Effect of fuelling location on pedestal and ELMs in JET
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MOTIVATION DYNAMIC EVOLUTION OF ELM BEHAVIOUR AND NEGATIVE ELMS
« With the JET ITER-like wall (W divertor, Be wall) strong fuelling is normally used to increase ELM . g}a:mcgge[’;rxes;;f;g:e%l;/l::i;icn;ia;;igzssmdy the difference between hybrid and baseline
frequency (and reduce ELM size) to avoid W contamination of the plasma. Strong fuelling often JET Pulse No: 84661 :

reduces confinement [1,2,3]. JET operation (in C and ILW) typically uses divertor fuelling. h%w
« Is the colder pedestal and lower confinement in ILW affected by fuelling location & pumping? = | | | ]
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« We report here on plasmas with lower puffing than usual. Some of them achieved steady good ;ZQWWWMMV\N
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as power increases inner strike and X-
point ELMs change from negative to

confinement. Additionally we describe transient W events observed and their effect on the pedestal. E Bl ()
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P g (W), positive. At the same time pedestal
ELM frequency and fuelling Teped (keV) A R i .
EXPERIMENTAL SETUP AND RESULTS ol T o e S - ‘ A rf;»rr ¥ Temperatu:es |ncree‘ifseh oot is
« Vary poloidal fuelling location in JET ILW plasmas “ 20+ Dun@0Fphscr7n] IS not clear yet if the X-point is hot
with 2 MA. 2.3 T njn ~0.65. and 12-14 MW A 10 ‘ ] because the pedestal is hot and the
of NBI heating (shapes shown below) T ] e 107 phsenisr £LM bums through he cold plasma, or
. | if a hot X-point enables o rise
» ELM frequency achieved for different fuelling levels 40 5[ Do (107 /‘c /61 1 further and produce a Iargere EeIfM.
varies with fuelling location and plasma shape——> £ 15 ) . . i
(injection locations shown below). 3 JET Pulse No's: g ‘_/_/‘//—/—w E&rrsézt;os?albsg/sv:revr;dhg h)élgoi::1 tm::g
+ When sufficient fg, , obtained, plasma can recover oo s M= : el cases.
from transient W events & healthy steady state can 20 A & 84641 2,75 MS o trike d X-point togeth
be reached. o 30 35 5% nner strike and X-point together
mo Time (s)
« In this series of pulses, when fg, < 40 Hz, sudden W contamination N §3§3§
W influxes can lead to hollow T, profiles or loss of H/w A 2 84647 TRANSIENT W EVENTS AND THEIR CONSEQUENCES
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JET Puise No: 84645 @ 125

mode. In those cases fg,, shown is measured 0.5 ol I I
ms before initial W detection. 0

For e?Ch fueling location we study th? lowest value Fig. 2 ELM frequency for different fuelling levels.. Circles
a‘t Wh'ch W was controlled, marked‘ with daSh?d for Divertor fuelling, Squares for upperLFS, triangles for
circles in the ﬁguri. We only saw differences in the  top fuelling. Solid symbols for blue shape, open symbols
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Gas (10%efs) «In various cases of the gas puff location study
W events were detected, and we see their influence

on pedestal and ELMs

blue shape. for red shape (see below) - initial W event that triggered the radiation spike and
drop in T, peq in ULFS case shown earlier is captured
Fuelling effects, positive and negative ELMs, pedestal: / by a spectroscopic camera as a flash of W 1 light
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Different event, during low pumping red shape, with better outer strike diagnostics.

JET Pulse No: 84645, red shape, low pumping
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« Langmuir probe analysis shows that in all cases « Divertor fuelling ® has negative ELMs at inner MWHMMMHUMM
studied the inner strike line is partially detached, strike line and X-point. X o (17 W) g
outer is attached. * Upper LFS ®fuelling has negative ELMs at inner . N e . . . » .

« “Negative ELMs” are drops in D,, instead of spikes. strike, positive ELMs at X-point and outer strike ° Th's)w i‘r’]e"t \Aéashproduc:d bly;?sawtooth afflV?' (brlnglngl 'EICOFNE 'thIJU"“es and ene;getlc
They are present when a dense (>102° m-3) cold . o - . i ions), in the red shape, when IR measurements are available. Note low pumping an
plasma (T,<1-3 eV) is viewed: D, is dominated by Top fuelling A has positive ELMs in all locations correspondingly lower T, peq.
recombination [5]. When ELM deposits energy in + Situations with negative D, ELMs and cooler * note reduction in ELM power density while pedestal radiation is high.
plasma T, rises and recombination rate drops, pedestals (denser divertor) are correlated, in this o . - o
leading to reduced D, Later D, may increase again  experiment and in hybrid/baseline comparison. ° Pe;lesttall tb°|°met't'y ch:nneIsEsC&w ‘trar:jsmnt '”Creaéf'\';‘;ad'?“oﬂ- Pedestalfdenzltz/ rses,

i edestal temperature drops, size decreases, uration increases from 3 to 7 ms.
as pIa;t;na IC OOIi backldowr;r; o;as n? ar'ﬂ}. rise * In most baseline JET ILW plasmas divertor P P P i
(possibly elsewhere along the line of sight) in fuelling is used and ELMs are negative at leastat ~ * Eventually ELMs flush the W out, pedestal returns to previous state.
between ELM . N -
inner strike and X-point.
SUMMARY

FUELLING LOCATIONS AND PLASMA SHAPES EXPLORED . . . .

* Fuelling location affects SOL behaviour and achievable pedestal temperature before ELMs, but

Fuelling locations: inner divertor source (iDIV @) is toroidally distributed, upper low field side (ULFS m) only when fuelling is sufficiently low and/or pumping sufficiently strong, and/or power high.

d Top A toroidally localized.
and fop 4 are toroldally localize * The clearest difference is in the presence of “negative ELMs” at the X-point viewing line, more

Plasmas had 2 different shapes for 3 s each in each pulse (15! blue, then red), shown below prevalent with divertor fuelling.

« Blue: with strike points near cryo-pump duct, better pumping and poorer diagnostics. Fuelling location . . . .
made a difference to SOL and pedestal (see above). Thisg configuration hgs Hog~ O.B-O.Efl medium * There is a correlation between the presence of negative ELMs at the X-point and the N
density Ny g ~ 3.3-4.2 101°m2 , hotter pedestals, T, poq ~ 0.8-1. 0 keV. temperature of the pedestal top. Negative ELMs correlate with cold pedestals, low confinement.

+ Red: conventional shape with higher triangularity, outer strike on solid W target, lower pumping and * Transient W events show direct effects of W on pedestal and ELMs: pedestal radiation increase
better diagnostic coverage. Fuelling location made little or no difference for this shape. Hgg~0.75, leads to weaker ELMs, colder pedestal. The plasma may or may not recover from such events,
density N peq ~ 4-5 10'°m2, pedestals colder T, ;.4 ~ 0.6 keV depending on ELM frequency.
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