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Uncertainty levels associated with aeroheating predictions for the design of the afterbody of planetary probes are currently quite high. These uncertainties are typically assumed to be in the range of 200-300%, a level that can have a significant impact on Thermal Protection System (TPS) material selection and weight. Conservatism in the afterbody heat shield design will shift the center of gravity aftward, reducing stability and may necessitate the addition of ballast in the nose. Current design practice for an afterbody heatshield assumes a laminar, fully-catalytic, non-ablating surface. The predictions, thus obtained, are then augmented by a large factor of safety to account for turbulent transition and uncertainty in the baseline computations. A primary reason for this uncertainty is a sparsity of data for validation of our computational tools. Ground test data are often complicated by sting interference effects, although a limited amount of shock tunnel data are available. Little flight data at the appropriate entry velocities exist, and recent attempts to propose dedicated flight experiments have failed to reach fruition. Therefore, it is important to thoroughly understand the limited flight data that are available to improve the design fidelity of the next generation of Earth and planetary entry vehicles and to assess the need for additional flight data.

This paper will discuss five general topics. First, the paper will review the relevant flow regimes and physical models for afterbody flows. Next, the paper will survey the available flight data that can be used for validating afterbody-heating predictions. This data includes the Fire-II flight experiment, the AS-201 and AS-202 flights, the Apollo 4 & 6 missions, and the Reentry-F flight test. Next, we will review existing computational analyses, and discuss regimes where these simulations have and have not demonstrated reasonable agreement with the flight data. Then, we will conduct a brief survey of the state of the art in computing turbulent afterbody flowfields. Finally, we will provide recommendations for areas of further work, and possible flight and ground-test data that would aid in reducing the present high level of aeroheating design uncertainty.

