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MHD - INSTABILITY OF THE HOLLOW CYLINDRICAL PLASMA STREAN

A.A.Kabantsev and S.Yu.Tasgkaev

Siberian Division of the USSR Academy of Sciences, Institute of Nuclear Physics,

Novosibirsk, USSR

Introduction

Plasma siream transport from the annu-
lar plasma gun into the axisymmetric trap by
means of the non-uniform axisl magnetic fi-
eld has been studied. Filling of the inner
hollow of the plasma stream was found in our
previous experiments [1,2]. Considerable mag-
nitude of plasma density oscillation respon-
gible for this filling was noted too. It was
shown, that this filling was happening in
front of the trap mirror due to development
of the some fast instability at the region
B  of bad curvature of magnetic lines (see
Pige. 1)

The objective of this work is to deter-
mine the nature of this instability of the
plasma stream.

Experimental setup
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Fig. 1. Bxperimental setup and axial magnetic
field profile: 1 - plasma gun; 2 -
gun solenoid; 3 - transitional regi-
on coils; 4 - mirror coils; 5 - azi-
muthal probes; 6 - movable Langmuir
probe, 7,8 - diamagnetic loops; 9,10
- Rogovski coils.

The experimentgl setup and axial magne-
tic field profile are shown in Fig. 1. A de-

tailed description of the plasma gun used
can be found in [3,4]. In accord with the
annular shape of discharge channel the plas-
me gtream radius at the source output is 6
cm and the thickness is 1 cme. Typical para-
meters in this initiel region are plasma
density ~ 2.1014 cm-3, electron tempera-
ture ~ 15 eV, ion temperature -~ 45 eV
and pulse duration ~ 2 ms.

In order that to determine the azimu-
thal dependences of the plasma stream osci-
llations there is the system consisting of
twelve Langmuir probes distributed uniform-
ly along the azimuth. This system can be mo-
ved along the plasma stream axis too. lov-
able Langmuir probes are used to measure the
radial profile of the plasma density n(r) ,
electron temperature T, (I’) and floating po-
tential \P(F) in various sections. Dependen-
ce of oscillation phase from radius are con-
trolled too. In addition, there are Rogovs-
ki coils and diamagnetic loops in some seoc-
tions of the plasme stream.

It is necessary to note that transport-
ing magnetic field has the following featu-
res. In regions of sections B,C end E
(see Fige 1) the plasma stream can be unsta-
ble egainst ballooning modes, and more unfa-
vourable region from this point of view is
the region B . The estimation of beta li-
mits gives the following megnitudes beta
(upper indexes correspond to regions): i
=1,1-1O-3, §3c =1,6'10_3, cn =6-1O-3, whe-
re in plasma stream 5 o 2+1072 (all valu-
es had been counted to the plasma gun out-
put). The grosgsly stability of the plasma
stream against flute/ interchange modes is
due to the stabilizing influence of the ca-
thode end of arc discharge. In particular,
when the plasma gun is joined to trap without
long transition region, then the flow of the
plasme stream is stable and the filling of
the its inner hollow is not observed.



Results

The analyses of experimental data obtai-
ned in this work show that there are the co-
herent low-frequency oscillations of plasma
streem as rigid body (mode number m =1) at
frequency 5°~v 30 kHz (IFig. 2). The contribu-
tion of modes with high M number is negli-
gible. This feature can be explained by the
finite~-Larmor-radius stabilization. The di-
rection of oscillaetions which is determined
by the some axial heterogenety of the magne-
tic field, weakly depends on ratio of magne-
tic fields in various regions and does not
change along the axis of the plasma stream.
lieasurements with fixed probes located along
the plasma column, but at the same azimuth
revealed no axial phase shift for any mode
of oscillations. This fact indicates of a
flute type of oscillations.
n,arb units
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Fige 2. Fig. 3.

Pig. 2. Plasma density oscillations measured
by the azimuthal probes. The arrow
shows the direction of oscillations.

Fig. 3. Radial plasma density profiles in op-
posite phases of oscillations: a) et

region D ; b) at region A .
Additional effect associested with these
periodical oscillations is destruction of the

shape of the plasma stiream cross section at
the region B , whereas at the region D

the initial shape of stream is conserving
('ig. 3,a). Since this distruction is carry-
ed away along the stream by the plasma flow,
then it cen be observed at the region A
(?g. 3, b). These data enable one to conclu-
de that at the region B  the ballooning in-
stability is developing. This instability do-

e
es not observed in the first 300+500 AlS
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from beginning of the arc discharge, when
the plasma density is smell yet.

Owing to the development of these peri-
odical ballooning modes there are separati-
on from the plasma stream some "tongues" of
plasma, which get on the walls of the vacu-
um chamber, This is confirmed by the tracks
of arcs on the walls and by the quick decre-
asing of the electron temperature Té on
the unstable side of the plasma stream (on
stable side 1; ~ 15 eV, on unstable side
Te < 7 eV).

The magnitudes of measured by Rogovski
coils longitudinal currénts of the plasma
stream driven by arc discharge in the plas-
ma gun depend essentially on the ratio of
the diameter of the Rogovski coil to the one
of the plasma stream. When the longitudinal
electron current inside the plasma stream
decreases with distance from the plasma sour-
ce from 2¢10° A at region D to 1,6°10° 4
at region A , then the total longitudinal
current increses from 200 A at region D +to
600 A at region A . If the flow of the plas-
me stream would be stable, then the total
current must be equal zero, but the develop-
ment of the ballooning modes leads to the
loss of the some part of reverse current on
the outer boundary of the plasma stream,
that explains the observed dependences of
longitudinal currents.

Conclusion

It is experimentally found the flow of
the plasma stream, stabilized against flute
/interchange modes by the stabilizing influ-
ence of the cathode end of arc discharge, is
unstable against ballooning modes at region
of bad curvature of the magnetic lines. The
development of this instability lead to fil-
ling of the inner hollow and to destruction
of the outer boundary of the plasma stream
with corresponding loss of longitudinal cur-
rent. The method of suppression these ballo-
oning modes is given in [5].
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