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Abstract

A flowing liquid lithium first wall or divertortarget could virtually eliminate theoncerns with
power density and erosion, tritiunetention, and cooling associated with solid wallsfugion
reactors. To investigate the interaction of a sphetaals plasma witHiquid lithium limiters,
large area divertor targetand walls, discharges will be established tire Current Drive
Experiment-Upgrade (CDX-Uwhere the plasma-wall interactionsare donmated by liquid
lithium surfacesAmong the uniqueCDX-U lithium diagnostics is a multi-layemirror (MLM)
array, which will monitor the 135 A Lin line for core lithium concentrations. Additional
spectroscopic diagnostics include a grazing incidence XUV spectrofSateS) and dilterscope
system to monitor B and various impurity linelcal to thelithium limiter. Profile data will be
obtained with a multichannghngentialbolometer and a multipoinEthomsonscatteringsystem
configured to give enhanced edge resolut@oupons orthe inner wall of theCDX-U vacuum
vessel will be used for surface analysis. A 10,000 frame per seconsfialst camera and an IR
camera will also be available.

Introduction
Recent reactor studfedave identified liquidwalls as apotentially “revolutionary” solution of
generic MFE first-wallproblems, such akeat loadand erosion limits of dry walls, neutron

damage and activationreliability/maintainability of first walls, and tritium inventory and
breeding.A liquid metal wall in closgroximity to the last closedlux surface maysignificantly
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enhance stability angerformance, by providing a surfatieat has low or norecycling. The
benefits ofsuch conditionshave already beedemonstrated durinthe DOLLOP lithium wall
conditioning experimenfsfor example, in TFTR.

Lithium offers an attractive synthesis of desirable liquid metal wall properties, but implementation
of a liquid metal divertor or wall in large fusion devices requires tests on a sstalerdevice. A

first test of liquid metals at the NSTX scale is not likely, even though sphericé610s) have an

acute need for high heat load divertor and wall systems. As a necessatliyjestipX-U program

has now been wholly dedicated to the testing of liquid metal limiter, divertor and wall cohéepts.
major feature of CDX-U which makes thigractical isits diagnostic set, which is well-suited to
liquid lithium experiments. These systems are described in this paper.

Description of the CDX-U Facility

The Current Drive Experiment-Upgrad€DX-U) is a sphericaltorus facility* that has recently
undergone an extensive program of upgrades which has resulted in an inctbas®roidal field
to 2.3 kG. The new power supplies for the toroidal, vertical, and shaping fieldsth{giéxception
of the capacitobanks forthe Ohmic heatingolenoid)are preprogrammed andontrolled by
digital to analogvaveform generatord.he Ohmic heatingystem iscapable ofproviding 125 to
150 kW to CDX-U. The plasma geometry remairsubstantially unchanged, witthe basic
discharge parameters summarized in Table 1.

The CDX-U device also has a radio frequency (RF) heating syksmmasbeen upgraded to 250

kW at the fourth harmonic dhe hydrogen ion cyclotron frequency. Thigll permit parallel and

normal heatfluxes will be5-10 MW/m2 and 1-3MW/m?Z2, respectively, because of the compact

ST geometry. Previously, increases in the central electron temperature of up to 50% were observed
in CDX-U, with 100 kW of RF powetThe new RF systenextendsthe total heating capabilities

to twice the Ohmic power input.

Liquid Lithium Experiments in CDX-U
The first investigations on the interaction of a sphetimals (ST) plasma withquid lithium will
be performed using toroidally-local liquid lithiumrail limiter (L3). This limiter consists of a

heated 20 cm probe head, whidn be inserted into tHeDX-U plasma chamber (Figure 1). The
PISCES group atthe University of California aSan Diegog(UCSD) hasdesigned and built the
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probe head and drivenechanism,and theCDX-U group at PPPL hasesponsibility for the
vacuum vessel interface.

In addition to providing a low-recycling limitefor CDX-U discharges,the L3 probe head
exposures will permit the evaluation of effects that could not be investigated MSG& Sdevice.
These include the dependence of lithium sputtering on ion angle of incidence, thenmcpof the
magnetic sheath on redeposition, and the role of the ion energy distribution functionlass thte
of lithium from the sample’. It would also beeasier tomeasurethe recyclingproperties of
hydrogen on a lithium surface with the liquid lithiumail limiter. We canusethe D, line emission
from the L3 probe head inCDX-U as anindication of how muchrecycling occurring there,
whereas in PISCES, the deuterium radiation is not localized to the sample.

In late 2000, CDX-Uwill operate withthe large area, liquitithium belt limiter. This is a fully
toroidal limiter, and as shown in Figure 1, it will be placed at the bottotineafacuum vessel. The
primary goal of these investigations will be to produce an ST discharge in Wiaghasma-wall
interaction is dominated by a liquid lithium surface. The effects of operating with lithium withlls
be quantifiedfor the first time, greatly reducing the uncertainties of incorporating liquid lithium
walls in larger toroidal devices such as Alcator C-Mod or NSTX.

Diagnostics for liquid lithium experiments

Diagnosis ofthe effects of a low-recycling limiter target on &®X-U plasmawill utilize the
extensive set oEDX-U diagnosticsA particular concern involves surfag@purities that may
require a temperature beyottte normal 181°C melting point of lithium ttquify the solid
coatings they caform. This hasbeenobserved in previous lithium experimefts. The lithium
temperature will be varied by heaters on the toroidal limiter container BROfC to addresthis

issue, andhe influx of lithium as it evaporates needs to be monitored spectroscopically as a
function of target temperature.

The most basic spectroscopic diagnostic @DX-U is a monitor ofthe neutrallithium line
emission at 670.8 nm. Alterscopesystem isbeing installed tanonitor D, and impuritylines

local to lithium limiters. For the L3 experiments, it will ue port immediately belovthe limiter
assembly shown in Figure 1. Additional spectroscopic diagnastitgle a Czerny-Ternd).3 m
monochromator, a faultraviolet monochromatocovering a spectral rangeom 130 nm to 250
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nm, and ayrazing incidencextreme ultraviolespectrometer (STRS) which measubesween 2
and 36 nm.

Deuterium fueling efficiency and lithium impurity accumulatiwitl also be investigated with the
spectroscopic diagnostics @DX-U. A multi-layer mirror (MLM) array® will observethe 13.5
nm Lilll line for core lithium concentration¥he ten channels dhis systemare oriented to view
across a poloidal cross sectiontioé plasma. With mirrors chosen for measurthg 15 nm @i
emission, thisdiagnostichas already beermused to observe impuritgccumulation inCDX-U
discharges.

There is also a ten-channeblometel’ located in the horizontamidplane of CDX-U for a
tangential view of thgplasma. Itcan operate either in lwohetricmode withunfiltered diodes for
total radiatedpower profiles, or in aconfiguration that permits Q/1 or Cv emissivity
measurements with 250 nm beryllium or 300 titanium filters. Measurements o€DX-U

discharges to date with this array show strong peaking in the radiation losses.

A major newprofile diagnostic is the multipoirfthomsonscattering(TS) systent! It uses a 5-

joule ruby laser that passes twice through the plasma aleedi@al chord. The scatteregphotons

are collected in twelve channels that provide a spatial resolution of 2Bocm.Since theoptical

table is movable, two-dimensional scanning is possible to obtain almost 70% of the radial extent of
the plasma.Since the TS masurementbave difficulties withlow signallevels near thglasma

edge, they will be augmented in this region by profilesn a neweight-tip “rake” Langmuir

probe.

The width of the toroidal belt limiter (Figure 1) was minimized to reduce the lithium inventory and
retain the coverage of thasma withthe TS diagnosticThis requires improved plasma position
control, andnew computer system iseing installedfor this purpose. Analyses dEDX-U
equilibria indicate that more flux loops are neettadboth equilibrium reconstruction and plasma
control, and they will be addeghenthe machine is ventetbr the installation of the toroiddlelt
limiter later in 2000.

A fast visible camera, which obtains 10,000 frampes second, will beised to imagéhe plasma
through the tangential port shown in Figure 2. Variationthésurface temperature dfie lithium
will be observed with an infrared cameraziic selenidevindow will be mounted on a port that
has a view of the L3, and there will be a similar arrangement for the toroidal belt limiter.
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A lithium acetylide micropellet injectgorovides furtheicapabilityfor testing lithium diagnostics
and investigating lithium transport in CDX-Uhe system usethe mechanisndevelopedor the
boron low velocity micropellet injectdf,and is capable of delivering particles in the range of 100
to 1000 microns irdiameter. Thdithium acetylide is loaded into sixtedrarrels in a revolving
turret, and it is propelled with deuterium atpeessure of 40 PSlinjection occurs once per
discharge, witithe smallerparticles arriving first athe plasmaedge to dissociate, ionize, and be
transported to the core.

Coupons mounted othe vacuum side ofthe walls in fusion devices are an effective and
economical means of determininghe cumulative effects of the interactions mlhsmaswith

surfaces exposed to théfSuch sampleare typicallyremoved at a time whetie machine is
ventedfor maintenance and upgrade activitiestiAéxperiments involving lithiumthe inside of

the vacuum vessel is expected to have a coating which must be “passivated” before such work can
occur. This process, which involves exposure to air tardemoval ofthe lithium compounds

with a solvent, would clearly make any meaningful analysis of the coupons impossible.

A simple solution is to mourthe coupons in amirtight enclosure behind series ofgatevalves,

so they can beemoved withoutventing thevacuum vessel and exposure to atmosphere. This
approachhas beenused successfully witthe DIMES probe onDIII-D,* where the tip was
removed fromthe machine and shipped for offsite analysis withsighificant degradation of its
surface. Becausthe technigualoes notrequire bringinghe entiremachine up to air, ihas the
added advantage of enabling comparisons between coupon exposures of varying durations.
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Major Radius (R) 34 cm
Minor Radius (a) 22 cm
Aspect Ratio (8/a) =15
Elongation ) <16
Triangularity 0) >0.2
Toroidal Field (B) 0.23 Tesla
Ohmic Current (b) < 80 kA
Pauxiliary (radio < 250 kW

frequency heating

Table 1. CDX-U parameters.
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Figure 1. Schematic of CDX-U showing positions of liquid lithium rail limiter (L3) and toroidal
liquid lithium belt limiter.
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Figure 2. Layout of diagnostics on CDX-U. Diagnostics particularly relevant to liquid lithium
experiments are italicized.
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