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Properties and excitation of the vortical turbulence, excited in a cylindrical radially inhomogeneous plasma in
crossed radial electric and longitudinal magnetic fields of separator of spent nuclear fuel, are considered. The
dispersion relation, which describes the vortical turbulence excitation, has been derived in the case of magnetized
ions. The expression for the vortex amplitude of saturation has been derived. Condition, at which vortical turbulence
is not excited, has been derived. It has been shown that the optimum value of the magnetic field, at which turbulence
is not excited, is proportional to the square root of the ion mass.
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INTRODUCTION

It is well known from numerous numerical
simulations (see, for example, [1]) and from experiments
(see, for example [2]) that electron density
nonuniformity in kind of discrete vortices are long-
living structures. In experiments [2] a rapid re-
organization of discrete electron density nonuniformity
has been observed in the spatial distribution of vorticity
in pure electron plasma when a discrete vortex has been
immersed in an extended distribution of the background
vorticity. In plasma lens [3-7] for high-current ion beam
focusing a vortical turbulence has been excited in
crossed radial electrical and longitudinal magnetic fields
by unremovable gradient of external magnetic field.
This turbulence is a distributed vorticity. In this paper
the amplitude of the vortex saturation in cylindrical
radially inhomogeneous plasma in crossed radial electric
and axial magnetic fields in the separator of spent
nuclear fuel [8] for the optimal parameters are
investigated theoretically. It is shown that as the
parameters tend to the optimal ones the amplitude of
excited vortices tends to zero. This allows to specify a
range of parameters of the experimental setup for which
the vortical turbulence is suppressed.

Excitation of the vortices in the approximation of
strongly magnetized electrons and weakly magnetized
ions is studied analytically. Plasma is distributed
inhomogeneously in radial direction and is a cylinder of
finite length, placed in a magnetic field of short coil.

It has been shown in [6] that the system is unstable
relatively to excitation of oscillating fields in crossed
fields. Excitation of the oscillation is realized as a result
of a positive radial gradient of magnetic field of short
coil and negative radial gradient of the plasma density.

The ions drift on angle, 0, with a velocity
Vgoi=-€Eo/mioni, opi=eH,/mic, because the crossed
configuration of radial electric, E,, and longitudinal
magnetic fields, Ho, is maintained in the separator.

The perturbation of the plasma particle density leads
to appearance of an electric field in the vicinity of the
perturbation. Therefore, the crossed configuration of
fields is realized in the vicinity of the perturbation.
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Thus, the dynamics of plasma particles is vortical in the
field of perturbation.

In this paper, the properties and the excitation of
vortical perturbations in crossed fields in the separator
of spent nuclear fuel are studied theoretically.

1. DERIVATION OF DISPERSION
RELATION

We use the hydrodynamic equations for plasma
electrons and ions and the Poisson equation
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Quasistationary An determines the value of the radial
electric field E,,, on, is the perturbation of the plasma

density in the vortex. From (1), (2) one can derive the
approximate equations
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From (1), (2) one can derive in linear approximation
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From (2), (5) it approximately follows that vortical
motion begins as soon as the perturbation dn appears.

We consider magnetized ions, i.e., we expect that the
following inequality holds

R>eE,/moj . (6)
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R is the radius of the system, o, , o, are the

cyclotron frequencies of the plasma electrons and ions,
n,, n; are the density of plasma electrons and ions.

Previously authors have shown [6] that the dynamics of
electrons in crossed radial electric and axial magnetic
fields in the approximation of a homogeneous system in
the longitudinal direction is described approximately
according to (3) by the following equation

dt[“’mj:o. @)
ne
In linear approximation one can derive

][éz. V.ol (8)

V,, is the drift velocity along the azimuth of the plasma
electrons in crossed fields; ¢ is the electric potential of

the vortical perturbation. Also in the linear
approximation from (7) we obtain
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n,=n,+dn,, o, =V,,/r.From(8), (9) we have
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i Gl @0
(0—Vyoky) H,
The same expression can be obtained for &n;
k cn
on, = om0, [ 5 a
((D_Veoi ke) Ho

Vi is the drift velocity along the azimuth of the plasma
ions in crossed fields.

Substituting (10), (11) in the Poisson equation, we
derive the dispersion relation in the case of magnetized
ions

2 2
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K is the wave vector, k, is the azimuth wave vector.

=0, (12

2. INSTABILITY SUPPRESSION IN
CROSSED FIELDS IN SEPARATOR OF
SPENT NUCLEAR FUEL AT OPTIMUM

PARAMETERS

Development of plasma instability continues as long
as distributed plasma particles are grouped (or
compressed). The instability is suppressed when the
plasma particle compressing stops. And if the
perturbation of the ion density &n; equals zero, then
according to the dispersion relation the growth rate of
instability development also equals zero. The maximum
amplitude of the vortices, ¢ym, is determined by the
condition that the magnetic force is no longer keeps the
particles of the vortex, rotating around its axis along a
closed trajectories, and the particles can be extended
across the magnetic field. Thus particle compressing
stops. Thus, from the condition of an imbalance of
forces that provide movement along a closed trajectories
of the particles
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one can find the vortex saturation amplitude, ¢g,. From
(13) it follows that the particles of the vortex when the

inequality is correct
2

2
&(An+8nv)z%
n, 2
can be extended across the magnetic field. E, is
determined by an external electric field E,, =—4meAn
and by the electric field of vortex, the plasma density
perturbation in which equals &n,=38n,—3an,. Then

from the Poisson equation we have
Ap=4medn,, ¢~—4x(e/k*)dn, . (15)
We consider the case of a strongly magnetized electrons

and of a weakly magnetized ions. Using (14), (15), we
find that the amplitude of the vortex is stabilized at

(14)
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From (16) one can see that if An is close to
H2
AN = °o_ 17
8nm,c? (17)

the vortical perturbations are suppressed. From (17) it

follows
H, < ,}mi .

Thus, the instability is suppressed in the case of
strongly magnetized ions in a collisionless plasma, when
there is no the relative drift of the plasma electrons and
ions. Also, the instability is suppressed at the optimum
magnetic field (17).

CONCLUSIONS

Properties and excitation of the vortical turbulence,
excited in a cylindrical radially inhomogeneous plasma
in crossed radial electric and longitudinal magnetic
fields, have been described.
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AMILIATYJA BUXPEBOM TYPBYJIEHTHOCTH B CKPEIIEHHBIX IOJISIX B CENAPATOPE
OTPABOTAHHOTI'O AAEPHOI'O TOIIVIMBA TP OITUMAJIBHBIX ITAPAMETPAX

UL.II Jlesuyk, B.U.Macnoe, U.H. Onuwenxo, A.M. Ezopos, B.b. IO¢gepos

PaccmarpuBaroTcst CBOHCTBA M BO30YK/IEHHE BUXPEBOI TypOyIEHTHOCTH, BO30Y)XKIaeMOH B IMIIMHIPUYECKOI
paavanbHO HEOJHOPOJIHOM IUIa3sME B CKPEIUEHHBIX pPagUalbHOM 3JIEKTPUYECKOM M IPOJOIBHOM MarHUTHOM
NOJSIX cellaparopa OTPadOTaHHOTO SAEPHOrO TOILIMBA. J[MCIIEPCHOHHOE COOTHOLIEHHE, KOTOPOE OIMHMCHIBACT
BO30YyXJEHUE BHXPEBOH TypOYJIEHTHOCTH, IOJIy4E€HO B Clly4ae 3aMarHMYeHHbIX MOHOB. [loylydeHO BBIpakeHHUE
JUId aMIUIMTYZABl HachllleHus Buxped. HaiineHo ycnoBue, mpH BBINOJIHEHHH KOTOPOro TYpOYyJIEHTHOCTh HE
B030yxnaercst. [TokazaHo, 4TO BelIMYMHA ONTUMAJIBHOIO MAarHUTHOTO IIOJIS, IPH KOTOPOW TypOYJIEHTHOCTh HE
BO30Yy’KIaeTcsl, IPONOPLHOHATbHA KOPHIO KBaIPAaTHOMY U3 MacChl HOHOB.

AMILTATYJIA BUXPOBOI TYPBYJEHTHOCTI B CXPEIIEHHUX MOJISAX Y CENAPATOPI
BIAITPAIIBOBAHOI'O AAEPHOTI'O ITAJIMBA ITPU OIITUMAJIBHUX TAPAMETPAX

LII Jlesuyk, B.I. Macnoe, I. M. Onuwenxo, O.M. €zopos, B.b. IO¢gepos

Posrmsmarorecst BmacTuBOCTI 1 30y/KEHHS BHUXPOBOI TypOyJICHTHOCTI, sika 30yMKYeThCS B IMITIHAPWIHIN
paniabHO HEOTHOPIMHIH ID1a3Mi B CXpEIIeHUX paIialbHOMY eIEKTPHIHOMY 1 TI03[J0BXKHBOMY MarHiTHOMY TIOJISIX
cermaparopy BiINIpalbOBAaHOIO SACPHOTO mNajimBa. JlucrepciliHe CHIBBITHOLICHHS, sSKE ONHCYE 30YIDKCHHS
BUXPOBOI TYypOYJIEHTHOCTi, OTPUMAaHO B BHIAIKy 3aMarHiueHWX ioHiB. OTpUMaHO BHUpa3 U1 aMIUTITYAA
HACHYCHHS BUXOPIB. 3HAWJCHO YMOBY, IIpM BUKOHAHHI sIKOi TypOyJNeHTHICTh He 30ymkyerhes. [lokasaHo, mm1o
BENIMYKMHA ONTUMAIBFHOTO MArHiTHOTO IIOJISL, TIPH SIKiH TypOYJIEHTHICTh He 30yIKYEThCs, NPONOPLiiHA KOPEHIO
KBaJ[paTHOMY 3 MacH iOHiB.
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