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Abstract--The injection of powders into an inductively coupled plasma is modeled. Attention is given to the

plasma—particle interaction and its effect on plasma fields. It is demonstrated that for most applications, such

interactions must be considered in any model. For the calculations, copper and alumina powders are used. The
plasma gas is argon at atmcspheric pressure.

1. INTRODUCTION

THE sTUDY of heat transfer to particles injected into
thermal plasmas have been of considerable interest for
some time. This interest stems from a variety of
industrial applications, e.g. plasma spray coating, that
makes the understanding of the basic processes
involved in thermal treatment of powders in a plasma a
necessity.

A complete mathematical modeling of the problem
involves the prediction of the flow field and the
temperature field in the plasma as well as the prediction
of the particle trajectory and its temperature history.
Generally the introduction of powders into a
plasma will affect the flow and the temperature fields
and therefore a rigorous treatment of this problem
should in fact consider the coupling between the
particle heating and the plasma fields.

Studies of heating powders in a DC plasma jet [ 1-3]
and in inductively coupled plasmas [4-6] have
neglected the plasma—particle interaction. While this is
a reasonable assumption under low powder injection
rate conditions, it is unlikely to be the case in most
applications. For high powder injection rates, the
presence of the powder will have two effects. First the
heat extracted by the powder from the plasma could
cause substantial local cooling of the gas. Secondly,
depending on the type of powder, the evaporated
fraction of the particles diffuses in the plasma gas, and
can drastically change its thermodynamic and trans-
port properties, e.g. electrical conductivity, of the plasma
gas [7].

The objective of the present paper is to investigate
these two aspects of the particle heating in an
inductively coupled plasma torch. Copper and alumina
particles are considered to be injected in an argon
inductive coupled plasma under atmospheric pressure.
For consideration of the plasma—particle interaction
the so-called Particle-Source-In-Cell (PSI-Cell)
method [8] is used.

2. THE MODEL

The proposed model is an extension of the work by
Boulos [4] and of the procedure described by
Mostaghimi et al. [9]. The plasma gas is assumed to be
inlocal thermodynamic equilibrium and optically thin.
The flow is steady, laminar, axisymmetric with
negligible viscous dissipation. The electromagnetic
fields are assumed to be one dimensional. For the
injected particles, the particle—particle interactions are
neglected and nointernal heat transfer in the particles is
considered. The plasma gas is argon under atmospheric
pressure. The transport properties of argon—copper
mixtures are those of ref. [10]. For alumina powders,
the transport properties of pure argon are used.

2.1. The plasma equations

The continuity, momentum, energy, and mass
transfer equations in their general form can be
expressed as follows:

Vepu =SS, M

puVu= —Vp+V-uVu+J x B+SM )
k

pusVh = V= Vh+0E*~Q,+SE, 3)
P

puVy =V-DVy+ 8¢, 4

where S5, S¥, and S} are the contributions of the
particles to the transport of mass, momentum, and
enthalpyrespectively. A fulllisting of the corresponding
transport equations in cylindrical coordinates, the
electromagnetic field equations, and the boundary
conditions used is given in the Appendix. Detailed
descriptions of the numerical technique employed in
solving equations (1)~(4) and also the corresponding
electromagnetic field equations are given in [9]. The
principal differences between the equations used in
the present investigation and those given in [9] are the
source terms which are modified to account for the
plasma-—particles interaction effects. The exact formu-
lation of these terms are given in section 2.3.
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B magnetic field intensity
Bi Biot number, k/k,
C particle concentration in a cell

Cp  drag coefficient

p specific heat at constant pressure

D diffusion coefficient

d, particle diameter

E, circumferential electric field intensity

F, body force in the radial direction

g acceleration of gravity

h enthalpy

h, heat transfer coefficient

H, latent heat of melting

H, latent heat of evaporation

H,  axial magnetic field intensity

J current density

k thermal conductivity

k. thermal conductivity of the quartz tube

md  feed rate of particles [g min™!]

m®  particle evaporation rate [g min 1]

N?  total number of particles injected per
unit time

n, fraction of N? injected at each point

Nu  Nusselt number

P pressure

Q plasma gas flow rate

0. radiation loss per unit volume
r distance in the radial direction
R, inside radius of the tube

R, coil radius

Re  Reynolds number

S particle source term in the continuity
equation

Sy particle source term in the energy
equation

sy particle source term in the momentum
equation

NOMENCLATURE

Sy radial component of SY

Sy axial component of S}
time
temperature
ambient temperature
gas velocity
axial velocity component

g relative speed of particles with respect to
plasma gas
radial velocity component
volume
tube wall thickness
liquid fraction of a particle
particles vapor concentration
distance in the axial direction.

SIEELIC I

N x EowoT

Greek symbols

& emissivity of particle surface

4 magnetic permeability

p density

o electrical conductivity

o, standard deviation

o, Stefan-Boltzmann constant

b4 phase angle (¢ — ¢5)

[0} oscillator frequency

u viscosity

T residence time of particles in a cell.
Subscripts

p particles

) particles with initial diameter of d,

k particles injected at radius r,

(i, /) location of a typical cell.
Superscripts

(I,k) particles having an initial diameter d,,

and injection point r,.

2.2. The particle trajectory equations

Assuming that the only forces affecting an individual
particle trajectory, are the drag and the gravity, the
momentum equations for a single particle injected
vertically downward into the plasma can be expressed
as [4]:

du, 3 p
= - — )
a P Cplu,— Uy (Pp dp>+g )
dv, 3 p
Rt SR — . 6
@ 4CD(vp U)U“<ppd ) (6)

The particle temperature is determined by an energy
balance:

Q = ndh(T—T,))—nd2o (T4 — T2, ™

where Q is the net heat exchange between the particles
and its surroundings,

( dr,
T

<€ ppdgC")d‘tp for T< T,and T,, < T < T,

0=2("pBH )Y forT=T ®)
= 6pp p*4m dt — fm
n dd

<_Eppd:Hv>d_: for T=T,

and
Ug = /(up— 1) +(v,—v)%. )

Cpis the drag coefficient, u, and v, are the axial and the
radial particle velocities respectively, Uy is the relative
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speed between the particle and the plasma gas, d,, is the
particle diameter, h_ is the heat transfer coefficient, ¢ is
the particle emissivity, x is the liquid mass fraction of
the particle, and T,, T,, T, are the particle temperature,
melting point temperature, and the boiling tempera-
ture respectively. The drag coefficient Cp, and the heat
transfer coefficient h,, are estimated using the following
relations [4]:

(24
ikl Re <02
Re

24 1+3R 02<Rex<20
Re 16 ¢ ’ es =

CD =

24
——(1 +0.11 Reo'sl) 20 < Re <210
Re
24
R—<1 +0.189 Re°'62> 21.0 < Re < 200

e

(10)
and
h.d .
Nu=LkE= 2.0+0.515Re3 (11)

where Re is the Reynolds number based on the particle
diameter and the relative speed between the particle
and the gas, Ug.
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2.3, The source terms

In this part the formulation of the source terms
S;, Sy and S7 [equations (1)4)] is given.

Let N? be the total number of particles injected per
unit time, n, is the particle size distribution, and n,
represents the fraction of N? injected at each point over
the central tube radius (Fig. 1). The total number of
particles per unit time travelling along the trajectory
(I, k) corresponding to a particle diameter d, injected at
the point r, is:

NOUO =y NO. (12)

Thedistribution of nyis assumed to be Gaussian. Forn,,
we assume that the particle concentration in the central
tube is uniform. For the sake of computations the
distributions n; and n, are discretized into seven
particle diameters and five injection points respectively,
giving rise to 35 different possible particles trajectories.
The injection velocity of the particles is assumed to be
equal to the velocity of the central carrier gas at the
point of injection.

The particle concentration in a given cell crossed by
the trajectory (I, k) is:
NOGo(LD

o =
1y Vi i

(13)
Where 1% is the residence time of the (/, k) particles in
the (ij) cell of volume V;. The mass source term for the
(ij) cell, due to all the trajectories with initial diameter d,

Ql 02 03
o= I.7[mm] H%H l lj
o = 3‘7[mm] V v ! I a7
r3 =18.8[ mm] O | :r|r2 { —ﬂ“ .v 1O
R, 25.0 [mm] o/ ;O L, | @)
R¢ =33.0 [mm] ! ‘l [ \\
L, =10.0 [ mm] Ov Re O 7| 1 §
L,=74.0 [ mm)] ] : o 1 I f \
Ly =250. [ mm] ’ 1 / KX‘
W =2.0 [mm] i\ I
Q,=3.0 [#/min] Hw /
Q, =3.0 [# min] / f /

Q3 =14.0 [/ min]

Py 3.0 [ kW]

f =3.0 [ MHz]

{a)

(b)

F16G. 1. (a) Schematics of the torch and its operating conditions. (b) Computational domain and a typical cell.
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and initial injection point r, is given as:

(1K)
Am{
Tk
2l

Su= L (1)
Lk

Am{® is the amount of mass evaporated by a particle
with (I, k) trajectory in cell (ij). The corresponding
source term in the energy equation includes the heat
given to the particles Q%¥, as well as the superheat
needed to bring the particle vapors into thermal
equilibrium with the plasma gas Q%9:

v,if *

S5 =2, CHP QR+ (15)
Lk
where
1Lk 1 e
Q:J'u) = T(-l-’k) J; nd?)hc[T;j"' Tg.'z'?] dt (16)
if
and
1 0 q dd
(LK) — 2o =2
v.ij Tg,k) L 3 pPp dt Co.,
x[T;— Tg;,f‘}] dt (17)

S¥ has two components, i.c. radial S¥* and axial Sy*:

. A(m_v.)
Spii= 2 CHP—ant (18)
a.x if
and
. A(m )
Shz. =3 CGP (,5‘)". (19)
(LK) Tif

The system of equations (1)+8) with the auxiliary
relations (12){19) are solved iteratively for the torch
geometry and operating conditions given in Fig. 2. A
schematic diagram of the grid used and a typical cell is
also included in Fig. 1, while a block diagram of the
iterative procedure is given in Fig. 2.

3. RESULTS AND DISCUSSION

Computations are carried out for an inductively-
coupled plasma torch operated with argon at
atmospheric pressure and at a power level of 3kW. The
oscillator’s frequency is 3 MHz and the total argon flow
rate is 20 dm> min~*.

Two cases are investigated. In the first case copper
powder with a mean particle diameter of 70 yum and a
standard deviation of 30 um is injected through the
central tube into the coil region of the discharge. The
choice of copper powder enable us to study an
important effect of particle-plasma interactions.
Mostaghimi and Pfender [7] have shown that the
presence of even minute amounts of copper will change
the electrical properties of argon dramatically. Because
of the low boiling point of copper, copper evaporates
easily and the vapor diffuses into the plasma gas and
changes its properties. For the second case, alumina
powder with a mean particle diameter of 70 yum and a
standard deviation of 30 um is injected into the torch.
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COMPUTE THE PLASMA
TEMPERATURE AND VELOCITY
FIELDS WITH NO PARTICLES

INJECTED

|

USING THE LAST PLASMA
FIELD COMPUTE THE
PARTICLE TRAJECTORIES
AND THE SOURCE/SINK
TERMS

4 r
UP-DATE THE COMPUTED
PLASMA TEMPERATURE, VELOCITY

AND CONCENTRATION FIELDS

DID
ANY OF THE
PLASMA FIELDS CHANG

YES

FiG. 2. Flow chart of the computational method.

Alumina has completely different thermophysical
properties to copper. A summary of the thermophysical
properties of copper and alumina is given in Table 1.
Table 2 shows the particle size distributions, their feed-
rate, and their overall evaporation and energy
absorption. For the argon—copper case, the transport
properties used are those of ref. [ 7] whereas for argon—
alumina case, the transport properties of pure argon are
used.

3.1. Case 1

In this case copper is injected downward through the
central tubeinto the torch. The parameters investigated
are:

(a) Effect of particle loading.
(b) Effect of particle size.
(c) Effect of the central carrier gas flow rate.

Effect of particle loading. In this case copper is
injected at a rate of 1.0-20.0 g min~*. Figures 3 and 4
show the isotherms, stream lines, and the concentration
of copper vapor in the torch for 5 and 15 g min~* of
copper feed-rate respectively. A comparison of the two
figures shows the cooling effect that the increase in the
copper feed-rate causes. Because the trajectories of the
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Table 1. Thermophysical properties of copper and alumina powders

T, T, H, H, c, Cp. Pp
X) (K) (Jkg™!) (Jkg''K™') (kg 'K (Ikg 'K (kgm?)
copper 1356 2840 200 5000 0.425 0.480 8900
alumina 2323 3800 1000 25000 1.500 0.960 3900
Table 2. Particle size distribution, feed-rate, and energy absorbed by powders
d, a, i m? 0, Q. 9, of total
Material (um) (um) (gmin~ 1) (gmin™") (W) (W)  energy absorbed
70 30 1.0 0.50 71.0 210 3.1
70 30 5.0 1.40 2550 420 9.9
70 30 10.0 1.40 386.0 350 140
copper 70 30 15.0 1.16 460.0 280 16.3
70 30 20.0 0.94 511.0 23.0 17.8
70 3 10.0 1.60 415.0 36.0 150
90 3 10.0 0.70 3190 150 11.1
. 70 30 5.0 0.10 4120 40 139
alumina 70 30 10.0 — 530.0 — 177
copper 90 30 0.5 0.36 56.0 16.0 24

particles are very close to the axis, the plasma gas is
significantly cooled down in this region (Fig. 5).
However, the outer region of the plasma, where most of
the power is dissipated, remains largely unaffected by
the increase in the copper feed-rate (Fig. 6). This result
clearly demonstrates that although the loading ratio of
copper to plasma gas might be small, the local cooling
effects could be very significant. For example, consider
the case of 71 = 5 g min~". The mass loading ratio is
about0.19 gcopper/gargon and the temperature on the
axis has dropped by about 2000 K. In other words, the

oo | O
0 O ; D
0 O

0

|
ﬂ]
!
l
|
|
a

(a)

(b)

F1G. 3. (a) Isotherms and stream lines for 5.0 g min~?! copper
feed-rate. (b) Iso-concentration contours of copper vapor for
this case.

(a)

FiG. 4. Same as in Fig. 3 for a copper feed-rate of 15.0 gmin .

(b)

plasma-particle interactions could locally be very
important under the loading conditions which are
generally assumed to be safe to neglect the changes in
plasma temperature due to the presence of powders.
Momentum transfer between the gas and the
particles is found to be negligible and the flow field is
affected only through the local plasma temperature
changes, i.e. the temperature changes will change the
local transport properties. As the particles pass through
the plasma, a portion of them evaporates (Table 2), and
the vapor diffuses into the plasma medium (Figs. 3-4).
The heat absorbed by the solid particles @, and the
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10000 -
POWDER = COPPER
r 0.0 dp =70.0lu,m
8000 |- T4 =3O-OILLm
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i ColL
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[ ]

F1G. 5. Effect of particle feed-rate on the temperature profile along the axis of the torch.

superheat absorbed by the copper vapor to heat up to
the plasma temperature Q,, are given in Table 2. Q, is
generally much smaller than @, the ratio 0./C,
changes from 29.6%, at 1 g min ™! feed-rate to 4.5% at
20 g min~ ! feed-rate, and the total energy absorbed by
the powder is between 3.1 and 17.8% of the plasma
power input.

The presence of copper vapor can change the
electrical conductivity of argon significantly.
Mostaghimi and Pfender show that for an argon

plasma contaminated with 1.0% copper vapor, the
electrical conductivity at T= 5000 K increases by a
factor of 28. Under the conditions of this section, the
copper vapor is formed after the coil region and
therefore the electrical conductivity in this zone is not
changed.

Effect of particle size. The Gaussian distribution of
the particle diameters is characterized by their average
diameter and standard deviation. These parameters are

[

12000

S
o
)
o
[T

0.0

T [K] 5.0
6000 0.0
5.0
4000
mp = 20.0
2000

01114114_Lll

POWDER = COPPER

dp =70.0lu,m
Z =71.0 mm

[ g /min]

l_L 1 1

IllllJl@l 1

0 5.0

10.0

15.0 20.0 25.0

o]

FIG. 6. Effect of particle feed-rate on the radial temperature profile at z = 71.0 mm.
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varied (Table 2) to simulate the effect of different
particle size distribution. While it is not quite evident
from the data given in Table 2, the results of the
computations generally indicate that a very wide
particle size distribution results in a poor treatment of
the powder, i.e. large particles are not treated and the
very small ones are completely evaporated. The
presence of particles of diameters less than 10 um, has
also been noted to substantially increase the cooling
effect of the particles on the plasma gas due to the rapid
evaporation of the small particles.

Effect of the central carrier gas. The central carrier gas
flow-rate is an important factor in determining the
trajectories of the particles. When the central flow-rate
is high enough, e.g. 3 dm>® min "~ for the present torch,
particles will easily go through the discharge. The
recirculation which is characteristic of an inductively
coupled plasma is then restricted to a small doughnut-
shaped region of the central axis. However, for lower
central flow-rates, the recirculation zone is expanded
and it repells the particles injected in the center. This
causes a drastic change in the pattern of the trajectories.
For example, it is noted that for 1.0 dm® min~? central
flow-rate, the particles bounce off the plasma and are
entrained outward by the recirculation and penetrate
the plasma region with the sheath gas. This has been
schematically demonstrated in Fig. 1. Although very
few copper particles enter the discharge zone, a
significant amount of copper vapor will be present in
this region due to the electromagnetic pumping effect,
ie. J x B force.

Figures 7(a) and (b) show the flow and the
temperature fields for 1.0 dm3 min ! central flow-rate

e

(b)

FiG. 7. Effect of copper vapor on the temperature and flow
fields of the torch (Q = 1.0 dm® min™!). (a) No particles
injected. (b) 0.5 g min~* of copper injected.

(a)
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and no copper injected [Fig. 7(a)], and 0.5 g min™?
copper feed-rate [Fig. 7(b)]. It is found that a uniform
concentration of 1.7% copper vapor exists in the
discharge region. Because of the low particle feed-rate,
the absorption of energy by the particles from the
plasmais smali(3.19;). However, the presence of copper
vapor in the discharge zone causes the high
temperature zone, i.e. T> 9600 K to disappear. This is
mainly due to the changes in the electrical conductivity
of the plasma gas as a result of the copper vapor cloud.
Figure 8 obtained from ref. [ 7] shows the dependence of
argon electrical conductivity on the amount of the
copper vapor in the plasma. The increase in the
electrical conductivity changes the energy distribution
in the discharge zone and results in reducing the
maximum temperature of the discharge.

3.2. Case 2

In order to investigate the effect of the thermophy-
sical properties of the powders on the plasma-particle
interactions, results for an alumina powder are obtained.
The properties of alumina, as demonstrated in Table 1,
is quite different than the copper particles. Its melting
and boiling temperatures, the corresponding latent
heat and its specific heat are much larger than those of
copper whereas its density is smaller.

The low thermal conductivity of alumina could lead
to high internal temperature gradients. Bourdin et al.
[1] have proposed that if the Biot number is less than
0.02, the temperature gradients inside the particles can
be neglected. For alumina particles in an argon plasma,
the Biot number is found to be 0.04, and the
temperature difference between the particle surface and
its center will be less than 10% of the temperature
difference between the particle surface and the plasma
temperature [1].

Table 2 shows the results for 5.0 gmin~'and 100 g
min ~ ! feed-rate of alumina powder into the torch. For
the same powder feed-rate the energy absorbed by
alumina is significantly higher than the energy
absorbed by copper. For example the energy absorbed
by alumina at a rate of 5 g min ™! is almost equal to the
absorbed energy by the copper particles fed at a rate of
10.0gmin ~*. Thereason for this s that the high melting
and boiling points of alumina makes the particles more
difficult to evaporate and therefore they have longer
time to exchange heat with the plasma. The amount of
alumina evaporated is found to be very small (Table 2),
Because of the small amount of evaporation of alumina
and also the unknown dependence of the argon
properties on these concentrations, we have used the
properties of pure argon for this case.

4. CONCLUSIONS

The Particle-Source-In-Cell (PSI-Cell} method is
applied to the problem of injecting powders into an
inductively coupled plasma torch. It is found that the
effect of plasma-particle interaction on the tempera-
ture field could be very significant. The results indicate



1334

PIERRE PROULX, JAVAD MOSTAGHIMI and MAHER [. BouLos

I I [ ) I ]
0 x = MASS FRACTION

OF COPPER IN o

ARGON
[ ]
£
~
(=]
£
= =0.05
> 3
= 107 —
= B
!_
(&)
]
[=]
8
o 0.00!
|
<{
o
[t
5108 L —
- 0.000!
[i)

0.0
10 ) 1 ! | J
0 5000 10000 15000 20000 25000

TEMPERATURE [KJ]

FiG. 8. Effect of copper vapor on the electrical conductivity of argon at 1.0 atm.

that for the operating conditions and powder feed-rates
used in this paper, up to 18% of the total energy
dissipated in the torch can be absorbed by the particles.
This will cause significant local cooling of the plasma
gas. It also underlines that neglecting the plasma-—
particle interactions where it seems to be appropriate,
could be unrealistic. It is found that powders with large
number of small particles will absorb more heat than
powders which are composed of larger particles.

The thermophysical properties of the particles are
also animportant factor in this problem. It is found that
for the same feed-rate, alumina absorbs much more
energy than copper.

Another conclusion is that the evaporated powder
might play an important role in altering the electrical
properties of the gas and thus change the energy
dissipation pattern and tend to moderately cool the
plasma core.

Finally, it is demonstrated that the central gas flow-
rate is a determining factor in the trajectory that the
particles follows. Low central flow-rates cause the
particles to travel around the recirculating zone
whereas high central flow-rates keep the particles very
close to the central axis.
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APPENDIX

Definition of all the symbols used is given in the nomenclature.

1. The plasma equations
1.1. Continuity.

190 0
o 4+ — =S Al
S5 PO+ —(pw) = §; (A1)

1.2. Momentum transfer equations.

6u+ du 6p+2 o ( ou
v—+u—p=——+2—| u—
P ar oz oz 0z #az

412 i | P (A2)
H\ar Tar){TPET %

6v+ dv _ 0p+26 v
p"ar “az T or T ror m&r

b} v Ou 2up
—_— —_— - ——+F Mr.
+ 6:{”[62 + ar]} = +Fr+8;%. (A3)
1.3. Energy transfer equation.
6h+ ony 10 rk oh
A’ ez) T ar cp Or
o (k oh
———)+P-Q,+SE (A4
+6z(cp 6z)+ & +S,- (A4)
1.4. Mass transfer equation.
dy Oy 1 ady 0 dy
~—+4u—)=-—rD—+—| D~ <.
”(”ar +"az> roror + oz Dt?z +5 A9
2. Electromagnetic field equations
1d .
— —(rEg) = —{wH, sin x (A6)
r dr
dH.
2= —0Egcos (A7)
dr
d E H.
dx _ oK, . _szoosx (A%)

sin
dr H, E,

with P = ¢E? volumetric rate of heat generation due to Joule
heatingand F, = — {0 EyH, cos x theradial body force acting
on the plasma gas in the discharge region.

3. Boundary conditions
Inlet conditions (z = 0).

v=0
Q,/nr} r<ry
00 rl S r S rz
= (A9)
Qu/m(ri—rd) ra<r<r,
0:/(R3~13) r;<r<R,
T=350K

y=0
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Centerline (r = 0).

v=0
ou_
or (A10)
o _
or
_
or
Wall (r = Ry).
u=v=0
:—p%:%(T—Tw) (Al11)
5
‘a‘? -0
where T, the external surface temperature of the tube,

T,, = 350K.

Exit (z = Ly). The boundary condition at this section is not
known. However, if the exit Peclet number, i.e. RePr, is
sufficiently large, one can safely assume the following:

oh
E = 0
v -0
oz (A12)
olpu)
=0
0z

oy

0z

The boundary conditions for the electromagnetic field are set
atr=0and L, < Z<L,is:

_7[
=3
Eg=0
L,—z L~z
H.=H - Al3
: °"°{[R3+(Lz—z)2]”2 [R3+(Ll—z)2]1/z}( )

where H._ is the magnetic field intensity for an infinite
solenoid.

NI

H,_ = ' (A14)
= L,—L,

Itisto be noted that H,_ is not specified, rather the total power
input to the plasma, P, isknown. This is set as an integral type
boundary ccndition.

Lz Ro
P‘=J‘ J‘= 2nr Pdrdz
z=LiJr 0

and if P, # P, a correction factor to the electric field and
magnetic field is found :

\/7’3
o, = [—
P,

multiplying the electromagnetic fields by «, insures that the
conditions P, = P, is satisfied.

(A15)

(A16)
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EFFETS D INTERACTION PLASMA-PARTICULE DANS LA MODELISATION DU PLASMA
AVEC INDUCTION SOUS DES CONDITIONS DE CHARGE DENSE

Résumé-—On modélise I'injection de poudres dans un plasma couplé par induction. L’attention est portée sur

Iinteraction plasma-particule et son effet sur les champs de plasma. On démontre que, pour la plupart des

applications, de telles interactions peuvent étre considérées dans un modéle quelconque. Pour les calculs, on
considére des poudres de cuivre et d’aluminium. Le plasma est de I'argon 4 la pression atmosphérique.

DIE WECHSELWIRKUNG VON PLASMA-PARTIKELN BEI DER MODELLIERUNG VON
INDUKTIONS-PLASMA VON HOHER DICHTE

Zusammenfassung— Der Einsprithvorgang von Staub in ein induktiv eingekoppeltes Plasma wird modelliert.

Die Wechselwirkung der Plasma-Partikel und deren EinfluB auf die Plasmafelder wird beriicksichtigt. Es

wird gezeigt, daB fiir die meisten Anwendungen solche Wechselwirkungen in jedem Modell beriicksichtigt

werden miissen. Die Berechnungen wurden fiir Kupfer- und Aluminiumstaub durchgefiihrt. Das Plasmagas
ist Argon bei Umgebungsdruck.

2PPEKTbl B3BAUMOAENCTBUA UHAYKLUHUOHHON IJIA3MBI C YACTHULIAMU
IMPU MOJEJIHPOBAHHM B YCJIOBHUAX CHJIIBHOIO HATPYXEHUSA

Annotauns—MoenupyeTcs BBeleHHe MOPOWKOB B HHOYKLHOHHYIO TJa3My. BHHMaHue ynensercs

B3aMMOJEHCTBHIO MAA3Mbl C YACTHIAMH M €0 BJIHSHHIO Ha ruasmy. [loxazaHo, 410 413 60/bILIMHCTBA

MPUMEHEHUH TaKBE B3aUMOIEACTBUA JOJIKHBI PaCCMaTPHBaThLCA B J1060H Moaeau. PacueTsl nposeaetisl

1S MEAHOTO M aJIIOMHHHEBOIO TNOPOIIKOB. B kavecTBe mia3sMeHHOro rasa MCMOJIB3YeTCs aproH Npw
aTMOChEpPHOM HaBJIEHHH.



