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INTRODUCTION

Quantifyingthe effect of divertorgeometryon main plasmaperformancendits influenceon
the characteristicof the divertor plasmaitself constitutesan importantelementof current
researchtowardsan integratedsolution for future reactorsbasedon the tokamakconcept.
Althoughit is clearlypreferableo performsuchresearclin largemachine$l] underconditions
as close as possibleto thoseexpectedin next step devices(high power, long pulse, etc),
experimentsn smaller,more flexible facilities can offer interestinginsightsinto the basic
phenomenaccurring.Despiteits smallsize,the possibilityfor plasmashapevariationin TCV
permitsthe creationof magneticequilibriaallowing the detachedlivertor stateto beaccessed,
evenin completelyopengeometriesThis contributionpresentselectedesultsfrom the first
experiments of this nature on TCV.

VARIABLE DIVERTOR GEOMETRY

In the presentabsenceon TCV of additionalheatingsuitablefor high densityoperation,all
experimenthavebeenperformedwvith ohmicheatingaloneandhaveusedonly D, gasfuelling
from asingleinjectionpointin thevacuumvessefloor. Figurel illustratesthreefrom arange
of equilibriaproducedhusfar anddesignedo investigatehe effectson detachmentf any, of
varying flux expansiorfor fixed X-point heightandvarying X-point heightat approximately
constantflux expansion.The table below describesthe differencesbetweenthe example
equilibriaof Fig. 1 in termsof magnetiggeometry 415445, t=1.0s#15448, t=1.0s #15221. t=1.05
relevantto the divertor. Here, z, refersto the
height of the X-point with respectto the lower
divertor target tiles, Lg’;;} is the approximate |
magneticconnectionengthfrom outermidplane ||

out out
Shot Ip Zypt fout Lcmp chp

VAT m | m
15445| 340 | 0.57 | 6.8 29 21
15448| 340 | 0.57 | 2.8 20 15
15521| 340 | 0.28 | 2.2 13 9
15527 380 | 0.28 | 2.0 11 7

to outerdivertor strike point and 2" is the flux

expansmrattheouterstnk_epomt(measurement Figure 1: Exampleequilibria for detachmenstudy
on TCV arecurrentlyavailableonly at the outer jjystrating large andsmallx-pointheightandlow
strike zonein thesetypesof configuration).Also andhighflux expansiorat high poloidaldepth.See
givenarethe connectionengthsfrom X-point to the table alongside for more details.
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outertarget, L°UI fort=1.0s. Thesevalueshlghllghtan|mportantaspecbf theseTCV plasmas
- asubstantlalfractlon of Lcmp occursin passingrom X-point to target- the oppositeof what

is found in more conventionadivertedequilibria. The majority of dataobtainedto datehave
beerfor I, = 340kA. Currentsmuchlowerthan300kA resultin toogreatafractionof theinput

power being radiatedinside the separatrixat high n to sustainthe divertor plasma,whilst

pushingl, too high oftenleadsto ohmic H-modetransitionsand subsequentlyincontrollable
densityincreaselt is interestingto note,however thatconfigurationswith low X-point height
tend to remainin L-mode, even at higher current. Most experimentsto date have been
performed for the ioflB drift direction away from the X-point in the equilibria of Fig. 1.

EXPERIMENTAL OBSERVATIONS

The approachto detachmentand the detachmentitself are studied using density ramp
dischargesfrequentlyterminatingat the densitylimit for the chosenvalue of I, (maximum
value of ngg = 0.65). Figure 2 compilesa selectionof plasmaand divertor signals for
similar rampsin main plasmadensityfor the threeequilibria of Fig. 1, correspondingo the
discharge numberslisted in the accompanyingtable. One may immediately note the
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Figure 2: Evolutionof mainplasmaandselectedivertor parameterdor thedischargesn theTabIeaccomEa-
nyingFig. 1 during similar ohmicdensityramps.For zy,; = 57 cm, the panelsat left showbothcasesof f
Notethe change in scaleof the ordinatein the |oanelsconta|n|ngjSat Thesimilarity in the D, tracesfor shots
#15445 and #15448 mek it dificult to discern dierences if the figeris not vieved in colour

apparentsimilarity betweenthe two dischargeswith identical (high) zy, but varying flux
expansionand the clear differencesin behaviour when decreasingX-point height or
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increasing I,. Independent of divertor geometry, the plasma separatrix shape is

approximatelyconstantwith Kq; and dys in therangel.5 - 1.6 and0.33 - 0.4 respectively
with gg5 in therange2.2 - 3.2. Earlier studieselsewherd2] haveshownthe importanceof

plasmawall separatiorin influencingbulk and divertor radiation.Attemptshavebeenmade
hereto minimise suchdifferences,at leastin so far as separatrixto wall gapsat the inside
and outsidemidplaneare concerneddependingon i, |, and z,,, the distancedypically lie

in therange2 — 3 cm). It shouldalso be notedthat the interior walls of the TCV vacuum
vessel are now almost completely graphite tiled, gi+iR§% surface coverage.

In all casesdetachments clearly observedat the outer strike zoneas a decreasen the ion
currentmeasuredearthestrikepointby Langmuirprobesembeddedh thetargettiles (Fig. 29)
o andanincreasen theD, emissiorshown,in Fig.
2f, for a chord passing almost horizontally
| throughthedivertorleg nearthevessefloor. For
lower zy, , therollover to detachmenbccursat
higher plasmadensityfor fixed input power (ie
fixed 1,). This is qualitatively expectedsince
increasingLo" would be expectedto facilitate
the formation of parallel temperaturegradients
1 andhencdow T, in thedivertorplasmakFor fixed
Zy but higherl,, detachments observednear
| thestrikepointonly atthehighestdensitiesIn all
cases,detachmentoccursonly if T2'= 5 eV
subjectto the usualuncertaintyin interpretation
of the Langmuirprobecharacteristiainderhigh
regycling conditions.The higheredgeT, at low
1 Zis alsoreflectedn highervaluesof <Z.4> for
given n, (Fig. 2d). Of note also are the low
1 valuesof <Z.s> at high n,, evenwhenthe total
radiationreaches: 65% of P, (Fig. 2c) andthe
| divertor plasmadetachesThis reflectsboth the
reducedimpurity sourcedue to a decreasdn
| divertortemperatur@andparticleflux butalsothe
apparent tendency for <Z> to depend
principally on plasma density and radiation
4 5 & 7 8 o 10 u 12 fractionandnottheregimeof divertoroperation
N [104m?] [3]. This occursevenwhen,at detachmentmnost
Figure 3:Densitydependencef a) theintegratedion of the radiationis concentratedt or inside the
currentto theouterdivertortargetandb) thepeakdi- separatribxattheX-pointlocation.Thelow <Z s>
vertor density.Data are compiledfrom a multi-sho g|soindicatesthat mostof the total radiationat
2a;i:iS§%§%mP§J§:h;V9 ti‘x‘;f:'go?"i':qqg frgﬁta:g‘g high n,, originatesfrom deuteriumThetracesof
r —57em (=6 0. 1 7. = 28cm {2 T€3 and jgg in I_:lgs. 29,h shav that f(_)r the
. XPDt | = 240 ISA . ’ I’ _3?(‘) A e dischages at highest z,, the outer divertor
e A plasmahasalreadyatttainedthe high regycling
regime, evenatlow n,, whilst asthe outerleg shortensthe divertor plasmabeginslife in the
linearregimefor thesamemainplasmadensity Figure3 summarisetargetplatemeasurements
in terms of the integratedcurrentto the plate surface(accountingfor field line angle of
incidence)andthe peakdivertor density,the latter not necessarilyoccurringin the sameflux
tubeasn, increasesln additionto dischargesimilarto thoseof Fig. 2, afew pointsavailable
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out

at high z,,; andhigherl, havealsobeenincluded.For bothlow andhigh ., the dischages
with hlgh Zxpt ShV the total ion currentdecreasingo low valuesat high denS|ty behaiour
typical of completedetachmentThe latter is obsered at higher n, as Lo " decreasesr Iy
increasesvith muchhigherpeakdensitiesdbeingattainedin the dlvertorbeforedetachmenas
inputpowerincreasesAt low zy, particularlyatl, = 380KA, thepeakd|vertorden5|tybehaves
roughlyin accordancewth thestandarctwo pomtmodelof the SOL [4] in which n 'O N, at
first then n ‘On athlgh densitywhenhigh recyclingis attained At lower | ,, the maX|mum
dlvertordenS|typeak§at Iower Ne, aswould

be expectedor lower L, but the density _ 1.5">*%° ©1-0505]

increasewith n, is strongerthan linear at § . N 2%13‘3’8;

lower n,. > HEE s
o CD

Figure 3 highlights some interesting

differences in divertor behaviour for 0

%#15448
different input power and magnetic _ 9 ~ 1

geometry.At high z,, andl, =340KA, the £ 1|
total integratedion currentto the outertarget P
(Fig. 3a)is higheratlow 2, whilst thepeak °c 3
divertor density (Fig. 3b) appearsto be 9% 5 10 >0 20 20
|ndependent)f flux expansion(notethatthe Dist. from R, at outer midplane [mm]
peakn “will not alwaysoccuron thesame Figure4: Timevariationoftargetdensityprofile mappec
flux tubei |n the divertor). Given the lower to themldplanefor dischargeswith z,, = 57 cmandlow
Va'uesof L for |0W fout th|s IS not What and hlgh f . The vertical dashedlines indicate the
would be expectedrom thetwo pointmodel ™ean position of the outer wall

if the upstreanpower flow is constanfor givenn,. Targetdensityprofilesfor thetwo casesat
four times (or valuesof n,) areshownin Fig. 4. The profiles are mappedo the midplaneto
betterillustratetheeffectsof flux expansion thelatterclearlyhasa strongeffectontheprofile
shape.Before detachmenbegins,thereis relatively good agreemenbetweenmagnetically
computedstrike pointandthe profile peak.At high f"“t detachmenpenetrategurtherinto the
divertorfan andtherels alsofaint evidencefor somestructureln the profile itself, not seenat
low f°“t Profilesof T “areremarkablyflat andin therangel0 — 15eV for bothflux expansion
casesat all but the Iowest plasmadensitiesand of coursewhen detachmentccurs. The
obsenrations at lower |, are not yet understood.Part of the difficulty is almost certainly
associateavith low powercrossingthe separatrixat high density.At 1, = 380 kA, Thomson
scatteringmeasurementsiadejust insidethe separatrix(at a radiuscorrespondingo 95% of
poloidal flux) show T, thereto remainroughly fixed with increasingn,, exceptat the very
highestdensitiesIn contrastfor |, = 340kA, thetemperaturelecreaseffom = 50 eV atlow
densityto only = 20 eV athighestn, . Thisis aconsequencef anincreasingadiationfraction
(Fig. 2c) leadingto Iowervaluesof upstream:onducteqoower Underthesecircumstancest
is unlikely that the conditionof Tg" » Tg 9Vfor electronconductionto dominateparallel heat
transportis satisfiedand significant convectlonmay occur, leadingto departuredrom the
expectations of two-point modelling.
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