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Introduction

The divertor tokamakASDEX Upgradewas operatedup to now with two significantly
different divertor configurations- an open and a closedgeometry,respectively. The open
divertor (DIV I) is characterizedby flat horizontaldivertor plates. The target materialwas
fine grain graphite. The closeddivertor (DIV II) was designedto test the physicsof the
proposedITER divertor and to handlethe increasedheatingpower. Basedon experimental
observationsandon modellingcalculationswith theB2–Eirenecodea fairly closed,relatively
deepand well baffled divertor was designed.The shapeof the divertor platesand the roof
baffle wereoptimizedto improvethedetachmentpropertiesandto reducethetargetheatflux.
The newcloseddivertor resultsin a heatflux reductionof abouta factor of two comparedto
DIV I for comparabledischarge conditions[1]. The significant reductionof the target heat
flux is attainedby an increaseof the fraction of radiationinside the divertor due to carbon
and hydrogenradiation [2].

In this paperwe will presentexperimentalresults from thermographicand bolometric
measurementsshowingthe reductionof the divertor load in the DIV II situation.

Experiments

Thegeometryof bothdivertorconfigurationsis shownin Fig. 1. DIV II wasdesignedfor
plasmaconfigurationswith thestrikepoint at theverticalplates,but thegeometryallowsalso
an outer strike point positionat the horizontaltop of the roof baffle. This featurewas used
to comparehorizontal and vertical divertor configurationsunder in vesselconditions(wall
condition,changedinnerpartsetc.) which arenot changedby runningcomparabledischarges
with the outerstrike point at the vertical and the horizontaltarget plate, respectively.
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Figure 1 Opendivertor I (left) and Lyra shapeddivertor II with a closedconfigurationusing vertical
plates(right) and an openconfigurationusing the horizontalplatesat the top of the roof baffle (middle).
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The heatflux to the divertor is routinely measuredby fast IR line cameraswith a time
resolutionof 260 � s/line and a spatial resolutionof about1.5 mm/pixel at the vertical and
3 mm/pixel at the horizontalplates.The strike point tiles aretilted to avoid hot edges.This
tilting shadowsthe thermographicallyobservedregionat the innerstrikepoint resultingin an
underestimationof the heatflux to the inner strike point module.

The radiation lossesfrom the plasmacolumn as well as from the divertor region are
monitoredby 8 pinhole bolometercameraswith a total of 96 channels[3]. The poloidal
distribution of radiation power density is reconstructedfrom the measuredline integral of
emissivityby a reconstructionmethodbasedon an anisotropicdiffusion ansatz[3].

The poloidal andtoroidal distributionof energy depositionis measuredby cooling water
calorimetry.

In this paperwe will concentrateon dataof H-modeplasmadischargeswith heatingby
neutralbeaminjection up to a powerof 15 MW, a densityvariationfrom the naturaldensity
without gaspuff up to densitiesof about1 � 1020m—3. The plasmacurrentwas 1 MA, the
magneticfield strength-2.5 T. The directionof the �����	��


�
drift pointsdownwards.

Results and discussion

A main result of the DIV II geometryis the reductionof the heat load at the vertical
target. Fig. 2 showsheatflux profiles from thermographicmeasurementsfor both divertor
geometriesincluding the horizontal target in the DIV II. The parallel heatflux is shownto
eliminategeometriceffects. Thereductionof themaximumheatflux is morethana factorof 2
for comparableheatingpower. Bolometricmeasurementsshowthat the fraction of radiation
outside the divertor of about 50 % of the input power does not dependon the divertor
configuration[1,4]. The reductionof target heatflux is dueto an increaseof radiationlosses
insidethedivertor from 20 % of the input powerin DIV I to 40 % in DIV II. This reduction
is attributedto carbonradiationwhich reducestheelectrontemperaturein thedivertor so that
hydrogenradiation becomessignificant [2,3].

The DIV I situationcanbe reproducedin theDIV II divertor geometryif theouterstrike
point is at the roof baffle (horizontaltarget). In this casethe power load to the outer strike
point is doubled(Fig. 2) andthe radiationlossesinsidethedivertor arereducedto theDIV I
level [6].
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Figure 2 Parallelheatflux at the outer strike point for horizontaland vertical target orientation.
The parametersare the heatingpower in MW and the line averageddensity in 1 � 1019m—3.
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It is obviouslyfrom Fig. 2 thattheheatflux at thedivertorplateis reduced.Nevertheless,
Fig. 2 revealsalso,that for a givendivertorconfigurationthemaximumheatflux normalized
to the input power varies. The dependenceof the maximum heat flux at the outer target
plate on global and local plasmaparameterswas investigatedfor DIV I. It was found that
significant parametersfor the heatflux behaviorare the line averageddensityandthe safety
factor (q95). The following dependencewas found [5]:
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This parameterdependencederivedfor DIV I wasusedto normalizetheheatflux measuredat
differentdensitiesandaweaklyvaryingsafetyfactorto a line averageddensityof 1 � 1020m—3

anda safetyfactor q95=4 as it is shownin Fig. 3. The lines are linear fits troughthe origin
for the datapointsbelongingto the horizontaldivertor configuration(DIV I, roof baffle) and
theverticalconfiguration(DIV II). For theverticalconfiguration(DIV II) two linesareshown
which correspondsto different ICRH antennapositions. The normalizedmaximumparallel
heatflux to horizontaldivertorplatesfor a givenheatingpoweris thesamein DIV I andDiv
II. It is abouta factor of 2 higher than the high level datafor vertical platesin and a factor
of 4 higher than the datafor vertical platesandthe old ICRH antennaposition.
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Figure 3 Maximum parallelheatflux at the outer
target plate for horizontaland vertical target

orientationvs. power crossingthe separatrix.The
ratio of the inclination of the fitted lines is 1:1.8:3.7.
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Figure4 Heatflux profilesat the outervertical target
plate. The position of the strike point is movedfrom
inside to outsidethe closedV-shapeddivertor leg as

indicatedin the divertor contour. The increaseof
the heatflux at a position1.23 m is due to edge

effects at the end of the strike point module.

Wetheror not this benefit from the vertical target positiondependson the closureof the
divertor wasinvestigatedby moving theouterandinnerstrike point upwardsfrom a position
well inside the V-shapeddivertor leg up to a vertical position abovethe top of the roof
baffle. Themaximumheatflux aswell asthedecaylengthis nearlyconstantfor thedifferent
positions,revealingthat the heatflux reductionat the vertical platesis due to the vertical
position itself and not due to the closenessof the divertor leg.

The ICRH antennawas redesignedand its midplaneposition was moved outward by
2.5 cmto allow mediumandhightriangularityconfigurationsafterafirst operationperiodwith
DIV II. In the following operationperiodthe maximumheatflux to the outerdivertor tends
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to be higherandthe energy confinementtime seemsto be lower for comparabledischarges.
The influenceof the antennapositiononto the plasmaparametersand the divertor heatflux
wasinvestigatedby moving the plasmafrom the standardpositionin two stepsof 1 cm each
towardsthe antenna.Lowering the distanceto the ICRH antennareducesthemaximumheat
flux and increasesthe ELM frequency(Fig.: 5). The ELM averagedmaximumheatflux is
reducedby about20 %. Theenergy confinementtime goesdown by about8 %. Both effects
arecausedby a changeof the edgedensityandtemperatureprofile asmeasuredby Li beam
diagnostic. The separatrixdensity and the densitygradientis increasedwhen the distance
to the carbonprotectedICRH antennais reduced.The electrontemperatureat the separatrix
and in a 4 cm region inside the core plasmadecreases.
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Figure5 Time slicesof energy confinementtime,
separatrixpositionat the outermidplane(top), and

maximumheatflux at the outerstrike point (bottom).
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Figure 6 Heatflux profiles at the outervertical
target for ’normal’ (56 mm) and reduced
(35 mm) distanceto the ICRH antenna.

Summary

A significant different behavior of horizontal and vertical divertor configurationsis
measuredby bolometry and thermography. Vertical divertor plates results in a decrease
of the target heatflux andan increaseof the divertor radiation. The changeis abouta factor
of 2 and did not dependon the closenessof the divertor.

The maximumheatflux is reducedandthe heatflux profile is broadenedif the distance
of the outer separatrixto inner parts (ICRH antenna)is reduced(but as large as about 5
temperaturedecaylengths).dueto a changein the densityandtemperatureedgeprofile.
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