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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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Bound-Preserving High Order Finite Volume Schemes for Conservation Laws and Convection-Diffusion Equations
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Chi-Wang Shu1•Institutions (1)
Brown University1

12 Jun 2017TL;DR: This presentation surveys strategies in the recent literature in constructing high order bound-preserving finite volume schemes for scalar and systems of hyperbolic conservation laws and convection-diffusion equations, including a non-standard finite volume scheme which evolves the so-called “double cell averages” for solving conveyed equations which can maintain the bound- Preserving property and high order accuracy simultaneously.
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Abstract: Finite volume schemes evolve cell averages based on high order reconstructions to solve hyperbolic conservation laws and convection-diffusion equations. The design of the reconstruction procedure is crucial for the stability of the finite volume schemes. Various reconstruction procedures, such as total variation diminishing (TVD), total variation bounded (TVB), essentially non-oscillatory (ENO) and weighted essentially non-oscillatory (WENO) reconstructions have been developed in the literature to obtain non-oscillatory and high order finite volume schemes. However, it is a challenge to design strictly bound-preserving finite volume schemes which are genuinely high order accurate, including at smooth extrema. These include maximum-principle-preserving schemes for scalar conservation laws and convection-diffusion equations, and positivity-preserving (for relevant physical quantities such as density, pressure or water height) for systems. In this presentation we survey strategies in the recent literature to design high order bound-preserving finite volume schemes, including a general framework in constructing high order bound-preserving finite volume schemes for scalar and systems of hyperbolic conservation laws through a simple scaling limiter and a convex combination argument based on first order bound-preserving building blocks, and a non-standard finite volume scheme which evolves the so-called “double cell averages” for solving convection-diffusion equations which can maintain the bound-preserving property and high order accuracy simultaneously.

...read moreread less



Go to Paper 
7 citations



Save
Cite
Share





Journal Article•DOI•
Total variation bounded flux limiters for high order finite difference schemes solving one-dimensional scalar conservation laws
[...]


Sulin Wang1, Zhengfu Xu1•Institutions (1)
Michigan Technological University1

13 Jun 2018-Mathematics of Computation
TL;DR: This paper introduces a new criterion for designing high order finite difference schemes with provable total variation stability by measuring the total variation of an expanded vector by using the Flux-Corrected Transport type of bound preserving flux limiters.
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Abstract: In this paper, we focus on developing locally conservative high order finite difference methods with provable total variation stability for solving one-dimensional scalar conservation laws. We introduce a new criterion for designing high order finite difference schemes with provable total variation stability by measuring the total variation of an expanded vector. This expanded vector is created from grid values at tn+1 and tn with ordering determined by upwinding information. Achievable local bounds for grid values at tn+1 are obtained to provide a sufficient condition for the total variation of the expanded vector not to be greater than total variation of the initial data. We apply the Flux-Corrected Transport type of bound preserving flux limiters to ensure that numerical values at tn+1 are within these local bounds. When compared with traditional total variation bounded high order methods, the new method does not depend on mesh-related parameters. Numerical results are produced to demonstrate: the total variation of the numerical solution is always bounded; the order of accuracy is not sacrificed. When the total variation bounded flux limiting method is applied to a third order finite difference scheme, we show that the third order of accuracy is maintained from the local truncation error point of view.
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Cites background or methods from "High Resolution Schemes and the Ent..."
	...Following the pioneering first order Godunov scheme [6], many of the monotonic upstream-centered scheme for conservation laws (MUSCL) were discussed [3, 10, 18, 25] with the aim of designing high resolution schemes equipped with total variation and entropy stability....
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	...4) necessarily degenerate to first order accuracy at smooth extrema [18]....
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Juan I. Ramos1•Institutions (1)
Carnegie Mellon University1

01 Oct 1987-Computer Methods in Applied Mechanics and Engineering
TL;DR: In this article, a family of modified equation techniques for one-dimensional reaction-diffusion equations has been developed and applied to the study of a single reactiondiffusion equation which has an exact travelling wave solution.
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Luca Vincenzo Ballestra1, Riccardo Sacco2•Institutions (2)
University of Milan1, Polytechnic University of Milan2

20 Mar 2004-Journal of Computational Physics
TL;DR: In this paper, a second-order Total Variation Diminishing (TVD) finite difference scheme of upwind type is employed for the numerical approximation of the classical hydrodynamic model for semiconductors proposed by Blotekjaer and Baccarani-Wordeman.
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Sigal Gottlieb1, David I. Ketcheson2•Institutions (2)
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01 Jan 2016-Handbook of Numerical Analysis
TL;DR: This chapter contains a review of some of the methods historically used for the evolution of hyperbolic PDEs, as well as cutting edge methods that are now commonly used.
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Abstract: The time discretization of hyperbolic partial differential equations is typically the evolution of a system of ordinary differential equations obtained by spatial discretization of the original problem. Methods for this time evolution include multistep, multistage, or multiderivative methods, as well as a combination of these approaches. The time step constraint is mainly a result of the absolute stability requirement, as well as additional conditions that mimic physical properties of the solution, such as positivity or total variation stability. These conditions may be required for stability when the solution develops shocks or sharp gradients. This chapter contains a review of some of the methods historically used for the evolution of hyperbolic PDEs, as well as cutting edge methods that are now commonly used.
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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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01 Apr 1984-Journal of Computational Physics
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.

...read moreread less


Full-textGo to Paper 
3,892 citations



Save
Cite
Share






Difference methods for initial-value problems
[...]


Robert D. Richtmyer, K. W. Morton

01 Jan 1967TL;DR: In this article, differentielles and stabilite were used for differentiable transport in the context of transfert de chaleur and ondes Reference Record created on 2005-11-18, modified on 2016-08-08
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Abstract: Keywords: equations : differentielles ; stabilite ; transport ; transfert de chaleur ; mecanique des : fluides ; ondes Reference Record created on 2005-11-18, modified on 2016-08-08
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