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It is carried a computer simulation of the dynamics of dust clouds near a conducting wall at microgravity conditions
and its effect on the sheath. We used two-dimensional axially symmetric hydrodynamic model, which takes into
account self-consistent variable charge of dust particles and the mutual influence of plasma and dust components. The
simulation results show that the dust cloud modifies the potential profile of the plasma so that double layers are formed
on its boundaries, which give rise to a flow of ions inside the cloud. In a number of regimes is formed a potential well
for dust particles. It is shown that the dust cloud in the sheath under the influence of electrical forces and the ion drag

force reciprocates in the direction perpendicular to the wall.
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INTRODUCTION

In many practical cases, including etching, deposition
and sputter plasmas, dust particles have been observed at
the plasma-sheath boundary [1]. Charged dust particles
also appear at tokamak edges as natural contaminants
arising from the plasma interaction with divertor plates,
plasma limiters and blankets [2]. These microparticles
result from sputtering of the electrode and wall surfaces,
gas phase nucleation, and polymerization. The
observation of the microparticles has shown that those
particles are trapped inside the sheath region, close to the
plasma-sheath boundary. Dust particles can strongly
influence on sheaths [2,3] due to the selective adsorption
of background electrons and ions (penetrating through
sheaths) by dust particles. In the result, dust particles
create the space electric charge influencing on the sheath
structure.

Due to their heavy masses and tendency to form self-
organized structures the dust particles affect waves,
instabilities and transport processes. Recent laboratory
experiments [4] have conclusively demonstrated the
motions of charged dust clouds near negatively biased
electrodes in low temperature dusty plasma discharges. In
a dusty plasma sheath the dust grains execute bouncing
motions, which are repeatedly away and towards the
electrode

In this paper we use the two-dimensional fluid model
to study the plasma sheath structure and the behavior of a
dust cloud in the field of the plasma sheath in
microgravity conditions.

MODEL

We consider the wall region of two-dimensional dusty
plasma model, wherein the plasma is contaminated by
dust charged grains. Plasma consist of electrons, ions and
dust particles with densities n,, n;, Ny . At initial time

electron and ions are distributed uniformly in space, but
dust particles form a cloud, which is located at the edge
of the sheath. Dust particles are charged after their
appearance in the plasma due to the selective collection
of electrons and ions so that a change of plasma

parameters starts inside the dust layer. This change
propagates into plasma due to the self-consistent electric
field.

An evolution of the sheath with the dust cloud can be
considered in the hydrodynamic approach with the self-
consistent electric potential ¢ described by the following

Poisson equation
2
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The change of the dust charge is described by
equation
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where electron and ion currents |, and |; flowing into
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dust particle are defined by relations:
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The electrons are assumed to be
equilibrium, therefore the density n,

in thermal
satisfies the

Boltzmann relation.
The ions are described by the fluid equations
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where W;, e, m; are the vector of drift velocity, charge,
mass of the ions, U;,V; are ion velocity components along
axes I and z.
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The dust components of plasma are described by the
following equations
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where F;, and F,, are components of the ion drag force

[5], Wy = (ug, Vy) is the drift dust velocity vector.

RESULTS AND DISCUSSION

The influence of dust particles on the sheath illustrates
spatial distributions of the electric potential (Fig. 1). The
potential profiles along a perpendicular direction to the
wall are presented on the Fig.l,a for ny /n, =0.01 and

ng = 0. Here spatial coordinates r and z are divided by
the initial electron Debye length A, the dust density ny is

divided by the ion concentration in the undisturbed
plasma n,, the potential ¢ 1is divided by the

characteristic value ¢, = KT, /e. We can see that potential

is decreased towards the wall monotonically if a dust
cloud is absent. At the dust cloud boundaries potential
jumps are formed that indicate about appearance of
double layers. An electric force in these layers push dust
particles if we took account of their movement. Note, the
potential changes are different at boundaries of the dust
cloud due to an ion flow towards the wall.

r

Fig. 1. Potential distributions (a) along the perpendicular
direction to the wall at n, =0.01-n,, (b) along axe r at

different z at n, =0.01-n,

Consider potential dependences of radius at different
distance from the wall (Fig. 1, b). One can see that the
electric potential is changed in area 0 <r <10 before and
after the dust cloud, as well as inside the one. It should
be noted that potential distribution has oscillations in the
dust cloud region in radial direction. This means that
there are potential wells for dust particles, which may
prevent from the expansion of particles in radial direction.
Besides, oscillations of the electric potential indicate the
possibility of a plasma-dust crystal formation.

Spatial distributions of the ion velocity are shown in
Fig. 2. We can see that ions are accelerated on all the way
to the wall in the case without a dust cloud. While the ion
drift velocity is changed significantly at the boundaries of
the dust cloud. It is observed an essential acceleration of
ions to dust cloud boundaries which is associated with an
electric field in double layers.
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Fig. 2. Spatial distributions of the ion velocity along
axe z

Note, that the ion flow is formed in radial direction to
the dust cloud. At the cloud boundary an ion velocity
depends of a dust density. The ion flow is subsonic at
ng =0.001 and the one is supersonic at ny =0.005. In
the latter case oscillations are appeared in distributions of
plasma parameters. This may be due to the drift instability
in plasma.
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Fig.3. Spatial distributions of the dust density along the
perpendicular direction to the wall at different times
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We obtained also spatial distributions of dust density
at different times. Results show that peaks of the dust
density are formed in space of the dust cloud and dust
particles perform the oscillations along axial direction
(Fig.3). Moreover, dust cloud is compressed along axial
and radial axes. It is shown that ion density is increased in
the dust cloud and has peaks on the boundaries of dust
cloud.

CONCLUSIONS
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The simulation results show that the dust cloud
modifies the potential profile of the plasma so that double
layers are formed on its boundaries, which give rise to a
flow of ions inside the cloud. In a number of regimes is
formed a potential well for dust particles. It is shown that
the dust cloud in the sheath under the influence of
electrical forces and the ion drag force reciprocates in the
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JABYXMEPHOE MOJEJIMPOBAHUE JTUHAMUKH IIBUVIEBBIX CI'YCTKOB
HA I'PAHUMIIE IIJIA3ZMBI BO3JIE CTEHKHA

A.JO. Kpaguenko, H.C. Mapywax, I U. Jlesada

[IpoBeneHO KOMITBIOTEPHOE MOACTHPOBAHUE JUHAMUKH IBUIEBBIX CI'YCTKOB BO3JI€ IPOBOMAAIICH CTEHKH B YCIOBHAX
MUKPOTPAaBUTALIMHU U €€ BIMSHUS Ha MPUANEKTPOIHEIN ciioif. Mcrmonp30oBanack IByXMEpHas aKCHaIbHO-CUMMETPUYHAS
TUAPOJUHAMUYECKAasT MOJENb, KOTOpas YYUTHIBAET CaMOCOTJIACOBAHHBIM IMEPEMEHHBIN 3apsii MBUIEBBIX YacTUI[ U
B3aMMHOE BJIMSHHE IUTa3Mbl U TBUIEBOM KOMIIOHEHTHI. Pe3ynbTaThl MOAETUPOBaHHUS TOKAa3bIBAIOT, YTO MBLIEBOM
CT'YCTOK M3MCHSET MpOo(HIb MOTEHIMANA IIa3Mbl TaK, YTO Ha €ro IpaHHIaX 00pa3yloTCs JBOMHBIC CIOH, KOTOPHIC
MPUBOJST K TOSBICHUIO MMOTOKOB MOHOB BHYTPH CTyCTKa. B psime pexkuMoB (opMHPYETCsl IOTCHIMANBHAS sIMa IS
NbUIEBBIX yacTull. [lokazaHo, YTO B MPUANIEKTPOJHOM CJIO€ MBUIEBOM CTYCTOK MO ACUCTBUEM AJIEKTPUUYECKOW CHIIBI U
CWJIBI MOHHOTO TPEHHUSl COBEPIIAET BO3BPATHO-TIOCTYIATENBHOE JBM)KEHUE B HANpPaBJICHUM, MEPIECHIUKYJISIPHOM K
CTCHKE.

JABOBUMIPHE MOJEJIIOBAHHA TUHAMIKU IMNJIOBUX 3I'YCTKIB HA I'PAHUIIT
IJTA3MU BLJIA CTIHKH

O.10. Kpasuenxo, 1.C. Mapywax, I'.1. Jleeaoa

[TpoBeneHo KOMI'IOTEpHE MOJEIIOBAHHS UHAMIKM MHJIOBUX 3TYCTKIB MOOJM3Y MPOBIAHOI CTIHKM B yMOBax
MiKporpaBiTauii Ta ii BINIMBY Ha NpHUENIEKTPOJHUI 1map. BukopucroByBasiach NBOXBHMIpHA aKCiaJlbHO-CHUMETPUYHA
riIpofMHaMiuHa MOJENb, KA BPaXOBYE CaMOY3TOJUKEHHH 3MIHHHMH 3aps MUJIOBHX YaCTUHOK Ta B3a€EMHHU BIUINB
IUTa3MH 1 THJIOBOI KOMIIOHEHTH. Pe3ynbTaTH MOJIENIOBaHHS MOKa3ylOTh, IO ITWJIOBHHA 3TYCTOK 3MiHIOE NpoQiib
MOTEHIIANTy TUTa3MHU Tak, 1[0 Ha HOTO IPaHMILIX YTBOPIOIOTHCS MMOJIBiIHI IIapH, SIKi IPUBOASATH JIO MOSIBU TIOTOKIB 10HIB
BCepeMHy 3rycTka. B psni pexxumiB (QopMyeThcsl MOTeHMiaNbHA sSMa Ui IWIOBMX 4YacTHHOK. [lokaszaHo, mio B
MIPHETICKTPOTHOMY IIIapi MIJIOBHHA 3TYCTOK I Ji€0 eNEKTPUYHOI CHIIM Ta CHIIM iI0HHOTO TEepTs 3IiHCHIOE 3BOPOTHBO-
MOCTYMAIBHUH PyX B HAIPSIMKY, IEPIECHIUKYIIIPHOMY 10 CTiHKH.
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