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A flowing liquid lithium first wall or divertor target could virtually eliminate the concerns with
power density and erosion, tritium retention, and cooling associated with solid walls in fusion
reactors. To investigate the interaction of a spherical torus plasma with liquid lithium limiters, large
area divertor targets, and walls, discharges will be established in the Current Drive
Experiment-UpgradéCDX-U) where the plasma—wall interactions are dominated by liquid lithium
surfaces. Among the unique CDX-U lithium diagnostics is a multilayer miivtirM ) array, which

will monitor the 13.5 nm Lil line for core lithium concentrations. Additional spectroscopic
diagnostics include a grazing incidence extreme ultravioktV) spectromete(STRS and a
filterscope system to monitor Dand various impurity lines local to the lithium limiter. Profile data

will be obtained with a multichannel tangential bolometer and a multipoint Thomson scattering
system configured to give enhanced edge resolution. Coupons on the inner wall of the CDX-U
vacuum vessel will be used for surface analysis. A 10 000 frame per second fast visible camera and
an IR camera will also be available. @001 American Institute of Physics.
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I. INTRODUCTION the testing of liquid metal limiter, divertor, and wall
_ o concepts. A major feature of CDX-U which makes this
Recent reactor studitsiave identified liquid walls as a practical is its diagnostic set, which is well suited to liquid

potentially “revolutionary” solution of generic magnetic fu- |jithium experiments. These systems are described in this ar-
sion energyMFE) first-wall problems, such as heat load and j¢je.

erosion limits of dry walls, neutron damage and activation,
reliability/maintainability of first walls, and tritium inventory
and breeding. A liquid metal wall in close proximity to the !l DESCRIPTION OF THE CDX-U FACILITY

last closed flux surface may significantly enhance stability  1he current Drive Experiment-Upgrad€DX-U) is a
and performance by providing a surface that has low or NQpnerical torus facilitythat has recently undergone an exten-
recycling. The benefits of such conditions have already beegye program of upgrades which has resulted in an increase
demonstrated during the “Deposition of Lithium by Laser uf the toroidal field to 2.3 kG. The new power supplies for
Outside of Plasma”(DOLLOP) lithium wall conditioning ¢ toroidal, vertical, and shaping fieldsith the exception
experiments, for example, in the tokamak fusion test reactor ¢ the capacitor banks for the Ohmic heating solehaice
(TFTR)-_ i . . .. preprogrammed and controlled by digital to analog wave-
Lithium offers an attractive synthesis of desirable liquid to, generators. The Ohmic heating system is capable of
metal wall properties, but implementation of a liquid metal providing 125 to 150 kW to CDX-U. The plasma geometry

divertor or wall in large fusion devices requires tests on gemains substantially unchanged, with the basic discharge
smaller scale device. A first test of liquid metals at the Na’parameters summarized in Table |.

tional Spherical Torus ExperimentNSTX) scale is not The CDX-U device also has a radio frequeridy heat-
likely, even though spherical tof5T's) have an acute need j,y system that has been upgraded to 250 kKW at the fourth
for high heat load divertor and wall systems. As a necessaryarmonic of the hydrogen ion cyclotron frequency. This will
step, the CDX-U program has now been wholly dedicated tqermit parallel and normal heat fluxes of 5-10 MV§/and

1-3 MW/n?, respectively, because of the compact ST geom-
¥Electronic mail: kaita@pppl.gov etry. Previously, increases in the central electron temperature
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TABLE I. CDX-U parameters. the L3 probe head in CDX-U as an indication of how much
recycling is occurring there, whereas in PISCES the deute-

Major radius Rg) 34 cm . . . .
Minor radius(a) 22 cm rium radiation is not localized to the sample.

Aspect ratio Ry/a) =15 In late 2000, CDX-U will operate with the large area,
Elongation(x) <16 liquid lithium belt limiter. This is a fully toroidal limiter, and
Triangularity (9) >0.2 as shown in Fig. 1, it will be placed at the bottom of the
gﬂﬂg"ﬂﬂfﬁﬁ% féz(fkTA vacuum vessel. The primary goal of these investigations will

P iy (radio <250 KW be to _produce a_ST dischargg in' Which the plasma-wall in-
frequency heating teraction is dominated by a liquid lithium surface. The ef-

fects of operating with lithium walls will be quantified for
the first time, greatly reducing the uncertainties of incorpo-
of up to 50% were observed in CDX-U, with 100 kW of rf rating liquid lithium walls in larger toroidal devices such as
power® The new rf system extends the total heating capaAlcator C-Mod or NSTX.

bilities to twice the Ohmic power input.

IV. DIAGNOSTICS FOR LIQUID LITHIUM
I1l. LIQUID LITHIUM EXPERIMENTS IN CDX-

QU v S c v EXPERIMENTS

The first investigations on the interaction of a spherical . ) o
torus (ST) plasma with liquid lithium will be performed us- Diagnosis of the effect; of a I_ow—recycllng Ilmlter target
ing a toroidally local liquid lithium rail limiter(L3). This ©N the CDX-U plasma will utilize the extensive set of

limiter consists of a heated 20 cm probe head, which can bgDX'U .diagnostics. A simple means of monitoring the re-
inserted into the CDX-U plasma chambéFig. 1). The cycling is to observe the time evolution of the hydrogen or

“Plasma Interaction with Surface and Components Experi_fjeuterium peak detected with the residual gas analyzer. This

mental Simulator” (PISCES® group at the University of is also a way to estimate the formation of lithium hydride or
California at San DieggUCSD) has designed and built the lithium deuteride, since the dominant mechanism by which
probe head and drive mechanism, and the CDX-U group A{thium absorbs hydrogen or deuterium is by the formation of

PPPL has responsibility for the vacuum vessel interface. "€S€ compounds. _ N
In addition to providing a low-recycling limiter for A particular concern involves surface impurities that

CDX-U discharges, the L3 probe head exposures will permif'@Y réquire a temperature beyond the normal 181 °C melting

the evaluation of effects that could not be investigated in th@0int of lithium, to liquify the solid coatings they cgné‘gém.
PISCES device. These include the dependence of lithiunjNiS Nas been observed in previous lithium experiments.

sputtering on ion angle of incidence, the importance of thel Ne lithium temperature will be varied by heaters on the

magnetic sheath on redeposition, and the role of the ion erforoidal I_|m|ter Cor_lta_lner up_to 500°C to address this ISSue,
ergy distribution function on the loss rate of lithium from the 21d the influx of lithium as it evaporates needs to be moni-
samplée It would also be easier to measure the recyclingtored spectroscopically as a function of target temperature.

properties of hydrogen on a lithium surface with the liquid 1€ MOst basic spectroscopic diagnostic on CDX-U is a
lithium rail limiter. We can use the Dline emission from monitor of the neutral lithium line emission at 670.8 nm. A

filterscope system is being installed to monitof Bnd im-
purity lines local to lithium limiters. For the L3 experiments,
X X it will use the port immediately below the limiter assembly
UCSD toroidally- shown in Fig. 1. Additional spectroscopic diagnostics i_n-
- local rail limiter assembly clude a Czerny-Terner 0.3 m monochromator, a far ultravio-
let monochromator covering a spectral range from 130 to
250 nm, and a 1 ngrazing incidence extreme ultraviolet

X
spectromete(STRS which measures between 2 and 36 nm.
Deuterium fueling efficiency and lithium impurity accu-
mulation will also be investigated with the spectroscopic di-

7/ 0

agnostics on CDX-U. A multilayer mirrotMLM) array°
will observe the 13.5 nm Li line for core lithium concen-
trations. The MLM diagnostic contains an array of absolute
__ Fully Toroidal extreme ultraviole{XUV) diodes, and it provides impurity
fir T BeltLimiter profiles through spatially resolved measurements of their
Il brightness. The ten channels of this system are oriented to
view across a poloidal cross section of the plasma. With
, mirrors chosen for measuring the 15 nnvi@mission, this
' diagnostic has already been used to observe impurity accu-
mulation in CDX-U discharges.
X X There is also a ten-channel radiomé&idocated in the
FIG. 1. Schematic of CDX-U showing positions of the liquid lithium rail Norizontal midplane of CDX-U for a tangential view of the
limiter (L3) and the toroidal liquid lithium belt limiter. plasma. It can operate either in bolometric mode with unfil-
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tered absolute extreme ultravioletUV) diodes for total ra- Multipoint
. . . . . . Th S .
diated power proflles, orina conf|gurat|on that permita O sca;ﬁfng i
or Cv emissivity measurements with 250 nm beryllium or ov 1504
300 nm titanium filters. Measurements of CDX-U discharges ’ ‘ MLM
to date with this array show strong peakin.g_in the radiation Triple probe ‘ (c}lﬁf}ﬂ magRriﬁc
losses. These are discussed in more detail in Ref. 10. 30 channel ‘ / field probe
A major new profile diagnostic is the multipoint Thom- s%‘;’fr“aly | =
son scattering TS) systemt! It uses a 5 Juby laser that (JHU)* R g
passes twice through the plasma along a vertical chord. Tht 10 channei —
scattered photons are collected in 12 channels that provide  [engential Nopime
. . . . . SXR/Bolometer FUv
spatial resolution of about 2.5 cm. Since the optical table is Array (JHU)* - \J-— mono-
movable, two-dimensional scanning is possible to obtain al- 2 Toops ch(r]o%t_or
most 70% of the radial extent of the plasma. Since the TS *Rogowski 2500 4)
measurements have difficulties with low signal levels near W Y (JHU)
. ; . . A UCSD liquid lithium rail limiter |
the plasma edge, they will be augmented in this region by y plus visible and IR viewports* /!
profiles from a new eight-tip “rake” Langmuir probe. Interferometer \ > ©— Diode /-
. . . . . ZEN Bolometer 4%
The width of the toroidal belt limitefFig. 1) was mini- é%%fﬁm” L\ ) Fast Visible
mized to reduce the lithium inventory and retain the cover- * i Camera and
. . . . . . Array (JHU) is Y Czerny-Terner
age of the plasma with the TS diagnostic. This requires im- ﬂg’tly";l';’e/ & 03m
proved plasma position control, and a new computer systen Micropellet M"";‘;’;’;’;’v’v"f"”
is being installed for this purpose. Analyses of CDX-U equi- Injector*
libria indicate that more flux loops are needed for both equi- High Harmonic Electron Bernstein
librium reconstruction and plasma control, and they will be Fast Wave Antenna ‘WayeDieteotors

added when the machine is vented for the installation of the
toroidal belt limiter later in 2000.

A fast visible camera, which obtains 10 000 frames per
second, will be used to image the plasma through the tangeﬁlG_- 2_. Layout of diagnostics on CDXU Diagnostics particularly relevant
tial port shown in Fig. 2. Variations in the surface tempera-© duid lithium experiments are italicized.
ture of the lithium will be observed with an infrared camera.

A zinc selenide window will be mounted on a port that has a o
view of the L3, and there will be a similar arrangement for Where the plasma does not contact the lithium. The surface

the toroidal belt limiter. areas of these places are small compared to the remainder of

A lithium acetylide micropellet injector provides further the belt limiter, however, and their effect on the recycling
capability for testing lithium diagnostics and investigating Should not be significant. By sending leads from each limiter
lithium transport in CDX-U. The system uses the mechanisnfialf to outside the vacuum vessel, using electrically isolated
developed for the boron low velocity micropellet injectér, feedthroughs, the toroidal current can be measured easily. In
and is capable of delivering particles in the range of 100 teaddition, such an arrangement provides the option of inves-
1000 « in diameter. The lithium acetylide is loaded into 16 tigating the consequences of breaking the eddy current path
barrels in a revolving turret, and it is propelled with deute-through the belt limiter.
rium at a pressure of 40 PSI. Injection occurs once per dis- Since the plasma facing surface is a liquid, it is also
charge, with the smaller particles arriving first at the plasmdmportant to know how it varies during a discharge. Simple
edge to dissociate, ionize, and be transported to the core. estimates, based on the assumption that the belt limiter is a

solid conductor, suggest that eddy currents can induce a ver-

tical motion of as much as a centimeter during a typical
V. NEW DIAGNOSTIC NEEDS AND CHALLENGES CDX-U shot. Surface tension, however, can limit the dis-

The majority of diagnostics for the CDX-U liquid Placement of the liquid lithium to much smaller values, and
lithium experiments are typical to the study of MFE plasmashence would be more difficult to detect.
At most, they may be tuned7 but not otherwise modified, for One sensitive technlque for accurate measurements of

specific measurements, such as the 13.5 mmiihe for the ~ surfaces is coherent laser radar ranging, or CtR this
MLM array. approach, the distance between the fixed position of a 1.5

Other parameters, however, are unique to the liquidum laser source and the point to be monitored is determined
lithium studies. Among the most prosaic, but neverthelesgrom the shift in frequency of the linearly modulated light
important, is the measurement of the current flowing in thdoeam as it reflects off the target. Distances have been mea-
belt limiter in the toroidal direction. This is conceptually sured to a precision of less than 10 with CLR.
similar to measuring eddy currents in structures surrounding An issue is the time resolution achievable with CLR.
MFE discharges. Schemes involving sensors on the lithiunTarget displacement measurements in the 10 Hz range have
surface, on the other hand, are difficult to implement. been obtained with this method. This may not be adequate

A simple solution is to divide the belt limiter into two for monitoring the time evolution of the belt limiter surface,
semicircular halves. This results in two toroidal locationshowever, since 100 ms is an order of magnitude longer than

XUV STRS (20-3604)
Spectrometer (JHU)*
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