
 

Kinetic model of a nanosecond afterglow in air. 
 

Sara Abbate (1), Denis Packan(1), Alain Broc(1),  Christophe Laux(2) 

 
(1) ONERA 

(2) Ecole Centrale Paris 

sara.abbate@onera.fr 

 
 
In recent decades an active interest has been shown for applications of non equilibrium 
plasmas. In particularly many laboratories in Europe, US and the former Soviet Union 
have achieved combustion improvements by using plasma technologies, for example 
nanosecond discharges are very interesting due to their energy-efficient excitation of 
mixtures. Major effects have been noticed in the reduction of the delay time of 
combustible mixtures, along with auto ignition and stabilisation of flame in lean 
mixtures. Different mechanisms have been proposed in the literature to explain the 
observed effects and to build on the experiments, but a complete understanding of the 
principles is still lacking. 
The aim of our work is to develop a tool for the numerical simulation of the discharge 
and after-glow phenomena in a pulsed discharge scheme, with an emphasis on kinetics 
and plasma phenomena, in order to understand the role of plasmas in the combustion 
processes. 
It has been shown, from recently experiments, the key role played by some excited air 
species taking part into the combustion. For this reason in order to achieve our goal, we 
need first, to understand the chemistry of an air discharge and secondly insert it into the 
combustion process. Even by starting with an air model the complexity of the physics, 
due to several phenomena simultaneously taking place such as gas discharge, 
hydrodynamics and chemical kinetics, makes the complete analysis very challenging. 
To describe accurately such situation some simplifications have to be introduced. 
Firstly, we have to separate the discharge phenomenon in two parts: discharge (creation 
of energetic electrons) and post discharge (recombination and relaxation). Moreover we 
need to decouple the hydrodynamics and the chemical kinetics. As a first step, a 
complete chemical kinetic model in 0D of a pulsed discharge in air has to be 
formulated. Recent experiments [1] have demonstrated the fundamental role played by 
electronically and vibrationally excited species to enhance combustion. For more 
accurate calculations, it is necessary to include in the model a detailed vibrationally-
specific kinetic scheme, considering reactions as VT (Vibrational-Translational energy 
transfer), VV (Vibrational-Vibrational energy transfer) and VV’ (Vibrational energy 
transfer between different molecules). At the present, the model counts 96 species and 
1400 reactions. In order to validate the numerical model, we consider a set of CARS 
measurements performed on a nanosecond pulse discharge in air [2]. These interesting 
experimental results show the existence of a strong disequilibrium between the 
temperature of the gas (Tg) and the temperature of the vibrating species (Tvib). A 
numerical analysis provided by our code is then a useful tool to understand the overall 
process. 
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