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During the last decade electronic degrees of freedom have received a lot attention in the transport kinetic theory. It was 

shown that in high-temperature flows, neglecting electronic excitation may lead to underestimation in the convective heat 

flux and aerodynamic forces [1-7]. The objective of the present paper is to improve our previous studies on transport 

properties of non-equilibrium high-temperature reacting flows of neutral atoms, taking into account electronically excited 

ionized atomic species.  

State-to-state approach for theoretical study of transport properties [8] in atomic gases with excited electronic degrees of 

freedom of both neutral and ionized species is developed. The dependence of atomic radius on the electronic configuration 

of excited atoms both neutral and ionized is taken into account in the transport algorithm. Different cutoff criteria for 

increasing atomic radius are discussed and the limits of applicability for these criteria are evaluated. The validity of a 

Slater-like model for the calculation of state-resolved transport coefficients in neutral and ionized atomic gases is shown. 

Accurate kinetic theory algorithms for modelling the state-specific transport properties are applied for the prediction of 

transport coefficients in shock heated flows. Based on the numerical observations, different distributions over electronic 

states behind the shock front are considered. An important effect of electronic excitation on the partial thermal conductivity 

and viscosity coefficients is found for both neutral and ionized atomic gases for the case of Boltzmann-like distribution. 

The overall impact of increasing effective cross-sections on the transport properties just behind the shock front under 

hypersonic reentry conditions [9] is found to be minor since the populations of high-lying electronic energy levels behind 

the shock waves are low.  
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