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In conventional CFD approach, the grid spacing and the order of polynomial fits are given, and hence the error 
of the solution is the result of the computation.  If we fix the grid spacing and the allowable error of the 
solution, we can determine the order of the polynomial fit needed in a cell by cell fashion.  In order to do this, 
we need to have a method to generate polynomials of any order while these polynomials do not give rise to 
numerical oscillations.  The conventional high order schemes generally give rise to spurious numerical 
oscillations, which may result from either interpolation errors caused by constructing a polynomials of high 
degree on a uniform set of nodes (Runge phenomena) or the interpolation errors caused by using a continuously 
differentiable function to approximate a jump discontinuity (Gibbs phenomena). The Runge phenomenon can 
be avoided by positioning unknown points within a cell such that the high order polynomial satisfies the 
properties of orthogonal polynomials and quadratures. The difficulties associated with Gibbs phenomena are 
harder to deal with.  Although conventional limiter approaches, such as TVD, TVB and FCT can eliminate Gibb 
phenomena, the overall accurate has suffered and hence the concept of polynomial refinement will not be 
feasible.  We have proposed to use a reduced diffusion treatment to eliminate Gibb’s phenomena and a high 
order gradient-detection function to monitor the occurrence of the oscillation in the vicinity of the sharp 
discontinuity.  This will allow the oscillation to be eliminated before it magnifies and hence the damage to the 
solution can be minimized.  We have tried the proposed method in both 1-D and 2-D cases with very impressive 
results. 


