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SUPPRESSION OF THE BALLOONING MODES INSTABILITY OF THE PLASHKA STREAM BY RADIAL CURRENTS

A.A.Kabentsev and S.Yu.Taskaev

Siberian Division of the USSR Academy of Sciences,

Novosibirsk, USSR

Introduction

In our previous experiments [1,2} we
found that the hollow cylindrical plasma
stream in a not uniform axial magnetic field
is unstable against ballooning modes driven
by and localized in a region of bad curvatu-
re with the least plasmg beta limit (Fige
1,8)e The grossly stability ageinst flute/
interchange modes is due to the stabilizing
influence of the cathode end arc discharge.

In order that to suppress these ballo-
oning modes the metallic nets of different
types had been placed in corresponding plas=-
ma stream cross section. The idea of these
actions consisted in the possibility of the
demolishing of azimuthel polarizable elect-
ric fields driven by the difference in drift
velocities of ions end electrons.

Experimental results
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Pig. 1. Radiel profiles of the plasma densi-
ty at midplane of the trap without e
net (&) and with the copper radial
net (b). The solid =nd dashed curves
are concerning to the opposite phases
of the stable plasme column oscilla-
tions with fo" A0 kHu.
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At first sight it may appear that the
net showvn on Fig. 2(az) would be more conveni-
ent to suppress the instability. However, if
this net had been placed in plasma stream,
any effects of stebilization were zbsent. For
the nets shown on Pig. 2(b,c) the stabilizeti-
on effects were very small.

The best effect of stebilization had
been achieved for the radial net (Fig. 2,d)
consisting of 48 copper wire-radii of 0.35 mm
diameter every. Corresponding to this effect
the radial plasmae density profiles are given
in Pige. 1(b)s
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Fig. 2. Types of used nets: (a) concentric;
(p),(c) chord; (d) radisl. The arrow
shows the direction of the plesma
column Jscillations.

It is necessary to note that the net
with closed wires with respect to each other
stabilizes just effective as one with isolat-
ed. This fact utierly excludes the possible
influence of the demolishing of the azimuthal
electric fields. Bfficiency of the instabili-
ty suppression decreases with increasing or
decreasing the number of wires or with increa-
sing the diameter of wires. For further dec-
reasing ol the wire diemeter one is fusing.
If one changes the copper wires on the nichro-
me wires, stabilization effect disappears.

It is found that the most part of the
plasma siream longitudinal electron currents
driven by arc discharge ot the plasme source
hes closed on these wires. The electron cur-
rent got on the wires at inner radii of the
plesma stream corresponding to the cathode end
of plasma gun and flowed from ones on the
outer radii corresponding to the anode end of
plesma gun due to the development of the elec-
trical arc. Possibility of the beginning the



radial currents follows from the plasma po-
tential distribution (Fig. 3) too. The esti-
mation of these currents magnitude gives ne-
ar 500 amperes for one wire.

Discussion

The enalyses of experimental data for
suppression of the ballooning modes by cop-
per radial net presented in this paper
show that the suppression is determined by
the geometry of net and by the magnitude of
currents along the wires, i.e. by the geome-
try and magnitude of currents. There are se-
veral alternative explanations of this fea-
ture. In particular, it can be explained by
making the such system of currents which
provides a stable cylindrical shell of the
magnetic field at region with primary bad
curvature.

Here we shall consider the easy model
of such system only. In Fig. 4 the distribu-
tion of primary uniform magnetic field Ho
disturbed by the cross currents is presented
for the plane case. There are three diffe-
rent regions of the disturbed magnetic field
H « First region, where the magnetic fi-
eld magnitude decreases and the length of
the force lines increases. This region con-
tents to the condition

jd& > [dE (1)
Second region, where H » Hg , but the con-
dition (1) is satisfied by large increase of
the force lines length. At last, the
third region, where M > H, too end the
condition (1) is not satisfied.

If we shall draw the cross currents,
then the curvature of the force lines in re-
gion 3 will increase and the magnetic field
magnitude will decrease so with the some
step between the currents the region 3 will
has vanished. Thus, we shall have‘the magne-
tic field layer satisfying to the condition
(1). Therefore, the all flux tubes of this
layer satisfy to the condition of stability
on going out into the undisturbed magnetic

§ j C—JQE‘ <0 (2)
where the variation of the integral is taken
along a normal to this plane.

The detailed numerical analysis in case
of the real cylindrical geometry of these ra-
dial currents gives the distance between them
S =1 cmfor Hy =1 k6 and T =500 A when
the condition (2) is satisfied. Comparisons
of experimental data ( Hox1 kG, 1 -~ 500 4
and the step between wires at the radius of

field region
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the maximum plasma stream potential gradient
S = 0.7+41.2 cm) and the data obtained from
this model show the good agreement.

This model allows to explain the observ-
ed dependency of suppression effects from the
further decreasing of step between wires and
from the dismeter of wires. The condition (2)
can be rewritten (for JF/d$<0) as

ciiitégcp %0

where L{2:ﬁ§%§.is the "potential energy" of
the magnetic shell disturbed by radial cur-

rents;Cﬁ is the magnetic flux enveloped by

this shell; [ is the plasma pressure. In
case of the undisturbed magnetic field with

bad curvature one has d’u/afﬁb: ~¥ <0 and so

that to the suppress the ballooning modes it
is necessary to satisfy next conditions

all >ya® (3)
where AU =U-U"ig the "depth of potential
well" determined by number N of wires in
the net, by value of current I along a wire
and by diameter of these wires. Since the ma-
ximum contribution of AU is determined by
a regions with strong distortion of the mag-
netic field near the wires then that increa-
se with decreasing of wire diameter., It is in-
creasing also with I or N . However, if N
is aspiring to the infinity (for conservati-
on of full current, i.e. N'IZCORS'&) the Al
is aspiring to zero. Therefore, the optimum
number of the radial ¢urrents is equal that
when all force line on the considered shell
only is beginning to satisfy the condition

(2)e
wfﬂ,v
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Figure 3 Figure 4
Fig. 3. Radial space potential profile.

Pigs. 4. Distortion of the uniform magnetic
field Hy by the cross currents .
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