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TWO ABSOLUTE STABILITY, HIGHER-ORDER CENTRAL DIFFERENCE
SCHEMES FOR THE CONVECTIVE-DIFFUSION EQUATION Y

Gao Zhi?
{(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract In this paper the numerical-perturbation algorithm presented by the author is transformed from
single perturbation reconstruction into dual one, in which the perturbation reconstruction of flux is performed
by using respectively upstream and downstream nodes in a discrete element. Compared with the original single
reconstruction using all nodes in the discrete element, dual perturbation reconstruction of flux can cut off
propagation of convective anti-diffusion unstable information between upstream and downstream nodes and
can couple both the high-order fluid dynamic relations and “upwind biasing” with the second order central
difference scheme. Therefore, the accuracies of reconstructed schemes are raised and the stability range of
reconstructed scheme is enlarged greatly. Two absolute stability, fourth- and eighth-order accurate central
difference schemes (call them DPCS, for brevity) for the convective-diffusion equation are obtained. In the case
of one dimension, DPCS are TVD schemes with order higher than second and they are nonoscillatory schemes
for any values of grid Reynolds number. DPCS are reconstructed schemes of the classical second order central
scheme coupling with both fluid dynamics effects and “upwind biasing” and do not introduce any artificial
numerical dissipation. DPCS’s excellent properties are proved by analyses and three computational examples,
which include one-dimensional linear and nonlinear and two-dimensional convective-diffusion equations. As to
calculation of Burgers equation, the well-known second order central difference scheme (2-CDS) oscillates and
diverges on coarse grids, while the fourth- and eighth-order accurate DPCS do not oscillate. Both maximum
error Ly, and mean square error Lo of fourth- and eighth-order DPCS on coarse grids (grid number N = 80, 160)
are approximately equal to those of 2CDS on fine grids (N = 320). From here we see that the present fourth- and
eighth-order DPCS can capture discontinuities with high resolution. As to calculation of one-dimensional linear
convective diffusion equation 2-CDS oscillates on coarse grids, while 4-DPCS and 8-DPCS do not oscillate; all
2-CDS, 4-DPCS and 8-DPCS can reach to individual Ly order-of-accurate on fine grids (grid number N > 320);
Lo errors of 4-DPCS and 8-DPCS are greatly less than those of 2-CDS on fine grids.

Key words computational fluid dynamics, finite difference method, numerical perturbation algorithm,

convective-diffusion equation
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