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Theme

This paper examines the stability of the nonequilibrium,
partially ionized plasma associated with closed-cycle MHD
generators. Using the Laplace transform technique, the time
development of a small perturbation of a uniform plasma lying
between two infinite walls is analyzed for the cases of insul-
ator and finely segmented electrode walls.

Content

The electron density and temperature of a nonequilibrium
partially ionized plasma (noble gas seeded with alkali metal)
are described by the Saha equation and a time dependent
energy equation. In addition, the current and electric fields
are governed by the Ohm’s law, Conservation of Charge, and
Faraday’s law. If B, the magnetic field, is in the z direction
and 0/0z = 0 then the equations are
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where n.,ns = electron and seed density, respectively; T.,T
= electron and gas temperature, respectively; I, = ioniza-
tion potential of the seed; we,»s = coulomb and neutral col-
lision frequencies, respectively; m,msm, = electron, seed,
and noble gas masses, respectively: j = current density, E
= electric field, o = conductivity, 8 = Hall parameter, and
p. = electron pressure.

It is well known from infinite plasma-plane wave analyses
that the plasma is unstable to the electrothermal instability if
8 is greater than some critical value of the order of one. How-
ever the effect of the apparatus walls on the plasma stability
is not known.

Using Egs. (4) and (5) we can write
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and the boundary conditions at the walls are: a) ¢ = con-
stant on insulators, b) ¢ = constant on electrodes, and ¢) if
electrode €l and electrode €2 are connected externally by a
load Br, then
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Assuming that we have a uniform plasma lying between two
walls parallel to the y-z plane, and we consider a Fourier com-
ponent e ~TE¥ of 5 general perturbation of n., then the linear-
ized equations describing the time development of this com-
ponent can be written in the form

A(0/ot) + B(dg/ox) = 0 )

where £ is the transpose of the perturbation vector (n.*, ¥/,
@) (note: n.* = n,'/N., ne being the value of n, in the uni-
form plasma) and A and B are matrices which are functions
of K, and the uniform state.

Equation (6) is solved under the boundary conditions a, b,
and c¢ using the Laplace transform technique. We find that
if £ is the solution of the transform of Eq. (6) then

£ « 1/detP

where P is a matrix incorporating K,, the uniform state, and
the boundary conditions. To obtain the solution £(z,y,t) we
have to inverse transform £ and this leads to a series of terms
of the form exp(Z,o.t) where Z,.,. represents the poles of £(Z)
(Z is the transformation parameter). The dispersion relation
is therefore given by

detP(Z) = 0

and the stability analysis is reduced to finding the roots of
this equation with positive real parts.

In general, there exists an infinite number of roots, corre-
sponding to an infinite number of modes. However, usually
only a finite number of modes are unstable and this number
increases with increasing Hall parameter [see Fig. 1, where n
is the mode parameter, and ®R(Z,,) is the maximum growth
rate from an infinite plasma theory]. The modes are either
plane waves or approximately plane waves and each has a
different orientation with respect to the walls. The succes-
sive mode destabilization therefore explains the experimentally
observed transition from near plane wave to turbulent struc-
ture with increasing Hall parameter. Computer plots of the
structure of the modes are presented in the paper.



