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Experimental facts
> explosion of Tunguska meteorite

> registered bursts like nuclear explosion fireballs with the yield of 1
to 100 kilotons TNT
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The paper describes a theoretical model simulating the explosive interaction
between meteorites and the atmosphere, as well as meteorite fragmentation.

A meteorite entering the atmosphere interacts with an approaching air
stream and this results in a large-scale loss of hydrodynamic stability. The
meteorite disintegrates into several approximately equal fragments. Then a
chain reaction of meteorite fragmentation is observed, the fragments being
decelerated by the atmosphere.

This physical model can lead to two outcomes:

» meteorites with small density and sizes less than some critical value reach
some critical height above the Earth surface. Final sizes of meteorite
fragments reaching the ground would depend on the existence of some
minimal fragment size and/or critical velocity of these fragments in the
atmosphere;

» When meteorite density and dimensions are large enough, the
fragmentation process has no time to develop deeply. The fragments reaching
the ground will be of microscopic sizes.
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Merits
1. The theory (if constants are selected properly) describes rather well the meteorite

deceleration in the mid-trajectory.

Drawbacks

2. Great uncertainties in choosing system constants.

3. At certain velocities the ablation equation contradicts the law of energy
conservation.

4. The theory does not predict meteorite fragmentation.

5. The theory does not predict meteorite explosion in the atmosphere: dE/dH

spread over the whole atmosphere.
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PHYSICAL MODEL. ZERO-ORDER APPROXIMATION

1. Interaction with an approaching air stream
2. Loss of hydrodynamic stability
3. Disintegrations (repeating)

The meteorite is a sphere.
Fragmentation is discrete and time intervals between the acts of
fragmentation are independent of meteorite velocity and air density.

Meteorite disintegration time Number and size of fragments
s ~
fr= T Rozma N(D) = 3
n —number of fragments B (1 — ﬂ)
resuhtechbeormfdisigiegnidion Ly
s : £
resulted from disintegration R(t) = R, ( b )

Ly
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NUMERICAL SIMULATION
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Steady-state flow
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NUMERICAL SIMULATION
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A recess on the axis of symmetry
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NUMERICAL SIMULATION
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Transformation of initial sphere into a torus
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NUMERICAL SIMULATION
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NUMERICAL SIMULATION

&=1)po - co*(5-1) —equation of state

Break-up time td (in ps) for a sphere of the unit radius
as a function of air velocity and density
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ANALYTICAL ESTIMATES
EXPONENTIAL ATMOSPHERE

The ballistic form of the equation of motion between fragmentation acts
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ANALYTICAL ESTIMATES
EXPONENTIAL ATMOSPHERE
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CALCULATIONS FOR THE METEORITE

Initial conditions:

At the altitude of 25.5 km the meteorite 30 m in radius had the initial velocity of 20

km/s, kinetic energy of the meteorite was 5.4 Mt

Kinetic energy of the meteorite versus altitude and time during fragmentation
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ANALYTICAL ESTIMATES
ATMOSPHERE OF CONSTANT DENSITY

Due to the fact that almost all the energy is lost within a narrow range of altitudes —
50% of energy is lost within 1 km - it is reasonable to assume that within this
range the atmosphere density is constant.

BOET e =Ee
_ 3
Eﬁ@(@—- po [3\1/3
100 gy e '_ B = GATﬁ (E)
dE

Mttt - Lf 2 > ® —an explosive process

The rate of energy loss is limited. Its maximum depends on the final size of micro-
fragments and/or velocity finiteness.
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COMPARISON OF DIFFERENT MODELS
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COMPARISON OF DIFFERENT MODELS
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COMPARISON OF DIFFERENT MODELS
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COMPARISON OF DIFFERENT MODELS
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TUNGUSKA METEORITE

Radius 46 m, velocity 20 km/sec, angle of fall 45°.

Total energy - 20 Mt, atmospheric parameters p=1.4.10-3 g/cm3 and h=7 km.

Limiting altitude up to which meteorite fragments fly - 21 km.
Explosive method provides release of about 16 Mt energy.

Forest fall in the region of Tunguska explosion.
(based on materials of the expedition headed by
L. Kulik, 1927)

«XIll ZABABAKHIN SCIENTIFIC TALKS», March 20-24, 2017
Snezhinsk, Chelyabinsk region, Russia

20




CONCLUSION

The model of asteroid explosion and fragmentation in the Earth
atmosphere has been developed.

Based on the proposed model of asteroid explosion and fragmentation in
the atmosphere, the size of an icy meteorite able to reach the Earth surface
has been estimated as ~ 200 meters. In the case the meteorite does not reach
the Earth, it looses its kinetic energy explosively — a major part of energy is

lost within a distance equal to several meteorite sizes.

;
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