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In plasmas, when the existence of the local theymachical equilibrium is questionable,
state-to-state collisional radiative models araiiregl to calculate reliable electron number density
and population densities of heavy particles intexcstates. By this way, it becomes possible to
guantify the exchanges between the numerous esegfjiged in the inner modes and, for
instance, to predict the radiative and collisiorw@htributions to the wall damaging in the case of
atmospheric re-entry [1]. In the present study, erical modeling is used to investigate a pure
CO, plasma in the frame of studies devoted to the \iehaf probes entering Martian
atmosphere. The dissociation of £4hd the ensuing exchange reactions lead to theafmm of
CO and G. Owing to the strong contribution of these molesuio the energy storage and to the
radiative signature of the plasma, it is necessargstimate accurately the population of their
excited states. In the present CR model, the maimers are C§ CO, Q, G, C and O and the
temperatures are limited to values lower than IKO the purpose of comparing numerical
results to the ones derived from spectroscopic nneaents currently performed in plasma wind
tunnels of CORIA and VKI. The atomic species arsua®ed to be in their ground state. The
designation and energy data of the involved COGrekcited states are displayed in Table I.

The time evolutions of the excited state populaticesult from the following elementary
processes:

(1) collisional: besides the classical reactions whose rate cigfts are well-known, it is
necessary to take into account of two exchangetioeacfor determining the CO(i) and,({}
densities:

C+0, - CO()+0O and €j)+0O - CO(i) +C

We have calculated the rate coefficients of thesgctions by developing a simplified
approach based on the activated complex theorZijcerning the metastable Cé{p state, its
transport kinetics is simply described by introdigca characteristic diffusion lengt.

(2) radiative: the main radiative systems of CO andh@ve been taken into account in the
calculations.

All the elementary processes are put togethertidalance equation of the species X in
its excited state in the form [3]:

dX) DX 15 o [OXG)
dt - Y R /\20 DX(‘) [X(I)] +|: at i|CoI,Rad (1)

where v is the plasma velocity, R its characterisite andD«, the X(i) diffusion coefficient.
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TABLE 1. Designation and energy data of the excitedstavolved in the present motel

State g Te W State Oe Te W

Cco(Xzh 1 0.000 0.2690 Cy(X'zy) 1 0.000 0.2300
co(@n) 6 6.036 0.2162 C,@T,) 6 0.089 0.2035
Cco(a®c") 3 6.921 0.1523 Cyb’2) 3 0.798 0.1823
co(d’n) 6 7.578 0.1453 CyA™M,) 2 1.040 0.1994
CO(€x) 3 7.964 0.1386 CAc%) 3 1.650 0.2432
CO(A'M) 2 8.068 0.1882 CAdMy 6 2.482 0.2217
CO(D'A) 2 8.174 0.1356 CAC'My 2 4.248 0.2243
Co(r’z) 3 10392 02727 CuAeMy 6 5.058 0.1372
CO(B'Y) 1 10780 02619 CAD'Z) 1 5.361 0.2268

This theoretical approach is therefore purely tempd-or instance, the relaxation of the
excitation temperature from a non-equilibrium gligtate is displayed in Fig. 1. Our CR model is
also able to take possible vibrational non-equilior into account. During this conference, we
will illustrate the time evolution of the G@lasma under these conditions.
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Fig. 1: Excited states relaxation for CO ancc@lculated by our CR model.
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! ge : electronic degeneracy,, Tu.: usual spectroscopic constants (in eV).



