Plasma heating with strong poloidal Ohmic currents
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The feasibility of using strong poloidal currents to heat plasmas has been examined
experimentally in Tokapole II, operating as a toroidal octupole. The plasma resistivity ranges
from that of Spitzer to about 1500 times Spitzer resistivity, as predicted by mirror-enhanced
resistivity theory. This allows large powers (approximately 2 MW) to be coupled to the plasma at
modest current levels. However, the confinement time is reduced by the heating, apparently due
to a combination of the input power location {near the walls of the vacuum tank) and fluctuation-

enhanced transport.

I. INTRODUCTION

Plasma heating with poloidal currents in toroidal de-
vices with deep magnetic mirrors, such as low-g, very-high-
aspect-ratio devices (compact tori) and internal ring multi-
poles, may possess interesting advantages over conventional
heating with toroidal currents. The large fraction of trapped
particles enhances the resistivity, perhaps allowing large
power deposition at modest current levels. Also, it is not
known whether a current limit, analogous to the Kruskal-
Shafranov limit, exists for this type of heating. We have cho-
sen to test this hypothesis in a toroidal multipole configura-
tion, in which very deep wells are provided by four internal
rings (yielding approximately 80% trapped particles); in ad-
dition, the Ohmic currents are not necessary for plasma con-
finement, allowing variation of the current from zero to a
large value. We are also interested in examining heating
methods to push multipole plasmas to higher energies for
general plasma studies'? and for assessment as advanced
fuel reactors.?

Previous researchers*® have examined the effects of
Ohmic currents in multipoles. The work reported in the
present paper differs from this previous research in several
ways:

(1) The electric fields in the present experiment range up
to 150 V/m, a factor of 15 above the electric fields in pre-
vious experiments. Thus significantly larger Ohmic power is
deposited in the plasma.

(2) We measure energy confinement and enhanced
transport in addition to measuring the plasma resistivity.

(3) The plasma current is almost entirely poloidal in the
present experiment, whereas much of the previous work in-
volved measurement of (primarily toroidal) currents near the
minor axis.

In the following we discuss, after description of the dis-
charge characteristics in Sec. II, the resistivity enhancement,
confinement degradation, and fluctuation enhancement in
Secs. I11, 1V, and V. The discussion and conclusions are pre-
sented in Secs. VI and VII.

Il. APPARATUS AND DISCHARGE CHARACTERISTICS

Tokapole II° is a small (major radius 50 cm, square
cross section 44 cm X 44 cm) pulsed toroidal device which is
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normally operated as a tokamak with a four-node poloidal
divertor. For these experiments, however, it was operated as
a toroidal octupole. Figure 1 shows the poloidal flux plot for
this mode of operation. The mirror ratio on a flux surface
ranges from about 2 to infinity (on the separatrix with no
toroidal field). Near the outer wall, where most of the plasma
current flows, this ratio ranges from 3 to 8 as the toroidal
field is varied. A significant fraction of the electrons is thus
trapped in the magnetic mirrors and cannot contribute to the
plasma current; this enhances the resistivity (Sec. III).

The field timing is shown in Fig. 2. The poloidal mag-
netic field (typically 1 kG at the outer wall midplane) is crow-
barred at its peak, and the toroidal magnetic field is then
pulsed. The resulting poloidal electric field drives plasma
currents of typically 20 kA, producing plasmas with #,
~5%10” cm~3and 7, ~30¢€V.

The poloidal plasma current is determined by measur-
ing the change it produces in the toroidal field, using a small
movable magnetic probe. The toroidal winding current is
monitored with a Rogowski coil; the poloidal plasma cur-
rent and current density are then obtained from

I, = (27R /uo)AB, — Al
where R is the distance to the major axis, 4 refers to the

change produced by the plasma current, /,, is the equivalent
one-turn toroidal winding current, and I, is the total poloi-

R (cm)

FIG. 1. Poloidal flux plot of Tokapole II operated as an octupole.

© 1983 American Institute of Physics 3435

Downloaded 29 Mar 2004 to 128.104.223.199. Redistribution subject to AIP license or copyright, see http://pof.aip.org/pof/copyright.jsp



Downloaded 29 Mar 2004 to 128.104.223.199. Redistribution subject to AIP license or copyright, see http://pof.aip.org/pof/copyright.jsp



Downloaded 29 Mar 2004 to 128.104.223.199. Redistribution subject to AIP license or copyright, see http://pof.aip.org/pof/copyright.jsp



Downloaded 29 Mar 2004 to 128.104.223.199. Redistribution subject to AIP license or copyright, see http://pof.aip.org/pof/copyright.jsp



Downloaded 29 Mar 2004 to 128.104.223.199. Redistribution subject to AIP license or copyright, see http://pof.aip.org/pof/copyright.jsp



