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Abstract. Some difference approximations on non-uniform mesh for traditional, com
pact and upwind compact schemes, and super compact schemes are presented. 

1 Compact Difference Approximation 

For solving practical problems in fluid dynamics usually physical parameters 
have large gradient in a smaller narrow subdomain. For this kind of problems it 
is better to use refined mesh for capturing the fine structures. There are two ways 
to obtain the schemes on refined mesh, the method of coordinate transformation 
and construction of schemes on non-uniform mesh. Analysis and practices show 
that it is better to use high order accurate scheme on non-uniform mesh near 
the wall. 

Define 

we can construct traditional and compact schemes on non-uniform mesh. Some 
compact schemes on non-uniform mesh are listed as follows 

exjFj_1 + Fj + "'/jFj+! = (a j 8;% Ihj + bj8;;; Ihj- 1 ) fJ 

4thorder central compact difference 

3rd order upwind compact difference(for c > 0) 

exj = II (1 + OJ) ,aj = 0; 1(1 + OJ)2 ,bj = (2 + 30j) I (1 + OJ)2 "(j = 0 

(1) 

We can also construct 5th order accurate upwind compact difference approxima
tion and Super Compact Finite Difference approximation[I,2]. One of the simpler 
super compact difference approximation is 

-L (1/0j- 1 ) F j_I/2+[L (1) + A (OJ)] Fj-L (0j+I) Fj+I/2 = (ex8;% + (38;;;) fJeI/2 
(2) 

where F, = [f<l> f<2> ... f<N>] T ex and (3 are free parameters L and A 
J '" j , , 

are N x N matrices, F and el are N-dimensional vectors.fj<k> /hj approximates 

(ak f / axk) j with accuracy of order N - K + 1. 
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2 Analysis 

Analysis shows that if variation of the mesh size from point to point is not very 
large for lower accurate schemes with small stencil the accuracy of solutions 
obtained by the scheme on non-uniform mesh and by coordonate transformation 
is almost the same. If the mesh can not be obtained by analitical transformation, 
or if high order accurate schemes with large stencil are used, especially near the 
wall, it is better to use schemes on non-uniform mesh. Suppose we have a function 
u(x) = sin(11"x) defined on [-1,1] from which au/ax can be calculated. The non
uniform mesh is generated by Xj = tanh(b7]j) /tanh (b) where b = 3, 7]j=jH/N-l, 
H=2, N=160. The error is defined by Cj = F j - 11"C08 (11"Xj). In Tab.l the errors 
for 5th order upwind compact scheme based on non-uniform mesh and by using 
coordinate transformation near the boundary are given. We see that the results 
obtained by scheme construction on non-uniform mesh is much better. 

Table 1. (5th Order Scheme) 

Cj Coor. Trans. Non-uniform Mesh 
j=2 +0.275 -0.108 6 

j=3 -0.153 4: -0.972 12 

j=4 +0.780 7 -0.435 15 

3 DNS of Fully Developed Compressible Channel Flow 

A 5th order upwind compact difference based on non-uniform mesh is used to ap
proximate the convection terms of the N-S equations, a 6th order central compact 
difference is used to approximate the viscous terms, and a 3 stage R-K method 
is used in advance of time l11 . In computational region [211",2,211"] 101 x 140x 101 
points are used. The physical parameters used in computation are A1 a = 0.8, 
Re = 3300. Density-weighted mean-stream velocity and RMS velocity fluctua
tion are very close to those of computed data for incompressible flow(Kim et 
al 1987) and compressible flow(Ma = 1.5, Ma = 3, Coleman et aI1995). The 
skewness and fiat ness factors of velocity fluctuation in compressible turbulence 
are given. From the computed results we can see the difference of streamwise 
velocity distribution near the wall between the compressible and incompressible 
flow". The reason is that the compressibility effect makes a part of kinetic en
ergy absorbed by pressure-dilatation and turued into inner energy which makes 
streamwise velocity streaks more smooth. 
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