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A hybrid third order scheme and the comparative investigations
on two DES methods by computations

SUN Dong', CHEN Jiang-tao', LI Qin""*, ZHANG Han-xin""*
(1. China Aerodynamic Research and Development Center, Mianyang Sichuan 621000, China;

2. National Laboratory of CFD, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; In order to make numerical simulations using Detached-Eddy Simulation (DES) hybrid method,
a third-order hybrid scheme has been proposed on the basis of the traditional third-order upwind-biased
scheme. The dissipation of the new hybrid scheme can be adjusted in moderate and higher band of the scaled
wave number. Based on the aforementioned works, comparative numerical studies have been made on two
RANS/LES hybrid methods, i. e. , DES-SA based on the S-A turbulent model and DES-ML based on the
mixing length model. The computations choose the low-speed flow around three-dimensional cylinder as an
example, while using several difference schemes including the developed third-order scheme. Comparisons
have been made between the obtained results and that from references, and discussions have been made about
the new hybrid scheme and DES-ML method also.

Key words: RANS/LES hybrid method; modified wave number; hybrid scheme
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On a class of center-typed third order difference

scheme orienting to engineering utilizations

LI Qin"?, SUN Dong', ZHENG Yong-kang®*, ZHANG Han-xin'"*

(1. China Aerodynamics Research and Development Center , Mianyang, Sichuan 621000, China;

2. National Com putational Fluid Dynamics Laboratory , Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Techniques are developed for the construction of difference schemes by analyzing their dissipa-
tion relations and using re-linearizing process; A center-typed third order nonlinear scheme is presented,
which has the equivalent grid stencil as the NND scheme. Because the linear part of the scheme has well per-
formance about the dissipative characteristics, and the linear form of it will be preferred as far as possible due
to the re-linearizing technique, the improvement will be obtained theoretically on the resolution and maitain-
ance ability about the vortices in computations; On the other hand, the scheme will change back into NND-
like scheme by the nonlinear procedure when encoutnering non-smooth region, and the dissipation and stabil-
ity mechanism will be brought into action. The validating computations show that, the scheme can be used in
computations containing vortices and perturbations with viscosity, and the simple form of the algorithm
makes it easily utilized in engineering purpose and extended to finite volume method.

Key words: NND scheme; weighted scheme; vortex; heat flux



