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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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Pravir Dutt1•Institutions (1)
Langley Research Center1

01 Apr 1988-SIAM Journal on Numerical Analysis
TL;DR: In this article, the Navier-Stokes equations can be viewed as an incompletely elliptic perturbation of the Euler equations, and it was shown that the entropy function for Euler equation can be used to obtain nonlinear energy estimates for the mixed initial boundary value problem, which are used to derive boundary conditions which guarantee L2 boundedness even when the Reynolds number tends to infinity.
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Abstract: The Navier-Stokes equations can be viewed as an incompletely elliptic perturbation of the Euler equations. By using the entropy function for the Euler equations as a measure of energy for the Navier-Stokes equations, it was possible to obtain nonlinear energy estimates for the mixed initial boundary value problem. These estimates are used to derive boundary conditions which guarantee L2 boundedness even when the Reynolds number tends to infinity. Finally, a new difference scheme for modelling the Navier-Stokes equations in multidimensions for which it is possible to obtain discrete energy estimates exactly analogous to those we obtained for the differential equation was proposed.
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Antony Jameson1•Institutions (1)
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30 Apr 1995-International Journal for Numerical Methods in Fluids
TL;DR: A unified formulation of non-oscillatory discretization schemes for the calculation of compressible flows on both structured and unstructured meshes is presented.
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Abstract: SUMMARY A unified theory of non-oscillatory finite volume schemes for both structured and unstructured meshes is developed in two parts. In the first part, a theory of local extremum diminishing (LED) and essentially local extremum diminishing (ELED) schemes is developed for scalar conservation laws. This leads to symmetric and upstream limited positive (SLIP and USLIP) schemes which can be formulated on either structured or unstructured meshes. The second part examines the application of similar ideas to the treatment of systems of conservation laws. An analysis of discrete shock structure leads to conditions on the numerical flux such that stationary discrete shocks can contain a single interior point. The simplest formulation which meets these conditions is a convective upwind and split pressure (CUSP) scheme, in which the coefficient of the pressure differences is fully determined by the coefficient of convective diffusion. Numerical results are presmted which confirm the properties of these schemes. This paper presents a unified formulation of non-oscillatory discretization schemes for the calculation of compressible flows on both structured and unstructured meshes. Over the past decade the principles underlying the design of non-oscillatory discretization schemes have been quite well established, and numerous variations of artificial diffusion, upwind biasing and flux splitting have been proposed and tested.' - * The non-oscillatory properties of the schemes analysed here are secured through the introduction of artificial viscosity which produces an upwind bias. This exactly reproduces an upwind scheme when the minimum sufficient amount of viscosity is used. Higher-order accuracy is obtained by the use of higher-order diffusive terms, with limiters to preserve monotonicity constraints. Schemes which blend low and high-order diffusion,' and both symmetric and upstream constructions using anti-diffusive terms controlled by limiters,' are readily included within the framework of this paper. Two main issues arise in the design of non-oscillatory discrete schemes. First there is the issue of how to construct an approximation to a scalar convection or convection-diffusion equation which is non-oscillatory, captures discontinuities with high resolution, and is sufficiently accurate. Second there is the issue of how to construct a numerical flux for a system of equations with waves travelling at different speeds, and sometimes in opposite directions. These two issues can be treated essentially independently, and by combining alternative non-oscillatory formulations with different constructions of the numerical flux one arrives at a matrix of candidate high
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01 Feb 2001-Progress in Aerospace Sciences
TL;DR: The use of techniques drawn from control theory to determine optimal aerodynamic shapes are discussed, and the requirements for effective industrial use, and trade-offs between modeling accuracy and computational costs are addressed.

...read moreread less


16 min summaryFull-textGo to Paper 
99 citations



Save
Cite
Share





Journal Article•DOI•
Nonlinear filters for efficient shock computation
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Björn Engquist, Per Lötstedt, Björn Sjögreen

01 Apr 1989-Mathematics of Computation
TL;DR: It is proved that the filter can control the total variation of the solution and also produce sharp discrete shocks in a nonlinear conservation form filter.
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Abstract: A new type of methods for the numerical approximation of hyperbolic conservation laws with discontinuous solution is introduced. The methods are based on standard finite difference schemes. The difference solution is processed with a nonlinear conservation form filter at every time level to eliminate spurious oscillations near shocks. It is proved that the filter can control the total variation of the solution and also produce sharp discrete shocks. The method is simpler and faster than many other high resolution schemes for shock calculations. Numerical examples in one and two space dimensions are presented.
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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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