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Application of n=3 field destabilizes ELMSs in OAK

discharges without Li conditioning RIDGE
MNational l.ubumtur}"
« Discharge parameters: _ 20Fa7318
— B;=045T,1,=800 kA, P\g = 6MW 2 150f127317 E
— k=2.0, 8=0.7, drsep ~ 0, ggs ~ 10 £ o0¢
— No lithium coatings on PFCs 0F E
* No 3D field is applied, ELM-free ;‘S
period lasts untilt~0.5s ¢ 5 6F
« n=3 field is applied during ELM-free CE ;
phase E:
— ELMs begin within ~50 ms ~T 4f 1
- Presence of ELMs tracks 27 2F :
. . — . =y E ok l(
application of n=3 field o __2 "ELM-free
— ELMs cease when perturbation is 6F
removed, begin again with ~T 4f J l
reapplication E“‘;’I., 2F WJ)L
— Shot-to-shot timing scan: ELMs start ﬂ“_f% 0F
within 50 ms of 3D field application ~21 : -
00 02 04 06 08 1.0

Time (s)
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Toroidal rotation drops, T.Ped increases

when n=3 field Is applied
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"+ Blue profiles: no n=3 applied
* Red profiles: 20 ms after n=3 applied (before ELMs)
— Preliminary PEST calculations: stable before n=3, edge unstable after
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Destabilization has been used for magnetic ELM OAK
pace-making in Li-enhanced ELM-free H-modes RIDGE

MNational Laboratory

« n=3 field applied as square wave in k = 2.4 Li-enhanced
discharge

— ELM-free with Li and no n=3 field
— ELMs triggered on ~75% of n=3 pulses (11 ms, 40 Hz, 1.2 kA)
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ELM pace-making is more effective at high %()AK

- RIDGE
el O n g atl O n National l.ubumturp"
=2.1 k=2.4 At high «:
250 M N ANI< AR, T P T T
- <AW,/W> = 20% | F<AW, /W> = 10% ;
200 1 F 7
: 1t 1 » Smaller, more
2 150f 1 bas s\ W frequent ELMs
= S : are triggered
gi 1{::{}E - ]
50 F i
D.'...J‘.\..n... e AN e T,
__ 2.0F30652 ' ' ] FI30669 '
= 1.5rM30657 ' = 1 F130670 - .
Z 0k Li, no n=g R { * Impurity control
B o5k — i | IS more effective
o soE=——— Li+ pace-makingj ¢ — |
4 FT30652 ' ' 130660 '
# g_l S0B5/7 - _ ;'l 30670 L| + pace-mak|ng ° ngh H._faCth iS
T —— 1 maintained in
1E : it : — ;
: No Li 1 Li,non=3 1 both shapes
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Magnetic ELM pace-making may be improved at OAK

higher k, with internal coils

RIDGE

MNational Laboratory

Relative Frequency

B =2325
Bl =-2023

3 6 9 12 15 18 21 24 27 30
AWM, (%)

Largest ELMs occur
~_after a pulse fails to trigger

Wi (kJ)

L\

Triggered ELMs are large, but trends are
promising
— ELMs are much smaller at high k

— Optimization for small ELMs will be
performed in future experiments

Internal coils could greatly improve
technique
— Triggering requires 8-10 ms pulses,
comparable to ~4 ms field penetration time
— Internal coils -> faster triggering?

» Higher frequency, smaller ELMs, better
impurity control

« More reliable triggering, smaller ELMs?
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OAK
Summary RIDGE

MNational Laboratory

» Application of n=3 fields can destabilize ELMs during ELM-free H-mode
— n=3 reduces rotation, increases pedestal electron pressure
— Plasma returns to ELM-free when 3D field is removed

« ELM triggering has been used for magnetic ELM pace-making in Li-
enhanced ELM-free H-modes

— Li coatings suppress ELMs, improve confinement, but problems with impurity
accumulation

— ELMSs are controllable introduced with n=3 fields, reducing density and
radiated power

— ELM triggering shows favorable dependence on elongation

« High confinement is maintained with ELM triggering

— Viability of lithium coatings + ELM pace-making with 3D fields as a high-
performance scenario
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Edge is less stable after n=3 is applied

OAK
RIDGE

National Laboratory

Preliminary n=3

stability calculations T
performed with PEST

Plasma stable before
3D field application
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Midplane coil current scan shows threshold
for destabilization
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« Threshold coil current for o GpremEiz :

ELM-triggering is ~950 A ﬁf’é 2Hn=g Z900 A
— No triggering at 900 A = —5_2 . 04 s ;
_(natural ELMS start at ~0.5s  6F07300 ' ‘ | 5
in control discharge) 52 “H3=950 A / ;
— Intermittent ELMs at 950 and : % il - r —
1000 A £ 0 =035 -

+ ELMfrequency appearsto = 427390094 | | -
iIncrease with n=3 field i“‘f 2} | l l\'h E
magnitude - —5_2 ; =035 ]

— ELMs become more regular B F 7314 : l ;
— Tendency clouded by E% ;I”:‘” =1300A wﬂ___|| | J|LE
tendency of plasma to lock O I
high currents-too much e hes =035 5
brak|ng 0.10 0.05 ‘ _u';[flniz (S) 0.05 0.10
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