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Motivation and Outline Plasma Collapse after Excess Impurity Injection in W7-X
 First survey on plasma termination due to excessive fueling and impurity 20171123.019 | 20171123.021
injection in stellarators and heliotrons (TJ-II, LHD, W7-X) . [feference =8 _collapse _
* Time scales of plasma termination appear to be relevant for operational limits g T '
and licensing on larger scale devices ! I *
« Study impact of inherent confinement of helical devices T
Methods 3 0
* Characterize plasma termination in TJ-Il, LHD and W7-X.
« Study of plasma terminating events induced by fueling pellets and impurity
injection (LBO, TESPEL) to derive time-scales and common mechanisms: 5 2 l | |
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Plasma Termination / Recovery after Excess Fuelling in LHD

B=-2.750T R;=3.600 m y=1.254 Bq=100 2015-01-29 10:33:30 B=-2.750T R,;,=3.600 m y=1.254 Bq=100 2015-01-29 11:00:36
‘@[E&El?gg}ng"” ing exp.: recycle in high den ttysf llllllllllll - i ‘@[t]z-nélergi?Eg PIIth ng exp.: recycle in high den tt:.fB;j nnnnnnnnnnnn "
© I. Calvo 4 ;
- Eg ;&E%: 25 Serduen T J]
TJ-II (>1997) LHD (>1998) Wendelstein 7-X (>2015) A, = RPNl AR
Heliac (copper coils) superconducting heliotron low-shear superconducting HELIAS L e \f R
N=4, R=1.5m, a~0.2m, V ~1m?3 N=10, R=3.75m, a=0.6m, V=30 m3 | | N=5, R ~5.5m, a ~0.5m, V ~ 30m3 e N £ AN A
B~1T,:~1.6 B<29T,+~1 B~25T,+~5/6,5/5,5/4 AL I ————— — [ E i
Pecry ~0.6 MW, Pyg ~2MW Pecrr ~5.3 MW, Pgi~ 23MW Pecrr ~6.5 MW, Pyg~ 3.5MW | s el
Tpulse -~ 02 S Eg - - \J Zn::::};a
Plasma Termination and Recovery by TESPEL in TJ-I AR IEEEe NIEs1l |
Waveforms of LHD discharges. " £ w lev|
I o e T — Left: #130661 N =4 x 102 EIAON Rt e
3 | 1 : ff%i" g ; Ry B - _ _ P e b
%\Z;; % r I Collapse g 2t /\i ECRng?)iizstfzosM /' nght. #130670 N - 3 X 1021 im"? L] g:z mﬁ Nx f';iA i\
3 : . Evolution of T,, n,and p, —— S Tl el
58 o during plasma recovery In IS Sy S B S
0 10 20 30 40 50 1125 1130 1135 1140 1145 1150 Z 1120 1130 1140 1150 1160 1170 1180 1190 s |4 Y N e o S R '
Time after injection (ms) Time along discharge (ms) Time along discharge (ms) 04 B : \ o i
ECE dala - 44755 ) . . | Evmuammwowr . . 14l 300umCHS) " o "
2 booq | f f f f N K #43130 @ 14.47 ms
i A | LT \NFée(L;—?;l;}lg?%) .
15 ____________ T T I 00 38 62 —
: N I % % :6 Termination by TESPEL Fuelling pellets, TESPEL
et || ol 'Ilg | 28 TR o\
oF il TN Jl” il m il || i oz o l . \\ . W/P <10ms 80 ... 100 ms ~ 100ms
: : : : : I 0 01 02 03 04 05 06 0.7 08
0 11i50 11‘51 11‘52 11i53 11i54 11i55 11i56 0.5 11i30 11i31 11i32 11i33: 11i34 11i35 11i36 11i3? 11i38 Normalized radius )
Time {ms) Time (ms) (9(TTERM|NAT|ON) 2 10 ms 50 ms ~150 ms
Recovery observed X X
Radiation Source S W Fe, O, Gd
Plasma Termination and Recovery by TESPEL in LHD
b .
e Conclusion
~ 20¢ #107488
N otal Ngg = 1.98x10173 :
s 10 3 T 5 1 _ Sy v : AN ,_ ' ~
S 20 o W NIV A RO - + Multi-machi dy (TJ-Il, LHD, W7-X) on pl inati
O] 000 o L8 N 11V OO PP NPV, . . | ulti-machine study (TJ-II, , -X) on plasma terminating
~ B800F - 1 os) b2 ’ " o : -
N / \\ fw”\ EN 57, 55 ¥ ) events in stellarators/heliotrons
; a ; E . . . . . -15 -10 05 00 05 10 . . . . . .
| e e i\ i « Time scales are in the order of confinement times set by radiative
L : OF 31sg - W% 1 ; . .
; S W N losses from (P,,4/Preat)
» Core cooling — robust temperature holes

-15 -10 -05 00 05 10

<n >
e

(10" m™) T1,(0) (keVv
T, (keV)

« Capabiltly for plasma recovery in TJ-ll and LHD demonstrated

« Shorter time scales (and characteristics — not shown) for broad co-
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. I * Vacuum confinement of Stellarators/Heliotrons:
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64Gd TESPEL (suggested from FIR interferometer) benign response to investigated terminating events
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