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EFFECT OF THE AMBIPOLAR POTENTIAL
ON STELLARATOR CONFINEMENT

H.E. MYNICK, W.N.G. HITCHON
Torsatron/Stellarator Laboratory,
University of Wisconsin,

Madison, Wisconsin,

United States of America

ABSTRACT. The confinement properties of reactor-scale stellarators in the presence of a self-consistent
ambipolar potential ® are examined in the light of the current theoretical expectations for the dependence
of the transport coefficients on collisionality and radial electric field. It is found that stellarators have
sufficiently good confinement to be viable as reactors. In addition, it is found that multiple roots of the
ambipolarity constraint can exist in stellarators (as in other devices) and that, for appropriate parameters, con-
finement can be improved by operating at a root different from the one usually considered.

1. INTRODUCTION

In this paper we consider the effect on transport of
the ambipolar potential ®(r) in a stellarator with
reactor-like parameters. The basic conceptual approach
we use is similar to previous work [1, 2] in stellarator
transport. Given expressions for the particle fluxes I}
for electrons (s =e) and ions (s =i) as a function of
radial electric field, E,= —®'(r), E; is determined self-
consistently by imposing the ambipolarity constraint
I‘le =T}. This value of E; is then used to determine
both the particle and heat fluxes.

The present work has a number of features, however,
in which more recent developments in transport
theory are utilized. The appropriate expressions for
transport coefficients at low collisionality (or strong
electric field) [3, 4] are different from those employed
in Refs [1, 2]. Also, the fact that particles of the same
species but with different energies contribute to
different transport regimes has been taken account of
here, in contrast to Ref.[1].

In addition, it is shown here that for appropriate
parameters, multiple roots ®;(j = 1, 2, 3) of the ambi-
polarity constraint exist. Multiple roots have previously
been found for the Elmo Bumpy Torus [5] and more
recently for tandem mirrors [6]. Of the roots which
are stable to radial fluctuations in charge density, the
one (®d,) which is present for all device parameters is
that for which the ions are held in by the electrons
(®(r = 0) negative). It is this root to which the system
should move, if started with ®(t = 0) =0, and with
T;= T, and it is the root normally looked at [1, 2].
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For suitable parameters, however, there is a second
stable root ®,, at positive ® and of substantially
larger magnitude, and the confinement times for this
root can be significantly longer than those for $,.
Thus it is of interest to consider when this root may
be accessed in an experimental situation and how much
improvement may be obtained.

In view of these developments, and particularly in
view of the renewed interest in whether stellarators
possess sufficiently good confinement to make viable
reactors, a reassessment of the theoretical expectations
for stellarator confinement times seems warranted. We
find that acceptably long confinement times (g 21 s)
can be achieved for reasonable reactor parameters,
though by only a modest margin.

In Section 2 we describe the transport model and
assumptions going into the results presented in the
following sections. Section 3 presents results for a
reactor-size stellarator and discusses the physics and
parametric dependences of the standard root ®,. In
Section 4 the possibility of operation at the second
stable root is investigated. Some summarizing
comments are made in Section 5.

2. THE TRANSPORT MODEL

The results presented in Sections 3 and 4 are plots
of the expected particle and energy fluxes versus

®; = e®'/T;, where e = ¢; is the ion charge and T; the
ion temperature. The fluxes come from doing the
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