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Plasma configurations with strong velocity shear are considered taking into account magnetic shear. lon temperature
gradient driven drift instability and Kelvin-Helmholtz type instability are analyzed for such sheared plasma flows.
Possible instability saturation mechanisms and estimation of particle diffusivity are discussed.

PACS: 52.35.Ra; 52.35.Qz; 52.35.Mw

1. INTRODUCTION

The objective of this work is to study instabilities and
features of turbulence in localized plasma flows.
Turbulence depends on strong velocity shear sufficiently
in the case under consideration. Magnetic shear is taken
into account, too. lon temperature gradient driven drift
instability (ITG instability) and Kelvin-Helmholtz type
instability (KH instability) are of the interest in this work.
These ingtabilities are considered in framework of non-
local approach. Eigenfrequencies and eigenfunctions for
ITG modes are cdculated using wave equation resulting
from gyrokinetic approach [1]. For KH instability we use
wave equation [2] in low-frequency limit (Jw|<<wg, W IS
ion cyclotron frequency). To estimate amplitudes of the
wave modes and particle diffusivity the model of particle
interactions with waves [3] can be used.

2.1TG MODES

For the calculation we use the slab model, where the
magnetic field is given by

B=8%,+ e 2 )
2L Yy

where B is the absolute value of the magnetic field, x is
the “radial” distance from considered (resonant) surface,

Ls=B,(dB, /dx)"* is scde length of the magnetic
shear, €, is the unity vector directed along the magnetic
field, and g, is the transversal unity vector. For localized
modes in such a geometry the component of the wave
vector paralel to the magnetic field is k; =kyx/Ls,
wherek, is the transversal component of the wave vector.

For the radia profile of the wave potentia F (x) one
can use the wave equation [1]
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, W=w-KyUg,, W is the complex

frequency, u; =u(x)- ug, u(x) and ug are the ion flow
velocity and it's value at x=0, Vi =kgTg/(eBL,),
K=(@+L,/L; )T /T,), L, =-n(dn/dx) " isthe scale
length of density gradient, L; =-T,(dT, /dx) * is the
scale length of the ion temperature gradient, X = xr _*,
ro=e'B/mkgT, , eisthe electron charge, m isthe
ion mass, kg is the Boltzmann constant, T, is the electron

temperature, T; is the ion temperature, s=L,/L,,
Ly =Ugy ,(du, , /dx)"! is the scale length of the ion
velocity shear.

Eq. (3) for Q function obtained under the following
condition:

kyf o <1, da Srqp, kup <0,

where r; is the thermal ion gyroradius, d. is the radia
width of the radial profile F (x), uy; is the thermal velocity
of theions.

We consider sheared flow velocity profiles

- & x* 0
Uy, =Ugy; expé' Eav 4

where b is the width of sheared flow.
To find eigenfrequencies and solve wave equation we
use WKB method. Corresponding dispersion equation is

X+ (W)

0‘ [Q(x,w)dx = (I +1/2)p , (5)

X- (W)

where x_(w) and x,(w) are zeros of the Q function
(turning points), | is radial mode number. WKB solution

(radial eigenfunction) is F (x) = Q" Y4 exp(i i C‘)/de).

In Figs. 1 and 2 results of the calculations of the
growth rate g =Im(w) are presented. The scale of the

growth rate in these figuresis wg =Vigr ;1.
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Fig. 1. Influence of perpendicular flow shear on 1TG
growth rate (no parallel flow shear):
1-s=01,K=4,krs=05b=3rg;2-s=0.1,K=4,
krs=05b=10rg; 3-s=0.1,K=4,krs=0.1,b=23rg
4-5=01,K=4,krs=08b=3r; 5-5=0.01, K=4,
krs=05b=3rg;6-s=0.01,K=2Kkrs=05b=3rg
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Fig. 3. Real frequencies (a) and growth rates (b) of KH modes| =0 (

3. KH MODES

In transport barriers strong sheared radia datic
electric field E; < Ois usually observed [4, 5]. In this case
perpendicular sheared velocity u, =- E, /B>0 leads to

sufficient dumping of ITG turbulence (see Fig. 1). But,
Kelvin-Helmholtz type instability can be induced by
strong E” B velocity shear.

Wave equation for KH eigenfunctions has a form
Eq. (2) and it can be solved using WKB theory. In low-
frequency limit Q function is

1 2
Uo Ln/(Ud &)

Fig. 2. Influence of parallel flow shear on ITG growh
rate (no perpendicular flow shear):
1-s=01,K=4krs=05,2-s=01 K=4,krs=0.1;
3-5=01,K=4krs=084-s=001L K=4,krs=05

—-b=10ry, ————— —b=23rg
g/wo
16+
12+~
0.8
0.4
0 L L L L | L L L L | L L L L |
° 5 kb ¥ 15
N C— yand| =2 (—-—-—-— )
2 Ve (¥)
Qbxw) = ky+wlky-VE(x)' ©)

where Ve(X) isE” B drift velocity.
Here we consider the following flow velocity profile:

Vg =V, +DV(1- x?/b?) indde flow (|x|<b), and
Ve =V = const outside flow (| x|>b).
Results of the calculations of the real frequency
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Wg, =Re(w- kyV,) and the growth rate g =Im(w)are

presented in Fig. 3. Scale the of rea frequency an the
increment is w, = DV /b. These results obtained for the

cae when radid prdfile is centered in shear layer. Radid
structure of low-frequency KH modes was considered in [6].
For k,b>>1 turnpoints are fare from the boundaries

of the flow shear layer. They rich boundaries if k b
decrease down to some minimal value (k,b) i, ~1. For
kyb < (kyb) i, there are no solutions with given flow
vel ocity profile.

4. PARTICLE DIFFUSIVITY

In this chapter we estimate particle diffusivity and
saturation level in framework particle-waves interaction
calculations[3].

For steady-state turbulence one can use the instability
growth and dumping rates balance:

. 1
g= (k7 +d.?)D, +§ky<Duy>, (7)
where D- isthe radia particle diffusivity,

bk, & d(ru)o’ 1 d2(ru,)H
<Duy >»1Dr2% Y éE ( y)ﬂ +l ( y);/ (8)
T|WR|@r d g r dr? b

is perpendicular drift velocity averaged over particle drift
orbit, Dr =,/6pD. /|wg | istheradia diffusion shift of

the particle during oscillation period, wr isreal frequency
(taking into account Doppler shift), r istheradia coordinate.

One can suppose for strong E” B shear case that KH
instability in dominant source of turbulence. Using
calculation results (presented in Fig. 3) and Eq. 7 we
estimate maximal  collisionless  diffusivity as

D. ~10"°DVegb at kyb~1.
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TYPBYJEHTHOCTS ITIJIA3MBbI B JIOKAJIM30BAHHBIX INMPOBBIX TEYEHUSX
A.10. Yupkos

PaCCManI/IBaIOTCﬂ IJIa3MCHHBIC KOH(i)I/II‘ypaLII/II/I C CWIBHBIM HINPOM CKOpOCTGfI, a TaKK€ C Y4€TOM MarHuTHOI'O

mwupa. Jas Takux TEYeHU IUIa3Mbl

AHAJIMBUPYIOTCSI HOHHO-TEMIIEPATYPHO-TPAAUCHTHAA HGYCTOI\/'I‘II/IBOCTL n

HeycToHunBOCTh TuNa KembBuHa-I'embmronbia. OOCYKIat0TCsI MEXaHU3MBI HACHIIICHUS HEYCTOHYMBOCTEH M OLICHKH

ko3 Punmenta qudysuu.

TYPBYJEHTHICTD IIJIA3MH B JIOKAJII30BAHUX IINPOBUX TEYIAX
A.10. Yupkos

PosrnsmatoTees Tora3mMoBi KOHGITypariii i3 CHJIBHAM IIUPOM IIBUAKOCTEH, a TaKOXK 3 OOJIKOM MAarHiTHOTO IIHpa.
Jlms Takux Tediil TIa3MH aHANI3YIOTHCS 10HHO-TEMIIEpaTypHO-TpaJieHTHA HECTIHKICTh 1 HecTilkicTs Tunmy KenbBiHa-
I'enpmromneiia. OOTOBOPIOIOTHCS MEXaHI3MHI HACHYCHHS HECTIHKOCTEH 1 OIIHKH KoedimieHTa mudys3ii.
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