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Introduction:  It is generally believed that regmaglypts are pro-

duced by erosive action of turbulent compressed and heated air 
masses passing a meteorite during its fall. However, little is known 
about real mechanisms of regmaglypt formation. Turbulent bound-
ary layers (as was suggested in [1]) or hydrodynamic instabilities [2] 
produce small-scale waves in molten layers on the surface, but can-
not create regmaglypt depressions which are typically one tenth of a 
meteorite size. It is also unclear what is the mechanism of heat trans-
fer necessary for melting a significant mass of stony or iron bodies – 
numerous studies of the Sikhote-Alin meteorite fall show that a lot 
of fragments with regmaglypts must have been produced at low 
altitudes and velocities when both radiative and convective heat 
fluxes on fragment faces were small.  

Physical model:  It is known that stony or iron liquid droplets 
are produced from thin (typically 0.1–1 mm) molten meteorite lay-
ers due to the Kelvin-Helmholtz and Rayleigh-Taylor instabilities. It 
is assumed that the droplets are ejected from the meteorite front 
surface and move in the shock-compressed air layer at various sub-
sonic velocities. They decelerate, are heated by thermal conduc-
tivity, partially vaporize and partially return to the surface. Distur-
bances of hydrodynamic flow by droplets can generate large-scale 
instabilities of the bow shock wave and the whole flow around the 
meteoroid [3, 4]. In this unstable flow, the sizes of vortexes formed 
in the shock-compressed layer are about the bow shock wave stand-
off distance which is usually one tenth of a meteorite size. 

Numerical model:  It includes the hydrodynamic equations with 
two components – air and vapor, radiation transfer, and spherical 
particles which move through the gas and undergo drag forces and 
heat fluxes which are determined by viscosity and thermal conduc-
tivity of the air. Coefficients depend on Reynolds, Mach and Nusselt 
numbers [5]. The amount of particles ejected from the meteorite 
surface depends on the heat flux on it, which includes the convective 
and radiation fluxes from the air, and  an energy flux from particles 
striking the surface. Particle sizes are from 10-3 to 10-2 cm [1, 2], 
ejection velocities are determined by instability growth rates which 
depend on the flow velocity, gas density, meteorite deceleration, 
surface tension and viscosity of melted material.  

Results:  2-D numerical simulations have been made for flat-
faced cylindrical and bar-shaped bodies moving with deceleration in 
the atmosphere below 20 km at relatively low velocities. At some 
period of the fall, which depends on an altitude, meteorite size and 
speed, the ejected particles acquire sufficient velocity and are large 
enough to travel through the shock-compressed region, being only 
partially braked and vaporized. They strongly disturb the flow which 
becomes nonstationary with large-scale vortexes. The particles are 
drawn into the vortical motion and then become another source of 
energy transferred to the surface – they get additional thermal and 
kinetic energy from the heated air and put this energy to the surface 
when they return to it. The places of their return, which are con-
trolled by the vortex structure, vaporize faster and end up as depres-
sions. 
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