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We study a dynamics of dust clouds embedded in the infinite uniform initially plasma using computer simulation. In the
one dimension, the movement of dust particles and ions is governed by cold hydrodynamics equations, electrons are
assumed to bein thermal equilibrium. It isassumed that the forces on the dust consist of electrostatic force and ion drag
forces. The spatia distributions of parameters were obtained at variousinitial densties of dust grains at different times.
Results show the expansion of dust clouds at low initia dust grain density, which is evidence of exceeding the
electrogtatic force over the ion drag force. At the increasing of dust density oscillations of the central part of dust cloud

are observed.
PACS: 52.27.Lw

1. INTRODUCTION

lonized gases with dispersed dust grains occur in a
wide variety of cosmic and terrestrial environment, as
well asin laboratory experiments [1, 2]. Dust grains often
form clouds and there is interest to study their interaction
with plasmas. In particular, the expanson of dust clouds
is a fundamental process which is important in many
practica situations. For example, in laboratory devices
dust particles produced in source region can subsequently
expand into the central plasmaregion [3].

Earlier it was studied the interaction of dust clouds
with plasmas a conditions immobile dust particles [4].
Results show an initiation of soliton-like structures in
distributions of the electrostatic potential and the ion
density. Because of this the interest was appeared to the
investigation of the influence these structures on the dust
grains expansion.

In this paper we study a dynamics of dust clouds
embedded in theinfinite uniform initially plasma.

2. MODEL

We consider one-dimensional layer of dust particles
immersed into uniform initially plasma.

In our model dust grains acquire a charge and
influence the potential of the electric fieldj , which is

described by Poisson equation

where n, n,, n, are theion, electron and dust densities,
0, isadust particle charge.

The change of the dust charge is described by
equation

where electron and ion currents |, and |, flowing into

dust particle are defined by OML theory [5]:
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Here T, and T, are electron and ion temperatures, r, is
theradius of dust particle.
The electrons are assumed to be in therma

equilibrium; therefore the density
Boltzmann relation

n, sdaisfies the
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where n, isthe electron concentration at the unperturbed

plasma
The ions and dust particles are described by the fluid
equations:
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where v,,e, m are a drift ion veocity, ion charge and
ion mass , M, v, are a dust mass and a drift dust

velocity. The member in the right part of the continuity
equation expresses an ion deposition on dust particles.
Theion drag force F; is determined according to [5],

where
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section of an ion deposition on dust particle.

3. RESULTS AND DISCUSSION

We have modeled the time evolution of the one-
dimensional dust layer located in electron-ion plasma. It
is considered the case when an ion and electron densities

in the unperturbed plasma aren, =10 m®, an electron
temperatureT, = 2€V , an ion temperatureis T, = 0.03eV ,
and a dust particle radius is r, =2mm. The ratio of the
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ion mass to the dust mass is m, =0.001. Note, that the

dust particle mass is chosen smaller in our simulations in
comparison with experimental data in order to reduce the
time of computations. As a result of numerica
calculations we have obtained spatia distributions of
plasma parameters at different initial dust densties
Ngo = Ngo /Ny -

Results have reveded that the dust cloud dynamics
have essential distinctions at different N, . It is occurred
monotonous expansion of the dust cloud at low values
N, and oscillations of dust particles at large values N, .

It is have seen from Fig. la and Fig. 2 where spatia
distributions of dust density at different times ae
depictured. Here the dust density is normalized on theion
density in the unperturbed plasma; the spatial coordinate
is normalized on Debye radius, time is normalized on the
inverse ion-plasma frequency.
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Fig.1. The spatial distributions of dust density at different
times and spatial distributions of the dust particle charge
(solid curve) and the dust drift velocity (dotted curve) at
time t =1500 for case N,, =0.0001

One can see that the dust density is decreased and the
drift velocity of dust particles is increased monotonically
at the increasing of the spatial coordinate x from the
centre toward the periphery of the dust cloud. The
normalized dust particle charge Q, =q,/|d is increased
at the decreasing of the dust density (Fig.1b). The sharp
boundary of dust cloud is not forming in this case.

The Fig. 2 shows the spatial distributions of dust
density at different times for case with N,, =0.003. We

can see that dust particles perform the oscillations.
Therefore the central part of dust cloud is compressed at
first and the pick of the dust densty is formed in this
location. At the same time periphera dust particles are
expanded forming a sharp front of dust cloud. Then, the
front is stopped at time tw, =700 and starts to move

back while the centra region of the cloud starts to expand.
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Fig.2. The spatial distributions of dust density at different
timesfor N,, =0.003

So, counter propagating flows of dust particles occur.
As a consequence they are generated two peaks of dust
density which are moved toward the centre of the dust
cloud and embodied together. This process is
accompanied by the increasing of a dust density peak in
the centre of the cloud. In some time peaks of dust density
are formed at the periphery again.
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Fig.3. Profiles of the dust density near the dust
cloud front (a) and profiles of dust drift vel ocity
(b) for the case with N, = 0.003

91



Profiles of the dust density in the region of the dust cloud
periphery are pictured in Fg.3a for the case
with N, =0.003. We can see the forming of the dust

cloud front where the dust density is decreased abruptly.
After the dust front oscillations of dust density are
appeared and at x » 650 the peak of the dust density is
formed. Profiles of the dust drift velocity are shown in
Fig. 3b. They are evidence of dust particles oscillations. It
is seen aternate regions with the positive and negative
dust drift velocity. Note, that the dust drift velocity is zero
at the dust cloud front and the peak location.
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JUHAMMUKA IIBIJIEBBIX CT'YCTKOB B IIJIASME

A.1O. Kpaguenro, H.H. IOpuyk, A.H. Paouenxo

HpI/I MOMOIIMU KOMITBIOTEPHOT'O MOJACIHMPOBAHUA HCCICAYCTCA AMHAMHKA IIbUICBBIX Cr'yCTKOB B HeOl’”paHH‘leHHOﬁ
I1asMme. I[BI/I)KQHI/IG MBUICBBIX YaCTHUILl 1 MOHOB OMMCBIBACTCA OJHOMCPHBIMH YPABHCHUAMU XOHO,Z[HOI>'I TUAPOANHAMUWKH,
QJICKTPOHBI MPEANOIAraroTCd PAaBHOBCCHLBIMU. B MOZCIN TIPEANOJIaracTcsa, 4TO Ha HNbUICBBIC YaCTHULbI HeﬁCTByIOT
QJICKTPOCTATHYUCCKAdA CHUJIa U CHUJIa MOHHOI'O TPCHMHA. HOJ’Iy‘IeHH MPOCTPAHCTBCHHBIC pAaCHpPCACIICHUA IMapaMCTpPOB B
Pa3INYHBIE MOMCHTBI BPEMCHHU IIPpHU PA3JIMYHBIX 3HAYCHUAX HaYaJIbHOMN KOHIICHTPAIIUN TIbUIMHOK. HOKa3aHO, 4qTo
NBUICBBIC CTYCTKU DPACHIUPAIOTCA IIPU MaJIbIX KOHLICHTPAIUAX MbUICBBIX YaCTUL, IIOCKOJIbBKY B 3TOM CJIy4dac
QJICKTPOCTATHUCCKAA CHJIa NPCBBIMIACT CUITY HOHHOI'O TPCHUS. HpI/I YBCIIMYCHUN KOHLICHTPAIIUN NbUICBBIX YaCTHUIL
Ha6J'IK)Z[aIOTC$[ OCIUILIATINHA LICHTpaIILHOI\/‘I YaCTH NbUICBBIX CI'YCTKOB.

JUHAMIKA MUJIOBUX 3I'YCTKIB VY ITIJIA3MI

0.10. Kpasuenko, M.M. IOpuyk, O.M. Paduenko

3a I0IToMOTOr0 KOMIT FOTEPHOT'0 MOACTIOBAHHS JOCTIDKYEThCA JUHAMIKA MTIIOBHX 3TYCTKIB B HEOOMEKEHIH I1a3mi.
Pyx munmoBMX 4YacTWHOK Ta 10HIB ONMUCYETHCS OXHOBHUMIPHMMH DPIBHSAHHSIMH XOJOTHOI TiAPOAWHAMIKH, €IEKTPOHHU
BBA)XKAIOThCS PIBHOBAXKHUMH. B Moeni npuyckaeTbcs, 0 Ha MHIOBI YaCTHHKH JIFOTh €JIEKTPOCTATHYHA CHJIa Ta CHIia
ioHHOTrO TepTa. OneprkaHi MPOCTOPOBI PO3MOAUIN ITAPAMETPIB B Pi3HI MOMEHTH Yacy IPH Pi3HUX 3HAYECHHSAX MOYATKOBOT
KOHIIEHTpaLil MAIHHOK. [Ioka3aHo, 10 HMHIIOBI 3TYCTKH PO3LIMPIOIOTHCS MPU MATMX KOHLEHTPALISMX MAIOBUX YACTHHOK,
OCKIUIBKH B IFOMY BHUIIJKY €IIEKTPOCTATUYHA CHJIAa TEPEBaka€ CHITy 10HHOTO TepTs. [Ipw 301NbIIeHHI KOHIICHTpAIil
MIJIOBUX YACTHHOK CIIOCTEPIraloThCs OCLIALIT IEHTPaIbHOI YaCTHHH IHIOBUX 3TYCTKIB.
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