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The injection of plasma flow with dust particles into axially symmetric chamber filled with neutral gas is
investigated using computer simulation. Calculations were carried out at different plasma flow velocities and dust
particles sizes. As a result, the spatial distributions of the plasma and dust component parameters were obtained in
the chamber at different times from the start of injection. All held calculations based on hydrodynamic
approximation of plasma (without taking into account the effects of turbulence and absorption of particles on the
walls of vessel) and processed by method of large particles. It is shown that large dust particles are distributed in
chamber along its axis. In this case a narrow plasma jet is formed in the chamber. Dust particles of small size also
extend in a radial direction, forming a wave structure. In this case, it is observed a significant expansion of the

plasma jet.
PACS: 52.27.Lw.

INTRODUCTION

Two-phase flows of plasma with solid or liquid
particles are widespread in the various processes of
energy, plasma-chemical technologies, aviation, etc.
With increasing concentration of the dispersed phase its
impact on the transport processes in the carrier medium
increases. In this case, plasma has a significant effect on
the propagation of dispersed particles in two-phase
flow. Therefore there is a need to consider the mutual
influence of the two phases at each other.

Earlier in the measurements observed the
phenomenon of the concentration of particles in the
axial zone of the jet and the intense scattering dispersed
particles in the cross section of the jet [1]. The transition
from one regime to the other occurs with increasing
particle diameter. In [2] shows the importance of the
flow prehistory on the propagation of dispersed
particles.

Despite the large number of studies in this field, a
number of questions of the dynamics of the plasma jets
with the dispersed phase remain unexplored. In
particular, the mechanism for the transition from the
regime of pinching to dispersal of dust particles is not
sufficiently researched. Particularly, it is important to
study the effect of dust particles on the spatial
distribution of ions and electrons, their size and
concentration on dynamics of two-phase jets for solving
of plasma chemistry problems.

1. MODEL

This paper considers the problem of propagation of
dispersed particles in a two-phase axisymmetric
submerged jet. The plasma jet with disperse phase
(spherical dust particles) enters into the cylindrical
chamber with radius R and length L through the round
hole (with radius R,) at some initial time. All plasma

parameters are constant in this cross-section during a
simulation time. The chamber is filled with neutral gas
at a pressure p,. At the side of the camera there are
holes through which the gas can come out from the
chamber.
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We adopt the basic assumptions of mechanics of
multiphase media [3]. In addition, we assume that there
are no phases transformations, spherical dust particles
do not collide with each other, do not break up and have
a constant heat. The study was conducted in the
framework of in viscid perfect gas.

Plasma jet with dust particles can be described by set
of hydrodynamic equations for carrier and dispersed
phases:
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Here the subscripts 1 and 2 refer to the parameters of
the carrier and the dispersed phase; p,w, I, E are
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energies; f, Q are a force of an aerodynamic
interaction between a plasma and a dust particle ( f, and
f. - its components along the r and z) and an intensity

of their heat; P,n,,n,n

., n,,a, are a plasma pressure,
dust, ion and electron concentrations, volume fraction of

the dust; C, is drag coefficient of dust, Nu, is Nusselt
number, A4, is the thermal conductivity of the plasma,
P, is three-body recombination rate, R is gas constant.

The system of equations is solved numerically by
the method of large particles [4]. The calculations were
carried out at different parameters of plasma flow
entering in the vessel and continued until a steady flow
of plasma.

2. SIMULATION RESULTS

The calculations were performed for various sizes of
dust particles, different values of the dust density and
velocities of the plasma jet at the nozzle exit.
Simulations continued until a steady flow of plasma. As
results, spatial distributions of the plasma parameters
and disperse phase parameters (densities, drift
velocities, temperatures and the plasma pressure) were
obtained in various times after entering of the plasma jet
into the chamber.

Fig.1 shows spatial distribution of dust density at
time ¢ =150 for two cases, corresponding to the radius

of the dust R, =1lum (see Fig.l,a) and
R, =20 um (fig.1b). normalized to

plasma density at the nozzle exit p,, spatial coordinates

Densities are

are normalized to R,, and time is normalized to
t, =R, /v,. In both cases the velocity of the plasma
flow was v, =200m/s and the dust density was

py=01kg/m” at the nozzle exit. The gas

pressure was p =1atm in the chamber prior to injection

of the plasma jet.
One can see from this figure, that small dust
particles (R, =1um) are distributed effectively in the

radial direction, forming a wave structure. As a result
there is a significant density of dust particles along the
axis of the chamber and close the chamber walls.
Between the axis and the chamber walls can be seen
forming a region with a very low concentration of dust.
Large dust particles practically do not expand in the
radial direction, so their concentration is significant only
along the axis of the camera.

The results showed that the dust particles have a
significant effect on the parameters of the plasma flow,
which can be seen in Figs. 2 and 3. Figure 2 shows the
distribution of the plasma density for the variants
presented in Fig. 1. It is evident that in areas of high
concentration of dust particle the plasma density is also
increased. In this regard, the characteristic feature is the
forming of the region with low plasma density in Fig. 2,
which corresponds to the low density of the dust
particles (Fig. 1,a). The cause of the observed
relationship between the dispersed and the carrier phase
flows is the force of the hydrodynamic friction.
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Fig. 1. Spatial distributions of dust density in the
chamber at R, =1 um (a) and at R, =20 um (b)
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Fig. 2. Spatial distributions of the gas density in the
chamber at R, =1 um (a) and at R, =20 um (b)
In Fig.3 are presented spatial distributions of the ion
concentration normalized to the neutral atom
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concentration in the nozzle exit. Figure 3,a and The degree of the gas ionization in the rest of the
figure 3,b correspond to the cases of small (R, =1 um)  chamber is insignificant. In the case of injection of
small dust particles the degree of the gas ionization in
the chamber is substantially higher. This result is due to
the friction of plasma jet with the dust component,
which is greater in the case of large dust particles. The
size increasing of dust particles at a constant relative
density of the dispersed phase decreases the mixing of
plasma jet and the neutral gas in the chamber.

20 CONCLUSIONS

and large (R, =20 um ) dust particles. As the figure

shows, the concentration of ions in the case of small
dust particles is much larger than in the case of large
dust particles. In the case of injection of large dust
particles visible ion concentration is realized only near
the nozzle.

1,0E-9
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Results of simulations show that the injection of the
plasma jet with a dispersed phase in a chamber filled
with neutral gas is more effective in the case of small

a dust particles due to the decrease of the friction force
with the dispersed phase with decreasing particle size.

It is shown that dust particles of a large radius move
along the axis of the chamber, but the small particles
also propagate in the radial direction, forming a wave
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MO/JIEJINPOBAHUE IIJIASMEHHOM CTPYM C JIMCIIEPCHOM ®A301
B OCECUMMETPUYHOI KAMEPE

A.JO. Kpagsuenko, E.B .Kypeanoeuu, H.C. Mapywax

C NOMOIIBI0 KOMIIBIOTEPHOTO MOJEIUPOBAHUSA HCCIEAYETCS HHXKEKIMs IIa3MEHHOTO MOTOKa C MBUIEBBIMU
YyacTUI[AMH B aKCHAJIbHO-CUMMETPUYHYIO KaMepy, 3allOJHEHHYI0 HEeHTpalbHbIM ra3oM. PacdeTsl BBIIOIHEHBI NpU
Pa3sNUYHBIX CKOPOCTAX HMHXKEKIHMU CTPYH M Pa3IMUYHBIX pa3Mepax MbIIEBBIX 4YacTUI. BBIYMCIEHUS OCHOBaHBI Ha
THIPOJIMHAMIYECKOM NPHOJIMKEHUN IS TUIa3Mbl M TUCTIEPCHOM (ha3bl M MPOBENEHBI METOJOM KPYITHBIX YacTHII.
ITosryueHs! TPOCTPaHCTBEHHBIE PACHPEAEICHHS MapaMEeTPOB IIa3Mbl M MBIIEBOM KOMIIOHEHTHI B KaMepe B pa3HbIC
MOMEHTHl BpPEMEHHM OT Hadaja MWHXKeKnud. [loka3aHo, 4YTO TBIIEBbIE 4YacTHIBI OOJBIIOTO  pasMmepa
pacrpocTpaHsIoTcsl B Kamepe BIoib ee ocH. IIpu 3ToM B kamepe Gopmupyercs y3kas mia3MeHHas cTpysi. [IsiieBbie
YaCTHIBI MAJIOTO pa3Mepa PaclpOoCTPAHSIOTCA TAKXKE B PAIHAIbHOM HAlpaBlIeHUH, 00pa3ysl BOITHOBYIO CTPYKTYPY.
B sTOM pexnme HaOmogaeTCs 3HAYUTENBHOE PACIINPEHUE TUNIA3MEHHOH CTPYH.

MOJEJIOBAHHA ITJIABMOBOI'O CTPYMEHIO 3 TUCIIEPCHOIO ®A3010
B OCECUMETPUYHIN KAMEPI

O.10. Kpasuenko, €.B. Kypzanosuu, I1.C. Mapywjax

3a J0MOMOTroI0 KOMIT FOTEPHOTO MOJIENIOBAHHS JOCIIDKYEThCS 1HXKEKI[sl IIa3MOBOTO TMOTOKY 3 IMHJIOBUMH
YaCTHHKaMH B aKC1aTbHO-CUMETPHYHY KaMepy, 3aIll0BHEHY HEHTpaJIbHUM ra3oM. Po3paxyHKu npoBesieHi pu pi3HUX
MIBUAKOCTSX IHXKEKIIi CTPYMEHIO Ta MpH Pi3HUX pO3Mipax MHIOBHX 4YacTHHOK. OOYMCIICHHS IPYHTYIOTHCSI Ha
TiIpOAMHAMIYHOMYHAOIMKAHHIUIL TUIa3MH Ta JHCIepciifHol (a3 1 NMpoBeNeHIMETONOM KPYHNHHUX YaCTHHOK.
OpeprkaHi TPOCTOPOBI PO3IMOIUTH TTAPaMETPIB IJIa3MH Ta MAIOBOI KOMITOHEHTH B KaMepi B pi3HI MOMEHTH Yacy Bif
moyartky imkekii. [Toka3aHo, 10 MAIOBI YaCTHHKH BEJIMKOTO PO3MIPY PO3MOBCIOKYIOTHCS B Kamepi B3JOBXK 11 Oci.
IIpn mpomy B Kamepi (OpMYeTbCS BY3BKHI IDIa3MOBHH CTPyMiHb. [IMJIOBI YaCTHHKH MAajoro po3Mipy
PO3IOBCIOMXKYIOTECA TAaKOXK B pafialbHOMY HAlpsAMi, YTBOPIOIOWH XBHJIBOBY CTPYKTypy. B Ibomy Bumaaky
CIIOCTEPIraeThCs 3HAYHE PO3IIUPEHHS IIIa3MOBOT0 CTPYMEHIO.
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