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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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Sigal Gottlieb, Zachary J. Grant, Leah Isherwood

08 Aug 2017-arXiv: Numerical Analysis
TL;DR: This work shows that it is possible to define explicit integrating factor Runge-Kutta methods that preserve the desired strong stability properties satisfied by each of the two components when coupled with forward Euler time-stepping, or even given weaker conditions.
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Abstract: Strong stability preserving (SSP) Runge-Kutta methods are often desired when evolving in time problems that have two components that have very different time scales. Where the SSP property is needed, it has been shown that implicit and implicit-explicit methods have very restrictive time-steps and are therefore not efficient. For this reason, SSP integrating factor methods may offer an attractive alternative to traditional time-stepping methods for problems with a linear component that is stiff and a nonlinear component that is not. However, the strong stability properties of integrating factor Runge-Kutta methods have not been established. In this work we show that it is possible to define explicit integrating factor Runge-Kutta methods that preserve the desired strong stability properties satisfied by each of the two components when coupled with forward Euler time-stepping, or even given weaker conditions. We define sufficient conditions for an explicit integrating factor Runge--Kutta method to be SSP, namely that they are based on explicit SSP Runge--Kutta methods with non-decreasing abscissas. We find such methods of up to fourth order and up to ten stages, analyze their SSP coefficients, and prove their optimality in a few cases. We test these methods to demonstrate their convergence and to show that the SSP time-step predicted by the theory is generally sharp, and that the non-decreasing abscissa condition is needed in our test cases. Finally, we show that on typical total variation diminishing linear and nonlinear test-cases our new explicit SSP integrating factor Runge-Kutta methods out-perform the corresponding explicit SSP Runge-Kutta methods, implicit-explicit SSP Runge--Kutta methods, and some well-known exponential time differencing methods.
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Cites methods from "High Resolution Schemes and the Ent..."
	...iscretizations which, when coupled with the forward Euler time stepping method, have the desired nonlinear stability properties for approximating discontinuous solutions of hyperbolic PDEs (see, e.g. [30, 60, 76, 12, 46, 77, 53]). However, for actual computation, higher order time discretizations are usually needed. There is no guarantee that a spatial discretization that is strongly stable in some desired norm or semi-norm ...
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Klaus Schittkowski1•Institutions (1)
University of Bayreuth1

01 Jan 2000TL;DR: A typical black box approach to identify parameters in systems of ordinary differential equations, differential algebraic equations, or systems of one-dimensional time-dependent partial differential equations with or without algebraic equation is presented.
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Abstract: The intention of the paper is to present a review on numerical methods to identify parameters in systems of ordinary differential equations, differential algebraic equations, or systems of one-dimensional time-dependent partial differential equations with or without algebraic equations. Proceeding from given experimental data, i.e. observation times and measurements, the minimum least squares distance of measured data from a fitting criterion is computed, which depends on the solution of the dynamic system. We present a typical black box approach that is easily implemented proceeding from some standard numerical analysis tools. A list of possible applications is included.
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Academia Sinica1

01 Sep 1989-Impact of Computing in Science and Engineering
TL;DR: It is proved that 1-D discrete MmB and I-D semidiscrete TVD schemes may have second- order accuracy at (nonsonic) critical points, but cannot be uniformly second-order accurate in the whole neighborhood of the critical points.

...read moreread less

Abstract: In this paper we present the MmB schemes, which preserve the local maximum and minimum bounds of the initial data in the smallest union of mesh elements of the previous time step containing the domain of dependence of the solution on the mesh element with center at point P under consideration. In 1-D, the MmB schemes are almost identical with TVD schemes. As is well known, there is no second-order TVD scheme in 2-D; nevertheless, we present here two classes of 2-D second-order accurate MmB schemes. It is proved that 1-D discrete MmB (or TVD) and I-D semidiscrete TVD schemes may have second-order accuracy at (nonsonic) critical points, but cannot be uniformly second-order accurate in the whole neighborhood of the critical points. New accurate high resolution flux limiters are suggested. Numerical results for 1-D and 2-D test problems are given.
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Update on Multirate Timestepping Methods for Hyperbolic Conservation Laws
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Emil M. Constantinescu, Adrian Sandu

01 Mar 2007TL;DR: This paper constructs multirate time discretizations for hyperbolic conservation laws that allow different timesteps to be used in different parts of the spatial domain and has conservation and linear and nonlinear stability properties under local CFL conditions.

...read moreread less

Abstract: This paper constructs multirate time discretizations for hyperbolic conservation laws that allow different timesteps to be used in different parts of the spatial domain. The proposed family of discretizations is second order accurate in time and has conservation and linear and nonlinear stability properties under local CFL conditions. Multirate timestepping avoids the necessity to take small global timesteps (restricted by the largest value of the Courant number on the grid) and therefore results in more efficient algorithms. Numerical results obtained for the advection and Burgers equations confirm the theoretical findings.
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Alireza Mazaheri1, Chi-Wang Shu2, Vincent Perrier3•Institutions (3)
Langley Research Center1, Brown University2, University of Pau and Pays de l'Adour3

15 Oct 2019-Journal of Computational Physics
TL;DR: Two new classes of compact weighted essentially nonoscillatory (WENO) polynomial limiters are presented for second-, third-, fourth-, and fifth-order discontinuous Galerkin (DG) schemes on irregular simplex elements.
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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.
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