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The implication is that the multidimensional solutions using such one-dimensional modeling ideas are
inappropriate. With these solvers some simulations of three-dimensional inviscid flow around complete
aircraft or space vehicles, at reasonably large incidence angles and Mach numbers including the hypersonic
range , have been made. While this will become easier to resolve as faster machines with more available
memory are introduced, more emphasis should be given to mesh-generation technology. While the numerical
modeling of chemistry problems is covered elsewhere, their importance in the hypersonic regime cannot be
overemphasized. Panel methods were widely used to simulate external flow around aircraft. Many research
areas discussed elsewhere in this report impact on acoustical simulations and must be pursued if there is to be
any progress. Typical limiting problems are evidenced by convergence rates that reach a plateau and level out
at a reasonable level. Both approaches need to be pursued. Research is needed on boundary element methods,
which seem to be naturally well suited for the exterior problems of acoustics, parallel computing, modeling
techniques for the effects of turbulent boundary layers, and new algorithms for treating resonance and
problems with multiple scales. For example, vorticity is nonexistent in one dimension where the classic
Riemann methods are derived. There needs to be a continued emphasis on applying current methods to
compute the flow over full configurations. Numerical methods applied to high-angle-of-attack aerodynamics
problems lead to difficulties in lee-side flow where flow separation occurs. In addition, the flux limitation
necessary to produce monotone shock transition needs to be studied in detail. Short communications are 2 to 4
printed pages about 6 to 12 manuscript pages in length. During the s the development of compressible Euler
solvers, again based on efficient combinations of upwind or artificial viscosity methods, finite element or
finite volume approximations, flux-limiting concepts, and multilevel techniques, was an essential step in the
simulation of more complicated flows. Indeed, impressive results have been obtained by Japanese
investigators using a Boltzmann-equation-based method to simulate multidimensional hypersonic flow.
Separation at high angle of attack also remains as a critically difficult problem area. In this appendix,
additional topics on CFD research are discussed that are expected to be crucial to further developments in
several key technological areas. Basic considerations attest to the importance of such solvers. Here the
Navier-Stokes equations may not be applicable, although some success in predicting gas flow in this regime
has been achieved by solving the Navier-Stokes equations with modified boundary conditions. By the s
transonic flow past a complete aircraft was simulated and used as a production tool in computer design
subsonic airplanes with supercritical wings. A better understanding of nonequilibrium chemical effects is also
important. Much of the research on turbulence, if successful, could have a positive impact on our ability to
predict weather. In the short history of computational aerodynamics, the largest research effort has been
expended in the continuum regime. Delineation of the different flight regimes usually proceeds with a
comparison between the mean free molecular path and the characteristic length of the flow field. However, to
date, simulations have largely been concentrated on computing solutions to steady flow problems. The
convergence rate and level depend on both the form of limiter and the particular variable Page Share Cite
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have been used to compute flows in the category with limited success. As employed in present methods, the
fluxes and the solution for the dependent variables are determined by the ensuing wave field produced when
two gases at different states are allowed to interact. However, in helicopter rotor flows, improved methods are
required for solutions to both the hover and forward flight cases. In computing these fluxes, either flux
splitting or flux difference splitting schemes are used with modern upwind methods. Turbulence models and
the turbulence closure problem are major stumbling blocks in computer modeling in many of these cases. The
complex modeling requirements and delineation of the various flight regimes lead one to question several
current approaches used to solve the equations governing fluid flow, particularly in low-density hypersonics.
To date, very few entire aircraft flow fields have been computed.


