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An Axial Injection Torch (Torche à Injection Axiale, TIA) [1] is a micro
GHz) atmospheric plasma source that operates in different pure gases (helium, a
gas mixtures (e.g. air), over a wide range of powers (300-3000 W) and flows (0.5
TIA can produce very hot flows of plasma species (for electron temperatures ar
gas temperatures between 2000-6000 K) [2], hence being used in thermodyna
industrial material processing, chemical processing, and environmental contr
device under study couples a TIA to a cylindrical reactor chamber (with R=5
L=150 mm height), where it produces a helium plasma. The ratio of the gas inpu
surfaces is about 1%. 

This work is part of a modeling strategy aiming the development of a m
tool for the TIA-reactor system [3]. Here, we focus on the two-dimensional (2
model of the neutral gas, which yields the distributions of mass density, pr
radial) velocities, and temperature. These are calculated by solving the hydro
Stokes equations [4] 
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together with the energy balance equation 
 3

2( ) ( ) (p g g g B en e eC T T p k n T T )gρ λ δ υ⋅ = ⋅ − ⋅ + −v v∇ ∇ ∇ ∇  , 
where ρ=nM is the mass density, with n and M the gas density and molecular ma
is the velocity; p=nkBTg is the pressure, with Tg the gas temperature and k

constant; ( 2
3( )T )Iπ η= − + − ⋅v v v∇ ∇ ∇  is the viscosity tensor, with 

coefficient; F is the force due to gravity; Cp and λg are the gas heat capa
conductivity, respectively (for which we have considered a dependence on Tg);
the electron mass; and νen is the electron-neutral collision frequency. Information
is embedded in the source term of Eq. (2), which uses a spatial distribution of th
and temperature (with maxima ne,max and Te,max, respectively), obtained fr
measurements [2]. 

Equations (1) and (2) are discretized onto two-dimensional (r, z) stagge
grids, using a finite volume method based on surface integrals. They are solved u
algorithm, subject to the following boundary conditions: (i) axis-sym
(corresponding to vr=0, ∂vz/∂r=0, and ∂Tg/∂r=0 at r=0); (ii) no-slip condition
conservation conditions (v⊥=0), for the velocity at reactor walls; (iii) impositio
flow (ρv)input at z=0; (iv) continuity conditions (∂vz/∂z=0 and ∂Τg/∂z=0) and clo
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the pressure (p=patm) at gas output z=L; (v) ∇Tg|⊥=0 at the nozzle’s surface; and (vi) imposition of 
the gas temperature (Tg,wall=300-600 K) at the remaining boundaries. 

Figure 1 represents the 2D distribution of the normalized velocity modulus, inside the TIA-
reactor system, obtained for (ρvz)input=0.345 g cm-2 s-1 (corresponding to a 103 sccm gas flow). The 
streamlines clearly show the interaction between the flowing gas and the reactor upper wall, which 
creates a re-circulation pattern inside the reactor. Figures 2(a) and (b) show axial and radial Tg 

t Tprofiles, at various ne,max values. One observes tha g features a hollow spatial distribution (in both 
directions) near the nozzle’s tip, as a 
consequence of the hydrodynamic flow regime. 
First comparisons show that model results are in 
the same range of values as axially-resolved 
experimental measurements [2]. Notice that 
measurements were carried out under somewhat 
different conditions, which can affect Tg, namely 
for a helium plasma created in open-air (with no 
reactor) and at higher flows. Simulations reveal 
that the gas temperature decreases for growing 
flows, but increases when the interaction with 
the reactor upper wall is removed, due to 
diminished re-circulation effects. Moreover, the 
Tg profile is also very dependent on plasma 
features, such as the electron density and 
temperature distributions, which probably can be 
tailored by modifying the nozzle’s design. 
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Fig. 1 Normalized velocity modulus at 103 sccm 
input gas flow, Tg,wall=300 K, ne,max=1015 cm-3, 
and Te,max=2x104 K. 

 

(a) (b)

Fig. 2 Calculated (curves) and measured (points) Tg profiles, along (a) axial direction (at r=0) and (b) radial  
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direction (at z=0), for different ne,max values. Calculations are for the same conditions as in Fig.1. The 
experimental input flow is 7x103 sccm.  
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