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The fascinating demise of periodic comet Shoemaker-Levy 9 as predicted for July, 1994 provides 
a wealth of observing possibilities and is a challenging problem for analytical and numerical sim- 
ulations [I-51. Likewise, the large amount of energy (possibly as much as loz4 J) expected to be 
released during the event(s) presents an unparalleled opportunity for the atmospheric modeling 
community to assess relatively long-term perturbations of the Jovian atmosphere that may occur. 
Jovian atmospheric modelers need predictions of the penetration depth of the individual cometary 
fragments, the amount of energy deposited and energy deposition rates within different regions of 
the Jovian atmosphere. To help constrain these predictions, we are performing 2-D and 3-D 
numerical simulations to investigate the influence of body shape during the early phases of the 
impact, in which the cometary fragments first strike the atmosphere, deform and break up. Prelim- 
inary 2-D investigations have been used to demonstrate that normally-incident, equal-mass spher- 
ical and cylindrical (lengthldiameter = 1) projectiles significantly differ in their deformation and 
breakup behavior as they enter the Jovian atmosphere. These differences suggest that in-depth 
investigation with additional 2-D and 3-D calculations is warranted. 

We have used the CTH Eulerian shock physics code [6-71 to study 2-D, axisyrnrnetric representa- 
tions of the impact event. The cometary fragments are assumed to consist of water ice impacting 
an exponential graded-density hydrogen atmosphere at normal incidence (3-D calculations are 
being performed using a 40 degree incidence angle). The calculations are performed in a reverse- 
ballistic sense (the atmosphere impinges at 60 km/s on the initially stationary cometary fragment) 
in order to reduce numerical diffusion in the region of interest (i.e., the small region enclosing the 
fragment). To demonstrate the influence of body shape, two equal-mass cometary fragment 
shapes were chosen: (1) a sphere of 3-km diameter and (2) a cylinder of length = diameter = 2.62 
krn entering the Jovian atmosphere along axis. 

The results of the two demonstration calculations are shown in Figs. 1-3. Figure 1 compares the 
configuration of the two projectiles very early in the calculahon when the cometary fragments 
have penetrated to the 0.5 bar level in the Jovian atmosphere. Relatively little deformation has 
occurred at this time; the initial configuration is evident, and the formation of a bow-shock is 
apparent. Later, after the fragments have penetrated to the 20 bar level (Fig. 2), abundant defor- 
mation has occurred. Perhaps not surprisingly, deformation of the cylinder at this time is more 
extensive that that of the sphere. The intact portion of the cylindrical projectile is thinner and has 
spread to a greater lateral extent. The observations are quantified by the higher temperatures and 
pressures exhibited at the stagnation point of the cylindrical calculation and the higher internal 
pressure and greater rate of mass-loss experienced by the cylindrical cometary fragment (Fig. 3). 
These conditions will lead to greater deformation and energy deposition rates and, ultimately, a 
higher breakup alitude for the cylindrically shaped cometary fragment. A full exploration of 2-D 
axisyrnrnetric shapes and representative non-symmetric 3-D shapes is being performed. 

*This work performed at Sandia National Laboratories supported by the U. S. Department of 
Energy under contract DE-AC04-94AL85000. 
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Fig. 1 Comparison of shape dependence 1 second into the calculation. 

Fig. 2 Comparison of shape dependence 3 seconds into the calculation. 

Cylinder, {" - 

Fig. 3 The pressure at an internal 
point located near the edge of the 
projectile and its dependence on 
cometary fragment shape. 
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