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The problem of fragments interaction just after disruption of meteoroid is a fundamental item in modern 
meteoritics. There are some different approaches in consideration of this process. The first one is a single- 
body model (Zahnle, 1992; Chyba et al., 1993) treating a cloud of small fragments and vapor as a continuum. 
The second approach, so-called "sand bag", implies a body to be a debris cloud, composed of l o2  - lo4  
particles (Teterev and Nemchinov,l993). An alternative method is the direct numerical simulation of the 
real flow around several large fragments. We have used rather simple and effective 3D hydrocode based 
upon FLIC-method to demonstrate different effects on the motion of meteoroid and radiation flux for some 
typical configurations. In stationary regime we have calculated the forces exerted on the body. To diminish 
the number of variables we have used the dimensionless parameters: drag Cd, lift Cl and moment C, 

Repulsion of two  ident ical  f ragments .  Passey and Melosh (1980) have estimated the velocity of 
repulsion as U = v J ~ ,  where pg,  pb are the density of the atmosphere at the height of disruption and 
the density of meteoroid, V - its velocity along the trajectory, C is the distance of action of the separation 
forces scaled on the radius of fragments. This quantity has been roughly estimated in the range from 0.02 
to 1.52 from the analysis of the strewn fields. We have calculated the aerodynamical coefficients for the 
meteoroid of cylindrical shape broken up into two identical hemicylinders along the axis of symmetry for 
different distance D between fragments. The drag coefficient Cd is practically constant and equal to 0.86 as 
one would expect for the blunt form of the upper edge. The repulsion coefficient Ci is four times smaller 
than Cd for D / R  < 0.3 and diminishes to zero when D / R  > 0.5. The moment coefficient is several orders 
less than the drag one - the rotation is not essential during the process of separation. We have obtained that 
the maximum repulsion velocity is U = v J ~  (1) with C = 0.2 and the time of separation is t = R / U .  

Coll imation effect. The interaction of shocks generated by each fragment can act to collimate rather 
than disperse fragments below a critical size (Schultz and Sugita, 1994), which depends on the lateral 
velocity and atmospheric density. Smaller fragments "surf" the inner shock front, and the entire debris 
cloud reshapes to a needle-shape form. We have performed 3D calculations of the flow around the leader 
fragment of cylindrical shape with the body in the wake - overshadowed fragment. The flow behind the 
leader changes substantially, but its drag coefficient is the same as in the case of a single cylinder. The 
drag coefficient for the overshadowed fragment changes practically linearly from a small value 0.2 to 1.7, 
when the body intersects the shock wave of the first cylinder. The lift coefficient is negative throughout the 
wake. The coefficient becomes positive and repulsion takes place when the axis of the overshadowed cylinder 
passes through the point of maximum density of the initial shock. The value of lateral velocity U, that is 
responsible for the collimation effect, was found to be U < A V ~ ,  where constant A is about 0.2 - 0.6 
and depends on the shape and size of the body. For the fragments in the far wake the value of A depends 
on the ratio of the body radius r to the thickness of the shock layer behind the leader 6: A - 6 / r .  So the 
collimation effect is essential in the case of small fragments. 

T ra in  of f ragments .  We have considered two fragments moving along the same trajectory with the 
same velocity V at some distance D one behind another. The case of a small distance D = 4R looks like 
the case of a high length L=7R single body. The velocity of the air in the region between the fragment 
approaches zero and shock wave in front of the second body doesn't appear . Another flow pattern is 
realized for D = 12R. One can see two well-marked bow shocks, connected with each of the two bodies. The 
drag coefficient for the leading body equals to 0.91 for all the cases. The value of Cd for the body at sound 
velocity is less - Cd % 0.02 + 0.03 and does not depend heavily on the distance D. 

Effects o n  r ad i a t i on  flux. In the problems considered above we have investigated variations in emitted 
radiation caused by disruption. In the case of two identical fragments radiation flux increases, because the 
surface area enlarges. Collimation effect leads to the decrease in radiation flux immediately after fragmen- 
tation due to the decrease in effective cross-section of the fragment cloud. Radiation flux for the train is 
very close to that for a single body. The second fragment doesn't radiate even being placed at a distance 
12R from the leading one. So one can argue that fragments (even being large enough) placed in the wake of 
some leading body are "invisible". 

Large  n u m b e r  of f ragments .  The results for the simplest configurations will be published in (Artem'eva 
and Shuvalov, 1996). Now we have considered the more realistic and more complex situation: the meteoroid 
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is broken up into a large number of pieces. In this case all the effects described above are present. To 
investigate this situation we have considered a cubical meteoroid, disrupted into 27 smaller in three times 
equivalent cubes and "quasispherical" meteoroid disrupted into 17 cubical pieces. An evolution of the 
"quasisphere" is shown in Fig.1. At first the cubes of the first layer repel much faster than others and form 
the columns with the corner cubes of the second layer. The second layer cubes are precisely the fragments 
which define the lateral velocity of the debris cloud and its radius. The cubes of the third layer repel weakly 
in the early stage and collimate rather than disperse late in the evolution. They move in the wake of central 
cube and can't escape its wake.Shock wave positions for some cross-sections parallel to the trajectory ( 
corresponding to the second configuration in Fig.1) are shown in Fig.2. 

Comparison with "pan-cake" model. The results of these simulations were used to solve the equa- 
tions of motion for disrupted meteoroid in the Earth's atmosphere. The most significant future is a great 
difference (in three times) in the energy release for the "pan-cake" (Zahnle, 1992) model and our one. More- 
over the value dE/dh in the model of repulsion of rigid fragments is not connected directly with an expansion 
of the fragment cloud and growth of its lateral velocity. The lateral velocity is determined by eq(1) with 
C 21 0.2 for cubical configuration and C 2: 1.2 for "quasisphere". Lower rate of the energy release in the 
atmosphere changes the shape of the light curve. The growth rate of the intensity after the break up also 
becomes smaller in comparison to a single-body model. 

In reality the fragments are not equal in size. It seems possible that a lot of small pieces burn quickly 
after the disruption and can cause the first peak in the light curve. The large fragments with higher strength 
can penetrate deeper into the atmosphere. This can lead to another intensity peak or ( and) may explain 
the decay rate of the flash. 
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