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High Resolution Schemes and the Entropy Condition
Stanley Osher1, Sukumar Chakravarthy2•Institutions (2)
University of California1, Rockwell Automation2

01 Oct 1984-SIAM Journal on Numerical Analysis (Springer, Berlin, Heidelberg)-Vol. 21, Iss: 5, pp 104-133

TL;DR: In this article, a systematic procedure for constructing semidiscrete, second order accurate, variation diminishing, five-point band width, approximations to scalar conservation laws is presented.
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View 20 related papersAbstract: A systematic procedure for constructing semidiscrete, second order accurate, variation diminishing, five-point band width, approximations to scalar conservation laws, is presented. These schemes are constructed to also satisfy a single discrete entropy inequality. Thus, in the convex flux case, we prove convergence to the unique physically correct solution. For hyperbolic systems of conservation laws, we formally use this construction to extend the first author’s first order accurate scheme, and show (under some minor technical hypotheses) that limit solutions satisfy an entropy inequality. Results concerning discrete shocks, a maximum principle, and maximal order of accuracy are obtained. Numerical applications are also presented.
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Essentially non-oscillatory schemes for the Euler equations on unstructured meshes
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M Zamecnik1, J A Hernández1•Institutions (1)
Technical University of Madrid1

01 Jan 1999TL;DR: In this article, a numerical scheme to solve the two-dimensional Euler equations around aerodynamic profiles is presented, where the space domain is discretized by an unstructured mesh where triangular elements are used.
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Abstract: Abstract A numerical scheme to solve the two-dimensional Euler equations around aerodynamic profiles is presented. The space domain is discretized by an unstructured mesh where triangular elements are used. The scheme uses a first- and a second-order finite volume method where evolution equations for the mean values are obtained at each cell. The first-order approximation is obtained by a constant approximation at each cell while the second-order approximation is obtained by a linear ENO (essentially non-oscillatory) polynomial. Fluxes at cell interfaces are determined using an approximate solver for the Riemann problem. The solution of the Riemann problem introduces the upwind characteristic of the scheme. In this paper, particular emphasis is placed on the determination of fluxes at every cell interface, obtaining a compact expression for the resolution on unstructured meshes. The Burgers equation is analysed as a typical scalar case, and it is shown how the vectorial Riemann problem in unstructured meshes can be reduced to four scalar problems along four directions of propagation. This paper also shows how the use of a preconditioned technique based on local time step improves the convergence to the steady state solution. An anomalous behaviour in the convergence of the residuals in a second-order scheme is observed and it is related to the shock structure and the spatial approximation. Transonic and subsonic test cases of aerodynamic profiles are simulated as an application to advanced aerodynamic design.
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06 Oct 2021-arXiv: Computational Physics
TL;DR: In this paper, a new flux limiter formulation is presented based on the adoption of algebraic data structures and kernels, and traditional flux limiters are cast into a stream of only two types of computing kernels: sparse matrix-vector multiplication and generalized pointwise binary operators.
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Abstract: The use of flux limiters is widespread within the scientific computing community to capture shock discontinuities and are of paramount importance for the temporal integration of high-speed aerodynamics, multiphase flows, and hyperbolic equations in general. 
Meanwhile, the breakthrough of new computing architectures and the hybridization of supercomputer systems pose a huge portability challenge, particularly for legacy codes, since the computing subroutines that form the algorithms, the so-called kernels, must be adapted to various complex parallel programming paradigms. From this perspective, the development of innovative implementations relying on a minimalist set of kernels simplifies the deployment of scientific computing software on state-of-the-art supercomputers, while it requires the reformulation of algorithms, such as the aforementioned flux limiters. 
Equipped with basic algebraic topology and graph theory underlying the classical mesh concept, a new flux limiter formulation is presented based on the adoption of algebraic data structures and kernels. As a result, traditional flux limiters are cast into a stream of only two types of computing kernels: sparse matrix-vector multiplication and generalized pointwise binary operators. The newly proposed formulation eases the deployment of such a numerical technique in massively parallel, potentially hybrid, computing systems and is demonstrated for a canonical advection problem.
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Numerical issues in gas flow dynamics with hydraulic shocks using high order finite volume WENO schemes
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Ferdinand E. Uilhoorn1•Institutions (1)
Warsaw University of Technology1

01 Mar 2020-Journal of Computational Physics
TL;DR: It is demonstrated that the solutions of the conservative and nonconservative formulations are similar if the authors have smooth variations in the solution domain and the convective inertia term in the momentum equation should not be ignored.
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Non upwind discontinuous Galerkin schemes for hyperbolic conservation laws in porous media
[...]


Sadok Lamine, Michael G. Edwards

08 Sep 2006TL;DR: Novel Discontinuous-Galerkin schemes for reservoir simulation that permit reconstruction of stable higher order monotonicity preserving approximations while avoiding dependence upon both upwinding and characteristic decomposition are presented.

...read moreread less

Abstract: Discontinuous-Galerkin schemes are presented for convective ∞ow approxima- tion in reservoir simulation. The methods are compared with slope limited MUSCL and TVD schemes. Standard reservoir simulation schemes employ single-point upstream weighting (flrst order upwind) for approximation of the convective ∞uxes when multiple phases or com- ponents are present. Higher order upwind approximations have also been developed, in- cluding higher order Godunov schemes. These schemes require a characteristic decom- position when applied to hyperbolic systems with multiple phases or components present. The decomposition leads to optimal upwind schemes where upwind directions are resolved according to characteristic wave components. However the decomposition adds further complexity and additional computation is required to account for the decomposition ma- trices. This paper presents novel Discontinuous-Galerkin schemes for reservoir simulation that permit reconstruction of stable higher order monotonicity preserving approximations while avoiding dependence upon both upwinding and characteristic decomposition. The schemes are formulated within a locally conservative flnite volume framework. Results are presented for gravity driven ∞ows, where the wave direction changes sign (reverse ∞ow). Results obtained with the new schemes indicate a competitive comparison with the other higher order schemes.
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	...The second order numerical results using the non upwind high order schemes are displayed in Figure 3 and are very similar to those obtained using the upwind flux described by equations (8), (9) for the Buckley Leverett case, as displayed in Figure 4....
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Philip L. Roe1•Institutions (1)
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01 Aug 1997-Journal of Computational Physics
TL;DR: In this article, it is shown that these features can be obtained by constructing a matrix with a certain property U, i.e., property U is a property of the solution of the Riemann problem.
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B. van Leer

01 Jul 1979-Journal of Computational Physics
TL;DR: In this article, a second-order extension of the Lagrangean method is proposed to integrate the equations of ideal compressible flow, which is based on the integral conservation laws and is dissipative, so that it can be used across shocks.
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TL;DR: This work recognizes the need for additional dissipation in any higher-order Godunov method of this type, and introduces it in such a way so as not to degrade the quality of the results.
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