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INTRODUCTION

The importance ofhe ExB shearedlows in explainingthe formation of transportbarriersand
the transition to improved confinement has been widely demonstraded [&ferencesherein].
As a consequence, tidevelopmendbf methodsto control the generatiorof shearedExB flows
is considered a key issue to redpt@smaturbulenceandto optimise plasmasconfinement|2,
3 andreferencegherein]. It hasbeenobservedthat transportbarriersin toroidal magnetically
confined plasmas tend to be linked to regiohsiniquemagnetictopology suchasthe location
of a minimum in the safety factor, ratiorgasurfacesor the boundarybetweenclosedand open
flux surfaceslin particular,the radial location of rationalsurfacesn the plasmaappearso be
importantto determinethe generatiorof internaltransportbarriers[5, 6]. Recentexperimental
results have showte possibleinfluenceof low modeislandin the formationof edgethermal
transport barriers [7].

An increasedevel of fluctuationshasbeenobservedn the proximity of rational surfaces[8].
This increasemight tend to deteriorateconfinementas suggestedy the correlation between
energyconfinementandthe presenceof low orderrational surfacesat the plasmaboundaryin
W?7-AS stellarator.

On theother hand,experimentakvidenceof ExB shearedlows linked to rational surfaceshas
beenobtainedin the plasmaedgeregionof the TJ-II stellarator[9]. If the generationof ExB
shearedlows linked to rational surfacesreachesa critical value, this might be beneficial for
transport [10].

RESULTS AND DISCUSSION

TJ-Il is afour period,low magneticshearstellaratorof the Heliac type with an averagemajor
radius of 1.5, averageminor radiusof < 0.22 m and magneticfield Bo < 1.2 T [11]. The
rotational transformand the magneticwell depth can be varied in TJ-II over a wide range.
Hydrogen plasmas we@btainedusing ECR heating(PECRH < 600 kW) with a pulselength
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of At < 250 ms. Vacuum calculations predict thastenceof different rational surfacesat given

radial locations, for thenagneticconfigurationsavailablein TJ-II. The operationalflexibility of

the deviceallows magneticconfigurationscan,resultingin the motion of the rational surfaces
from the scrape-off-layer to the inner plasma.
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Fig. 1.- Diagram of the magneticsurfacesfor two similar configurations:(a)
having the 4/Zational surfacelocatedat the plasmaedgeand (b) not having
any low order rational surfaces in the probe measurement area.

Radial profiles and fluctuationsof theion saturationcurrentand floating potential,as well as
electrontemperaturehave beenmeasuredn a single plasmashot of the TJ-1I using a fast
movable Langmuir probe. Profiles have bebtainedfrom the plasmascrape-offlayer up to 3
cm inside the last closed magnetic surface (predlmyecacuummagneticfield calculations)or
different magnetic configurations, both with rational surfaces present at the ddgeafrthem.
Measurementfiave beentakenin the proximity of the n = 8/m =5(1=1.6) and n =4/m =2
(1=2) plasmaresonantsurfaces,located near the plasma boundary for different magnetic
configurationsof TJ-Il. Figure 1 showsa diagramof the magneticsurfacesfor two similar
configurations one with the 4/2 rational surface located in the pladgeand the otherwithout
low order rational surfaces in the probe measurement area. The arrows show the podiien and
approximate fast reciprocating trajectory of the probe.

The presenceof the 8/5 and 4/2 rational surfaces,predicted by vacuum magnetic field

calculationshavebeenobservedas a flatteningin the edgeprofiles. Figure 2 showsthe radial
profiles of the ion saturationcurrent, floating potential and r.m.s. of the floating potential
measured both when in the 4/2 rational surface was present in plasnanddgenit was not.

Strongchangesn the profiles are observedcloseto the theoreticallypredictedlocation of this
singular surface, as was previously reported for a configuration in which areitbeal surface
(i.e. 8/5) was present [9]. A modificationtine root meansquaredr.m.s.)value of fluctuations
of the floating potential is observed in theximity of the 4/2 rational surface.Figure 3 shows
the radial profiles of the coherency between the floating potential signals meagyadidally
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Fig. 2.- Radial profiles of the ion saturation current, flows have been observed

f|0atlng pO'[en'[Ia| and r.m.s. Of the ﬂOatIng pOtent'al near the rationaurfacesjvith
measuredvhen the 4/2 rational surfacewas presentin _
the plasma edge region (a) and when it was not (b).  Values of the decorrelation

shearingrate of B-1dEr/dr =
10° s-1, The measured radial electfields arearound103 V/m andthe poloidal phasevelocity
of the fluctuations is about 500 m/s. The auto-correlation time of fluctuasagmghe ranget =
3-15 us, showing a significant radial variation and changesn the proximity of the rational
surface location. The resulting ExB decorrelation shearing rate is comparahle to 1/
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Fig. 3.- Radial profiles of theoherencybetweerthe floating potentials

measuredby poloidally separatedprobes and the poloidal phase
velocity of fluctuations in the presence of the 4/2 rational surface.
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At leasttwo mechanismshould be consideredfor the generationof ExB flows at resonant
surfacesExB flows driven by non-ambipolarfluxes createdn the vicinity of rationalsurfaces
and ExB shearedlows driven by fluctuationsvia Reynoldsstress.A theoreticalstudy of the
influence of rational surfaces on turbulence has been carried marfditionscloseto thoseof
TJ-Il, in termsof the rational surfaceinduced anisotropy and radial non-uniformity in the
structure of turbulence. To study the effetthe presencef the magneticisland,associatedo
the rational surface,on flow generationand turbulence,a resistive interchangemodel in
cylindrical geometrywith the rotationaltransformprofile determinedby the vacuummagnetic
field calculationshasbeenused. The poloidal and toroidal averageddensity, and temperature
show the flattening caused by the presence of the magnetic island. Another effegresdnee
of the vacuummagneticisland is the generationof a global poloidal flow through Reynolds
stress.This flow oscillatesin time and changesdirection in a quasiperiodicmanner. The
averaged poloidal flow has radial spikes jostsidethe magneticisland and causesa reduction
in the plasma turbulence level.

CONCLUSIONS

In conclusion the presentexperimentshow evidenceof ExB shearedflows linked to rational
surfacedn the TJ-1l stellarator.The importantrole of the magnetictopology on transport,in
termsof the ExB shearedlows mechanismdinked to rational surfaceshas beenpointed out.
The resulting ExB shearedflows associatedto rational surfaceswould dependon the
competitionbetweenthe driving and the damping flow mechanismgi.e. magneticviscosity,
charge exchange damping).

Simulations have shown that the flow structure near the magnetic island assodlzedtional
surface is the result of coupling thfe vacuumfield island with a plasmainstability. So far the
achieved shearedflow has been too small to give rise to transport barrier formation.
Nevertheless, perhapiseseobservationsan contributeto the understandingf the mechanism
of the spontaneouormationof transportbarriersnearrational surfacesandthusopena new
research area involving the active generation of internal transport barriers in fusion plasmas.
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