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i I. Extended Summary ofProposed Work

The impuritycontrol/particleexhaustsystemisoneofthemost criticalcomponents
l
i, inany fusiondevice.On theonehand,theimpuritycontrolsystemdeterminesthecharac-,i
|I teristicsoftheedgeplasmaand scrape-offlayer(SOL) whichinturncontrolcoreplasma

I confinementand impurityand particletransport.The impactoftheimpuritycontrolsys-tem on globalconfinementhas beendelineatedinmany tokamakexperiments,themost

being edgerequirements achievingtheregimeof
notable the indeviceswithdivertorsfor

| improved con_nement known as the H-mode.
|

I On the otherhand, theimpuritycontrol/particleexhaustsystemaswellasother

plasma facingcomponentsaresubjectedto largefluxesofplasmaparticlesand energy.

Sputteringand erosionon theplasmafacingcomponentsarecausesformajorconcerns.

First,thesputteredmaterialrepresentsa sourceimpuritythatcan contaminatethecore

plasma and degradetheplasma performance.Furthermore,erosionoftheplasmafac-

ingcomponentscanseriously'imittheirusefullifetimeoncetheengineeringrequirements

forcoolingthesecomponentsaretakenintoaccount.The impuritycontrol/plasmaex-

haustsystemshouldthereforefu/_lthephysicsrequirementsforcleanand controlled_dge

plasma and adequatefusionashexhaustas wellastechnologicalconstraintsimposedby

thelargeparticleand heatfluxes.With theadventoflargeand hotfusionexperiments,

theimportanceaud theneedforefficientand innovativeimpuritycontrolsystemhasbeen

underlinedand willbecome criticalfornextgenerationfusionexperimentssuchasBPX

and ITER [1].
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The P MI program at UCLA is directed towards understanding and modeling edge

plasma phenomena and towards innovative solutions to design and operation of impurity

control, particle exhaust, and plasm_,-facing components. On one hand, we have been

I strivingtoproducerellabl_and quantitativeunderstandingofallthephysicalprocesses

occurringintheedge plasmaresponsibleforthe experimentalobservations.Inparallel,

models developed for this purpose provide insight into the key issues of impurity and|

I particlecontroland therefore,pointtowardsareaswhereinnowtivesolutionsareneeded.One oftheexcitingnew innovationsistheapplicationofRF ponderomotiveforcesto

thescrape-off-layerinorderto controlplasma edgecharacteristicsand affecttheglobal

particleand energyconfinement.Initialexperimentsofthistechniqueweresuccessfulou

PISCES and experimentsareplannedon TEXTOR and PBX-M. We havedeveloped,for

thefirsttime,an analyticaland numericaltransportmodel whichincludesbothpondero-

motiveand electrostaticpotentials.Thismodel isdesignedtoallowdetmledcomparison

withexperimentsthathavebeenperformedon thePISCES linearedgesimulator,and that

areproposedforthePBX experiment,whichincludebothbiasingand RF ponderomotive

divertor.Our initialestimatesalsoshow thatfora devicelikeITER, applicationofRF

ponderomotiveforcescan resultinreducingthepeakheatfluxsubstauti_nywitha small

amount ofRF power.Our modelingactivityinthisareaisdescribedindetailinSsc.III.

The firstgenerationoftwo-dimensionaledge-plasmasimulationcode,suchasB2 [2]

and EPIC [3,4]codes,demonstratedthevalueofedge-plasmasimulationsoftheSOL and

havebeenusedextensivelyforsimulationofthedivertortolmmaks.Itshouldbementioned

thatEPIC, thefirstU. S.two-dimensionaledgecode,was developedatUCLA underour

PMI grantatUCLA. Even thoughthefirst-generationtwo-dimensionaledge-plasmacodes

haveclearlyestablishedtheneedforthisclassofsimulations,theexperiencewiththese

codeshavealsoe.x-posedmany shortcomingsand theneedforthesecond-generationedge-

plasmasimulationcodes.Duringthelastfewmonthswe havestartedwork withadvanced

features.The aim isto developa second-generationcode which ismore accurateand

includesimprovedphysicsmodelsbut alsoflexibleenoughsuchthatitcan be usedfor
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a range of machines from small laboratory experiments to full-scale fusion devices. Our

modeling goak for this are are described in detail in Ssc. IV.

In summary, our actiwties in the next period will include development of model and

simulation codes as well as application and refinement of these models in the following

areas: (1) active control of scrape-off-layer plasma by ponderomotive and electrostatic

forces, (2) development and application of second-generation, two-dimensional edge-plasma

simulation codes, and (3) en&dneering design of the plasma-facing components and impact

of disruptions (Ssc. V). As always we will coordinate and relate our theoretical work with

experimental programs especially in the PISCES facility. Cooperative programs with other

experiments outside UCLA will be continued and expanded (Ssc. VI). We will use our

expertise to model and explain experimental measurements as well as propose innova_live

ideas and procedure to improve the ei:Bciency of the impurity control system in these

experiments. Interaction with other programs at UCLA especially those focused on ITER

and ARIES tokamak fusion reactor study will be extremely beneficial and further enhimce

our leadership role in the PMI area.

II. Active Edge Plasma and Impurity Control

The impurity control/plasma exhaust system should fulfill the physics requirements for

clean and controlled edge plasma and adequate fusion ash exhaust as well as technological

constraints imposed by the large particle and heat fluxes. The effects of this plasma

bombardment and high heat flux on these surfaces can alter the nature of the boundary

in ways that are detrimental to the core plasma confinement.. The peak power load and

erosion of a divertor plate is governed by the area on the divertor plate over which power is

deposited. That area is in turn governed by the scrape-oiT layer length which expresses the

balance between cross-field transport "Lndmow of plasma parallel to magnetic field lines to

the divertor or limiter. To reduce the peak power load and erosion, it is beneficial to alter

this transport balance.
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Experiments have shown that tt,,e p_rticle transport in a tokamak can be significantly

altered by externally imposing an electrical potential to limiter and/or wall surfaces, or

by imposing a ponderomotive potential within the plasma from an RF source. These ex-

periments are not completely accounted for by present theoretical analyses. Even without

these externally imposed potentials, there exists no universal picture of the scrape-off layer

transport.Fora scrape-offlayersubjecttoan electrostaticbias,therearestillfewermod-

els[5]availableforcomparisonwithexperiment,and stillfewertransportmodelsforthe

scrape-offlayerwithpouderomotiveforces[6].

We have recentlydeveloped,forthe firsttime,an analyticand numerictransport

model which includesbothponderomotiveand elecl,rostaticpotentials.Thismodel helps

usunderstandmechanismsresponsibleforthetransportphysicspropertiesoftheplaamain

an ordinaryscrape-offlayer,aswellasa scrape-offlayerhavingponderomotivepotentials

and biasedsurfaces.Moreover,inmost oftheexperiments,theconfinementpropertiesof

the coreplasma alsochauge,leadingto theconclusionthatnot onlydoesthepotential

influencetransportinthe SOL, but alsoon the closedmagneticfluxsurfacesnearthe

plasmavelocity.To understandthiseffect,a fullyionizedtransportmodel,appropriatefor

thecorehas beendevelopedinparallelwiththeSOL model,we anticipatecombiningthe

two modelsinthenearfuture.A separate,but relatedissueisthedegreetowhichnon-

ambipolartransportcanbe supportedby thetheSOL plasma.Unlikethec')re,cross-field

elect,ton and ionfluxesarenotconstrainedtobeambipolarwithintheSOL. Current,1may

flowalongfieldlinesthroughthelimiter,an effectwhichisenhancedby limiterbiasing.

Even in the absence of an externally applied bias, currents can arise in the SOL from

such diverse mechanisms as differences in electron temperature, differences in potential

due to drift eft'ects and magnetically induced electric fields. In turbulence-free plasmas,

these non-ambipolar boundary conditions can modify the density profiles that would or-

dinarily occur in an ambipolar plasma. In *.he presence of turbulence, this effect is not so

clear, and to investigate it further, we have included such nonambipolar effects within the

framework of a phenomenological model of edge density and potential fluctuation effects.
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Since neutral-plasma interaction can play an ixnportant role, particularly in cases where

the local ionization is important, such as high recycling or gas divertor plasmas, we have

included within the model particle sources, including atomic and ionization cross-section

calculations.

Our goal has been to develop a model which would apply equally well to tokamak

geometry as well as simple cylindrical geometry, such as encountered in the PISCES linear

edge simulator, so while a basic cylindrical coordinate system is utilized, we retain terms

which arise from taking the gradient of the magnetic field, including curvature and radial

inhomogeneity. The model is sufficiently general, that any of these mechanisms can be

"turned off" and used to understand transport due to the remaining mechanisms. Thus

the calculation can be used to design an "B.F ponderomotive divertor", a "biased diver-

tor/limiter" or an ordinary scrape-oiT layer plasma without any biasing or ponderomotive

potentials. The analytic model is one dimensional, allows for biasing and ponderomotive

potentials, uniform neutral sources, and provides a simple ordinary differential equation

for the transverse density and electric potential profile in the plasma. These ordinary dif-

ferential equations are solved for the density and potential profile and the conditions under

which the density profile is a simple exponential described by a characteristic scrape-off

layer length are found. The model clearly demonstrates how either an electrostatic biaz or

a ponderomotive potential can be used to change this scrape-off layer length.

To treat the more general two-dimensional geometry, including toroidal effects and

drifts, a set of coupled partial differential equations are derived which describe density and

electrostatic potential. _,uctuation driven transport is included by assuming the density

and potentials have an F,verage and a fluctuating term and resulting equations are averaged

so that only correlations produce transport which are Xblded into a phenomenological

anomalous diffusion coeflident. Term., coming from taking the gradient of the magnetic

field are retained, so that the model can be used to describe tokamak transport. These

magnetic field terms arise from the E x S, diamagnetic, and ponderomotive force ×

drifts, and are fully retained in the model. The equations are finite differenced on a
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two dimensionalgridmad solvednumericallyforthe densityand potentialdistributions

everywhereintheplasma,usingstandardmatrixLU decompositiontechniques.Boundary

conditionsincludeeitherthe specificationofdensityand potential(Dirichlet)or their

derivatives(Neumann) oranycombinationattheboundary.Nonlinearitiesinthepotential

calculationaretreatedby standardNewtonianiterationtechniques.At everyiteration,a

plasmapotentialiscalculated,from whichisobtaineda floatingpotentialateachnode.

Dependingon thevalueofthisfloatingpotentialrelativetothebiasedsurface,therewill
t

be a currentflowingbetweenplasmaand thewail.With an additionaliterationloop,we

imposetheconditionofglobalambipolaritywhich requiresthatoverallthiscurrenthe

zero,sothateventhoughtlocallytheremay be currentsfloating,overa[I,thenetcurrent

iszero.Thismodel isdesignedtoallowdetailedcomparisonwithexperimentsthathave

beenperformedon thePISCES linearedgesimulator,and thatareproposedforthePBX

experiment,whichincludebothbiasingand RF ponderomotivedivertor.

Allofthiscomputationalmachineryisalreadysetup and testedtoensurethatit

can model realexperimentalsituations.Inthecoming period,we willapplythismodel

to plannedexperimentson TEXTOR and PBX-M. We willalsoinvestigatethe useof

RF ponderomotiveforcesto reducepeak heatfluxeson the ITER divertorplate.Our

initial calculations have indicated that the peak heat flux can be reduced substantially

with a small amount of RF power. In addition, we propose to develop the model further

in order to provide a more extensive analysis of the edge plasma and its effects on the

core. We propose to use this code as tool to understand some of the recent observations of

how the edge influences the core, as well as a spring board for proposing additional novel

techniques to be tried on the present generation of machines. The steady state model will

be developed into a time evolution-to-steady-state model, which will include the following

features:

1. Active means to influence plasma-wall interactions, particularly Limiter biasing, pon-

deromotive forces and boundary magnetic field line ergodization.

2. Development of an impurity transport model including realistic impurity sources and
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impurity generation model8 to understand and control impurity flow in the edge.

3. Development of combined edge and core plasma models in which MHD effects at the

core are included, as well as coupling to the impurity transport model.

4. Development of time evolution models of the neutral particle distribution and related

atomic physics processes, as well as coupling with the impurity and plasma transport

models. We will use the ALADDIN system for the retrieving atomic data for these

simulations.

Our ultimate goal is twofold: first the development of novel techniques for edge plasma

control which include a combination of applied ponderomotive potentials, applied electro-

static potentials, ergodic limiters and gas target divertors and secondly, to understand how

the edge plasma can be controlled to improve core plasma confinement.

III.Coupled Edge Plasma and Neutral ParticleTransport

FluiddescriptionsofEdge-plasmatransporthasbeenusedtostudytheedge-plasma

propertiesand the conditionsat the surfacesin contactwith plasma suchas divertor

plate,limiter,and thefirstwall/vacuumvessel.One-dimensionalradialand axialplasma

transportmodelshavebeenthesubjectofmuch earlyresearch[7].A quasi-twodimensional

model [8]whichtookadvantageofthelocalizednatureofrecyclingtocoupletheaxialand

radialmodelsintoan axiallyaveragedtwozonemodelwas developedunderourPMI grant

at UCLA a fewyearsago and usedtosuccessfullyexplaina number offeaturesobserved

in the scrape-offlayerofthe TEXTOR ALT-I experiment.These earlymodelsclearly

demonstratedthatone dimensionalmodelsofedge-plasmado not producean accurate

descriptionoftheedge-plasma.ThisisnotsurprisingbecausetheparametersoftheSOL

aredeterminedthroughthebalancebetweenaxialand radialtransports.

The firstgenerationoftwo-dimensionaledge-plasmasimulationcode,suchasB2 [2]

and EPIC [3,4]codes,demonstratedthevalueofedge-plasmasimulationsoftheSOL and

havebeenusedextensivelyforsimulationofthedivertortokamaks,ltshouldbe mentioned
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that EPIC, the first U. S. two-dimensional edge code, was developed at UCLA under our

P MI grant. Even though the i_rst-generation two-dimensional edge-plasma codes have

clearlyestablishedtheneedforthisclassofsimulations,theexperiencewiththesecodes

havealsoexposedmany shortcomingand theneedforthesecond-generationedge-plasma

simulationcodes.Duringthelastfewmonths,we havestarteddevelopmentofa second-

generationedge-plasmasimulationcode. The aim isto developa code which ismore

accurateand includeimprovedphysicsmodelsbut alsoflexibleenoughsuchthatcan be

usedforrangeofmachinesfromsmalllaboratoryexperimentstofull-scalefusiondevices.

The advancedfeatureswe havetargetedarethemost importantfora designand analysis

code.The keyfeaturesare:

I.Computational efflciencyand robustness usingstate-of-the-arthighspeedand

low-memory requirementsalgorithmswhileensuringthatcalculationsachievecon-

vergedsolutionto thetransportequations.The aim istohavethe coderun on a

modest desktopworkstationratherthana supercomputer.

2. Flexiblegeometry througharbitrarymeshing,flexibleelementconnectivity,and

strictlocalpropertyconservationinordertohandlerealistictokamakedgegeometries.

3.Ease of use by usingtheX windowsgraphicalinterfacewithmenu-driveninputand

outputfrommesh generationup tovisualizationtoolsforoutputpresentation.

4.Improved physicsbyincludingmulti-energygroupneutraltransportequation,non-

ambipolarflows,and drifts.

The above-mentionedtargetfeaturesaresetbasedon theexperiencewiththefirstgener-

ationcodes_sdescribedindetailbelow.

Computational E_ciency and Robustness

The fluid-basededge-plasmatransportcodessolvea setofequationsforthedensity,

i_owvelocity,and temperatureofeachplasma species.Thesefluidequationsarehighly

nonlinearbecausethetransportcoei_icien_sand ionizationreactionratesdepend on the

densityand temperature.Furthermore,thesystemcontainsthousandsofunknowns (den-
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sity,velocity,and temperatureofeach plasmaspeciesateachofthethousandsofthegrid

points).Solvingsucha largesystemofnonlinearequationsischallenging,sinceunlikethe

linearsystems,thereisno algorithmthatisguaranteedtoyielda solutionina predictable

number of steps.Among possiblesolutiontechniques,thereismuch variationintheir

abilityto locatea solution,and thetimerequiredtodo so.Methods thatusuallyfinda

solutionarecalled"robust,"and thosethatrequireminimaltimeand memory arecalled
L

"efficient."

Both B2 and EPIC usesimilarfullyimplicittechniqueswhichareefficient.Unfortu-

natelyboth algorithmsarenotrobust(donotconvergeallofthetime).Infact,attempts

to improvethephysicsinthesecode has usuallyresultedinthecodenot beingableto

convergeatall.Both codesarealsoextremelysensitivetothemesh usedforcomputation,

i.e.,theyconvergeon certainmeshesand do notconvergeon slightlydifferentmesh.

One popularsolutiontechniquefornonlinearsystemsisthe "Newton'sMethod" in

' whichfora givenguessforthesteadystate,an improvedguessisfoundby linearizingthe

. equationsabouttheguessand solvingthelinearizedproblem.Thisprocessisrepeateduntili

. itconvergestothesolutionofthenonlinearproblem.Priorworkingeneralcomputational

,. fluid dynamics, as well msrecent work in edge-plaama modeling by Knoll and by Ronglien,

, has shown thatthe Newton'sMethod isrobustforsolvingnonlinearequationsof the

*- typeencounteredin edge-plasmamodeling.Typicallyabout 20 iterationsof Newton'sm
=

method willusuallyyielda solution,compared to 2000iterationsinEPIC orB2 codes
(whichdo notalwaysreacha solution).Unfortunately,eventhoughtheNewton Method

i isrobustand requiresonly20 iterationtoconverge,existingimplementationsof Newton's

i Method arenot"efficient,"becausetheydo notefficientlysolvethelinearproblemarising

ineachiterationstep.The existingcodessolvethe linearproblemby directelimination

methodswhich consume much computertimeand memory, restrictingthem torunonly

on supercomputers.

Given thepreviousdifficultieswiththenumericalalgorithmoftheedge-plasmasimu-

lationcodes,our aim istodeveloptwo distinctalgorithms.The firstapproachisimprove

11

Ill ................ -:-..... ......
, frail,



the "e_ciency"oftherobustNewton'sMethod by usingan state-of-the-artsolverforlln-

esrsystemsinsteadofGauss'sdirecteliminationmethod. Inthisarea,we axedeveloping

a fastlinearsolverforedge.plasmaproblemsbasedon theso-called"preconditionedcon-

jugategradient"method whichisa recentlydevelopedmethod by thecomputationalfluid

dynamicscommunity. Our eITortinthisareaisinverycloseconsultationwiththeFluid

Dynamics Group in the UCLA AppliedMathematicsDepartmentinorderto takefull

advantageofthetheirextensiveexperienceand latesttechniques.

SincetheNewton'sMethod canonlyfindsteadystatesolution,we arealsodeveloping

a fullyimplicitnumericalalgorithmfortimedependentproblems.The FluidDynamics

Group atUCLA has alsoidentifiedseveralstate-of-the-artfully;mplicitpack_gethatwe

willmodifyand useinour new code.

Flexiblezeometry

An previousedge-plasmacodedividethe computationalspaceintotheorthogonal

coordinatesof the fluidequations.The B2 code,forexample,usesa simplemapping

functiontoprojecttheangledcoordinatescorrespondingtofluxsurfacesontoa flatpoloidal

planeof physicaldevicesymmetry.B_causethemappingfunction_ssimpieand analytical,

thismethod usean approximationtothe"real"fluxsurfaces.The EPIC code,ontheother

hand,usesthe"real"fluxsurfacesfroman equilibriumcode.However,themappingtothe

orthogonalcoordinatesisonlyapproximate.Becausethethecodealgorithmdemandsthat

thegriddirectionsbe orthogonal:(i)thefinalsolutionmesh isonlyan approximation,

(2)localgridrefmementsareine_cient,and (3)itisimpossibletomodel nonorthogonal

fieldlineintersectionswiththevesselwails.

We have solvedthisproblemby formulatedthediscretizationinthe finitevolume

contextwhich isindependentofthe orthogonalconservationcoordinates.As a result,

thereiscompleteflexibilityinthepositionsand sizesofthesmallvolume elementsthat

make up thecomputationaldomain.ThisallowsarbitrarypackingofceUsonlyaroundthe

regionsnearwallsand targetplatesthatneedtoberesolved.The new schemecannow also
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properly "wrap" the domain where necessary for the circulating flow inside the separatrix,

that is, in the same simulation, one can allow for the inboard, outboard, and private

flux reg/ons. Earlier codes do not have this dual functionality, and couldn't, for example,

accurately simulate the "shear" region near the separatrix. Since the field strength and

orientation is specified individually for each of the volumes, there is no need to align the

grid exaczly along 'the magnetic flux surfaces. This becomes important where there are

O'p ,_idal field nulls or steeply angled flux surface interfaces. That is, the new code can solve

for plasma conditions near the × point. Here, the older "orthogonal" codes cannot Predict

plasma beha'_or with sui_cient confidence because they usually have to extrapolate from

a position far upstream where the grid can terminate orthogonally. The oblique geometry

presents no exception in our method, and is handled quite naturally. With the generalized

system, automated accuracy improvements are easily obtained with the use of modem

adaptive meshing algorithms that are based on solution gradients. These can be employed

without explicit regard for the specified magnetic field orientation.

The high flow regions in a tokamak are usually near the wall where there are steep

gradients in the fluid properties. But these are also the most important regions to accu-

rately resolve with an edge model. Purely explicit time stepping schemes might require as

, many as 10 million time steps for a reasonable time-dependent calculation. The compu-

: tational fluid dynamics limit for numerical stability is most extreme in the smallest of the

_l gzid elements. Because our aim is to extend the plasma modeling capability to desktop

i workstations, we have constr_cted a discretization that is fully implicit. The time-stepping
a

i can be instead adjusted to capture only whatever physical coupling there _s in the solution,and one doesn't need the high speed of a supercomputer.

Ease of use

A.major difBculty with the present edge-plasma simulation code is that using them is

an art by itself. It is very diftlc=lt to set up the proper .mesh and because the numerical

algorithms are not robust, parameters has to be fine tuned before a converged solution
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can be found. Ali of this haz to be done on a supercomputer which is very slow in an

interactive mode. As a result, each solution takes a long time to develop. Our plan is to

implement the code on a desktop workstation which surpasses the supercomputers iF 'he

interactive mode. Furthermore, the X window graphical interface which is available on

present workstations will drastically improve the efficiency of setting up the problem and

analyzing the output results.

Improved physics

Introduction of improved physics models into the first generation codes have been _n-

dered because the numerical algorithms used in these codes are not robust. Furthermore,

the nature of the discretization in these code introduce errors which can be significant

specially near the plasma facing components. With these issues addressed and resolved in

our new code, we will be able to include improved physics models.

Our goal in this area include: (1) implementation of a multi-species, multi-energy

group neutral transport package in order to address the recycling effects accurately, (2) ad-

dition of strong neutral/plasma interaction in the plasma transport equations in order to

model gazeous divertors, (3) generalize the basic plasrna transport equations to include ac-

tive means to control the SOL utilizing our work in plasma biasing and RF ponderomotive

forces, and (4) improving the basic fluid equation to include features like plasma pressure

anisotropy.

z

IV. Engineering Design of In-Vessel Components

In collaboration with scientist of JAERJ, we have started research activities in ther-

mostructural design ot_pluma-_acing co_.ponents and analysis of the impact of hard dis-

ruptions. A study ortho response of ARIES-I divertor plates to hard plasma disruptions

were carried out by Dr. Huan [9] using a code developed at JAEB.I. This analysis, although

i rigorous in terms of present-day understanding, underlined many approximations and lim-
iting assumptions currently used. Developing a reliable engineering guideline/constraint
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in designing in-vessel components to withstand hard plasma disruption require further in-

tensive research activity. In particular, lack of models and understanding of the formation

and dynamics of the vapor shield and its interaction with the incident plasma particles,

lack of models for the dynamic behavior of the melt layer with recoil and electromagnetic

forces in addition to buoyancy and surface tension and the stability of this melt layer, and

the absence of adequate experimental data base for verifyin$ theoretical pred/:tions are

identified as rritical areas that require further research.

We have also studied convective heat transfer in actively-cooled plasma facing compo-

nents for various type of coolants (including MHD effects) [10,111. Currently, thermostruc-

tural analysis of actively-cooled plasma facing material assumes a constant heat flux on

the coolant channel. Our numerical analyses, however, shows that because the heat flux on

a coolant channel of a plasma-facing component various circumferentially, the maximum

structural temperature can be underestimated by 40% to 70% which can drastically alter

th_. design of the plasma-faring components.

We propose to continue this activity for the coming period. Under an agreement

between UCLA and JEARI on power reactor studies, each year, a JEAPd scientist is
stationedatUCLA forone year.Traditionally,theJEARI scientistsstationedatUCLA

havebeenexpertinthermalhydraulicand heattransfer.As a result,oursmallactivityin

thisareahaz beenand willbe highlyleveraged.

V. Collaborationwith Other Programs/Institutions

An importantgoalofthePMI theory/modelingeffortatUCLA istoprovidea sound

theoreticalframeworkwhichcan explaintheexperimentalobservations.Thisframework

can then be utilizedto improvethe efl'ectivenessof impuritycontrolsystemforfuture

experimentsand reactors.Our collaborationwithotherprogramsand institutes,therefore,

isextremelycrucialtoachievingthisgoal.
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At UCLA, we continue to relate and test our theoretical models and innovative ideas to

simulations in PISCES plasma-sarface interaction facility and to CCT tokamak. PISCES

plasmas are very well diagnosed and are ideal to test certain models and ideas and our

close interaction with PISCES experimental group facilitates the interaction substan_iaUy.

Outside UCLA, we will continue our modeling effort for TEXTOR tokamak with ALT-

II toroidal belt limiters and coordinate this effort with the UCLA experimental program

on TEXTOR. Lastly, we continue our involvement in modeling effort for PBX-M biasing

and RF ponderomotive effects experiments.

DISCLAIMER

. . This report was prepared as an account of work sponsored by an agency of the United States
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employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific ,-ommercial product, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily conslitute or ;_npiy its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
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