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Summary 

During the fast cooling of nitrogen flow, N atoms recombine preferentially into high vibrational levels of N2. 

Rovibrational levels may not have time to equilibrate into a Boltzmann distribution. In this case, state-to-state kinetic 

models are necessary to predict the evolution of densities of each internal level. Reliable kinetic models require the 

knowledge of the rate constants of reactions between internal states. Numerous works have been devoted to this task in the 

past: empirical, semi-empirical or ab-initio methods have been developed to estimate the rate constants for rotation-

al/vibrational relaxation (2-temperature model [1], SSH theory [2], forced harmonic oscillator theory [3], semi-classical 

method [4], quasi-classical trajectory method [5]) and dissociation ([5]–[7]). 

They have been extensively used and compared for compression flows [8]–[10], where vibrational 

non-equilibrium occurs because of fast heating. 

In this work, we will extend the comparison to fast cooling flows. An analysis of the vibrational distribution 

function (VDF) and of the main reaction pathways will be performed for each model. Then reduced order models will be 

proposed to track specifically the evolution of the VDF at a reduced computational cost. The assumption of rotational 

equilibrium within each vibrational level will be assessed thanks to a rovibrational state specific collisional model [5]. 
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