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Interaction of Meteoroid Fragments During Atmospheric Entry
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ABSTRACT

Earth impacting meteoroids experience significant aerodynamic forces due to their interaction with the atmosphere. The magnitude of these forces, in conjunction with meteoroid properties, determine if physical break-up will occur and how the fragments decelerate during flight. These processes govern the portion of pre-entry kinetic energy that is deposited in the atmosphere, which in turn can result in observable light curves or potential ground hazards. As such, the energy deposition process is important to scientific inference and impact risk assessment.

Energy deposition models are often used both as a basis for inferring pre-entry characteristics of an object based on a measured light curve, and to estimate the energy deposition (or resulting light curve) for an assumed object as it enters the atmosphere.

These models typically involve integrating the single-body meteor physics equations for the flight up to a point where an assumed physical break-up occurs. Following break-up, a number of assumptions can be made about the flight of the resulting fragments and debris. One modern approach is to assume that a combination of discrete fragments and a debris cloud are produced as a result of the break-up. While these models are able to reproduce, with high accuracy, measured light curves, the assumptions involved with the propagation of a post break-up debris cloud are physically unsatisfying—interaction between fragments is neglected and collections of smaller particles are treated as a single entity. These debris cloud, or pancake, assumptions are required due to the intractability of modeling each individual particle resulting from a disruptive break-up. 
In this work, we take the first step in assessing an ensemble of discrete particles that are permitted to interact aerodynamically. We consider pairwise interactions of particles by computing their interactive aerodynamic forces using computational fluid dynamics tools. The tools are applied across a wide range of conditions to create interactive aerodynamic databases spanning a range of relative sizes and positions. Combining these results with dimensional analysis, we have developed an empirical model to represent the interaction of these fragments. In this presentation, we will discuss the approach used to model the forces and the genesis of the empirical model. We will show examples comparing experimental and model results as a validation exercise. A preliminary exploration into applying the pair wise model to a multi body problem will be discussed. Finally, we will discuss implications for using this approach to move beyond the “pancake” assumptions and generate physically consistent energy depositions curves as part of the impact risk assessment.
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