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Particle and momentum balance during edge biasing in RFX
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Negativeedgebiasingexperimentperformedin the reversedfield pinch device RFX
(R=2m, a=0.457 m) have demonstrated that a modificafidhne toroidal rotationin the
external region of the plasma induces a redudiiotie electrostatigoarticle flux. The transport
decrease is mainly led by the change in phase betderesityand plasmapotentialfluctuations
[1]. During negativeedgebiasingthe radial electricfield becomesnore negativeandits shear
increases by a factor of two. The electrostatic transport reductameaesnpaniedby an increase
of the electron density as measured by two interferometers at differeidal locations.In this
papertwo issuesrelatedto the effect of plasmaedge polarisation will be discussed:the
interpretationof the modification of the toroidal velocity by applying a momentumbalance
equation and the discharge particle balance taking into account the impurity contribution.
Two electrodesmadeof a carbon-carborcompositeheadsustainedoy a molybdenumalloy

shaftinsulatedfrom the plasmaby a boronnitride

600 r—— Erehverags e case[2], havebeeninsertedinto the plasmaup to
1 S (10° m ) rla = 0.8. They are designedto carry a 10-kA

] impulsive currenteach.The currentis driven by a

a0l 12 power supply basedon capacitorbanks. In this
experimentalcampaignthe current pulse of each
)i electrodelasted for 20 ms. The electrodeswere
300 | Locking Toroidal Position [ Ha (227 3 located in two different toroidal positions

(p = 142 and 322). Figure 1 showsn example
of plasma waveforms during negatiedgebiasing
with the electrode at 322°. As in all RFX
discharges the plasma column is toroidally
distorted dueo the non linear interactionof MHD
modes locked in phage the wall [3]. The picture
illustratesthe plasmacurrent,the toroidal angleof
the locked mode perturbation, the electrode
current, the radiated power, the line-average
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)i W] auy 18  electron density and the H, emission in three
8l ] toroidal positions (22°, 82° and 172°).
140 The radial behaviour of plasma toroidal

] flow, before and during edge biasing, is
| A s oo ... lio interpreted by applying a momentum balance
T om0 T fRemy ¥ equationfor a singlefluid [4], in analogyto what
Fig. 1: Plasma waveforms during ~ Nasbeendonein tokamaks[5]. The equationhas

negative edge biasing (# 13634).  beenwritten in cylindrical coordinates(r,0,z) and

solved in stationary conditions by assuming

azimuthal and axial symmetry. The ion viscosity accountsfor the viscosity term and the
dominanttermin electron/ioncollisionswith neutralsis the ion-neutralchargeexchange.The

radial velocity u, is takenas —D(1/n)(dn/dr)wheren is the densityand D is the anomalous
particle diffusion coefficient as derived from electrostaticfluxes and density gradient. The
momentum balance equation for a single fluid in the axial direction is:

3B = nMyu, — nmp - 4N U
ndr dr

+(V-I1,), wherel is the radial currentdensity, M is the ion
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mass, u, is the axial componentof the flow

20 1 1 1 o

u, [km s'] e - velocity, IT; is the ion viscosity tensorand v is

10F & normal 1 theion/neutralcharge-exchang&equency.With
e edge biasing . 1 the assumptions reported in [#he final form of

0 the momentum balance equation in the axial
direction is written in terms of density and

10} temperatureandtheir first order derivatives,and
in termsof u, and D and their first and second

201 orderderivatives.The toroidal componenof the
flow velocity, u,, is obtained by numerically

30| solving the resulting second order differential
| : : :  equation. The boundary conditions are the

0.85 0.9 0.95 1 wa  experimentalaluesof u, at r/a = 1 andr/a =
Fig. 2: Comparison of experimental dé  0.87. To takeinto accountion lossesat the wall
and simulations of the toroidal dueto finite Larmor radius effects, a force term
component of the plasma flow. has beenaddedin the balanceequation,with a

radial profile F = Fexp[-((r/a-1)6)?], whereF,

is the value at the wall and ¢ representdts radial extensionin normalisedunits [6]. The
resultingu, is comparedwith the value derivedfrom the experimentablatausedin the Ohm'’s
law in the radial direction. We have found a good agreement between experimentabivtiaes
toroidal plasmaflow andthe model,as shownin figure 2. The figure illustratesthe toroidal
componenbf the plasmavelocity before (J. = 0, F/B = -300 Am?, ¢ = 0.04) and during

negative edge biasing &-160 An¥, F/B = -100 An¥, ¢ = 0.04). The value of F, hasbeen
changed consistently with the electrostatic particle flux that decreases during edge polarisation.

As shown in fig. 1, the densiincreasedy 40% while the H,, signalsremainconstant
or slightly decreaseduring negative edge

6 ‘ ‘ 1 T 1 biasing (dischargel3634). In this discharge
n_[10%° m3 oot the locked mode perturbationoccurredat an
St e <1 angleof ~170°andits effect s visible in the

13634

H, signal at 172° which saturatesFigure 3

shows the typical density profiles in normal
condition and during negative edge biasing
measured by a 13-chord mid-infrared
vibration compensatedystem. The profiles
becomehollower, the densityincreasesn the
bulk and at the edge showing a peak at r/a
~0.8. The higher densityis reachedat 37.5

. ms. The gradient at thedgesteepensndthis

r/a agrees with data from Langmuir probe
Fig. 3: Density profiles during edge biasint  measurements #te plasmaedge.The typical

electron temperatureprofile in a standard

discharge, measured by Thomson Scattering, is well describegrpy '(TO-Ta)(l-(r/a)“) +T,

with on-axis temperature,J, of 150 eV and edgetemperature,T,, of 10 eV. During edge
biasing the core temperature decreasesl00eV. Langmuirprobesconfirm a decreas®f the
edge temperatureand a flattening of its gradient. Among all the dischargeswith edge
polarisation,someof them show some featuresof a possibleimprovementof the particle

confinementj.e. densityrise, steepenin®f the density gradientand a slight decreaseof H,,
emission. For these discharges the electrons due to impurity contamination hagstineated.
The main contribution is given by boron amitrogen.In fact, while the emissionsof C andO
roughly follow the density time behaviour, the emissions of B and N increaseapatly than
density.In orderto evaluatethe electrondensityfrom B and N, the time evolutionsand the
intensitiesof selectedneasuredines havebeencomparedwith the resultsof a 1-dimensional
collisional-radiative code7]. The selected lines are the BIV line at 2822 the resonantine
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4.5+ , _ of NVI at 29 A, measuredwith absolutely
3 Average Line Density|

1 [10* mi ]

calibratedspectrograph§8] andtime resolutions
of 2 and 20 ms respectively; the Nliie at 3479
A, measuredwith a non absolutely calibrated
spectrograplwith time resolutionof 2 ms. The
electron density due to impurity, plotted as a
2 function of timein figure 4 for dischargel 3637,
Electron Density [16 m ] reaches a maximum value at ~47 ms

from impurities correspondingto the switch off of the power
applied to the electrode. It is worth noting tha
impurity contentis at maximum~10 ms after the
maximum value of electron density.

A 0-dimensionalmodel, already applied
to RFX data [9], simulates the temporal
behaviourof the plasmapatrticle inventory. Two
_ ) ) reservoirs, the plasma and the wall, are
Fig. 4: Line-average electron density al  considered and the temporal behaviour of

electron density due to impurity during t  hydrogen is described by two couplditferential
electrode action
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oN,, o N, : , , :
e (1- R)— ——* where N is the total plasma particle content, il thewall inventory,
T, T

p w
T, IS the particle confinement time in the plasmas acharacteristidime the wall andR = 0.5
is the reflection coefficientfor H in graphite.N, resultsfrom the integrationof the electron
density profiles, once the electrons due to
impurities have beesubtractedN,, derivesfrom
considerationson the quantity of hydrogen
adsorbednto the graphiteand is limited by the
saturationlevel of hydrogenin graphite. The
particle confinementtime, 1, = 1.2 ms, is
~ 1.5 obtainedfrom a particle balancein the stationary

T - phase, when the particle infldslom H_, emission

0. Gty g and the particle flux from electrostatic
15 25 35 45 fluctuationsare comparableand of the order of
Time [ms] 5-1G*m™s®. The characteristidime of the wall,

Fig. 5: Simulation of the particle densit 1, is adjusted to simulate the pre-biasing

with a 0-D model. equilibrium phaseanddependn N,. Figure5
shows the result ahe simulationof the hydrogendensityin the dischargel3637. The values

of N andr,, before edge biasing, are respectively 48 dérticlesand 42 ms. The simulation
follows the density time evolution if the particle confinement time is allowed to changewwhile

is nearly constant.The bestagreementis reachedvhent, changedinearly from 1.2 msto a
value ~35% higherduring the electrodecurrentrise between26 and 35 ms. To reproducehe

densitydecreaser, is changedinearly from the highervaluedownto 0.9 ms at 44 ms. The

lower value oft, at the end of the electrode operation indicates that a competiigts between
the reduction of transport and the contamination of the plasma due to impurities.

The radial density profiles have also been interpretedby meansof a 1-dimensional
particletransportmodel[10]. The modelis madeup of two parts:onefor the solution of the
continuity equationgiving the evolution of the ion densityprofiles, and the other one for the

calculationof the neutraldensityinsidethe discharge.The particle flux is written as I'(r,t) =
-D(r) oan(r,t)lor + V(r)n(r,t) where D(r) and V(r) are the diffusion coefficient and the pinch

3.5ttt —t3.5
——Experimental
,,,,,,,,, Simulation

T _[ms]
(OT) N
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velocity respectively. The aim of the analysis isl&derminethe valuesof D(r) and V(r) giving
the bestsimulationsof the electrondensity profile. The diffusion coefficient consistsof two
components, one related to the transport

8189 mechanismsinside the core governed by
Density[m |  Temperature[eV] 1160  magneticfluctuations(stochastictransport)and
610°1 “igehasng the otherrelatedto the electrostatigoarticle flux
muntes ¢ which is the main mechanism of particle
180 transport at the edge. The global convective

impulrlttles /(" ‘\

includes,in additionto the inward E,By drift,

an outward directed term proportional to the

temperaturegradient. Both the stochasticand
f electrostaticdiffusion profiles are given as an
50 input to the code and adjusted to obtain a
particle flux comparableto the experimental
value (electrostatic flux). The temperature
profiles have beenassumedn agreemenwith

4| ——normal N
4| —--edge biasing \
k N

X
magnetic
diffusion

——normal

| ——normal TTRT ]
ag | e b V;{ “edgeblasing (] the experimentatlatawith T(r) = T,(r) = T(r).
0 02040608 1 02040608 1 The code has been applieé to simukitdionary
ta ta conditions(Fig. 6). As alreadyreported[10],

Fig. 6 1-D simulations of density profiles ~anoutwarddirectedfluid velocity is necessary
to reproduce the hollow density profiles
observedin the pre-biasingphase.The diffusion coefficient in the core is 28 m’s* and
decreaseso 4.5 m’s! at the edge. To simulate the density radial behaviour during edge
polarisationwe changedhe temperaturgorofile, andthusthe pinch velocity, accordingto the
experimental values. We alsequiredthat the value of D in the core did not changeassuming
that edge biasing does not affect thagnetictransport.The diffusion coefficientat the edgeis
thus reduced by a factor 688 in agreementvith the reductionof the electrostatigarticle flux.
In the frame of this model the experimentalresults are consistentwith a reduction of the
transportat the edge,while it hasnot beennecessaryo modify the coretransportin order to
reproduce thelensityprofiles. On the otherhand, the 0-D modelgives an increaseof 35% of

1, Comparingtheseresultsit emergesthat a transportmechanismother than electrostatic
fluctuationshasto be introducedin the particle balanceand this term is identified with the
parallel losses and the density refueling due to the locked modes.
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