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Understanding Projectile Geometry Effects on Momentum Enhancement During Hypervelocity Impacts
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ABSTRACT

In 2022, the primary aim of the Double Asteroid Redirection Test (DART) mission will be achieved: the hypervelocity impact of the DART spacecraft with Dimorphos (~160 diameter), the secondary body of the binary asteroid (65803) Didymos. This impact will alter the orbital period of Dimorphos to test the efficacy of a kinetic impactor for planetary defense. The excess momentum that is transferred to a body when impacted at hypervelocity is characterized by the momentum enhancement factor (β). For hypervelocity impacts, it has been shown that β is greater than 1, where the increased momentum transfer is due to crater ejecta leaving the impacted body, acting like a thruster that pushes the target body [1]. However, there is significant quantitative uncertainty in understanding β due to a paucity of experimental data and ambiguity in the applicability of commonly used impact scaling laws. One major source of uncertainty stems from the geometry and scale of an impactor. Experimental hypervelocity studies are generally reported for simple projectile geometries – a sphere on a plate for example [2]. The DART impact will not be such a simple use case because the entire spacecraft body is the projectile. Previous work has shown the sensitivity of β on impactor properties [3], however existing experimental results are inconclusive when applied to the size and scale of the DART mission. In this presentation we aim to understand the effect the DART spacecraft geometry has on beta. We vary the projectile shape using the impact hydrocode CTH, developed by Sandia National Laboratories, to examine this sensitivity in more detail by investigating the effects of the projectile geometry on β, crater shape and size, and ejecta properties (mass and velocity distribution). Simplified impactor models are compared to simulations using the full DART spacecraft intercepting a 30% porous, high strength, basalt target to provide a benchmark case. Our preliminary results show that the full DART spacecraft results in a complicated crater morphology compared to simplified projectile geometries. Despite this, we find that the overall ejecta mass and ejecta velocity distributions as well as β are similar for all impactor geometries studied. This suggests that the spacecraft can be modeled by a simplified geometry, such as a sphere, which will significantly reduce the complexity and computational resources needed to successfully model the DART impact. These results provide a roadmap for efficient simulations of the DART intercept by bounding the expected uncertainty in ejecta properties due to projectile geometry effects.  This will allow us to run the simplest model that provides a high degree of accuracy and precision to evaluate the outcomes of DART’s impact into Dimorphos.
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