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Introduction

The turbulent evolution of a 3D guiding center plasma at the plasma edge was simulated

using an Eulerian Vlasov code, which has been parallelized on a parallel computer. The

plasma edge is represented by a three dimensional cartesian plasma layer, where the x

direction corresponds to the poloidal periodic direction, the y direction to the radial

nonperiodic direction and the z direction to the toroidal periodic direction. The magnetic field

B
r

is regarded as constant and is situated in the xz-plane making an angle of 89.5° with the x-

axis (see Fig. 1). The model includes the BE
rr

× -drift. Due to the spatial dimensions of the

plasma layer finite larmor radius (FLR) effects must incorporated into the model. The FLR

correction procedure [1] applied leads to a charge separation at the plasma edge, which is

accentuated by the polarization drift.

Pertinent Equations

The electrons are represented by their guiding center distribution function ( )//,,, vzyxf e ,

which is depending on three spatial coordinates zyx ,,  and the velocity //v  parallel to the

magnetic field B
r

. The ions are given by the guiding center density ( )zyxni ,, . The temporal

evolution of these quantities is determined by the electron gyrokinetic equation,
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and the ion gyrofluid continuity equation
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where eu
r

 and *
iu

r
 are the total drift velocities of electrons, for which the polarisation drift is

neglected, and the ions, respectively.
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The other symbols used are the unity vector b̂  in the magnetic field direction, the elementary

charge e , the electron mass em , the electric field E
r

 and the ion larmor frequency ciω . As can

be seen from equation (2), the motion of the heavy ions parallel to b̂  is neglected. The

guiding center equations are coupled by the poisson equation.
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The stars in the equations (2) to (4) indicate the finite larmor radius (FLR) correction of the

corresponding quantity. Using the fourier components 
k

Ar  of ( )rA
r

 this operation can be

written as

( ) ( ) 





−=⋅= ⊥∑ 2

exp,exp
22

* kr
ggrkiArA c

kk
k

k
rr

r

r
rrr (5)

where cr  denotes the larmor radius and ⊥k  is the component of k
r

 perpendicular to b̂ .

Initial Values and Parameters

The initial electron distribution function ef  and ion density in , respectively, are given by
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where
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The number of grid points used was 64==== vzyx NNNN . For the initial perturbation

002.0=xε  , 0=zε  for run 1 and 0002.0=zε  for run 2 was chosen.

Results

Due to the different larmor radius of ions and electrons the density gradient at the plasma

edge results in a charge separation, which is reproduced by the FLR correction operation in

the model. The resulting inhomogen electric field Ey (see Figure 5) in radial direction leads to

the formation of BE
rr

× -drift and thus to a shear in the transverse drift velocity ux. The growth

rates of the Kelvin-Helmholtz instability driven by this velocity shear have been studied

before in models with two spatial dimensions x and y [2]. Figure 2 shows the temporal

evolution of the fourier modes k0x to 4k0x of the potential Φ spatially averaged over y and z.

Due to the rapid motion of the electrons along the magnetic field lines, which now is included

in the three dimensional model, the modes saturate at a lower level than observed in the two

dimensional model [2]. Figure 3 shows the temporal evolution of the potential modes k0z to

4k0z. At t~8000 there is a sudden growth of these modes. It can be noticed that the saturation

level reached after the growth phase and the moment at which it occurs  is the same for run 1,

where the modes were not initially perturbed and run 2 with εz=0.0002. As also can be seen

from Figure 3, the saturation level reached by the z potential modes is low compared to the x

potential modes in Figure 2. Development towards saturation and large structures can also be

observed in Figure 4, where the potential profile, obtained by averaging over x and z is shown

for different times t. The profile of the electric field Ey is shown in Figure 5. Figure 6 shows

the profiles of the electron density ne and the FLR corrected ion density ni
*. The charge

density ρ appearing in the poisson equation (4) is calculated by ni
*- ne, reproducing the charge

separation mentioned above.
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Figure 1 : Slab geometry

Figure 6 : Temporal evolution of the
ion density

-6 -4 -2 0 2 4 6
0,0

0,2

0,4

0,6

0,8

1,0

n
e
(t = 0)

n
e
(t = 12000)

n
i
*(t = 0)

n
i
*(t = 12000)

<n
> xz

/n
0

y/λ
D

Figure 5 : Temporal evolution of Ey
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Figure 4 : Temporal evolution of the
potential
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Figure 3 : Potential modes in z direction
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Figure 2 : Potential modes in x direction


