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Overview:

The Maryland Centrifugal Experiment (MCX) Project has investigated the concepts of
centrifugal plasma confinement and stabilization of instabilities by velocity shear. The
basic requirement is supersonic plasma rotation about a shaped, open magnetic field.
MHD stability and classical confinement theory show that the supersonically rotating
centrifugal confinement scheme is scalable to fusion conditions and features several
advantages. In addition, an understanding of the physics of supersonic rotation, parallel
confinement, and velocity shear stabilization should have broad applications in general
fusion science.

The magnetic configuration of MCX is a long solenoid with axisymmetric mirror end-
fields with mirror field up to 2T and mirror ratio of 1-20. A solid core runs down the axis
and acts as the high voltage electrode. Biasing of the core drives ExB azimuthal rotation;
the high voltage is provided by a 20 kV capacitor bank. The centrifugal force from the
rotation is predicted to confine plasma to the solenoidal portion and velocity-shear is
predicted to suppress MHD interchanges as well as drift type modes. MCX is an
extremely versatile device, allowing studies for a wide range of parameters; it is a unique
facility in the fusion community.

The experiment has yielded supersonic rotating plasmas in routine operation (ion thermal
Mach number M; ~ 1-2.5) with densities in the range 0.8-8 10°° m™, Doppler broadening
ion temperatures of about 40eV, and almost complete ionization over much of the
plasma. Plasma rotation was consistent with ExB/B?. The plasma is grossly stable for
up to ~1000’s of MHD flute instability times, with no major disruptions observed,
lending support to the velocity shear stabilization paradigm. Momentum confinement
times of more than 200us were observed and the Alfven Mach number was in the range
0.1-0.8.

Overall Milestones:

In an overall view, the MCX Project attained three primary goals that were set out at the
start of the project. First, supersonic rotation at Mach number upto 2.5 was obtained.
This was a required primary goal. Second, turbulence from flute interchange modes was
found considerably reduced from conventional. This reduction was correlated with shear
in the rotation and the reduction was by significant factor than what is expected from
MHD interchange modes. Third, plasma pressure was contained along the field, as
evidenced by density drops of x10 from the center to the mirror throats, via
interferometric measurements.  All three milestones reached would constitute a sine qua
non if this concept were to be viable as a fusion energy experiment. MCX is a unique
facility for the study of velocity shear and the effects on stability and has great flexibility.



Progress in the final reporting period:

In this most recent contract period, there were some new results:

* Centrifugal confinement has been unambiguously confirmed for higher mirror ratios,
using our two interferometers and an axial array of diamagnetic loops. The axial
decrease of plasma density is dramatic and in agreement with MHD Grad-Shafranov
theory.

* Magnetic fluctuations in the plasma edge provide strong if indirect support of the
paradigm of velocity shear stabilization. The dominant power is measured to be in
the low m modes, fully consistent with linear and nonlinear velocity shear theory and
simulation. Observed mode propagation velocity is consistent with convecting
structures rotating at a speed commensurate with the plasma rotation from Doppler
spectrometer data, and in agreement with simulation. The field strength fluctuation is
about 1%, indicative of low level turbulence.

* An extensive study of velocity limits at varying applied voltage, magnetic field
strength, and mirror ratio has been conducted. It establishes a hard limit at the Alfven
speed, in agreement with MHD theory, and a softer limit at the so-called Alfven
Critical Ionization Velocity (CIV). Various techniques (gas puffing, high voltage)
were attempted to exceed this limit.

*  Our new 16 chord H. emission array has measured radial profiles of neutral hydrogen
which are strongly peaked at the plasma edge and much lower at plasma center.

* Radial profiles of angular velocity from Carbon lines are now routinely measured,
confirming earlier results. Parabolic type profiles in different charge states are seen,
consistent with ExB rotation; the velocity shear is found to exceed the theoretical
stability criterion. These measurements have been extended to different axial
locations

Diagnostics: MCX has successfully deployed diagnostics in support of the experimental
campaigns. Apart from current and voltage monitors, and standard Doppler
spectroscopy, we have operational two independent 3.39 micron IR laser interferometers
which can be located at different axial locations providing time resolved line averaged
density; an axial array of diamagnetic loops is operational, as are axial and azimuthal
arrays of magnetic pickup loops; a 16 chord H. detector array has been developed and
yields neutral hydrogen profile information; and analysis of RGA gives the time history
of neutral pressure. Initial results with edge Langmuir probes have been obtained.

Theoretical support

The experimental campaigns were continually tested against theoretical propositions. In
particular, nonlinear simulations using the fluid dissipative MHD code at the University
of Maryland have already provided much insight and support of the magnetic fluctuation
data, in the context of residual interchange turbulence in the presence of velocity shear.
This effort was extended to cylindrical and then mirror geometries.
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