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Results from numerical studies of the charging of isolatest garticles in drifting plasmas are
presented. The dust particles can have different shapesizesl and they are either perfectly
insulating or perfectly conducting bodies. It is found tiatrifting plasmas, dust particles
acquire an electric dipole moment. For conducting dustetietric dipole moment is induced
by the anisotropy in the surrounding plasma potential, aisdower in magnitude and opposite
in the direction as compared to the insulating dust padiclée total charge on the dust grains
and the formation of the plasma wake behind the dust are &ésasted. The dust charging is
simulated in two spatial dimensions by a Particle-In-Celle, with the dust surface imposing

boundary conditions within the simulation area.

Introduction

The interactions between dust grains and warm plasmassesgra variety of complicated
problems, which often can not be addressed by analyticdiestunot even when individual dust
grain is considered [1]. In the present paper we study thegoi@of individual dust particles
in warm plasmas by numerical methods. The analysis is chou¢ with a 2D Particle-In-Cell
code in Cartesian coordinates [2], where the dust par8géaiced inside the simulation area and
imposes additional boundary conditions for plasma. In shisly, we consider two basic types
of dust particles, which can be made of perfectly insulabngerfectly conducting material.

The shapes of the dust particles considered here

are shown in Fig. 1. They represent a shape as:
close as possible to circle with a given grid res-::
olution (Fig. 1a), and an irregular shape that in-|::

cludes cavities and extrusions (Fig. 1b).

The simulation box in this simulation is 260

200 grid points, which gives the simulation area

Figure 1: Dust grain shapes on the computa-
of 100x 100 Ap with the grid spacing of & Ap. 'u ustgra P pu

: . . tional grid.
We use a typical plasma particle densiky = g

109 m—2, and have ca. 2 simulation particles representing the plgsarticle. The electron to
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ion temperature ratio i%/T; = 3. For increasing the computational efficiency, we use atdon
electron mass ratibl /me = 120. We find this ratio, after comparison with the experiradat
realistic mass ratios, to be sufficient for giving credijilio the results. The present numerical
code was verified by reproducing plane Langmuir probe chearigtics for thermal plasmas,

and plasmas with ion-beams that were obtained under labygrednditions [3].

Numerical results

We observe the development of an electric dipole moment erdtist particle in the pres-
ence of an ion drift (Fig. 2). This electric dipole moment el@ps on both insulating and con-
ducting dust particles, but it differs in magnitude and dii@n for the two cases. It becomes
significant for supersonic velocities and saturates for iMaaombers larger than approx. 2.

For insulating dust this electric dipole mo-

ment develops due to the anisotropic col- o.25 0.05
lection of plasma particles on the dust surs ¢ 5 AAAffjffj S 0,04}
face [4]. Thus, its direction is parallel to thes ae 5 ."AAAAAAAZ
£ 0.15 . £ 0.03} AN ]
ion flow velocity. For the conducting dust® . € ot
5 0. ® S 0.02F A
the electric dipole moment is induced bys o1 . i 002 .
the anisotropy in the potential distributions 0-05 4 < 001} 2
ﬁ s ﬁ 5.A
around the dust particle (i.e., the wake for- 0.00h. 0.00 bt
. ) . . 0 1 2 3 4 0 1 2 3 4
mation). The electric dipole moment magni- ) u [c.] ) u [c.]
a

tude is here approximately 5 times lower than

for the insulating dust, and its direction is argjgure 2: Normalized electric dipole moment for

tiparallel to the ion drift velocity. insulating a) and conducting b) dust grain as
Other numerical results also revealed tRgfunction of the plasma drift velocity. The

development of an electric dipole momerghape of the dust grain given by Fig. 1a) is illus-

on the insulating dust, but for the conducirated bye, while the shape given by Fig. 1b) is
ing dust it was there implicitly assumed thafjystrated by .

the charge is distributed isotropically on the

dust surface [5]. In the present work, we chose a differept@rh for studying a dust particle

of size of a fewAp, and allowed the surface charge to be redistributed in decae with the

surrounding plasma potential, in such a way that the patkingide the dust was kept constant.
Plasma is being absorbed by the dust, and thus there is ageiveecharge on the shadow

side of the dust particle in the presence of ion drift. Fordbwkeducting dust it results in the local

negative potential with respect to the dust, and the comdwsttort-circuiting implies a local

positive surface charge density on the dust. This local thegpotential behind the particle
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attracts ions, but the potential drop with respect to the thaxls to an effectively repulsive
force on the ions at the dust surface.

The clear Mach cone is observed in the po-

tential distribution behind the conducting dust 80 07
(Fig. 3). Such a Mach cone is not as clearly _ 05
observed for the insulating dust. For this caseg °° %

the positive charge is building up on the dust~ E .
surface facing the ion flow, while the electron * * 02
flux to the surface prevails on the shadow side. 20 0.0

The ion trajectories are bended: incoming ions  '° 30 < ] >0 70

are reflected by the accumulated positive charge,

and they are focused behind the wake on tRgyure 3: The time asymptotic potential dis-
shadow side of the dust. Here, the negative stribution around the perfectly conducting
face charge attracts ions. As a result of thieist grain in plasma flowing with velocity
anisotropic charge collection, there is an eleg-= 2C,, for the particle with shape given
tric field present inside the insulating dust, whidby Fig. 1a).

could in principle cause the disruption of a dust

grain. In particular, the irregularities on the dust sueféead to strong gradients in potential
and these fine structures can be easily destroyed (Fig. é)sfdrt-circuiting of the conductors
make the dust irregularities less vulnerable to the pla3in@.ambipolar electric field, together
with the potential of the dust, acts to sustain a steady ptatntial distribution.

The total charge on a dust particle in a drifting

plasma is shown in Fig. 5. These results are sim- 3.0 5.0
ilar to previous 3D simulations for an insulator, _ 28} ; 0.8
but differ for a conductor [5][6]. The observedn.f) 26 % s
strong decrease in the total charge on the coh} 247 g

ducting particle may be argued with reference to 2.2 ; g e
the anisotropic potential distribution around dust 2'%.8 10 12 14 16 18 S

and corresponding electric dipole moment. This x [107 m]

is here found to be important already for duls—tlgure 4: Potential distribution around the ir-

radii of a fewAp. The charge in Fig. 5 is normal-regular dust grain in a plasma flowing with

ized with the analytical charge for the 2D du§/telocityu _ 2C.. The particle shape given

of radiusR embedded in thermal plasma. Thlgay Fig. 1b

normalizing charge is given by the expression:
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Qo =2ngP:R/Ap-Ki1(R/Ap)/Ko(R/Ap), whereKqg andK; are the modified Bessel functions,

and®s, is a floating potential defined as:

O = —KZ—-I;E (In (%) +l) . (1)

The floating potential defined by (1), is derived for Boltzmatstributed electrons and cold
ions which are accelerated to the Bohm velocity, and it idetialso the potential drop in the
pre-sheath. We find that this expression is a good approxdmét the floating potential that

was obtained in the numerical experiment.
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Figure 5. The normalized average charge

on insulating (top) and conducting (bottom)
dust particle for different plasma flow veloc-

ities. The particle shape given by Fig. 1a.



