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Extraterrestrial objects traversing planetary atmospheres a t  hypersonic speeds 
are subject to atmospheric stresses that may easily be sufficient to produce failure in 
the material from which the objects are composed. Subsequent deformation is con- 
trolled by the differential aerodynamic pressures between the object's leading and 
trailing faces. The leading face of the object is subjected to N cDp,2I2/2 
(the stagnation pressure), where CD is the drag coefficient, p, the atmospheric 
density and v the speed of the object. The trailing face essentially experiences a 
vacuum, as air does not have sufficient time to fill the void behind the object1. 
Pressures on the side of the object are small in comparison with this pressure differ- 
ence, so the object deforms in an "pancaking" fashion. This deformation, of course, 
increases atmospheric drag and so leads to an explosive fragmentation2. We report 
comparisons between analytical and numerical models for this process. 

Deformation, leading to  explosive fragmentation, accounts for many airburst 
explosions observed for bolides in the Earth's atmosphere3, and an analytic model 
of bolide deformation have been applied to the Tunguska explosion of 1908~. The  
model has also been applied to the upcoming impact of the fragments of comet 
Shoemaker-Levy 9 with Jupiter5. The analytic model represents deformation of the 
bolide, once the stagnation pressure exceeds the material strength, as the radial 
spreading of a strengthless cylinder into a squatter version of itself. Hydrostatic 
equilibrium is assumed throughout the entire body, which may not be correct for 
objects sufficiently large that the sound speed travel time is comparable to the 
duration of passage through the atmosphere (objects with diameters larger than 

100 m). Furthermore, material behavior is represented by a single strength 
parameter and material density and compressibility, which may play a significant 
role in bolide deformation, is ignored6. 

Given the numerous assumptions of the analytic model, it is of interest to 
compare the results of this model to a more complete numerical simulation of bolide 
deformation and fragmentation. A Smoothed Particle Hydrodynamics (SPH) model 
has been constructed to represent the passage of a bolide through an atmosphere. 
The  atmosphere is modeled as a perfect gas, while the bolide physical properties 
are calculated using the Los Alamos SESAME EOS data base. The SESAME data  
base allows a more complete representation of material behavior than for the simple 
analytic model, including compressibility. 

Simulations have been performed for a stony, iron and cometary bolides travers- 
ing the Earth's atmosphere. The model does self-consistently calculate tempera- 
tures of the atmosphere and the bolide, although ablation is not considered in our 
calculations. Our results to date for objects with low material strengths (such as 
comets) show pancaking of the bolide in a similar manner and extent to that as- 
sumed by the analytical model. A sample of this behavior is illustrated in Figure 1. 
This result is in contrast to that reported by similar numerical simulations7, which 
imply a dominant role for aerodynamic erosion from the leading edge of the bolide, 
leading to a conically deformed bolide. While such erosion is seen in these simu- 
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lations (see Figure l (b)) ,  its effect is small compared to the overall deformation, 
which produces a global flattening of the bolide. 

We are currently examining the role for various forms of deformation (e.g. 
pancaking vs. leading-edge erosion) for a range of bolide speeds and compositions. 
In addition, the numerical model is currently being extended to include elastic 
behavior, by the incorporation of the Grady-Kipp model adapted to. Lagrangian 
hydrocodes by Melosh et ~ 1 . ~ .  

Figure 1. SPH simulation of the vertical entry of a 200 m diameter comet 
through the Earth's atmosphere. Initial speed of the comet was 5 km/sec. T h e  
simulation is shown at (a) 0.23 s, when the comet's vertical axis has been reduced 
to 83% of i ts initial value and (b) 0.45 s, when the comet's vertical axis has been 
reduced to 78% of its intial value. 
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