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Abstract

[bookmark: _GoBack]Momentum enhancement is the increase in momentum transferred to an impacted body above the momentum of the impactor.  It is typically denoted as β – 1.  Experimental studies have shown that for many impacted materials, including metals and consolidated geological materials, the momentum enhancement is an increasing function of the size of the impactor.  From the perspective of deflecting asteroids, this is a promising result, since we expect to impact the asteroid or comet nucleus with a spacecraft on the order of a meter across.

The size dependence has only been shown experimentally up to centimeter scale.  High velocity impacts measuring momentum enhancement have been performed for impactors of at most 3 to 4.5 cm in diameter.  For example, the plots below show impacts at 5.77 km/s into an aluminum target with a range of impactor diameters, from 0.16 cm to 3 cm.  It is interesting to see that the ejecta mass appears to saturate around 1 cm diameter, but the momentum enhancement continues to increase at an even faster pace.  Interestingly, the plots also show that hydrocode impact computations, with an appropriate failure model, match the ejecta mass but do not match the momentum enhancement results (also shown) [1].  Similar size scaling increase of momentum enhancement has been observed in large concrete and sandstone targets, at speeds of 2 km/s, and will be presented [2].

Since we hope to extrapolate this momentum enhancement behavior, it is important to understand its physical origins, as it is possible that the momentum enhancement will saturate for some impactor diameter unless we can show the mechanism precludes saturation.  Since the mass saturates but the momentum enhancement does not, it is clear the momentum enhancement increase due to size is not due to an increase in ejecta mass.  (Obviously, an increase in ejecta mass does increase momentum enhancement, but there is another mechanism at work here beyond the mass saturation.)  In this presentation, we look at the mechanics of the impact and ejecta process and look at reasons for the increase in momentum transfer to the impacted object during the cratering process.

The overall topic is of considerable interest.  If we can argue that the size scaling continues to meter size scales, then we obtain βs of greater than 10 for spacecraft scale impacts into asteroids, which makes the hypervelocity impactor a method of interest for deflecting potentially dangerous asteroids and comet nuclei.  If the size scaling does not continue but rather saturates at a small diameter, it is likely that βs will be relatively small for such impacts.  Thus, understanding this size scaling behavior is at the center of understanding the usefulness of deflecting impactors through hypervelocity impact.
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Figure 1. Experimental results for 5.77 km/s impacts for a range of project sizes, performed at NASA Ames and SwRI (green crosses).  CTH computations with a sophisticated failure model (blue circles) [1].
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