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Abstract-A mathemati~l representation has been developed to describe the velocity field and the associ- 
ated temperature and concentration fields in a plasma jet system, which involves the injection of additional 
gas streams. In the statement of the problem, allowance was made for the swirl of the plasma jet, and one 
important objective of the work was to explore the effect of this swirl on the principal process variables. 
It was found that swirl plays an important role in providing mixing between the plasma jet and a reactant 
or diluent gas stream introduced through an annular port. It was shown, furthermore, that the model may 
be used for representing the quenching of the system by an axi-symmetrically introduced gas stream, having 

a direction pe~endicular to the axis of the jet, 

1. INTRODUCTION 

RECENT studies have suggested that the synthesis of 
ceramics is perhaps the most promising application of 
thermal plasma technology [l-5]. In such processes, 
the ultimate objective is to obtain a monodispersed 
(or as close to monodispersed as possible) ceramic 
powder of micrometer or submicrometer size, through 
the reaction of suitable precursors. Possible examples 
include the production of silicon carbide or titanium 
diboride particles. 

A schematic sketch of such a reaction system is 
given in Fig. 1, where an inert plasma jet, which is in 
essence the heat source, is brought into contact with 
one or more gaseous reactants-that is, the precur- 
sors. The design of the reactor is critical, because 
ideally : 

(a) rapid reaction is to be achieved through good 
mixing of the plasma and precursors, such that many 
nuclei are being produced, but at the same time ; 

(b) the reaction system has to be quenched in order 
to prevent the agglomeration of the solid products. 

In order to achieve these partially conI%cting objec- 
tives, precise knowledge is required of mixing, and 
the velocity and temperature profiles in the system, 
together with appropriate causal relationships con- 
necting these parameters to the system geometry, the 
location of the injection ports, and the like. 
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The purpose of this paper is to present computed 
results exploring the effect of: 

(a) swirl; 
(b) chamber size ; 
(c) injection arrangements ; 

on the temperature, on the velocity fields, and on the 
extent of mixing, which are the key parameters that 
govern reactor performance. These results will then 
be utilized in a subsequent paper, which will address 
the problem of decomposition and reaction kinetics. 

One inherently unsatisfactory feature of numerical 
calculations is that the results are necessarily specific 
to the input parameters chosen. Furthermore, it 
would be quite impractical to present a large enough 
set of computed data so as to cover the range of 
process variables to be encountered in indust~al prac- 
tice. For this reason, we shall select computed results 
in order to provide insight regarding the sensitivity of 
the system to variations in process parameters, and 
note that the types of calculations presented here will 
have to be repeated in order to obtain design infor- 
mation for particular situations. 

FIG. 1. A schematic sketch of a reaction system. 
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NOMENCLATURE 

c’s turbulence model constants u axial velocity 
h enthalpy u’ fluctuating component of axial velocity 
K kinetic energy of turbulence u radial velocity 
Kt decomposition rate constant 0’ fluctuating component of radial velocity 
111 mass fraction W azimuthal velocity 
P pressure W’ component of azimuthal velocity 

PW power of the torch ‘@D maximum azimuthal veiocity at torch 

Qtl mass flow rate of annular stream of exit 
nitrogen Z axial coordinate. 

E 

mass flow rate of annular stream of silane 
mass flow rate of sideways stream of 
methane Greek symbols 

QP mass flow rate of argon plasma jet l- diffusion coefficient 

Q8 mass flow rate of sideways stream of E kinetic energy dissipation rate 
nitrogen thermal efficiency of the torch 

x0 

radial coordinate Is azimuthal coordinate 
inside radius of the torch nozzle A effective viscosity 

R radius of the reactor PI laminar viscosity 
T temperature pt turbulent viscosity 

r,, temperature of the left reactor wall P density 

7;W temperature of the top reactor wall C’S Prandtl/Schmidt numbers for various 

I; temperature of the torch tip transport quantities. 

2. FORMULATION mass concentration of individual species, the kinetic 

Let us consider a cylindrical plasma jet issuing into 
a cylindrical chamber, as sketched in Fig. 1. In the 
system, provision is made also for the injection of two 
additional streams, one an annular jet and the other 
~r~ndicular to the axis of the plasma jet-while 
preserving cylindrical symmetry throughout. In the 
case considered here, the plasma gas will be considered 
to consist of argon, while the injected streams will be 
considered to consist of nitrogen. In the formulation, 
allowance may be made for swirl, so that three velocity 
components will have to be considered--axial, radial 
and azimuthal, while the independent variables are 
just two (the axial and the radial coordinates). The 
velocity and temperature distribution of the entering 
streams is considered to be known. 

Then the mathematical statement of the problem is 
readily given by writing down : 

(a) the equation of continuity ; 
(b) the three components of the equation of 

motion ; 
(c) the differential thermal energy balance equa- 

tion ; 
(d) the differential mass conservation equation for 

a binary system ; 
(e) the K-E model may be used to represent the 

turbulent viscosity and differential kinetic energy of 
turbulence and dissipation rate of turbulence equa- 
tions proposed by Launder and Spalding [6]. 

The conservation equations of the axial, radial and 
azinluthal momentum components, the enthalpy, the 

energy of turbulence and its dissipation rate can be 
written in general form-these transport equations 
are all similar-as follows : 

Here, C$ is an index that may represent the velocity 
components, the enthalpy, or the mass concentration. 
I+ and S, represent the corresponding transport 
coefficients and the source terms, respectively. If 4 is 
set equal to unity and I?, and S, to zero, this equation 
also represents the equation of continuity. These 
transport coefficients and the source terms are given 
in Table 1. 

It should be remarked that in the statement of the 
energy balance equation, we postulated that the Lewis 
number is unity, so that the enthalpy transport due to 
concentration gradients is neglected. This assumption 
is usually made in combustion studies and is thought 
to be particularly applicable to turbulent conditions 
[7-101. 

2.1, Swirl number 
The degree of swirl is normally represented by the 

swirl number, defined as 
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Table 1. The transport coefficients and source terms 

Variable 
d 

1 

u 

v 

rw 

K 

& 

h 

m 

f p tier4 

Notes : 
(1) it = CDPK% 
(2) Turbulence model constants are assigned the following values : 

CD = 0.09, C, = 1.43, C2 = 1.92, 

(IK= 1, cl8 = 1.22, Ch = b, = 0.9. 

where 

GB = 
s 

m (puw+pu’w’)r2dr (3) 
0 

is the axial flux of angular momentum, including the 
z-8 direction turbulent shear stress term and 

1 

m 
G, = (pu2+pu ‘+(P-P,))rdr (4) 

0 

is the axial flux of axial momentum, including the z- 
direction turbulent normal stress term, and a pressure 
term. 

When the solid body plug flow is assumed at the 
nozzle, i.e. the axial velocity is flat and w increases 
from zero at r = 0 to w. at r = Ro, then local static 
pressure P and swirl velocity w are related as 

P-P, = -fpw2 (5) 

where P, is static absolute pressure at r = R. and 
z = 0. 

If the turbulent stress terms are omitted and density 
is assumed constant implying a flat temperature pro- 
file at the inlet plane, one may readily obtain 

(WOPUO) 
S’ = 1 - (wo/2uo)~ (6) 

and 

s = wo/2uo (7) 

if pressure is omitted in G,. Both S and S’ are called 

HIP ,O:ll-J 

swirl numbers. In the present work, equation (7) is 
used to represent the degree of swirl. It may, however, 
be pointed out that for higher degrees of swirl the 
axial velocity distribution deviates from plug flow 
considerably-the major portion of the flow leaves 
the nozzle near the outer edge [I 1,121 and the mea- 
sured value of swirl number differs from the value 
obtained from equation (6) using measured values of 
velocities [ 121. 

2.2. Boundary conditions 
The governing equations are elliptic, which requires 

that boundary conditions be given for all boundaries. 
At the inlet plane for both the argon plasma jet and 
the annular nitrogen jet, profiles for the axial velocity, 
temperature, mass concentration of argon and nitro- 
gen, kinetic energy of turbulence and turbulence dis- 
sipation rate are considered to be flat. The radial 
velocity u, for both the plasma jet and the parallel 
annular jet, was given a zero value. The swirl velocity 
profile for the plasma jet is assumed to be that of a 
solid body rotation. In a certain sense, axial and swirl 
velocity conditions are arbitrary, but it is believed that 
the swirl number and the average velocity are the 
important features of the inlet profiles. Values for K 
and E were obtained using relations proposed by Pun 
and Spalding [ 131. 

For the sideways stream, u, rw, K, E, and m were 
assigned zero value, while a uniform profile for the 
radial velocity was used. 
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At the wall boundaries, the normal velocity is set volved several iterative cycles ; initial estimates were 
to zero, while near-wall tangential velocities are con- made of the velocity, temperature, concentration and 
nected with their zero wall values by way of the wall pressure fields, and the density and transport coeffi- 
functions [6]. cients were calculated. 

The effect of swirl on wall function specification is 
handled by extending the previous ideas. The velocity 
is the total tangential velocity and is non-dimen- 
sionalized with respect to the total tangential shear 
stress. The appropriate expressions are then deduced 
for tangential velocity components. The effects on 
momentum equations are incorporated via the usual 
linearized source technique. The total tangential shear 
stress is formulated by observing that convection and 
diffusion of turbulent kinetic energy are negligible in 

this region [ 141 and that isotropic viscosity holds true. 
Also, in arriving at the final expression for the top 
wall diffusion flux for the z-momentum equation, it is 
assumed that av/dz approaches zero near the top wall 
[15]. Further, the gradient of turbulent kinetic energy 
was set to zero, and its dissipation rate was calculated 
assuming an equilibrium boundary layer. 

The second iterative loop involved the re-calcu- 
lation of the primary variables and the same pro- 
cedure was repeated until satisfactory convergence 
was obtained. An additional important convergence 
criterion was that the mass balance had to be satisfied 
to within _t 0.5%. 

The smooth wall boundary condition formula for 
h proposed by Launder and Spalding [6] is employed 
using the total tangential shear stress. As for mass 
concentration m, mass flux equal to zero is employed. 
A similar analysis was made for the tip of the torch 
and the left wall of the reactor. 

The computational mesh used for all calculations 
consisted of 27 x 30 non-uniformly distributed grid 
points with a high gridline concentration close to the 
torch exit where variations of all variables are 
expected to be highest. A typical run to reduce 
momentum and mass sources to below 0.5% of the 
inlet values required 600 iterations and computer 
(CPU) time was of the order of 1 h of MicroVAX II. 
The cpu time increased to 1.5 h for a thermal 
decomposition of silane using methane as an inert 
quench gas, in which case additional transport equa- 
tions for mass concentration of silane and hydrogen 
were solved ; a typical run required 800 iterations. 

At the centerline, the gradients of u, K, E, YW, and 
m are zero, while the radial velocity v is zero. At the 
reactor exit, the flow is assumed to be fully developed, 
i.e. the radial velocity and the gradients of all the 
remaining transportable quantities are set to zero. 

Other useful designer information, like streamline 
plots showing recirculation zones and stagnation 
points, is easily produced. Streamline plots are 
obtained for the dimensionless stream function, which 

is given by 

r s is % 

$* = purdr pur dr. 
0 II 

(9) 

The standard two-equation K--E turbulence model 
is employed, which has been used in a wide variety of 
turbulent flow situations, and good predictive capa- 
bility has been achieved. It is generally thought that 
the K-E turbulence model is in need of improvement 
for adequate simulation of the turbulent swirling 
recirculating non-isothermal flow in question. While 
these arguments are readily accepted, it is suggested 
that such a refinement will be best undertaken when 
comprehensive experimental measurements become 

available. 

3. COMPUTED RESULTS 

In the following, we shall present a selection of the 
computed results. In essence, the following specific 
cases will be considered. 

(1) The behavior of a coaxial jet, both in the absence 
and presence of swirl. 

(2) The behaviour of a coaxial jet with sideways 

injection. 

2.3. Solution procedure 
The basic 2/E/FIX computer program [ 131 provides 

the starting point from which the present computer 

program has been developed. The procedure is based 
on the finite volume approach, with diffusion approxi- 
mated by central difference and convection modelled 
through an upwind difference. For the general vari- 
able c$, the partial differential equation is represented 
by a coupled set of algebraic equations of the form 

In selecting these cases and the input parameters, 
our aim was to provide general insight regarding 
behavior of these systems, with emphasis on the 
sensitivity to given process parameters. In operating 
plasma reactors for the synthesis of fine, mono- 
dispersed ceramic particles, two important objectives 

must be achieved : 

(a) the reactants have to be heated rapidly to the 
reaction temperature and well mixed (in the case of 
complex reaction systems) ; 

A+/+. = CA,~,+Sm,Pt i = N, S, E, W (8) 

where P, N, S, E, W denote mesh nodes and S,,, is 
the source term in the equation. 

The method of solution adopted followed the 
‘SIMPLE’ procedure [16, 171, which essentially in- 

(b) the products have to be rapidly quenched, so as 
to minimize agglomeration and growth of the fine 
particles produced in the reaction zone. 

It is the aim of the computed results, to be presented 
subsequently, to illustrate that by imposing swirl and 
through the suitable location of ports for introducing 
the quench gas, one may achieve these objectives. The 
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Table 2. Input parameters used 

P, = 37kW 

Qs = 6.0x lo-‘kgs-’ 

Q, = 1.69x IO-‘kgs-’ 

Q. = 9.5x 10-2kgs-’ 

R. = 0.005 m 

R, = 0.0075 m 

R, = 0.01 m 

R, = 0.0125 m 

T,, = 0.6 kK 

T,, = 0.6 kK 

T, = 0.6 kK 

Z, = 0.053m 

z2 = 0.1075m 

Z) = 0.40m 

q = 62% 

‘standard’ input parameters used in these calculations 
are summarized in Table 2. The property values used 
in the calculations were taken from the tabulated data 
of Liu [18] and that of Yos [19]. In essence, the mass 
flow rate of the annular stream was three times that 
of the plasma jet, while the quench gas flow rate was 
some 60 times that of the plasma stream. 

Figures 2(a)-(d) show the computed results for a 
non-swirling plasma jet, which can be regarded as the 
‘standard case’, here Fig. 2(a) gives the velocity field, 
Fig. 2(b) is the temperature field, Fig. 2(c) is the map 
of the argon concentration, and Fig. 2(d) is the 
streamline pattern. It is seen that mixing is relatively 
slow and that the high temperature region extends to 
the substantial length of the reactor. 

It is of interest to contrast these plots to those 
shown in Figs. 3 and 4, for identical conditions, but 
for a swirl number of 0.5 and 1, characterizing the 
argon jet. The very complex velocity field, with reverse 

flow near the center, is readily apparent; as a result 
of the swirl, the temperature profiles are markedly 
modified, and mixing of the argon and the nitrogen 
streams is promoted. 

The following set of figures depicts the effect of 
injecting a nitrogen stream through a port, in the 
chamber, in a direction perpendicular to the axis of 
the jet. As seen in Table 2, the mass flow rate of this 
stream is some 60 times that of the plasma gas. Such 
an arrangement would be appropriate if the objective 
were to quench the system, e.g. after the completion 
of a reaction step, in order to prevent either a reverse 
reaction or to prevent the agglomeration of the fine 
particles produced. 

Here, Fig. 5(a) shows the computed velocity field 
in the absence of swirl, where it is seen that the impact 
of the sideways-injected stream is considerable. Fig- 
ures 5(b) and (c) show the effect of employing a swirl 
number of 0.5 and 1, respectively. It may be observed 
that while a swirl number of 0.5 does modify the 
velocity field for the conditions employed, actual flow 
reversal will take place in the region of a swirl number 
of unity. The very complex velocity field observed in 
Fig. 5(c) will be highly conducive to mixing, as will be 
seen subsequently. It should be remarked here that 
the high value of the swirl number required in order 
to bring about flow reversal is due to the fact that the 
incoming plasma jet is at a very high temperature, so 
that its density is necessarily low. Since the density 
appears in the momentum balance, identical swirl 
numbers will have a significantly lesser effect for sys- 
tems with a hot plasma jet discharging into a cold 
environment than for an isothermal situation. 

Figures 6(a)-(c) show the argon concentration 
maps for sideways injection and for progressively 
increasing swirl numbers. The greatly increased mix- 
ing brought about by the swirl is readily apparent 
here. One should recall here that in the absence of 
swirl, the effect of the sideways injection will be mani- 
fested only downstream from the injection port. When 
swirl is introduced, its effect will be twofold : one, it 
will promote mixing with the annular jet-the prin- 

FIG. 2(a). Computed axial velocity field for no sideways injection and S = 0. 
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FIG. 2(b). Computed isotherms for no sideways injection and S = 0. 
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00 0 + 0. 19 t 

FIG. 2(c). Computed map of argon concentration with no sideways injection and s = 0. 
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z 
FIG. 2(d). Computed streamline pattern with no sideways injection and S = 0. 
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FIG. 3(a). Computed axial velocity field for no sideways injection and S = 0.5. 
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FIG. 3(b). Computed temperature profiles for no sideways injection and S = 0.5. 
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FIG. 3(c). Computed map of argon concentration for no sideways injection and S = 0.5. 
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FIG. 3(d). Computed streamline pattern for no sideways injection and S = 0.5. 
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FIG. 4(a). Computed axial velocity field for no sideways injection and S = I. 

FIG. 4(b). Computed isotherms for no sideways injection and S = 1. 
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FIG. 4(c). Computed map of argon concentration with no sideways injection and S = I. 

6 
0 

FIG. 4(d). Computed streamline pattern for no sideways injection and S = 1. 

cipal effect ; also, it will enhance the interaction with 
the sideways-injected stream. 

Figures 7(a)-(c) show the corresponding tem- 
perature fields with sideways injection, again with 
increasing swirl numbers. Inspection of these figures 
shows that the plasma jet may be effectively quenched 
by sideways injection, but that this quenching effort 
is markedly enhanced by the presence of swirl. More 
specifically, the position of the 3 and 5 kK contours, 
which define the effective reaction zones for many 
applications, are markedly modified. 

If somewhat arbitrarily, we define an ‘effective reac- 
tion zone’ such that the argon content is higher than, 
say, 20%, and the temperature higher than, say, 3 kK. 
It is readily seen from the figures previously given that 
by adjustment of the swirl number, one can change 
the size of the reaction zone and, hence, the reaction 
characteristics of the system. Calculations that have 
been carried out (but are not reproduced here) indi- 
cate that, in a similar vein, one can markedly modify 
the size of the reaction zone by adjusting the volu- 

metric flow rates of the annular and quench gas 
streams. 

An alternative way of representing the velocity field 
is through the streamline patterns, as done in Figs. 
8(a)-(c). The dominant effect of the sideways-injected 
stream is readily apparent on these plots, as is the 
manifestation of the reverse flow once a swirl number 
of unity is approached. 

Additional calculations have been carried out which 
are not reproduced here, to examine the effect of the 
chamber size, the effect of changing the location of 
the annular port, and also changing the angle of injec- 
tion of the annular gas stream ; furthermore, we also 
examined the effect of changing the position of the 
port through which the side stream was injected. In a 
sense, the results followed the ‘expected pattern’. The 
radial location of the annular stream had a much 
less pronounced effect than swirl in affecting mixing, 
although the position of the annular port will be an 
important design factor. 

As an illustration, Fig. 9 shows the computed argon 
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FIG. 5(a). Computed axial velocity field for sideways injection and S = 0. 

0 ---D 
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FIG. 5(b). Computed axial velocity field for sideways injection and S = 0.5. 

FIG. 5(c). Computed axial velocity field for sideways injection and S = 1 
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FIG. 6(a). Computed map of argon concentration for sideways injection and S = 0. 
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FIG. 6(b). Computed map of argon concentration for sideways injection and S = 0.5. 
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FIG. 6(c). Computed map of argon concentration for sideways injection and S = 1. 
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FIG. 7(a). Computed temperature field for sideways injection and S = 0. 

0 ---D z 
0. 1900 

FIG. 7(b). Computed temperature field for sideways injection and S = 0.5. 

0 --D 0. 1900 
z 

FIG. 7(c). Computed temperature field for sideways injection and S = 1. 
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FIG. 8(a). Computed streamline pattern for sideways injection and S = 0. 
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0 --P 0. 1900 

z 
FIG. 8(b). Computed streamline pattern for sideways injection and S = 0.5. 
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FIG. 8(c). Computed streamline pattern for sideways injection and S = 1. 
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FIG. 9. Computed argon isopleths for both the ‘standard 
case’ and the case with a 45” inclination of stream injection 

through the annular port. 
I 

% 05 IO 15 2 

concentration isopleths for both the ‘standard case’ 
drawn with the full lines, and the case with a 45” 
inclination of the stream injected through the annular 
port. It is seen that changing the angle of inclina- 
tion does modify the argon concentration profiles, 
although the effect is not anywhere as dramatic as the 
introduction of swirl. 

Ultimately, the purpose of these calculations is to 
provide a fundamental basis for the design of reactors 
in plasma synthesis. The potential utility of this 
approach is illustrated by showing a preliminary set 
of results where we consider a system identical to that 
sketched in Fig. 1, but where silane is injected through 

the annular port, and methane is introduced through 
the ‘sideways’ port. The flow rates employed and the 
other process parameters are summarized in Table 3. 

For the purpose of the calculations, we have 
neglected coupled flux phenomena ; it has been 
assumed that silane decomposes according to the 
following relationship, whenever the temperature 
exceeds a threshold value of about 873 K [2&22] : 

SiH,(g)-+Si(s)+2H,(g) AH= -3OkJmol- 

(10) 

Table 3. Input parameters used 

P, = 37kW 

Q, = 5.244x IO-‘kgs-’ 

Q, = 1.531 x IO-‘kgs-’ 

Q, = 7.428x 10-3kgs-’ 

R, = 0.005 m 

R, = 0.0075m 

R, = 0.01 m 

R, = 0.0125m 

T,, = 0.3 kK 

T,W = 0.3 kK 

T, = 0.6 kK 

z, = 0.05m 

z? = 0.07m 

zj = 0.32 m 

1 = 62% 

-s 
FIG. 10. Computed fraction of unreacted silane at the exit of 

the ractor as a function of swirl number, S. 

with the following Arrhenius-type rate constant: 

k, = 2.l3x 10~3.~-22l(kJ)/RT~~I, (11) 

For the time being, methane has been considered as 
an inert quench gas, which is an oversimplification to 
be relaxed in the subsequent portion of the study. 

Figure 10 shows the fraction of silane unreacted at 
the exit as a function of the swirl number ; it is readily 
seen that swirl has a profound effect on the per- 
formance of the unit. In the present case, the higher 
swirl number will provide better mixing and more 
complete conversion. Additional parametric studies 
could be conducted examining in the first phase : 

(a) the combination of process parameters needed 
to attain complete conversion of the silane, 

and in the second phase address : 

(b) the design criteria needed to bring about the 
production of monosized fine particles, e.g. through 
providing both high reaction rates near the inlet, and 
high quench rates subsequently; and 

(c) the representation of more complex reaction 
schemes, e.g. those including carbide formation and 

the like. 

4. CONCLUDING REMARKS 

A mathematical representation has been developed 
to describe the three velocity components and the 
associated temperature and composition fields in 
a plasma system, which involves the injection of 
additional gas streams. 

In the presentation of the computed results, empha- 
sis has been placed on providing an improved insight 
into the relationships between the key process par- 
ameters, and on developing a feel for the sensitivity 
of the system to these variables. 

It was found that the extent of swirl plays a domi- 
nant role in providing mixing between the plasma 
jet and a reactant gas stream introduced through an 
annular port. 
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It was shown, furthermore, that the model may be 
used to represent the quenching of the system by an 
axi-symmetrically introduced gas stream, having a 
direction perpendicular to the jet axis. 

Preliminary calculations have indicated that the 
model may be used to represent the thermal decompo- 
sition of silane, the extent of which was found to 
depend very markedly on the swirl and should depend 
also on the system geometry. In the development of 
the transport equations we assumed turbulent flow, 
which was fully justified, and used the standard 
K--E model to represent the turbulent transport 
coefficients. It should be remarked here that while the 
standard K-E model has been extensively tested for a 
range of recirculating flows, its validation for swirling 
flows with steep temperature gradients is less 
complete. Nevertheless, there is supporting evidence 
in the combustion and allied literature that swirling 
flows may be satisfactorily represented by this tech- 
nique [7,23-251. Ongoing experimental work may aid 
a further critical assessment of these approaches. 

It is suggested that the model developed here should 
form the basis of designing plasma reaction systems 
where the attainment of the optimal combination of 
process parameters is critical in obtaining the desired 
monodispersed fine particles. 

Work is continuing in this direction, 
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ECOULEMENT ET TRANSFERT DE CHALEUR DANS LES REACTEURS A PLASMA-I. 
CALCUL DES PROFILS DE VITESSE, DE TEMPERATURE ET DU MELANGE 

R&nn&-Une representation mathematique est developpee pour d&.&e le champ des vitesses et des 
temperatures et concentrations associees dam un systtme de jet plasma avec injection de courant gazeux 
additionnel. On tient compte du tourbillonnement du jet plasma et un objectif important du travail est 
d’explorer l’effet de ce tourbillon sur les variables principales du mecanisme. On trouve que le tourbillon 
joue un role important dans le melange entre le jet plasma et un courant gazeux reactant ou diluant 
introduit B travers une ouverture annulaire. Le modele peut &tre utilise pour representer la trempe du 
systeme par introductjon dun courant gazeux axisym~trique ayant une direction perpandi~ulaire $ l’axe 

du jet. 

FLUIDSTROMUNG UND WARMEUBERGANG IN PLASMAREAKTOREN-I. 
BERECHNUNG VON GESCHWINDIGKEIT, TEMPERATURPROFIL UND MISCHVORGANG 

Zusammenfasaung-Zur Beschreibung des Geschwindigkeitsfeldes und der auftretenden Temperatur- und 
Konzentrationsverteilung in einem Plasmastrahl wurde eine mathematische Darstellung entwickelt, die die 
Zufuhr zusatzlicher Gasstrome berticksichtigt. Bei der Formulierung des Problems wurde die Miiglich- 
keit einer Verwirbelung des Plasmastrahls beriicksichtigt. Ein wichtiges Ziel der Untersuchung war die 
Erklarung der Einfliisse auf die wichtigsten ProzeBgrBBen. Es ergab sich, da13 die Verwirbelung eine 
wichtige Rolle bei der Vermischung des Plasmastrahls mit einem Reaktanden oder einem verdiinnten 
Gasstrom spiel& welcher durch einen r~ngf~rmigen Spalt eintritt. Weiterhin wurde gezeigt, dag das 
Model1 ebenso zur Darstelhmg des Ab~hr~kvorganges im System benutzt werden kann. Der Ab- 
~h~ckvorgang wird dabei durch einen achssymmetrisch eintretenden Gasstrom, der r~htwinklig zur 

Strahlachse liegt, hervorgeruf~. 

I-MflPOAHHAMAKA I4 TEHJIOO6MEH B HJIA3MEHHbIX PEAKTOPAX-I. PACgET 
HOJIEB CKOPGCTH, TEMHEPATYPbI H CMEBIEHMEI 

hIIOTaIUUI--Pa3pa6OTaIiO hfaTeMawiecKoe 0nsicaHne nonefi cropocm, TeMneparypbr n xorinenrpamiri 
B CHCTeMe IUIa3MeHHblX Crpyii C ~OllOJIHHTeJIbHbIM BnYBOM I-838. nOCTaHOBKa 3waYH YWlTbIBaeT 3aK- 

PYTXY lUIa3MeHHOii CTpyH,U ORHa r(3rnaBHbULrleneii--w3y~UTbBnUllHHe3aKPY~H HaOCHOBHbIe XapElK- 
‘RPHCTHKH IIpOiWCCa. HaiineHo, 'IT0 3aBHX~Eilie HrpaeT BaXCH)'IO pOJib .iWl CMeLUeHHX RRa3MeHHOfi 

crpyu B pearenra mm ra3a-pa36asureJIr, BBOL&~MO~O uepe3 KOJIbueBOe OTBepcTHe. KpoMe Toro nora- 
3aH0, Yro MOiWIb MoxceT HcnOJib30BaTbCsl J&xi 0IlncaHHs 3aTyXaHtxK IxpEl Oc~~MM~pn~oM BJlyBe 


