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Strong non-resonant braking and modification (but not
suppression) of ELMs using 3D perturbations on NSTX

No n > 0 applied field
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S.A. Sabbagh et. al., Workshop: Modeling of plasma effects of
applied resonant magnetic perturbations, San Diego, CA Aug, 2008

n = 2+3 field configuration
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DIll-D experiments demonstrated ELM suppression
using a single row of off-midplane coils

« ELM suppression using internal, off- |
midplane coils 2o
— Successful with single row and two rows .

— Not successful with external midplane coill

« Amplitude of perturbation chosen so
resonant amplitude similar

9 96y = ONEAXeN ¢ = U

Normalized Flux

« Attributed to a wider
Island overlap region
— Large aperture 2>
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M.E. Fenstermacher, T.E. Evans, T.H. Osborne,
M.J. Schaffer, J.S. Degrassie, P. Gohil, R.A.
Moyer, Nucl. Fusion, 48, 122001 (2008)
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Off-midplane fields reduce non-resonant
components in the core

« Shift plasma down 20
cm or more

— Gives off-midplane
perturbation

* Improves resonant
coupling
— Reduced poloidal

extent of
perturbation

— Reduces non-
resonant amplitude

inside core (reduced
braking)

n =3 field

JET Test P-coil: vs. sqrt(Psi_n)
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Test ELM suppression using 3D off-midplane fields
on NSTX

* 1/2 day experiment
— Develop ELMing discharge with —Az > 20 cm

— Apply static n = 3 perturbation and increase amplitude over a series
of discharges

— If time, scan qg;

* Interest in experiment
— ITER and others: Requirements for external ELM control coils
— 3D physics: Theory of ELM stability modification
— Edge-localized rotation braking profile
— Discharges explore off-midplane NBI current drive
— SXR imaging near upper X-point
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Run plan — develop target

I‘_T_I/I/}IIII|IIIIIIIII

« Start with 127262 A

— Pushes plasma down @ 300ms
— dgp =-8.5Ccm

rsep

- Z,=-25¢cm
— Modest lithium (50 mg)

* Try to move plasma down
— Build new segment in PCS
— Reduce PF1AL to lower X-point
— Tryfor Z,=-40
— May have to lower |, to keep AN
Qo5 high 1T

Z{m)
3

\I\
[N B

SN

it el Cantrol Polnta

I I-I—I—T | I\\I\I |II 11 1 I 11 1 1 | |

o 0.5 1.0 1.5
R(m)

2.0

Shot:
Tine:
chix*2
Rout{n}
Zout{n)
ain)
elong
utri
1tri
indent

Y {n=x3)
A {n=x2)
H (H))
betaT{%}
betaP
betaN

In

Li
error{e-4)
ql

q95
dsep{n)
Rn{n}
Znin)
Rcin)
2cin)
betaPd
betaTd
Hdia{HJ>
Ipneas{HA)
BT{0X{T)
Ipfit{HA)
Rnidin{n}
Rnidout{n}
gapin{n)
gapout{n)
gaptop{n}
gapbot{(n}
2tsin)
Rvsin{n)
2Zvsin{n)
Rvsout{n)
Zvsout{n)
Rsepl{n}
Zseplin)
Rsep2{n}
Zsep2{n)
psib{Vs/R)
elongn

qn
nevl{el9)
nev2{el9)
nev3{el9d)
ner0{el9)
n/nc
dRsep
qnin
rhognin

127262
0.634000
132,781
0.853
-0,266
0.641
1.659
0,325
0,640
0,000
10.121
2.028
0,120
10,128
0.622
3.687
2,747
0,873
10000,000
15.161
6,745
0,028
1.000
1.000
0.930
-0,184
0.695
11.323
0.134
0,796
-0,439
0.773
0.217
1.486
0,028
0.081
0,701
0,275
100,000
0.279
-1.384
0,511
-1,603
0.444
-1.329
0.292
1,083
-0.040
1.597
1.000
0,000
0,000
0.000
0.000
0,012
-0,019
1.369
0.356

ANSTX XP1030 Team Review September 24, 2010



Run plan — Attempt ELM suppression

* Once shape is established...

— Establish type-I ELMs using liter rate and
fueling

* Apply static n=3 field
— Increase amplitude from shot-to-shot

— End when ELMs disappear, shot disrupts
quickly from rotation damping or reach
SPA limit

 If time, scan qgy;

— Is there an optimum window for this
shape?
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Use tangential SXR camera to image edge structures

« 3D fields predicted to open up edge
Islands

— High-m island chains could be resolved
using tangential SXR imaging
— Islands largest near X-points

« Shift plasma brings upper X-point into field
of view of diagnostic

— Diagnostic supports 2 cm spatial
resolution
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Backup
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Experiments on NSTX showed a modification, but
not suppression, of ELMs using 3D perturbations

n =2 DC field vs. no field n=2AC field, 70 Hz vs. no field
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Chirikov profile
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RIGHT-handed harmonics in LEFT-handed plasma
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q profiles

L LN L L L B L B L L B B

4

4

4

4

4

1 —

4

4

4

4

o < -1

L 4

4

s 4

b 4

4

b .

b -

-1 -l

s 4

4

b .

s 1

. 4

s .

. .

s 4

Y R BT | |

00 05 10 15 20

ANSTX

XP1030 Team Review

September 24, 2010 12



