TWO-DIMENSIONAL SIMULATION OF DUST CLOUDS IN A PLASMA
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In this article has been carried numerical simulations of the interaction of the partically ionized argon plasma and a
dust cloud, which is situated near the wall in a cylindrical vessel. The plasma and dust dynamics studied in the frame of
two-dimensional hydrodynamics model, the charge of dust particles is determined acording to the orbit-limited probe
model, the potential of the self-consistent electric field is described by Poisson equation. As a result simulations the
spatial distributions of dust cloud parameters are obtained at different times.
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1. INTRODUCTION

The physics of dusty plasmas has been extensively
studied in the last decade in view of practical applications in
space, as well as laboratory situations. Particular attention
has been paid to the study of collective processes, such as the
formation of nonlinear structures like solitons, double layers,
voids, vortexes and dust clouds with sharp boundary. These
phenomena are observed in many capacitively coupled rf
devices [1], dc glow discharged devices [2] and recently
have been discovered in microgravity experiments [3]. A
characteristic feature of bounded dusty plasmas with free
boundaries is the expansion process. The one-dimensional
expansion of an unmagnetized dusty plasma was examined
by [4], [5]. It is necessary note that experimental results
shown that dust clouds are not one-dimensional [3] and this
feature may causes new phenomena.

In this article we investigate the temporal behavior of dust
clouds in plasma near a solid wall using two-dimensional
hydrodynamic model and a computer simulation.

2. MODEL

We consider partially ionized argon plasma in a
cylindrical vessel (fig.1). The cloud of dust particles
immersed into the plasma near the solid wall. The form of
the dust cloud at initial time is a disk. In our model dust
grains acquire a charge and influence the potential of the
electric field @ , which is described by Poisson equation:
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The wall potential ¢0 at the bottom of the vessel (Fig.1)
is floating. The other walls of the vessel are grounded (

$=0).
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Electrons are assumed to be in a thermal equilibrium;
therefore their density satisfies the Boltzmann distribution
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where 7,, is the electron density far away from the

charged wall.
Ions and dust particles are treated as a cold fluid,

governed by the continuity and the momentum
conservation equations
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The dust charge ¢, is determined by the charging

currents
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Here 71, , 1, are ion and dust densities, W,, W, are drift
velocities of ion and dust fluids.

According to the orbit-limited probe model, the electron
and ion charging currents /, and I, are determined by
local electron and ion densities, as well as the potential
difference between the grain surface and the local plasma.
They are given by
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where K, (gq,) =exp3 y when ¢, <0 and

7 kT, y
Ke(qd) =l+eq, /VdTe when g, >0.

4.

We assume that the forces on the dust consist of
electrostatic force, ion drug forces, and neutral collision

force. The ion-drag force F; , consists of the collection

F:; and orbit F;; components. The collection force is a
result of the momentum transfer from the ions collected
. - = | 2
by the particle, so that F," =nmw, |w,.|7TbC , and the

orbit force is conditioned by momentum transfer from the
ions of orbital motion around the grain
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where b, =eq, /mw’ is the orbital impact parameter
and I =In[(A} +b2,) /(B> +b2,,)]"* is the Coulomb
logarithm integrated over the interval from collection
impact parameter to Debye radius /\d. The neutral gas

collision force F:q is given by:
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where W, is neutral gas velocity, W,

, 1s neutral gas mean

thermal velocity, 7,,7,, and m, are the neutral gas

density, temperature, and mass, respectively.

The modified method of big particles [6] is used
for the computer modeling of this problem. In this method
the complex set of equations is separated on simpler
components which  describes separated physical
processes. The general solution consists of additive
members of time influences of each process on spatial
parameter distributions. Each process is simulated with
the corresponded minimum characteristic time what
allows to obtain higher simulation precision.

3. RESULTS

We simulated the evolution of the two-dimensional
dust cloud wusing the large particles method [5].
Calculations were carried out for following plasma
Nio=Neo=10%cm>,T, =1eV v, =0.1um
ns=10°cm™, 1n,=10"°cm™. The length and the radius of
the vessel are L=10cm and Ry=2.5cm corresponding.

parameters:

Figure 2a shows the spatial distribution of dust
density at 0, =300 after the beginning of the dust cloud
expansion. The dust density is normalized on the ion
density in the unperturbed plasma; the spatial coordinate

is normalized on Debye radius.

We can see that the density of dust particles is not
uniform along radius. Its maximum is at axis of symmetry
(r=0). Expansion of dust cloud is carried out radially.
The dust cloud doesn’t expand along axial axis in
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consequence of the balance of electrical and viscosity
forces. It is confirmed by fig.2b, where distributions of
dust density along axial axis are shown. These
distributions are invariable during the long time interval.
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Fig. 2. The spatial distributions of dust density (a) and
electrical potential (b) at t6),=300

The electrical potential ¢ is shown in figure 1b as a
function of radius 7 and axial coordinate X . Here the

potential is normalized on the characteristic potential —%
e

. We can see that at the boundary of dust cloud double
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JBYXMEPHOE MOJEJNPOBAHMUE IIBIJIEBBIX CT'YCTKOB B IIVIABME
10.U. Yymos, A.FO. Kpasuenko, HM. IOpuyxk, C.H. JIvictok

IIpoBeneH YUCIIEHHBIN pacyeT B3auMOIEHCTBUSI YACTUYHO HOHU3UPOBAHHON aprOHOBOH IUIa3Mbl C MBUIEBBIM CI'YCTKOM,
KOTOpPBI 00pa3yercst BO3Jie CTEHKU B MIJIWHAPUIECKON Kamepe. [[iist onrucanuss JUHAMUKY TJ1a3Mbl U TBIJIEBBIX YaCTHII
UCII0JIb30BAJach JBYXMEpHasi THAPOJUHAMMYECKAs MOJEIb, 3aps] IbUIEBBIX YACTULl ONPEACIICS IPU IIOMOLIU
MOJIeA OTPAaHWYEHHBIX OPOUT, a IOTCHIHAI CaMOCOTJIACOBAHHOTO AJIEKTPHYECKOTO IOJSI ONHCHIBAJICS YPaBHEHHUEM
Ilyaccona. Ilpu aHanmu3e AMHAMHMKM IIBUIEBBIX YACTULl YYHUTHIBAJIUCh JJIEKTPUYECKHUE CHJIbI, a TaKX€ CHJIBI,
00yCTIOBTICHHBIE HMOHHOM BS3KOCTBIO M TPEHHEM C HEHTpambHBIMH YacTHIIAMH. B pe3yibraTe MpPOBEICHHOTO
MOJIETMPOBAHUS NOJYYEHBI IPOCTPAHCTBEHHBIE PACTIPENEICHN TApaMETPOB IIBUIEBOT0 CIYCTKA B PA3JIMYHBIE MOMEHTHI
BpEMEHH.

JABYXBUMIPHE MOJIEJIOBAHHS ITNJIOBUX 3I'YCTKIB VY IIJIA3MI
10.1. Yymoe, O.10. Kpasuenko, M.M. IOpuyk, C.M. Jluciox

[IpoBeneHO YMCIOBHIT PO3paXyHOK B3a€EMOZil YaCTKOBO iOHI30BaHOI aproHOBOi IUIa3MH 3 MHJIOBHM 3TYCTKOM, IO
YTBOPIOETBCS Ol CTIHKA B IUIIHAPUYHIA Kamepi. Jng ommcaHHS IWHAMIKH IDIa3MH 1 IHJIOBHX YaCTHHOK
BHUKOPUCTOBYBaJIaCh JBOBHUMIpHA TiJIpONMHAMIYHA MOJEJb, 3aps NWIOBHX YaCTHHOK BH3HAYABCSA 32 JIONOMOIOIO
MoJieli 0OMeXeHHX OpOiT, a HOTEHIiall CaMOy3T0/PKEHOT0 €IEKTPUYHOI0 TI0JIsl ONKCcyBaBcs piBHsAHHAM [lyaccona. [1pu
aHaJi3i TUHAMIKH MMAJIOBUX YaCTHMHOK BPAaXOBYBAIIUCH CIICKTPUYHI CHJIH, & TAKOXK CHIIM, OOYMOBIICHI 10HHOIO B’S3KICTHO
Ta TEPTSIM 3 HEHTpPaIbHUMU YaCTUHKaMHU. B pe3ynbrari mpoBeeHOr0 MOJICIIOBAHHS OJlepKaHl MPOCTOPOBI PO3MOILITH
napaMeTpiB MUJIOBOTO 3TYCTKY B Pi3HI MOMEHTH Yacy.
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