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Fig.l Temperature distribution along the stagnation line
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IMPLICIT FINITE VOLUME METHOD FOR
THREE-DIMENSIONAL
NAVIER-STOKES COMPUTATION

Xie Zhonggiang Ouyang Shuiwu
(Beijing Institute of Aerodynamics, Beijing 100074, China)

Abstract In this study, a new fully-implicit finite-volume numerical algorithm is developed to
solve the time-dependent Navier-Stokes equations using NND finite difference scheme. Loth invis-
cid and viscous fluxes across cell boundaries are treated implicitly. The presert work emphasizes
the finite-volume approximation of the integral form of the ccnservation laws. The integral ap-
proach enhances both stability and accuracy of the algerithm. Nonequilibrium reacting hypersonic
ionizing air viscous flows over the reentry vehicles are investizaied and numerically simulated by
the Navier-Stokes equations with the chemical source terms. The global continuity equation is
replaced by the conservation ecuations of individual species. For the high temperature ionized air
there are seven primary ceonsticuents: Ny, O, NO, NO*, N, O, and e~. Chemical kinetics are
described by 7 species and 6 possible reactions between these species. The governing equations in
conservation form including multicomponent, finite-rate chemical reactions are solved to demon-
strate the ability of the technique. All the computations are performed using shock-capturing
methods. The non-catalytic surface boundary condition is treated for the chemical species. The
steady state numerical solutions are obtained for hypersonic viscous and chemically reacting flows
over the blunted cones and three-dimensional blunt-body at different angles of attack. We have
successfully avoided the stiffness problem by treating the source term implicitly. Good compar-
isons with experimental data and other numerical results for pressure distributions, heat transfer
distributions, and electron densities in the flow field have been demonstrated for three-dimensional

blunt-body flows. Good agreements are obtained and verify the accuracy of the present method.

Key words finite-volume algorithm, NND scheme, Navier-Stokes equations, hypersonic viscous

flows, chemical reacting flows
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