Optimal control of re-entry trajectories with minimum heating
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ABSTRACT

Extreme heat loads experienced by re-entry capsules can be minimized by an optimal choice of
trajectories. With the aerodynamic equations that define the re-entry trajectory coupled with
a convective heating rate model such as the Sutton-Graves formula and the heat equation, an
optimal control problem with a coupled ODE-PDE system is posed. Furthermore, parameters
that define the capsule shape have a heavy influence in these equations. In order to solve
this optimal control problem, it can be transformed through full state discretization and control
parametrization using splines into a non-linear optimization problem with non-linear constraints.
Additionally, the PDE can be transformed into an ODE system using the method of lines. This
leads to a large-scale, sparse structure that can be exploited using SQP methods to increase
the efficiency of the solving process. Numerical results include optimal solutions under certain
simulated scenarios.
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