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The role of the first wall in the density behaviour in RFX
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Introduction - The RFX Reversedield Pinchexperimenta=0.46m,R=2 m) has
beenso far operatedwith plasmacurrentsup to 1.2 MA, electrondensitiesin the rangel- 9
10"m and electron temperatures between 200 ance¥0T he first wall is madeof graphite
tiles, which cover albver the vesselwith a surfaceof approximately36 m?. Averageparticle
confiment time is of therderof few millisecondsandin orderto sustainthe electrondensity
the fluxes of atomic hydrogen are of the order 6f4b In mostof the circumstanceshe gas
flux requiredto refuel the plasma originates from the recycling processesat the wall.
According to the wall conditioning situation the amount of pre-filling @@asquatdo allow the
breakdown may be in fact enough to drive a whole discharge, that may betlangEs0 ms.
In other words, the capability to control the plasma density reflleetsapabilityto control the
hydrogenconcentrationon the tiles facing the plasma.Pellet injection is the only available
meansto fuel directly the plasma core without resorting to gas recycling. This paper
summarizesthe way the first wall affects the density behaviourin RFX with particular
referenceto the different situationsof wall conditioning: room temperaturewall, hot wall,
Glow DischargeCleaning(GDC) in He, boronisationwith GDC in Diborane.lt hasto be
emphasised that in RFKe ohmicinput powerrangesbetween20 and 80 MW, a significant
fraction of which is dissipated onto the relatively narrow region §guaremeters)wherethe
locking in phaseof severaMHD modes(m=1, n=6-15) concentrateghe interactionwith the
wall by deforming the plasmacolumn. Such localised interactionimplies that locally the
surface of the tiles can reach temperatures for which radiation enhanced sublmdstiong
hydrogenoutgassingare likely to occur. Previousmeasurementl] had alreadyshown that
the region of enhancednteraction canproducehalf of the total hydrogenand main impurity
influxes(carbon and oxygen).

The study of the wall responsepresentedin this contribution is based on the
measurements of the desorbed gas performed by means of absolute pressure gaugles and on
ratio betweenthe electrondensityreachedat a certaintime during the dischargeand the total
gasinjectedup to that time. The latter ratio can be consideredas an “effective” recycling
coefficient . With this definition the effective recycling is 1 whenplesmadensityequalsthe
total gas injected. The main difference between the two approaches,pressure gauge
measurementand effective recycling, is that the former one includes the effetcs of the
processes occurring during the termination of the discharge.

Experimental observations - Fig. 1 shows for several dischargesthe total
desorbed gas and the total gas puffed into the vessel as a function of the shot nungbert The
interval includes twaxperimentakessiongachprecededy a He GDC of 40’ (400 V and
2.4 A). The plasmacurrentwas ~ 650 kA, the first wall was at room temperatureand the
effetcsof the last boronisationalreadynegligible.Fig. 2 shows for the samedischargeghe
“effective” recycling coefficient in approximately20 shotsthe coefficientmovesfrom 0.1 to
0.7. At the beginning of the sessione hasto userelatively large quantitiesof gasto pre-fill
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the vesseland only 40 to 60 % of it is
desorbed after the pulse. One can
estimatethe amountof gastrappedinto
the wall requiredto reach saturationby
summingup the differencesbetweenthe
amount of injected gas and the gas
desorbedafter the pulse for the various
discharges from the GDC till the
desorbedfraction overcomes100%. It
turns out that in this case thall reaches
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Fig.1 _ Total gas injected and gas extracted after
the pulse for two experimental sessions each
preceded bv 40' of GDC in He

saturationafter absorbingapproximately
1 10° atoms pen? of graphite.

Soon after a boronisationthe first
wall has a strong pumping capabilignd

larger amounts of gas (~ndbar.)) have to be used to sustain the dischargeapproximately

25 shotsonly 20% of the injected fuelling gas
is desorbed after the discharge as showkign

3. Correspondingly the effective recycling
coefficient may be very low as shown in HEig
This ratio slowly increasesnd stabilisesbelow
100%. He GDC sessionsof 40’in this phase
can bring the gas desorbedfraction to 20%.

The amount of gas that the wall can absorb
beforeit reachessaturationturns out to be of

the order 110** atomsper m?, thatis tentimes
higher than in a non-boronised watinditioned
with He GDC (40’). The extendedreservoir
capacity associated to theronisedwall makes
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Fig.3 - Injected and extracted gas in a session after

boronisation withDiborane
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Fig. 2: Ratio between thsehgfectron density during
the discharge and the total injected gas ratio for
the same shots as in Fig.1

the density control relatively
simple: it is forinstancepossibleto
performa completedensityscanin
both  directions during an
experimental session while in
generalthatis in a non-boronized
wall, it is very difficult to recover
low density regimes.It should be
emphasised that soon after
boronisationa fairly large amount
of He is trappedinto the wall. The
spectra othe SPREDspectrometer
are indeed dominated by He
emissionand probably the amount
of He in the discharges,roughly
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estimatedto be around 10% of the

1
electron density, affects the overall o> |
recycling, reducing the effective £ os8 %
hydrogen pumping capability of the
wall. Too an empty surfacesoonafter § 0.6 . *
a wall conditioning procedure may 0 oal .
resultin anirreproduciblestartup for 5 . °
anumberof dischargesaswell asin & , ;’_..» N
an excessivevariation of the density ¢ cpt® o
value during the discharge. One ol ..
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Fig.4 : The effective coefficient for the same
sessions as for Fig. 3

efficient way to control the density in 9440

such conditions is to add to the
standardGDC in He few minutes of
GDC in H in order to provide an
adequate gas reservoir to enhance recycling and thus sustain the discharge.

When baked up to 280°C the wall behaviour is byidashomogeneouandthe fraction
of desorbedgas after the shot is always greaterthan 50%, with an averagevalue closeto
100%. A very largeamountof prefilling gasis to be injectedinto the vesselto sustainthe
plasma current ramp up phasepnderto compensatéor the very low recyclingimmediately
after the breakdown.However, especially at plasmacurrentsapproachinglMA, typically
characterisedby large ohmic input power, the density often increasesrapidly during the
discharge An excessof densitymay cool the plasmaandleadto a prematurequenchof the
plasmacurrent.In suchcircumstanceshe "effective ” recycling varies during the discharge
and from relatively low values magachandevenexceedone. A possibleexplanationis that
the strongpower loading (of the order 100 MW/nt) associatedo the locking of the modes
leads to a local overheating of the tiles, at temperatures that imply in parsicalaghydrogen
outgassing. CCD images and external thermocouples cothiattemperatureexceedingl000
°C caneasilybe reached Sucheventsaccompaniedy strongdensityincreasemay makethe
density control in the subsequentdischargesvery difficult, unlessa new He GDC is
performed. Operations with hot wall but soonafter boronisationhoweverareimmunefrom

sucheventsfor atleasta few tens

= 200: e Y nputgas - of shots (30-60). The data of
s I 4 ] Fig. 5 referto this condition and
%150, * v oo 1 cleary show that plasma
5 * oe? *] operations require very large
8 1001 o i amountsof fuelling gas(170 mbar
g . .. ) becguse of theery low effective
T 50 - .o recycling values.
s =y" T e 0 S The effects of thetrongwall
15 ol desorbedgas | | recycling on the main plasma
10740 10750 10760 10770 10780 parameters may be observed

essentiallyon the electrondensity.
It is found [2,3] that the gradieff
the electron density at the edge

Fig.5 - Injected and extracted gas in a session after
boronisation with Diborane and the wall temperature
at 280°C
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scalesstronglywith the averagedensityvalue and, within the experimentalincertainty,quite
independenthof the plasmacurrent. Consideringthat the energyconfinementime in RFP’s
scales positively with density, one mdgducethat sincehigh densitiesare associatedo high
recycling at the wall, the latter is not detrimental per se as to the plasma performance.
Strongrecycling doesnot seemto negativelyaffect the impurity contenteither. In fact

the effective chargeedf decreases witthe electrondensitieq3]. The high densityassociated
to the strong recycling increases the impusityeeningoy reducingthe ionisationlength. It is
found that the carbon yield in RFX does not saadmificantly with the hydrogenparticle flux
from the wall as deducdaly the H, light. This is differentfrom whatis found in the divertor
regions of severalTokamaks[5,6], probably due to a higher incidence of the physical
sputtering in RFX. An exception to the latter statement is represented by the inboardtsde of
vessel of RFX where, due to outward shift of ghesmacolumnby 1- 1 5 cm from the axis,
the interactionwith the wall is lower and where therefore chemical sputteringmay be the
dominantimpurity mechanismThis is shownin Fig. 6 wherethe carbonyield appearso
decrease while the hydrogen flux increases. In any case carbon yield does not increbse with
recycling coefficient.

10 L Summary - Boronisationis

the wall conditioningechniquethat

better allows low recycling

§ regimes andh good densitycontrol

= . both with the wall at room

TEPR I 2, 3 P e B temperaturer bakedup to 280°C.
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e i ':.;'.. f‘ o %, ] the reservoircapability of the wall

S *Ce 0"% o before it reaches saturation in

© agreementwith what found in

01 o S Tokamakswith graphitewalls. On

102° 102t 1022 1023 the other hand high recycling

H influx (m?%s™h) regimes do not appear to be

Fig. 6- Carbon Yield (from C“)as a function of the detrimental as to the plasma
hydrogen influx at the inboard side of the vessel performances.
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