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Introduction: The dynamics of meteoroid motion in the atmosphere and the related chemical processes between 

the ablationally formed thermalized meteor train and the ambient atmosphere have been subject of numerous studies 

[e.g. 1,2,3]. However, largely neglected aspect of meteoroid’s interaction with the atmosphere involves cause and 

effects of meteor generated shockwaves and the small scale physico-chemical processes occurring in, and on the 

boundary of, the extreme environment of the high temperature adiabatically formed meteor trail in the initial stages 

of the expansion (t ≤ 0.1 s). Overdense meteors (electron line density, 10
16

 ≤ q ≤ 10
19

 electrons m
-1

 and diameters dm 

≥ 4 mm up to small fireballs) are in the size regime of the meteoroids capable of generating shockwaves during the 

lower transitional flow regimes and prior to their terminal stage in the MLT (Mesosphere-Lower Thermosphere) 

region of the atmosphere, at altitudes between 75 km and 100 km [4]. Short lasting high temperature driven reac-

tions that take place on the boundaries of the postadiabatically expanding meteor train within the first 0.1 s after its 

formation and subsequent rapid and intense electron removal remain poorly understood. A comprehensive back-

ground on the topic can be found in [5]. In this work, we examine the combined physico-chemical effects of meteor-

generated cylindrical shock waves on the ambient atmosphere in the MLT region, and the subsequent hyperthermal 

chemistry on the boundaries of overdense meteor trains to address the physico-chemical processes accompanying 

the initial evolution of the high temperature meteor train. This study has been motivated by the recent observational 

evidence [6] that suggest slower thermalization times of the postadiabatically formed meteor trains which is condu-

cive for hyperthermal chemistry.  

Theoretical and Modeling Approach: A theoretical approach was applied to approximate the temperature of 

the ambient atmosphere near the meteor train, which is heated by the passage of the overdense meteor cylindrical 

shock wave. This was accomplished by considering the meteor velocity and energy deposition, and evaluating the 

pressure ratios between the ablation amplified shock front and the ambient atmosphere (see [5] for further details 

about this treatment). We have modeled hypersonic meteor flow in the MLT region using a simplified model with-

out ablation, incorporated into the computational fluid dynamics (CFD) software package ANSYS Fluent. The com-

putation was performed using O2 and N2 as the only major species, at an altitude of 80 km. A spherically shaped 

meteoroid is assumed to have velocity of 35 km/s (M80km = 124.6). Two meteoroid sizes were modeled, dm = 2.5 cm 

and dm = 10 cm. Further details about the model are given in [5]. 

Discussion and Conclusion: The cylindrical shock waves produced by overdense meteors are strong enough to 

heat the ambient atmosphere to temperatures of ~6000 K in the near field and subsequently dissociate oxygen and 

minor species such as O3, but insufficient to dissociate N2.This substantially alters the considerations of the chemical 

processes taking place at the meteor train boundary. We demonstrate that ambient O2 that survives the cylindrical 

shockwave, along with small quantities of O2 that originates from the shock dissociation of O3, participate primarily 

in high temperature oxidation of meteoric metal ions, forming metal ion oxide. For the case of overdense meteor 

trains, the subsequently formed meteoric metal oxide ions are predominantly responsible for the initial intense and 

short lasting electron removal from the boundary of the expanding meteor train, through a process of fast tempera-

ture independent dissociative recombination. This altitude dependent process is typically completed within 0.1- 0.3 

s, which in good agreement with the results suggesting substantially slower cooling of meteor wakes [6]. The rate of 

this process is also strongly dependent on the second Damköhler number. The full scope of implications of this work 

is presented in [5]. 
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