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Recently, non-diffusive (i.e., convective) plasma
transport from the edge of core plasma to the first wall in
magnetic confinement fusion devices! is thought to be
brought by intermittent filamentary coherent plasma
structures “blobs” in scrape-off layer (SOL)?. Although
many theoretical and numerical studies about blob dynamics
have been performed on the basis of two-dimensional
reduced fluid models?, closure of parallel current and
kinetic effects (e.g., sheath formation between a SOL
plasma and a divertor plate, velocity difference between
electrons and ions, etc.) are treated under some assumptions
and parameterization in such kind of macroscopic models.
Thus, we have developed a three-dimensional electrostatic
plasma particle simulation code with particle absorbing
boundaries? and studied kinetic dynamics on the blob
propagation®.

In our previous studies, the simulation system was set
as grad-B is uniform in the toroidal and poloidal directions.
In SOL plasmas of real magnetic confinement devices,
however, the direction of grad-B is different between the
inside and the outside of torus. In this study, we have
investigated the blob kinetic dynamics in the system where
grad-B varies in the toroidal direction. In our present
simulation, the x, y, and z directions correspond to the
counter radial direction, the poloidal direction, and the
toroidal direction. The external magnetic field B does not
have the y component. The x and z components of B are
given as
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Thus, the direction of grad-B at z = 0 is opposite to that at z
=L.and By atx =L,/ 2 is zero as shown in Fig. 1. Here, By
is the magnetic field strength at (x, z) = (L« , 0) where Ly, L,,
and L. are the system lengths in the each direction, and D is
set as D = L. / 16. Particle absorbing boundaries
corresponding to divertor plates are placed in the both ends
of z axis. A particle absorbing boundary corresponding to
the first wall is also placed at x = 0. In the y direction,
periodic boundary condition is applied. The system size L, X
L, x L.is 64 A X 64 A X 512 A where A is the grid spacing.
The blob is initially located as a column along the ambient
magnetic field at around (x, y) = (L« / 2, L, / 2). The
effective width of the blob in the poloidal cross-section is &y

364

=4 A. The ion-to-electron mass ratio is m; / m. = 100. The
initial ion-to-electron temperature ratio is 7i / 7. = 0.25.

We then calculate 4 cases where the coefficient o
which appears in eqs. (1) and (2), the external magnetic
field strength Qi / wyi, the grid spacing A, the time step Az,
and the blob localization [zyo, zp1] are set as (o, i / @pi, A/
Ps, Qi At, [zv0 / Lz, zo1 / L2]) = (1, 1, 0.97, 2.42 x 1073, [0, 1])
[Fig. 1 (a); |B| at (x, z) = (Lx / 2, 0) is equal to that at (x, z) =
(Ls /2, L.)], (2, 0.5, 0.48, 1.21 x 1073, [0, 1]) [Fig. 1 (b); |B|
at z = 0 is smaller than that at z = L], (2, 0.5, 0.48, 1.21 x
1073, [0, 0.5]) [Fig. 1 (c); a blob is localized in the low-field
side.], and (2, 0.5, 0.48, 1.21 x 1073, [0.5, 1]) [Fig. 1 (d); a
blob is localized in the high-field side.], respectively. Here,
Q; is the cyclotron frequency at (x, z) = (Ly, 0), o is the ion
plasma frequency in the background plasma, ps is defined as
ps = ¢s / Qi, and ¢ is the ion acoustic speed defined by ¢ =
(T: / m;)"2. In the case of Fig. 1 (a), the blob almost stays at
initial position. In the case of Fig. 1 (b), the blob is torn
across the magnetic field line. In the case of Fig. 1 (c), the
blob propagates to the first wall ordinarily. In the case of
Fig. 1 (d), the blob moves to the core. In each case, we also
observe potential and particle flow structures different from
those shown in our previous studies.
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Fig. 1. Schematic diagrams of magnetic field
configuration and initial location of a blob.
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