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Based on the numerical perturbation reconstruction of convective flux and source term of 

convective-diffusion equation, the high-order numerical perturbation algorithm is constructed 

by eliminating truncated error terms in the modified differential equation of perturbation 

discretized equation. In other words, the high-order spatial step expansion solution of the 

original discretized equation is obtained by using the numerical perturbation algorithm. 

 

The numerical perturbation upwind and central schemes, including finite difference(FD) and 

finite volume(FV) schemes, have several advantages: (1) they use less nodes, and they have 

the same concise form as the first-order upwind scheme and second-order central scheme, 

respectively, and they are high order accurate and absolutely stable. (2) They have the 

uniform high order accuracy at boundary and in internal regions. (3) They can effectively 

reduce the false-diffusion effect caused by the function source term in the convective-

diffusion equation, and hence improve the calculation accuracy of convective-diffusion 

equation with function source terms. While the conventional high-order upwind scheme and 

central scheme using more nodes are conditional stable, their stable range decreases and 

easily oscillates with increasing accuracy order. Compared with the numerical perturbation 

schemes, the conventional high order schemes have to decrease their accuracy order at 

boundary. The false-diffusion effect caused by source term also affects the numerical 

accuracy less than their theoretical accuracy. The calculation of 1D and 2D model equations 

has shown the above mentioned properties. 

 

The momentum equations, energy equation and Species conservation equations in Navier-

Stokes (NS) equations are convective-diffusion equation with source terms. The numerical 

perturbation upwind and central schemes are constructed for NS equations. These schemes 

coupled with SIMPLE algorithm are used to calculate the incompressible NS equation. 

Numerical results of the incompressible flows in cavities driven by the lid and buoyant force, 

flow over a forward and a backward step agree well with their benchmark solution, even 

provide some new benchmark solutions. The perturbation Roe scheme and perturbation 
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AUSM scheme are given by the numerical perturbation reconstructions of Roe’s scheme and 

AUSM scheme for compressible flows. These new schemes are used to calculate the 1D 

compressible flows, the transonic flows over DLR-F6 wing-body and DLR-F6 wing-body-

nacelle-pylon, numerical results are more accurate than the original schemes. The perturbation 

scheme for incompressible flow coupled with the level-set method are also used to simulate 

two-phase flows. The numerical results of dam break flow, Rayleigh-Taylor instability flow, 

the lid driven two-phase flow in a cavity and two-phase immiscible flow in microchannels 

agree well with experiments and the results of others. 
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