 2.0
R(m)

NSTX 2009 APS-DPP — ASC overview (Gates) November 3rd, 2009



High k¥ scenario now routinely achieves higher g reproducible
high non-inductive current fraction

<k> vs. Flat-Top Duration <Bp> vs. Flat-Top Duration

28[ N T
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i \ A
e 2.2 an - <
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« Two scenarios examined: ” é a ]

— High-B; scenario with maximum non-inQuctive

fraction b
_ A 15F I

* Achieved B, ~ 1.6% fy, ~ 63% for ~3tcg = P 2‘; A A
— Limited by TF flattop at peak field 10 [ =

All shots 2008 ]
All shots 2007 ]

* Achieved B ~ 20% for ~2t5
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TRANSP indicates 65% f,, maintained steady-state

« Same as fy, achieved

. . « * Results of TRANSP analysis * Results of TRANSP analysis
in previous “best for shot 116318 for shot 133964
discharges
. . . 1.0¢ — Bootstrap fraction (NCLASS) I 1.0 F — Boolsirap o ICLASS)
— High non-mQuctlve 0.8~ Boo ;ggils‘vei;rfrr\agt{%gfractuon E 08F — — BoSt raE::;élma&é’P fraction _
current fraction = 06F / o

maintained longer -
better control

* Analysis of current

profile constituents < ; <
shows ~20% deficit of < 04} =
current relative to total g-g B
from MSE 2.0} 0f
— Issues with Z g, el ; 5
reconstructions, o 1.0F 1 « 1.0F
edge bootstrap 05F 5F
model? 00} : OF
o 1.0: & O¢F
«  Early part of discharge § 08} 1§ o8¢
ras - 40% 2 0% toe
encouraging for 2 02F 13 ook
NSTX-U and CTF < 00: c 00t
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time(s) time(s)
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Current profile analysis shows ~20% discrepancy

* Previously, current profile
analysis has given good
agreement

* Most of total current
discrepancy is at the
boundary (area effect)

— Edge bootstrap an
important question

— Correction of ~20% to n,
would raise non-inductive
current fraction to record
value

— Z 4 high, also indicative of
density anomaly

0.8

MA/m?

0.2 Losiv

0.0 ~
00 02 04 0.6 0.8

0.6}
0.4]

« Current profile analysis for 129968
Plasma Cu rrents
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Centrifugal Effects Important In These Cases

%meLZ) (R2 - RéMP) - eZD(P(UJaH)

« Solve for variation of potential ¢(,0) on a flux
] surface using iterative technique.

np (lP, 0) =Npoup ('zU) exp(

T — Include Carbon, Deuterium, and electrons.
ep(p,0 _ -
n,(,0) = n, o\ (Y)exp % (81%%\7/\)/esson, Nuclear Fusion 37, 579

ne (1/)’ 6) =Ncomp (1/’) exp

tmewy (R = Rpyp ) - eZo¢(.0)| *  Solutions yield <Z.>, <n,>, <ny>, <n;> for use
T in current component calculations,
c . - . . .
« Significant asymmetry in radiated power profile

0= Enjzj as well.
j=e,D,C
o7 Tos o

- [ ! electron density | | !
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s t 1 9xCarbondensity , g ‘

o i // O ‘ r -

: i - 06

P 06— : - ’g

2 i ‘ °

% oal ] Bl

c 0.4 L & 041

a | ']

§ 0.2F | b 2]

8' : @ !

(D 0-0 P PR RS PR S SR S B B P-4 00»

02 04 06 08 10 12 14 ' S e e
Rowe (M), 133964, =857 msec. 20 40 60 80 100 120 140

radi m
Dave Gates, Stefan Gerhardt adius(cm)

@ NSTX 2009 APS-DPP — ASC overview (Gates) November 3rd, 2009 10



Control science is the primary tool for Advanced Scenario
development

* Improved control techniques have enabled access to

new plasma regimes
— Strike point control developed in support of LLD
— Snowflake divertor achieved - will improve control in future
— B control using NBI feedback commissioned

* Advanced Scenario development has realized
plasmas which approach the requirements fora CTF
and future ST reactors

— High k ~ 2.7 maintained simultaneous with record <g,> ~ 1.6

— Record non-inductive current fraction maintained for ~ 3t - limited
by duration of the toroidal field (coil heating)

— Discrepancy in measured and predicted total current point to even
higher non-inductive current

Work supported by US DOE contract no. DE-AC02-09CH11466
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