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This paper deals with the problem of the ion viscosity influence on the current sheet formation and plasma heat-
ing, in the experiments performed on “Current sheet” facility (Prokhorov General Physics Institute, Russian Acad-
emy of Sciences). On the basis of magnetohydrodynamic theory one can see that pressure force and viscid tension
force can bring considerable contribution to the formation and heating of the current sheet plasma. The estimations
obtained show that the effect of the ion viscosity is comparable with other effects which were taken into account

previously.
PACS: 51.20.+d, 52.25.-b, 52.25.Xz, 52.30.Cv

INTRODUCTION

The experimental investigation of phenomenons in
two-dimensional current sheet (Fig. 1), which was gen-
erated by means of fast magnetoacoustic waves in the
zero line zone, were carried out in Prokhorov General
Physics Institute, Russian Academy of Sciences [1-4].
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Fig. 1. Cross section of the “Current Sheet” device [1]:
1 —vacuum chamber, 2 — conductors to produce quad-
rupole magnetic field with the null line which is com-
bined with the vacuum chamber axis (Byy=hy, B,y=hx,
B.y=0),; 3 — current sheet (24y~0.6 cm, 24x~6...7 cm),
arrows at layer's surface show position and orientation
of the magnetic probes; 4 — the central area where
plasma radiation is registered

The alternating electrical current in plasma J, (t)

was directed along the zero line of the magnetic field. It
was driven by activating pulse voltage between two
electrodes (Fig.2). These electrodes were inserted in
plasma from the sides of the chamber end faces
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Fig. 2 Alternating electrical current in plasma from

Ref. [1]
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The start phase of current sheet formation
(At~1 mcs) is considered. In this phase the temperature
of Ar’ ions comes up to 80 eV (Fig. 3) and plasma den-
sity increases from initial 10"...10" t0 10" cm™ [1].
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Fig. 3 Measured temperature of ions Ar" (9)
and C*" (10) from Ref. [1]

The magnetic field component, which is tangential
to sheet's surface, shows considerable increasing in the
interval t=0.5...1.0 mcs. When x=0 and y=0.6 cm,
B,=5 kG and B,/B4(~3.6; going away from zero line, the
Bs-component shows the decreasing. At first it dimin-
ishes smoothly to 3 kG by x=2 cm and then much more
sharply. There is simultaneous decreasing of perpen-
dicular, relative to sheet, B,-component relatively its
initial value of By, [1].

AN ANALYSIS OF VISCOSITY
INFLUENCE ON THE CURRENT SHEET
FORMATION AND HEATING

The evaluations for a region near the zero line are
carried out at At~1 mcs, B,~5 kG, T;~80 eV, T.~10 ¢V,
n~10""cm>.

The estimation of Ampere force value which is re-
sponsible for plasma acceleration, allows to establish
the velocity of Y-motion
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The force due to pressure gradient and Ampere force
have the same order-of-magnitude

nT;

Sy pressure =~~~ 2.1-10%dyn/cm’.

The estimation of the viscosity force was obtained
taking into account a significant distinction between
sheet's thickness and its width Ay/Ax~1/10
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where tensor of viscid tension, which takes into account
the effects of finite Larmor radius is equal [5]:
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and values of 1 depend on parameter &=, ;ti~1.3, where
©~1.2:10°s", 1~1.1-10 s:
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The terms with Wy, W3y, W4, are negligible since B,

and B, components are small as compared with tangen-
tial to layer surface component By,
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where h=B/B, h,~1, h, <<1, h, <<1.

The adopted assumptions allow us to get an estima-
tion for the tensor of viscid tension and viscosity force
at&~1.3
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An evaluation of ions heating velocity was obtained
by means of entropy production [5] dQ / dt=T; dS;/dt

v, Y[ n
dQvisc :l L 77_0+’71 -
d  2la )9 N

0.12niTiriv}2,
(24y)°

Thereby an estimation of heating time was obtained
and this value coincides with measured one by the order
of magnitude

~1.3-10"%erg/s.

-6
Tyiscosity ™ 1.5-107"s .

Both, the ions mean free path and Larmor radius
have the same order of magnitude. Also, characteristic
distance 2Ay of plasma parameters change has this or-

der of value.

lfreepath =TV~ 0.15¢m

Pu =vylo,~1 cm,

v, =T /m, ~1.4-10° cm/s.
CONCLUSIONS

The research of ion viscosity influence on the forma-
tion and heating of current sheet in a X-line magnetic
configuration in terms of equations of multicomponent
magnetic hydrodynamics was carried out. An analysis
of the magnetic fields data which is received on CS-2D
device, allows to reveal that besides Ampere force,
which takes part in the current sheet formation and
plasma acceleration, essential role can take force of
plasma pressure and viscid stress force. These two
forces become equal to Ampere force by order of mag-
nitude after a lapse of time.

Such estimations show that viscid friction force is
responsible for the heating of plasma ion component
(Ar+ ions) and heating time of these ions has order of
magnitude of measured heating time.

The calculated time of ion-to-ion collisions coin-
cides by order of magnitude with typical time of the
sheet macroscopic parameters changing. Mean free
path, Larmor radius of the ions and typical distance
have the same order, when such macroscopic sheet pa-
rameters like density, temperature, magnetic field com-
ponent and current density across the magnetic field
change their values. In this case the magnetohydrody-
namic description of current sheet dynamics can not be
used and carried out estimations is valid only by order
of magnitude and point on considerable role of the dis-
sipative processes of the viscosity upon the formation of
a current sheet.
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BJIUSAHUE NOHHOM BS3KOCTH HA ®OPMUPOBAHUE U HAT'PEB TOKOBOI'O CJIOS

A.A. Kypos,

CrenaHpl OLIEHKM BIMSHHS MOHHOW BS3KOCTH Ha HarpeB M ()OPMUPOBAHHE TOKOBOTO CJOSI B IKCIIEPHMEHTaX,
MpOBeAEHHBIX Ha ycTtaHoBKe “Tokosrit croi” (MHCTHTYT 00mIei dhusnku um. [IpoxopoBa PAH). Ha ocHoBe Maruu-
TOTUAPOIMHAMUYECKOW TEOPUH MMOKa3aHO, YTO CHJIA AABJICHUS M CHJIA BA3KUX HAIPSHKSHUI MOTYT UrpaTh CYIIECT-
BEHHYIO POJIb B ()OPMHPOBAHHU M HAIPEBE TOKOBOTO ci104. [10yueHHbIE OLIEHKHU ITOKa3bIBAIOT, 4TO (P HEKT HOHHOI
BS3KOCTH CPaBHHUM ¢ ApyTrUMH 3 dexTamMu, KOTOpble YUUTHIBAIUCH PaHee.

BILJIMB IOHHOI B’SI3KOCTI HA ®OPMYBAHHS TA HATPIB CTPYMOBOT' O IIIAPY

0.0. Kypos,

3po0ieHO OLIHKKM BIUIMBY 10HHOT B’SI3KOCTI Ha HarpiB Ta ()OpMyBaHHS CTPYMOBOIO ILIapy B €KCIIEPUMEHTaX,
npoBeieHuX Ha ycraHoBui “CtpymoBuii map” (Inctutyt 3aransHoi ¢izuku iM. [Ipoxoposa PAH). Ha ocHoBi marHi-
TOT1IPOAMHAMIYHOI TeOpil MoKa3aHo, 10 CHJIa TUCKY Ta CHJIa B’SI3KMX HAIpPYXEeHb MOXKYTh BIJIIrpaBaTH iCTOTHE 3Ha-
4yeHHs y popMyBaHHI Ta HarpiBi cTpyMoBoro mapy. OTpuMaHi OLIHKH NOKa3yloTh, 110 e(eKT 10HHOI B S3KOCTI IM0-
PiBHSIHUIL 3 iHIIMMU epekTaMu, SKi BpaXxOBYBaJIMCS paHille.
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