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Introduction

For hypersonics and space access, the National Aerospace Initiative (NAI) goals are: (i) Hypersonics- flight demonstrate increasing Mach number capability each year, reaching Mach 12 by 2012; (ii) Space Access . demonstrate technologies that will drastically increase space access and reliability while decreasing cost. In response to these initiatives, needed technologies were identified by NASA/DoD, to support safe but cost effective launch and recoverable systems. To this end, integrated software development in aerothermodynamics, aerothermoelasticity, thermal protection systems (TPS) and multidisciplinary design optimization (MDO) for RLV in extreme environment are among the urgent enabling technologies.

With ongoing supports of several government agencies, together with our in-house R&D resources, we have been gradually building up a Hypersonic Aerodynamics/Aerothermodynamics for TPS (HYAAT) software system whose capability now ranges from RLV/TPS to space-access vehicle for their design/analysis. The HYAAT system was initiated by a continuing AFRL contractual support [1], its progress and development has been reported in [2, 3, 4]. The purpose of this paper is to report our recent advances made of the HYAAT system. The HYAAT system consists of 4 major modules (see Fig. 1). These include: the Aerodynamics/Aerothermodynamics module, the TPS sizing module, the ASTROS module, and the Trajectory module. Here we will confine our reporting only to the progress of the first two modules, since they are the central pieces in the present R&D efforts.

The aerodynamics/aerothermodynamics module has been generalized from a lower-hierarchy Panel method approach, ZONAIR [5] to include several higher hierarchy CFD approaches consisting of DSMC, Boltzmann/BGK, Navier-Stokes, Euler and Proper Orthogonal Decomposition (POD) flow solvers. The HYAAT road maps due to the latter are shown in Fig 2.  The TPS sizing module using the NASA supported MINIVER has been improved to add-in an automated optimization scheme for TPS weight minimization while satisfying all aerothermal and structural constraints. In what follows we will go into the specifics of these two improved modules. Whenever appropriate, applications to basic configurations and several hypersonic flight vehicles will be presented to demonstrate the validity of the HYAAT methodology.

