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THE ORNL STELLARATOR PROGRAM

The main focus of magnetic confinement studies at Oak Ridge National Laboratory
(ORNL) is stellarator research. The principal elements of the ORNL stellarator program
are the Advanced Toroidal Facility (ATF), stellarator theory, and related plasma technol-
ogy development.

The ATF P rog ram

The ATF program is aimed at improving the toroidal confinement concept by demon-
stration of the principles of high-beta, steady-state operation. A torsatron, a variant of the
stellarator, was chosen for the ATF device because of its inherent steady-state capability
and because the magnetic configuration can be varied over a wide range under external
control.

The ATF Device

The ATF will be the world's largest and most versatile stellarator experiment when it
begins operation in early 1987. It is designed to study a variety of stellarator magnetic con-
figurations, including those with a helical magnetic axis, and to combine good confinement
properties with the potential for high-beta operation in the second stability region. The
ATF is an t = 2, 12-field-period torsatron with moderate rotational transform (* = \jq =
0.35-0.95), shear, and plasma aspect ratio (A = R/a ^ 7). The main components are two
segmented, jointed helical field (HF) coils; three sets of poloidal field coils, designated the
inner, outer, and mid-vertical field (VF) coils; an exterior shell structure to support the
magnetic and thermal loads from the coils; and a thin, helically contoured vacuum vessel
closely conforming to the HF coils. The 12 large outer ports (0.9 by 0.6 m), 12 inner ports
(0.2 m in diameter), and 24 upper and lower ports (0.35 by 0.35 m) provide extensive
access for diagnostics, tangential neutral beams, ion cyclotron heating (ICH) antennas,
pump limiters, and maintenance.

The ATF Experimental Program

The ATF program will study many general toroidal confinement issues, including:

• scaling of beta limits and plasma behavior in the second stability regime,
• transport scaling at low collisionality and the role of the ambipolar electric field,
• control of plasma density and impurities with pump limiters/divertors and pellet fuel-

ing,
• plasma heating with neutral beam injection, electron cyclotron heating, and ion cy-

clotron heating,
• magnetic configuration optimization, including the effects of rotational transform,

shear, magnetic well or hill, magnetic axis topology, etc., and
• steady-state operation and testing of plasma-interactive components at high heat flux.

In addition to the standard diagnostics developed for tokamaks, ATF will use special-
ized diagnostics to make some stellarator-specific measurements that are needed to carry
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out the program. These include measurements of (l) vacuum magnetic flux surfaces with
electron beam probing, (2) the spatial distribution of the ambipolar electric field with a
heavy-ion beam probe, and (3) power and particle flow patterns for the helical "divertor
stripes." The three-dimensional (3-D) spatial dependence of various plasma parameters is
obtained from combining measurements with calculations of the complex magnetic config-
uration.

It will take three to five years to fully exploit the capabilities of ATF and to com-
plete the physics program in the pulsed mode of operation. It is expected that the device,
heating, and diagnostic capabilities will evolve during this period from initial high-power,
short-pulse and low-power, long-pulse operation to full high-power, true steady-state op-
eration. This evolution will require the development of steady-state ICH antennas, pellet
injectors, pumping, etc., and the addition of a cooled first wall. The magnitude of the task
is indicated by the need to progress from 4-MW, 0.3-s pulses every 5 min (4-kW average
power) to c-4-MW power handling in steady-state operation.
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Cross section of the ATF at the <j> = 15° location. Also shown are |£ | con-
tours and intersections with the <j> = 0° plane of 1-keV H + orbits launched at
r/a = 0.95.



The longer-term program is aimed at developing a next-generation experiment, ATF-II,
that would demonstrate reactor-relevant parameters (beta, ion temperature, confinement
time) in long-pulse to steady-state operation with practical fueling, impurity removal,
and power handling systems. Studies similar to the ATF-II development effort are being
carried out in Japan, the Federal Republic of Germany, and the U.S.S.R. The low-aspect-
ratio torsatron approach at ORNL might lead to compact reactors one-half to one-third
the size of more conventional stellarator reactors.
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Planned Development of ATF Program

Capability
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3-5 MW
average power
cw pump Multiple pump
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diagnostics
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increasing power

Stellarator Theory
The theory program at ORNL follows a discipline-integrated approach, investigating a

broad range of confinement geometries through a balance of fundamental theory develop-
ment and applications that use a powerful system of numerical tools. A major part of this
effort is devoted to improvement and optimization of stellarator configurations. Issues in
this area include:

1. Attaining high beta. This requires the development of understanding of equilibrium
and MHD stability properties of 3-D systems. Problems range from determining the
existence of equilibria for such configurations to developing coil configurations that
optimize the achievable beta.

2. Improving confinement. This requires both the development of 3-D neoclassical theory,
with the inclusion of self-consistent electric field effects, and the understanding of
turbulence effects at macroscopic and microscopic levels and evaluation of their impact
on transport.

3. Optimizing rf heating. This involves understanding the physical processes occurring
over a broad range of frequencies in devices of complex geometry and their interactions
with transport processes.

4. Developing advanced configurations. This area includes the analysis of present-day
experiments, often in collaboration with other laboratories, and scoping studies for
next-generation devices and reactors. The approach requires integration of present
physics understanding with engineering constraints and cost considerations.



Plasma Technology
The ORNL Fusion Program is the major developer of plasma technology—plasma

heating, pellet injection, superconducting magnets, plasma-interactive materials, etc.—for
the U.S. fusion program. Development of stellarator-specific technology for ATF includes
the following items:

• electron cyclotron extraordinary-mode and ordinary-mode launch systems,
• ICH antennas shaped to the ATF field,
• pump limiters/divertors shaped to the ATF field, and
• steady-state plasma-interactive components.

Collaborations
While the major work of the ORNL stellarator program is carried out in Oak Ridge,

national and international collaborations are important in expanding our ability to carry
out our program goals. The main interactions are with the following organizations.

• Kyoto University Plasma Physics Laboratory, Japan: experiments in various areas on
Heliotron-E.

• Nagoya University Institute of Plasma Physics, Japan: studies of low-aspect-ratio he-
lical systems.

• Kharkov Physico-Technical Institute, U.S.S.R.: field error studies and ICH startup.
• Institute of General Physics, U.S.S.R.: studies of proposed L-2M low-aspect-ratio tor-

satron.
• Max Planck Institute for Plasma Physics, Federal Republic of Germany: MHD and

transport studies.
• Junta de Energia Nuclear, Spain: design of TJ-II flexible heliac.
• Australian National University, Canberra, Australia: study of H-l heliac experiment.
• University of Wisconsin, Madison: support of divertor and electric field studies on IMS

stellarator, field error and flux surface measurements on ATF, reactor studies.
• Georgia Institute of Technology, Atlanta: interpretation of fast-ion charge-exchange

measurements and ICH studies on ATF.
• Rensselaer Polytechnic Institute, Troy, New York: heavy-ion beam probe for electric

field measurements.
• Auburn University, Auburn, Alabama: flux surface mapping and ECE diagnostic for

ATF.
• The University of Tennessee, Knoxville: M.S. and Ph.D. theses.

Related Tokamak Activities
The stellarator program is built on the knowledge and experience gained through our

previous research on tokamaks, and strong tokamak support activities continue at ORNL.
These activities include broad collaborations on TFTR and JET, pump limiter experi-
ments on Tore Supra and TEXTOR, pellet injection experiments on various tokamaks,
development studies for the CIT, and development of the low-aspect-ratio STX concept.
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Fur ther Reading

Additional information on ATF is provided in J. F. Lyon et al., "The Advanced Toroidal
Facility," Fusion TechnoL 10, 179 (1986). The ORNL Fusion Program is described in the
annual progress reports issued by the Fusion Energy Division (e.g., Fusion Energy Division
Annual Progress Report for Period Ending December SI, 1985, ORNL-6234, Oak Ridge
National Laboratory, July 1986),

DISCLAIMER

This report was prepared as an account of work sponsored b;> an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
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 commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. T*>» views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.


