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Fig.1 Transonic viscous flow over NACA 0012 airfoil, Moo = 0.85, Re = 105,a = 1.0°
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Fig.2 A shock propagating in a sudden-expansion tube (Contour of density)
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PROBLEMS ABOUT GIRD AND HIGH ORDER SCHEMES Y

Zhang Hanxin, Guo Chao, Zong Wengang
(Chinese Aerodynamics Research and Development Center, Mianyang, Sichuan 621000, China;
National Laboratory of Computational Fluid Dynamics, Beijing 100083, China)

Abstract In this paper, the relation between the difference scheme and grid svstem is studied for
solving Navier-Stokes equations with given Reynolds number. Only if tl:is reietion is satisfied in
the directions z, y, z respectively, the Navier-Stokes equations can ke siraulated properly. In many
references solving full Navier-Stokes equations with second order difference scheme, the grids in
the direction z normal to the wall are fine enough since ine clustering grid technique is used. The
proposed relation is satisfied in thiv direciion. However, the grids along the circumferential and
main flow directicas are uct. Then the calculated viscous terms in these two directions will have
the magnitude in “he same order as the truncation error of the difference equations. In this case,
it seems to solve full Navier-Stokes equations, in fact it only equivalent to solving the thin-layer
approximation equations.

From the criteria of grid interval, less grid points are needed when a higher order difference
scheme is used. Then this paper discussed further how to establish a higher order difference scheme.
The principles are proposed to construct high order schemes for solving Navier-Stokes equations,
which are related to suppressing non-physical oscillations, maintaining computational stability
and capturing the shock wave narrowly and sharply. Based on these principles, hybrid schemes are
presented, whaich are NND schemes in the shock wave region and higher order difference schemes
established according to the above principles in the whole region except the shocks.

Key words Navier-Stokes equations, criteria of grid, principles on establishing high order schemes
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