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Table 1 Error comparisons of non-conservative-type
peturbational finite difference (PFD) scheme (n =4)
and the first-order upwind scheme (1-UW)

WE G 3o BRKEHX R E

Re =100, N =80 1-UW 0.371489e-1  0.12354le-1
L=0.2, Ry=0.25 PFD 0.106935¢-2 0.326268e-3
Re =100, N =80 1-UW  0.203043e+0  0.840252¢-2
L=2, Ry=2.5 PFD 0.437098e-1 0.118446¢-2
Re = 1000, N =80 1-UW  0.202996e +0  0.839891e-2
L=0.2, Ry=2.5 PFD 0.437662¢-1 0.118651e-2
Re = 1000, N =80 1-UW 0.399905e-1  0.102792e-2
L=2, Ry=25 PFD 0.624907e-4  0.218391e-5
Re = 100000, N =80 1-UW 0.400492¢-2  0.998651e-4
L=0.2, Ry=250 PFD 0.511682e-5 0.719339%-6
Re = 100000, N =80 1-UW 0.448680e-3  0.116515¢-4
L=2, Ry=2500 PFD 0.529526e-4  0.192113e-5

x2 TEIEADAFRESEX(PFD)(r =4 8f)
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Table 2 Error comparisons of conservative-type
peturbational finite difference (PFD) scheme (7 =4)
and the first-order upwind scheme (1-UW)

WE G 3o BREE FHRE

Re =100, N =80 1-UW 0.218855¢-1  0.743903¢-2
L=0.2, Ry=0.25 PFD 0.930858e-3 0.246167¢-3
Re =100, N = 80 1-UW  0.171298¢+0  0.718552¢-2
L=2,Ry=2.5 PFD 0.554937e-1 0.158022¢-2
Re = 1000, N =80 1-UW  0.171255¢+0  0.718187¢-2
L=0.2, Ry=2.5 PFD 0.554428e-1 0.157812¢-2
Re = 1000, N =80 1-UW 0.392513e-1 0.100917¢-2
L=2, Ry=25 PFD 0.176479¢-3 0.527062e-5
Re = 100000, N = 80 1-UW 0.399722¢-2  0.997393e-4
L=0.2, Ry=250 PFD 0.499975¢-5  0.740179¢-6
Re = 100000, N=80 | 1-UW 0.450836e-3  0.120575e-4
L=2, Ry=2500 PFD 0.501655e-4  0.214303e-5
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Fig.1 Velocity comparison ( Re = 100, M = 2)
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Fig.2 Pressure comparison (Re =100, M =2)
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Fig.3 Velocity comparison ( Re = 1000, M = 4)
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Fig.4 Pressure comparison ( Re = 1000, M = 4)
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Fig.5 Numerical results ( Re = 100, M = 2)
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Fig.6 Numerical results ( Re = 1000, M = 4)
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Peturbational finite difference scheme for shock-wave
computing of Navier-Stokes equations

SHEN Yi-qing, GAO Zhi, YANG Guo-wei
( Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sci , Beijing 100080, China)

Abstract: In the peturbational finite difference (PFD) method, the difference coefficients of the first-order accurate
upwind difference scheme are expanded into the power series of grid size, by improving the approach accuracy of modified
differential equation to obtain higher-order accurate difference scheme. PFD scheme has upwind effect and only uses three
grids as in the first-order upwind difference scheme. In this paper, the PFD scheme of the Burgers equation is derived.
Then combined with the time depending method, the conservative-type PFD scheme is constructed and generalized to com-
pute one-dimensional Navier-Stokes equations. The numerical results show that the present PFD scheme of NS equations has
higher order accurate and better resolution than the first-order accurate upwind scheme does, and can remain the essentially

non-oscillatory property.

Key words: peturbational finite difference scheme; Navier-Stokes equation; shock-wave computing
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ium flow;a new automatic searching algorithm is presented, by which the deterministic criterion is used for a molecule to re-
flect on a certain surface element instead of a probabilistic one. In order to accelerate the development of flow field and save
running time, an adaptive local time stepping is designed. Dynamic allocation feature of Fortran90 is fully exploited which
makes the code more flexible. Finally, numerical experiments are made for hypersonic rarefied gas flow past a circular
cylinder. In some extent, the numerical results confirm the feasibility of method mentioned above.

Key words: unstructured grid; direct simulation; DSMC; chemical reaction non-equilibrium flow
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