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Introduction

The divertor tokamak ASDEX Upgradewas operatedup to now with two significantly
different divertor configurations- an openand a closedgeometry,respectively. The open
divertor (DIV 1) is characterizedy flat horizontal divertor plates. The target materialwas
fine grain graphite. The closeddivertor (DIV 1l) was designedto test the physicsof the
proposedTER divertor and to handlethe increasecheatingpower. Basedon experimental
observationendon modellingcalculationswith the B2—Eirenecodeafairly closed relatively
deepandwell baffled divertor was designed. The shapeof the divertor platesand the roof
baffle wereoptimizedto improvethe detachmenpropertiesandto reducethe target heatflux.
The new closeddivertor resultsin a heatflux reductionof abouta factor of two comparedo
DIV | for comparabledischage conditions[1]. The significant reductionof the target heat
flux is attainedby anincreaseof the fraction of radiationinside the divertor due to carbon
and hydrogenradiation [2].

In this paperwe will presentexperimentalresultsfrom thermographicand bolometric
measurementshowingthe reductionof the divertor load in the DIV Il situation.

Experiments

The geometryof both divertor corfigurationsis shownin Fig. 1. DIV 1l wasdesignedor
plasmaconfigurationswith the strike point at the vertical plates,but the geometryallows also
an outer strike point position at the horizontaltop of the roof baffle. This featurewas used
to comparehorizontal and vertical divertor configurationsunderin vesselconditions (wall
condition,changednner partsetc.) which arenot changedy runningcomparablalischages
with the outer strike point at the vertical and the horizontaltarget plate, respectively.
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Figurel Opendivertor| (left) and Lyra shapeddivertor Il with a closedconfigurationusing vertical
plates(right) and an openconfigurationusing the horizontalplatesat the top of the roof bafle (middle).
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The heatflux to the divertor is routinely measuredy fast IR line cameraswith a time
resolutionof 260 us/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 shadowghe thermographicallyobservedegionat the inner strike point resultingin an
underestimatiorof the heatflux to the inner strike point module.

The radiation lossesfrom the plasmacolumn as well as from the divertor region are
monitored by 8 pinhole bolometercameraswith a total of 96 channels[3]. The poloidal
distribution of radiation power density is reconstructedrom the measuredine integral of
emissivity by a reconstructiormethodbasedon an anisotropicdiffusion ansatz[3].

The poloidal andtoroidal distribution of enegy depositionis measuredy cooling water
calorimetry.

In this paperwe will concentrateon dataof H-mode plasmadischageswith heatingby
neutralbeaminjection up to a powerof 15 MW, a densityvariationfrom the naturaldensity
without gas puff up to densitiesof about1x 10°°m—23. The plasmacurrentwas 1 MA, the
magneticfield strength-2.5 T. The direction of theion — VB drift points downwards.

Results and discussion

A main result of the DIV Il geometryis the reductionof the heatload at the vertical
target. Fig. 2 showsheatflux profiles from thermographianeasurementtor both divertor
geometriesncluding the horizontaltarget in the DIV II. The parallel heatflux is shownto
eliminategeometriceffects. Thereductionof the maximumheatflux is morethanafactorof 2
for comparabléheatingpower. Bolometric measurementshow that the fraction of radiation
outside the divertor of about50 % of the input power does not dependon the divertor
configuration[1,4]. Thereductionof target heatflux is dueto anincreaseof radiationlosses
inside the divertor from 20 % of the input powerin DIV | to 40 % in DIV Il. This reduction
is attributedto carbonradiationwhich reduceghe electrontemperaturen the divertor so that
hydrogenradiation becomessignificant[2,3].

The DIV | situationcanbereproducedn the DIV Il divertorgeometryif the outerstrike
point is at the roof baffle (horizontaltarget). In this casethe powerload to the outer strike

pointis doubled(Fig. 2) andtheradiationlossesnsidethe divertor arereducedo the DIV |
level [6].
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Figure2 Parallelheatflux at the outer strike point for horizontaland vertical target orientation.
The parametersare the heatingpowerin MW and the line averagediensityin 1x10°m—3.
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It is obviouslyfrom Fig. 2 thatthe heatflux atthedivertorplateis reduced.Nevertheless,
Fig. 2 revealsalso,thatfor a givendivertor configurationthe maximumheatflux normalized
to the input power varies. The dependenc®f the maximum heatflux at the outer target
plate on global and local plasmaparametersvas investigatedfor DIV I. It was found that
significant parametergor the heatflux behaviorarethe line averageddensityandthe safety
factor (qos). The following dependenceavas found [5]:

——0.77 —0.27
Qmaz ~ T 995

This parametedependencderivedfor DIV | wasusedto normalizethe heatflux measuredt
differentdensitiesandaweaklyvaryingsafetyfactorto aline averagediensityof 1x 10°°m—3
and a safetyfactor ggos=4 asit is shownin Fig. 3. The lines arelinear fits troughthe origin
for the datapoints belongingto the horizontaldivertor configuration(DIV I, roof baffle) and
thevertical configuration(DIV 11). Forthe vertical configuration(DIV II) two linesareshown
which correspondgo differentICRH antennapositions. The normalizedmaximum parallel
heatflux to horizontaldivertor platesfor a given heatingpoweris the samein DIV | andDiv
Il. 1t is abouta factor of 2 higherthanthe high level datafor vertical platesin and a factor
of 4 higherthanthe datafor vertical platesandthe old ICRH antenngposition.
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Figure 3 Maximum para"e| heatﬂux at the outer plate. The pOSition Of the Stl’ike pOint is mOVedfrOm
target plate for horizontaland vertical target inside to outsidethe closedV-shapeddivertor leg as
orientationvs. power crossingthe separatrix. The indicatedin the divertor contour. The increaseof
ratio of the inclination of the fitted lines is 1:1.8:3.7. the heatflux at a position1.23 m is dueto edge

effects at the end of the strike point module.

Wetheror not this bendit from the vertical target positiondependson the closureof the
divertor wasinvestigatedoy moving the outerandinner strike point upwardsfrom a position
well inside the V-shapeddivertor leg up to a vertical position abovethe top of the roof
baffle. The maximumheatflux aswell asthe decaylengthis nearlyconstantor the different
positions,revealingthat the heatflux reductionat the vertical platesis due to the vertical
position itself and not due to the closenes®f the divertor leg.

The ICRH antennawas redesignedand its midplane position was moved outward by
2.5 cmto allow mediumandhigh triangularityconfigurationsafterafirst operationperiodwith
DIV Il. In the following operationperiod the maximumheatflux to the outer divertor tends
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to be higherandthe enegy confinementime seemso be lower for comparabladischages.
The influenceof the antennaposition onto the plasmaparametersand the divertor heatflux
wasinvestigatedoy moving the plasmafrom the standardoositionin two stepsof 1 cm each
towardsthe antenna.Lowering the distanceto the ICRH antennareduceshe maximumheat
flux andincreaseshe ELM frequency(Fig.: 5). The ELM averagednaximumbheatflux is
reducedby about20 %. The enegy confinementime goesdown by about8 %. Both effects
are causedby a changeof the edgedensityandtemperaturegrofile asmeasuredy Li beam
diagnostic. The separatrixdensity and the density gradientis increasedwhen the distance
to the carbonprotectedCRH antennas reduced.The electrontemperatureat the separatrix
andin a 4 cm regioninside the core plasmadecreases.
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Figure5 Time slicesof enegy confinementime, Figure6 Heatflux profiles at the outer vertical
separatrixposition at the outer midplane(top), and tamget for 'normal’ (56 mm) and reduced
maximum heatflux at the outer strike point (bottom). (35 mm) distanceto the ICRH antenna.

Summary

A significant different behavior of horizontal and vertical divertor configurationsis
measuredby bolometry and thermography. Vertical divertor platesresultsin a decrease
of the target heatflux and an increaseof the divertor radiation. The changeis abouta factor
of 2 and did not dependon the closenesf the divertor.

The maximumheatflux is reducedandthe heatflux prdfile is broadenedf the distance
of the outer separatrixto inner parts (ICRH antenna)is reduced(but as large as about5
temperaturalecaylengths).dueto a changein the densityand temperatureedgeprofile.
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