High temperature transport and thermodynamic properties of equilibrium
Mars atmosphere

A. Bonomo?, G. Pace?, D. Bruno?, G. Colonna?, A. D'Angola’, A. Laricchiuta®, M. Capitelli*®

! Universita della Basilicata, via dell’Ateneo Lucano, 10 - 85100 Potenza, Italy
2 CNR-IMIP Bari, via Amendola 122/D - 70126 Bari, Italy
% Universita di Bari, via Orabona, 4 - 70126 Bari, Italy

Thermodynamic and transport properties of high temperature Mars atmosphere have been
calculated in the pressure range (0.01-100) bar and in the temperature range (100-50000) K.
Planetary explorations require an accurate analysis of entry or re-entry conditions for vehicles. For
this reason reliable and consistent data sets of thermodynamic and transport properties are needed
for numerical simulations [1].

Results have been obtained by using a self-consistent approach for the thermodynamic properties
and higher order approximation of the Chapman-Enskog method for the transport coefficients.
Debye-Hickel corrections have been considered in the thermodynamic properties while collision
integrals of charge-charge interactions have been obtained by using a screened Coulomb potential.
The atmosphere is a mixture of 53 components and electronic energies as well as spectroscopic data
of the most important diatomic molecules used for calculations can be found in [2, 3], while for
atomic species, the cutoff selected is the largest between the Fermi and Griem values [4, 5]. It must
be pointed out that the Griem cutoff depends on the plasma composition making necessary a self-
consistent solution of the problem. Plasma compositions have been performed by using a
hierarchical method [6, 7]. In order to calculate transport properties, elastic collision integrals for
neutral-neutral and neutral-ion interactions are calculated by means of a phenomenological
approach and inelastic collision integrals, due to resonant charge exchange channels, have been
considered [8].

Mars compositions, specific enthalpies and entropies, mean molar mass, specific heat, isentropic
coefficient, total thermal and electric conductivities and viscosity are presented as function of
temperature for different pressures.

[1] Catalfamo C, Bruno D, Colonna G, Laricchiuta A, Capitelli M (2009), Eur. Phys. J. D 54, 613-621.

[2] Capitelli M, Colonna G, Gorse C, Giordano D (1994), Tech. Rep. STR-236, European Space Agency.

[3] Capitelli M et al. (2005) Tech. Rep. STR-246, European Space Agency.

[4] D'Angola A, Colonna G, Gorse C, Capitelli M (2008) Eur. Phys. J. D 46, 129-150.

[5] Capitelli M, Colonna G, D'Angola A, Fundamental Aspects of Plasma Chemical Physics,
Thermodynamics, Series: Springer Series on Atomic, Optical, and Plasma Physics, 1st Ed., in press, 2011.
[6] Colonna G, D'Angola A (2004), Computer Physics Communications 163, 177-190.

[7] Colonna G (2007), Computer Physics Communications 177, 493-499.

[8] Laricchiuta A et al. (2009), Eur. Phys. J. D 54, 607-612.


http://www.springer.com/series/411�

