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Recently experimentadatabecameavailableindicatinga strongrelationbetweerrota-
tion andconfinement.For example,in TFTR L-modeplasmasncreasedonfinementvas
obsenredfor bothstrongco-andstrongcounterrotation[1]. Also, velocity sheaiin general
is believedto play animportantrole in improvedconfinementegimes[2][3].

The mechanisnbehindthe influenceof rotation,and more importantlyit’s sheay on
transporis notclear Theenegy confinemenscalinglaws usedto predicttheperformance
of new fusionmachinesio notaccountor theeffect of rotation.In theexperimentreported
in the presenpapertheinfluenceof v, on enegy transport.This is doneby controllingv,
usingtheangularmomentum'nputE¢, from neutralbeams.

After having established relationbetweerthe centraltoroidal rotation v, (0) and Ly,
theinfluenceof L¢ ontheenegy confinementime 7 is investigated.

Not only the effect of rotationon transportis unclear Thereis alsono comprehensie
theorypredictingtherotationprofile v, (r). Thereforewe have measuredherotationprofile
in two distinct confinementregimes, and comparedthem to predictionsof the revisited
neoclassicatheory(RNT) [4] [5].

Experimental Set-up

In TEXTOR-94 (major radius Ry = 1.75m, minor radiusa = 0.46 m) two NB injectors
(NBIs) areavailable. Oneinjectsin the co direction (with respecto the plasmacurrent),
the otherin the counterdirection. Both NBIs have a nominal power of 1.5 MW at an
acceleratoroltageV,. of 50 kV. The beamscanbe operatedvith hydrogen,deuteriumor
heliumgas.The experimentdescribedn this paperall useH injectioninto a D plasma.

TheNB powerinputcanbeadjustedn two ways. Firstly, V,. canbe changedrom O to
60 KkV. Sinceionisationandchage exchangecrosssectionsarestronglyenegy dependent,
this hasa severeimpacton the power depositionprofile. Secondlyboth beamshave a so-
calledV-tamget. This consistsof two cooledplatesin front of the neutralizerof which the
mutualdistancecanbevaried,controllingthe amountof injectedbeamparticles.This only
hasa smallimpacton the power depositionprofile, andis thereforethe methodwe have
used.

TheL¢ scanhasbeenperformedn L modedischages,attwo densitiesandtwo toroidal
magneticfields. During this scan,theinput power waskeptconstantwhereagheratio co
to counterpower was varied. L¢, rangedfrom -0.9 Nm to 1.2 Nm, resultingin v,(0) to
rangefrom approx.-150km/sto +200km/s,respectiely.
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Figure 1: Angular MomentumScan. a) The central toroidal rotation velocity of C¢* is
shownversustheangularmomentunmnputby meansof Neutral Beams.Theline is to guide
the eye b) showsthe enegy confinementime, normalizedto the ITER89L scaling law,
versusthe angular momentuninput. Thered circlesfeatue a densityn, = 2 - 10** m™3
anda field B, = 2.25 T, the blue diamondshaven, = 2 - 10" m™® and B, = 2.5 T, and
thegreenrectangleshaven, = 3-10" m3 andB, =25 T.

The toroidal velocity is measuredising the Chage eXchangeRecombinationSpec-
troscoy (CXRS) diagnostic. This diagnosticmeasureghe spectrallines emitted by a
plasmaion speciega C"! line wasusedhere). The width of the measuredspectralline
givestheion temperatureThe Dopplershift is proportionalto the plasmarotation. For the
tangentialCXRSgeometrythisis vy.

TheCX radiationis emittedonly in theregion determinedy theintersectiorof theNBI
andtheline of sight. By choosingheline of sightto betangentiato themagneticsurfacein
thisregion,aradialresolutionof 3-10cmis obtainedalthoughthebeamwidtrhasa FWHM
of 25cm. Presently15 linesof sightareavailable,coveringtheregion R = [170,217] cm.

Energy confinementand angular momentum input

Theresultsof amomentunmscan(at a plasmacurrentof 350kA) areshovnin figure 1.

In figure 1a, v,(0) is plottedversusL,. As expected thereis a cleardependencee-
tweenangularmomentuminput and the velocity. The dataavailable strongly suggesta
linear dependenceasrepresentedby the line. This suggestthatthe momentumconfine-
menttime 7, doesnot vary significantlywithin theinvestigatedE¢ range.Figurelb shovs
theinfluenceof L¢ onrg, whererg is normalizedo theITER89L modescalinglaw. Three
obsenationscanbe madein this graph.Firstly, counterinjectiondegradegheconfinement.
Secondlyevenin the bestcase(full co beam)rr doesnot increasebeyond the predicted
confinementime. Thirdly, the directionof therotationis important. The enegy confine-
menttime atvy, = 100 km/sis betterthanatv, = —100 km/s. Similar experimentsvere
doneon TFTR[1], reportingadecreasén 75 with decreasingnomentumnput. However,
on TFTR anincreasingrg at very high counterbeaminput wasalsoreported,aswell as
normalizedrz valuesabove one at strongbeampower. This hasnot beenobsered on
TEXTOR-94.

In figure 2, a dischage with dominatingcounterandonly co injection are compared.
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Figure2: Timetracesof two dischargeswith oppositebeaminput. Black representghefull
powerco-beamdischarge, redthe almostfull powercounterbeamdischarge. Theneutral
beamtimingis indicatedby therectangles.

Theonly differencebetweenhe dischageswasL¢. The density(fig. 2b)isin bothcases
equally low andthe ions and electronsare only weakly coupled. It canbe seenthat the
electrontemperaturdaiffers approx. 10%, whereaghe ion temperaturaiffers 25%, the
highertemperatures the co injection case. This indicatesthat the major additionalloss
channeln the caseof counterinjectionis via theions. This hasalsobeenindicatedby the
experimentson TFTR[1]. It shouldbe notedthatthe co andcounterinjection casesshawv
differentsavteeth.Thereforeit cannot be concludedvhetherthe confinementhangesre
relatedto achangen v, or to thecurrentprofile.

Rotation profiles

Therotationprofilesof two distinctconfinementegimeshave beenmeasure@ndcompared
to theory Measurementa&eredonein L modeandin anenhance@onfinementegime,the
Radiatve Improved(RI) mode[g§. RI modeis obtainedn high density additionallyheated
dischageswith impurity seedingresultingin aradiatingmantle.

For comparisorbetweerRl modeandL modetwo typical dischagesweretaken. The
dischageswere, apartfrom the Neonpuff in the RI modecase,identical. Their velocity
profilesareshovn in figure 3, togethemwith the profilespredictedoy the RNT.

In thisfigure,acleardifferencen gradientbetweerthe L-modeandRI modev,, profile
canbeobsenred. Comparedo the RNT, the gradientaswell asthe sizeof v, agreebetter
with the Rl modedatathanthe L modedatafor the region outsidethe ¢ = 1 surface.The
RNT is expectednotto applyto the centralsanvtoothingregion of the plasma.Thefactthat
predictionsand Rl modemeasurementagreeso well implies thatanomalougransportis
stronglysuppresseth Rl mode.

A satishictorymodelingof v, (r) for bothcasess givenin [7], whereit wasfoundthat
the L modeprofile wasdeterminedmainly by the anomalousviscosity but thatin the RI
modeRNT effectsbecomeamoreimportantsincetheanomalouwiscositydecreaseandthe
gradientdncrease.
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Figure 3: A L-modeand RI modetoroidal velocity profile compaed with the Revisited
NeoclassicalTheory[4]. The curvesare to guide the eye Note the large differencein

velocitygradientbetweertheL and Rl modedischarge.

Discussion

A L, scarat TEXTOR-94did notshav animprovedconfinemenbutinsteadadeterioration
for the caseof counterinjection. Theseresultsare partly conflicting with resultsfound
elsavhere[1], whereat high rotationspeedgboth co and counter)increasedconfinement
wasfound. A reasonfor this might be that the achieved rotation speedsare insufficient
to reachtheseconditions. This is dueto the available beampower. In the nearfuture, a
dynamicergodicdivertor(DED)[8] will beinstalledat TEXTOR-94.TheDED will beable
to exertatorqueon the plasmaandincreaseotation.

Comparisornof RNT predictionswith L and Rl modemeasurementshoved a better
agreementvith the latter case.Takinganomaloussiscosityin accounta bettercorrespon-
dences obtainedn bothcases.[7].
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