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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.

read less

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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Journal Article•DOI•
A New Smoothness Indicator for the WENO Schemes and Its Effect on the Convergence to Steady State Solutions
[...]


Shuhai Zhang1, Chi-Wang Shu2•Institutions (2)
China Aerodynamics Research and Development Center1, Brown University2

01 May 2007-Journal of Scientific Computing
TL;DR: Numerical experiments show that the residue for the WENO scheme with this new smoothness indicator can converge to machine zero for one and two dimensional (2D) steady problems with strong shock waves when there are no shocks passing through the domain boundaries.

...read moreread less

Abstract: The convergence to steady state solutions of the Euler equations for the fifth-order weighted essentially non-oscillatory (WENO) finite difference scheme with the Lax---Friedrichs flux splitting [7, (1996) J. Comput. Phys. 126, 202---228.] is studied through systematic numerical tests. Numerical evidence indicates that this type of WENO scheme suffers from slight post-shock oscillations. Even though these oscillations are small in magnitude and do not affect the "essentially non-oscillatory" property of WENO schemes, they are indeed responsible for the numerical residue to hang at the truncation error level of the scheme instead of settling down to machine zero. We propose a new smoothness indicator for the WENO schemes in steady state calculations, which performs better near the steady shock region than the original smoothness indicator in [7, (1996) J. Comput. Phys. 126, 202---228.]. With our new smoothness indicator, the slight post-shock oscillations are either removed or significantly reduced and convergence is improved significantly. Numerical experiments show that the residue for the WENO scheme with this new smoothness indicator can converge to machine zero for one and two dimensional (2D) steady problems with strong shock waves when there are no shocks passing through the domain boundaries.
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Cites methods from "High Resolution Schemes and the Ent..."
	...However, the application of TVD limiters will degenerate the accuracy to first order near smooth extrema [10]....

[...]






Journal Article•DOI•
Grid-based Methods in Relativistic Hydrodynamics and Magnetohydrodynamics
[...]


José María Martí1, Ewald Müller2•Institutions (2)
University of Valencia1, Max Planck Society2

22 Dec 2015TL;DR: An overview of grid-based numerical methods used in relativistic hydrodynamics (RHD) and magnetohydrodynamICS (RMHD) is presented and FORTRAN programs are provided to compute the exact solution of the Riemann problem in RMHD and to simulate 1D RMHD flows in Cartesian coordinates.
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Abstract: An overview of grid-based numerical methods used in relativistic hydrodynamics (RHD) and magnetohydrodynamics (RMHD) is presented. Special emphasis is put on a comprehensive review of the application of high-resolution shock-capturing methods. Results of a set of demanding test bench simulations obtained with different numerical methods are compared in an attempt to assess the present capabilities and limits of the various numerical strategies. Applications to three astrophysical phenomena are briefly discussed to motivate the need for and to demonstrate the success of RHD and RMHD simulations in their understanding. The review further provides FORTRAN programs to compute the exact solution of the Riemann problem in RMHD, and to simulate 1D RMHD flows in Cartesian coordinates.
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High-order ENO schemes applied to two- and three-dimensional compressible flow
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Chi-Wang Shu1, Thomas A. Zang2, Gordon Erlebacher2, David Whitaker2, Stanley Osher3  - Show less +1 more•Institutions (3)
Brown University1, Langley Research Center2, University of California, Los Angeles3

01 Jan 1992-Applied Numerical Mathematics
TL;DR: In this article, high order essentially non-oscillatory (ENO) finite difference schemes are applied to the 2D and 3D compressible Euler and Navier-Stokes equations.
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Cites background from "High Resolution Schemes and the Ent..."
	...This problem even afflicts the formally high-order TVD (total-varlationdiminishing) schemes, since they must degenerate to first order accuracy at smooth critical points [13]....
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Geometric heat equation and nonlinear diffusion of shapes and images
[...]


Kimia1, Siddiqi1•Institutions (1)
Brown University1

21 Jun 1994TL;DR: This work presents several properties of curvature deformation smoothing of shape: it preserves inclusion order, annihilates extrema and inflection points without creating new ones, decreases total curvature, satisfies the semi-group property allowing for local iterative computations, etc.

...read moreread less

Abstract: We propose a geometric smoothing method based on local curvature in shapes and images which is governed by the geometric heat equation and is a special case of the reaction-diffusion framework proposed by Faugeras (1990). For shapes, the approach is analogous to the classical heat equation smoothing, but with a renormalization by arc-length at each infinitesimal step. For images, the smoothing is similar to anisotropic diffusion in that, since the component of diffusion in the direction of the brightness gradient is nil, edge location and sharpness are left intact. We present several properties of curvature deformation smoothing of shape: it preserves inclusion order, annihilates extrema and inflection points without creating new ones, decreases total curvature, satisfies the semi-group property allowing for local iterative computations, etc. Curvature deformation smoothing of an image is based on viewing it as a collection of iso-intensity level sets, each of which is smoothed by curvature and then reassembled. This is shown to be mathematically sound and applicable to medical, aerial and range images. >
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An adaptive high-order hybrid scheme for compressive, viscous flows with detailed chemistry
[...]


Jack L. Ziegler1, Ralf Deiterding2, Joseph E. Shepherd1, Dale Pullin1•Institutions (2)
California Institute of Technology1, Oak Ridge National Laboratory2

20 Aug 2011-Journal of Computational Physics
TL;DR: A hybrid weighted essentially non-oscillatory (WENO)/centered-difference numerical method, with low numerical dissipation, high-order shock-capturing, and structured adaptive mesh refinement (SAMR), has been developed for the direct numerical simulation of the multicomponent, compressible, reactive Navier–Stokes equations.
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Cites methods from "High Resolution Schemes and the Ent..."
	...When combining these methods with the forward Euler method in time, the analytical nonlinear TVD stability result (when using example equations such as the advection equation and Burger’s equation and Harten’s lemma) ranges from ν ≤ 12 to ν ≤ 23 [27], depending on the limiter....
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	...Finite volume methods with order of accuracy > 2 have not been proven to be TVD [54]....

[...]


	...While typically higher than 3rd-order SSP/TVD Runge-Kutta schemes have a stability coefficient smaller than one, for this unique scheme the stable region is for ν = 6....

[...]


	...Also, note that each TVD scheme has
a critical Courant-Friedrichs-Lewy (CFL) number, ν, above which the method is not guaranteed to be stable....

[...]


	...For WENO and other high-order spatial methods, at least second-order TVD (Total variation Diminishing) time integration is required for stability....
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Approximate Riemann Solvers, Parameter Vectors, and Difference Schemes
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Philip L. Roe1•Institutions (1)
Royal Aircraft Establishment1

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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Towards the ultimate conservative difference scheme V. A second-order sequel to Godunov's method
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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.

...read moreread less


Full-textGo to Paper 
6,630 citations



Save
Cite
Share





Journal Article•DOI•
Difference Methods for Initial-Value Problems.
[...]


Samuel Goldberg, Robert D. Richtmyer

01 Nov 1959-American Mathematical Monthly

Go to Paper 
4,135 citations



Save
Cite
Share





Journal Article•DOI•
The Piecewise Parabolic Method (PPM) for Gas Dynamical Simulations
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Phillip Colella1, Paul R. Woodward2•Institutions (2)
University of California, Berkeley1, Lawrence Livermore National Laboratory2

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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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

...read moreread less

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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