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SPH MODELLING OF ENERGY PARTITIONING DURING IMPACTS 
ON VENUS ; T. Takata and T. J. Ahrens. Division of Geological and Planetary Sciences, 
California Institute of Technology, Pasadena, CA 91125. 

Impact cratering of the Venusian planetary surface by meteorites was investigated 
numerically using the Smoothed Particle Hydrodynamics (SPH) method. Venus presently 
has a dense atmosphere. Vigorous transfer of energy between impacting meteorites, the 
planetary surface, and the atmosphere is expected during impact events. We have concen- 
trated our investigation on the effects of the atmosphere on energy partitioning and the 
flow of ejecta and gas. 

The SPH method is particularly suitable for studying complex motion, especially 
because of its ability to be extended to three dimensions [1,2,3,4]. In our simulations, 
particles representing impactors and targets are initially set to a uniform density, and those 
of atmosphere are set to be in hydrostatic equilibrium. Target, impactor, and atmosphere 
are represented by 9800, 80, and 4200 particles, respectively. A Tillotson equation of 
state for granite is assumed for the target and impactor, and an ideal gas with constant 
specific heat ratio is used for the atmosphere. Two dimensional axisymrnetric geometry 
was assumed and we modelled normal impacts of lOkm diameter projectiles with velocities 
of 5, 10, 20, 40 km/s, both with and without an atmosphere present. 

The resulting flow fields show that the atmospheric gas and entrained target particles 
above the crater move upward at close to the escape velocity of Venus, whereas a strong 
radial horizontal gas flow along the surface is observed around the crater at lower altitudes 
[fig.l], in agreement with the previous work of Ivanov et  a1.[5] and Roddy e t  a1.[6]. Coupling 
to the atmosphere is strong, because the size of the impactor is comparable to the scale 
height of the atmosphere (- 15km). Not only ejecta, but a large amount of the atmospheric 
gas is accelerated to escape velocity. Because of the surrounding high gas pressure, however, 
the upward flow of the target particles at the bottom of the ejecta curtain is slower than 
in the no atmosphere case. These results qualitatively agree with experimental data [7]. 

The transfer of the kinetic energy of the impactor to the atmosphere continues after 
the impact. Approximately 10% of the kinetic energy is transferred directly from the im- 
pactor to the atmosphere [fig.2,3]. In the case of low impact velocity (5km/s), a greater 
fraction of the impact energy is partitioned into internal energy of the impactor and atmo- 
sphere than in the high impact velocity case (40km/s). When the atmosphere is present, 
the ratio of the internal energy of the impactor to that of the target is slightly smaller 
than in the case of vacuum [fig.3]. This may imply that the direct energy transfer from 
the impactor to the target is more efficient with an atmosphere. 

In conclusion, impact cratering in the presence of an atmosphere can modify the en- 
ergy partitioning among impactor, planetary surface, and atmosphere. For lOkm diameter 
impactors, the Venusian atmosphere obtains -10% of the impact energy directly. This 
quantity is more than twice as large as for the earth (<5% [8]). 

 acknowledgement^ ; Research supported by NASA. We appreciate the use of the CRAY 
Y-MP at JPL for these calculations. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1388 LPSCXXIV 

MODELLING OF IMPACT CRATERING : ~aka t ' a  T.  and Ahrens. T.J. 

Refewnces ; 1. Gingold R.A. & Monaghan J.J.(1977) Month. Not. Aatr. Soc., 181, 
375. 2. Bern W., Slattery W.L., & Cameron A.G.(1986) ICARUS, 66, 515. 3. Pongracic 
H.(1988) Monash Univ. Ph.D. Thesis. 4. Cloutman L.D.(1990) Lawrence Livermore Lab. 
Report, UCRL-ID-103698. 5. Ivanov B.A. et a1.(1992) JGR, 97,16167. 6. Roddy D.J. et 
a1.(1992) Int. Col. on Venus, abstract, Pasadena. 7. Schultz P.H.(1992) JGR, 11623. 8. 
O'Keefe J.D. and Ahrens T.J.(1982) GSA special paper, 190, 103. 

. 

. . . . . . . . 

. . . . . .  

- 50 0 

x l h l  

Fig.1. The particle positions (X>O) and ve- 
locities (X<O) for an impact on the Venu- 
sian surface with an atmosphere at t=7.7s 
after the impact. The impactor size is lOkm 
and the impact velocity is 2Okm/s. The 
large, medium, and small dots represent the 
particles of the impactor, the target, and the 
atmosphere, respectively. 
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Fig.2. Energy partitioning (fraction of to- 
tal) as a function of time in the same case 
as Fig.1. t=O is set when the meteorite is at 
the altitude of 40km. The energy is normal- 
ized by the initial energy of the impactor. 
KE and IE denote kinetic and internal en- 
ergy, respectively. 
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Fig.3. Final energy partitioning (fraction of 
total). Solid and dotted lines represent cases 
with and without atmosphere, respectively. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


