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Study on GMRES Algorithm for Non-Equilibrium Thermal and Chemical
Navier-Stokes Equations

Zhu Haitao, Wu Gengyu, Li Yan
Chinese Aeronautical Establishment, Beijing 100012, China

Abstract: Efficiently solving the non-equilibrium thermal and chemical Navier-Stokes equations is essential for
hypersonic projects. To improve stability and convergence efficiency of GMRES algorithim applied to numerical
solving three-dimensional non-equilibrium thermal and chemical Navier-Stokes equations which is subjected to strong
numerical stiffness induced by vibrational energy and chemical source terms, a type of preconditioning matrix is
constructed from lower order numerical schemes and diagonalized source term Jacobian matrix. Diagonalized
methods which are originally used in chemical source are extended to both vibrational energy and chemical source
terms and preconditioning matrix is deduced in detail. Through matrix approximate factorization, a LU-SGS based
GMRES algorithm is developed with calculation processes. Numerical results show that, the hypersonic flow predicted
by preconditioning method developed in this paper is coincide with reference datum. As to source term Jacobian
diagonalization, even with large CFL number, the Kim method is convergence. So, Kim method is more stable and
robust than Eberhardt and Ju methods.

Key Words: chemical source; vibrational energy source; numerical stiffness; Jacobian diagonalized;
preconditioning GMRES; thermal-chemical non-equilibrium
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