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The entry and subsequent disintegration of the 17-20 m diameter Chelyabinsk meteoroid deposited approximate-

ly 500 kT of energy in the atmosphere, causing extensive damage that underscored the hazard from small asteroid 
impacts. Previous research has not fully accounted for the observation that very little material reached the ground. 
We implemented a new two-material computer code that allows us to fully simulate the exchange of energy and 
momentum between solid (meteoritic material) and gas (atmospheric air) during meteorite enry. Because this model 
naturally includes the permeability of meteoritic material, we discovered a previously unrecognized process in 
which the penetration of high-pressure air into the body of the entering meteoroid greatly enhances the deformation 
and break-up of meteroids similar in size to Chelyabinsk.    

Simulation of the entry of a spherical meteoroid of size ~ 20 m, with a speed of ~ 9-12 km/s at an entry altitude 
of ~ 85 km, reveals that the penetration of air creates a more gentle gradient in pressure across the leading edge of 
the meteoroid as opposed to the narrowly confined peak in pressure expected for an impenetrable object. In addition, 
we find that the distribution of pressure is different for meteoroids of variable porosity, which may account for large 
individual variations observed in the break-up sequence of diferent meteoroids. For low-porosity (~ 3 %) meteor-
oids, the pressure build-up is highest along the axis of the air flow, leading to initial break-up along the axis of the 
meteoroid. For high porosity (~ 25 %) meteoroids, the peak pressure is lower and extends farther from the axis; the 
penetration of the atmospheric air into the meteoroid increases the internal pore pressure, degrading its strength 
while gently disrupting and crushing the meteoroid over a longer period of time. Once dispersed, the meteoroid 
fragments become more vulnerable to ablation, partly accounting for the nearly complete evaporation of the Chelya-
binsk meteoroid. Given that all recovered meteorites are somewhat porous and therefore permeable to air, this pro-
cess may play an important, but previously unrecognized, role in the high-altitude dispersion of entering meteoroids.    
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