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Modern models of fracture meteoroidsModern models of fracture meteoroids
Discrete models

• FadeenkoYu.I. Destruction of meteoroid in atmosphere. 
Combustion Expl. and Shock Waves. 1967, 1967,v3, #2, pp.
172-174 

• Ceplecha Z.J., Spurny P., Borovicka J., and Keclikova J.
Atmospheric fragmentation of meteoroids // Astron. 
Astrophys. – 1993. – V.279. – P.615-626.

• Stulov V.P.. An Analytical Model for the Sequential
Disintegration and Ablation of a Meteoric Body in the
Atmosphere // Solar Sys.Res. – 1998. – v.32. –pp.401-404.

• Ceplecha Z.J., Borovicka J., Elford W.G., ReVelle D.O., 
Hawkes R.L., Porubcan V. and Simek M.Meteor phenomena 
and bodies // Space Science Reviews. – 1998. – V.84. –
P.327-471.

• Tirskiy G.A., Khanuckaeva D.Y.Aerothermoballistics of 
breaking up large cosmic bodies: Proc. of the 22nd ISSW. –
Imperial College, London, UK, 1999. – P.739-744.

Gasdynamic models
• Grigoryan S.S. Motion and destruction of meteors in 

planetaryatmospheres. Cosmic Research, 1979 v.17, 
pp.724–740.

• Bronshten V.A. О динамике разрушения крупных
метеороидов // Cosmic Research, 1985 v.23, pp.797-
799. 

• Svetsov, V.V., I.V. Nemtchinov, and A.V. Teterev:
Disintegration of large meteoroids in the Earth's 
atmosphere: Theoretical models. Icarus 1995, v. 116 pp. 
131-153.

• Korobeinikov V.P., Shurshalov L.V., Vlasov V.I., 
Semenov I.V.A complex modeling of the Tunguska 
catastrophe // Planet Space Sci. – 1998. – V.46. – N213. 
– P.231-244. 

• V. V. Shuvalov, N. A. Artem’eva, and I. A. Trubetskaya . 
Simulating the Motion of a Disrupted Meteoroid with 
Allowance for Evaporation // Solar Sys.Res. – 2000. –
v.34. pp.49-60.

Catostrofic models
Pokrovskiy V.I.. About the possible variant explosion of 
meteors.Meteoritika. – 1964. – v XXIV. – pp.108-111 (in Russian)
McCrosky R.E. Ceplеcha Z.Fireballs and the Physical Theory of 
Meteors // Spec. Rep 305. Smithon Astrophys. Observ., Cambridge, 
1969. – P.65. 
Shurshalov L.V.Explosion of a body in a flight. Fluid dynamic –
1984. – pp.779-782.
ReVelle D.O.Bolide fragmentation processes: single-body modeling 
versus catastrophic fragmentation limit: Conf. Proc. Meteoroids2001.



International Meteor Conference -2010

Elastic theory equation setElastic theory equation set

ν - Poisson coefficients

r, θ - spherical coordinates

k –flow direction unit vector
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Solution:
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Stress stateStress state
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ThermoelasticThermoelasticstressstress
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a – thermo conductivity coefficient
αТ – coefficient of thermal expansion
Е=2G(1+ν) – Young’s modulus
ν – Poisson ratio

Elastic and thermoelastic stress (for a small body)
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Criteria of elastic fragmentation 
Condition of no rising flow strength

No fragmentation occur 

due to elastic stress

( )








−=−=








 +−−=≤

H

h

r

V
aatVtV

H

attVh
V

dt

d

T

*0
2

*

2
*

0
2

exp
8

3
,)(

2/
expгде,0

ρ
ρ

ρρρ

H

h

T

e
H

r
*

0

4

3 −
≤

ρ
ρ

max
2

0

*
*

22
ln

Σ
−=

V
Hh

αρ
σ



International Meteor Conference -2010

The condition of safety: the dense of shape change potential energy less then critical 
one
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Effect of heat explosionEffect of heat explosion
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ConclusionsConclusions

The body moving in the planet atmosphere is under the influence of the 
aerodynamic loads, the forces of inertia and the heat flux. As a result, the body 
undergoes ablation and even could be completely destroyed. 

•First of all, the stressed state within the body at any time is determined through 
an accurate solution of the Lamé equations. Based on the obtained solution one 
can investigate the nature of the body destruction and evaluate the distraction 
altitude for well-known meteoroids if their composition and space velocities are 
known. 
•During the flight of small fragments the thermo elastic forces become 
significant. Unlike large fragments the smaller ones warm in a short time 
resulting in accelerating the process of destruction, which also contributes to the 
ablation, i.e., reduce the fragments size. 
•Finally, «thermal explosion» due to the rapid evaporation of small fragments 
cloud with a typical range of sizes of fragments was considered. Assessment of 
the length of run and time of evaporation of small particles allows one to speak 
about the explosive outbreak and disappearance of the asteroid in the final stages 
of its collapse.
The work receive financial support from FASI, State contract 02.740.11.0615.


