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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.

...read moreread less


Content maybe subject to copyright    Report








































Citations





PDF
Open Access
YearTypeAuthorsInstitutions More filters


 Sort by






A Reproducing Kernel Particle Hydrodynamic Formulation for Modeling Strong Shock Effects in Nonlinear Solids
[...]


Michael Jason Roth

01 Jan 2013TL;DR: In this article, the Lagrangian reproducing kernel particle method (RKPM) is used to model high-rate dynamic loading of nonlinear solid materials to high rate dynamic loading.

...read moreread less

Abstract: Author(s): Roth, Michael Jason | Advisor(s): Chen, Jiun-Shyan | Abstract: Many of today's challenging engineering and scientific problems involve the response of nonlinear solid materials to high-rate dynamic loading. Accompanying hydrodynamic effects are crucial, where the shock-driven pressure dominates material response. In this work a hydrodynamic meshfree formulation is developed under the Lagrangian reproducing kernel particle method (RKPM) framework. The volumetric stress divergence is enhanced to capture the high-pressure shock response, and the deviatoric portion is retained to describe strength effects of the solid material. A shock modeling formulation for scalar conservation laws is first constructed. In the scalar formulation the reproducing kernel particle method is formulated to address two key shock modeling issues, that is, accurate representation of the essential shock physics and control of the numerical oscillations due to Gibbs phenomenon at the jump. This is achieved by forming a smoothed flux divergence under the meshfree stabilized conforming nodal integration (SCNI) framework, and then enriching the flux divergence with a Riemann solution. The Riemann-enriched flux divergence is embedded into a velocity corrector adaptively applied at the shock front. As a consequence the shock solution is locally corrected while the smooth solution away from the shock is unaffected. For shocks in solids, developments from the scalar formulation were extended to the Cauchy's equation of motion. Shock effects in solids are pressure dominated, so that the shock solution is enhanced through the volumetric stress divergence. The volumetric stress divergence correction is formulated using a Rankine-Hugoniot enriched Riemann solution that introduces the essential shock physics to the formulation. Oscillation control is introduced through the state and field variable approximations that utilize the Riemann problem initial conditions, and therefore non-physical numerical parameters and length scales required in the traditional artificial viscosity technique are avoided. Further, because the proposed method for oscillation control is linked to the essential physics, the two key issues for accurate shock modeling are addressed in a unified and consistent way. For the nonlinear solids formulation, several benchmark problems are solved and the numerical results are verified by comparison to experimental data or analytical solutions. A range of shock conditions are studied to show the versatility of the proposed method for modeling conditions ranging from weak elastic-plastic shocks to strong shocks generated by hypervelocity impact.
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Cites background from "High Resolution Schemes and the Ent..."
	...To satisfy this entropy condition, numerical formulations are typically enriched with an entropy production constraint [101, 102, 104, 107, 108, 112, 113]....
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	...[103, 104], have been developed to enforce the entropy constraint....
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Dynamic Mode Decomposition for Construction of Reduced-Order Models of Hyperbolic Problems with Shocks
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Hannah Lu1, Daniel M. Tartakovsky1•Institutions (1)
Stanford University1

26 Mar 2020-arXiv: Numerical Analysis
TL;DR: In this paper, a physics-aware dynamic mode decomposition (DMD) method based on hodograph transformation is proposed to construct reduced-order models for hyperbolic conservation laws.

...read moreread less

Abstract: Construction of reduced-order models (ROMs) for hyperbolic conservation laws is notoriously challenging mainly due to the translational property and nonlinearity of the governing equations. While the Lagrangian framework for ROM construction resolves the translational issue, it is valid only before a shock forms. Once that occurs, characteristic lines cross each other and projection from a high-fidelity model space onto a ROM space distorts a moving grid, resulting in numerical instabilities. We address this grid distortion issue by developing a physics-aware dynamic mode decomposition (DMD) method based on hodograph transformation. The latter provides a map between the original nonlinear system and its linear counterpart, which coincides with the Koopman operator. This strategy is consistent with the spirit of physics-aware DMDs in that it retains information about shock dynamics. Several numerical examples are presented to validate the proposed physics-aware DMD approach to constructing accurate ROMs.
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Monotonicity and Boundedness in general Runge-Kutta methods
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Luca Ferracina

06 Sep 2005TL;DR: The theory can be viewed as a variant to a theory of Kraaijevanger (1991) on contractivity of Runge-Kutta methods, which settles analogous questions regarding the related strong-stability-preserving (SSP) property.

...read moreread less

Abstract: Much attention has been paid in the literature to total-variation-diminishing (TVD) numerical processes in the solution of nonlinear hyperbolic differential equations. For special Runge-Kutta methods, conditions on the stepsize were derived that are sufficient for the TVD property, see e.g. Shu & Osher (1988), Gottlieb & Shu (1998). Various basic questions are still open regarding the following issues: 1. the extension of the above conditions to more general Runge-Kutta methods; 2. simple restrictions on the stepsize which are not only sufficient but at the same time necessary for the TVD property; 3. the determination of optimal Runge-Kutta methods with the TVD property. In this paper we propose a theory by means of which we are able to clarify the above questions. Moreover, by applying our theory, we settle analogous questions regarding the related strong-stability-preserving (SSP) property (see e.g. Gottlieb, Shu & Tadmor (2001), Shu (2002)). Our theory can be viewed as a variant to a theory of Kraaijevanger (1991) on contractivity of Runge-Kutta methods. 16 Chapter I. TVD Runge-Kutta methods
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Mejora del diagnóstico y de la hemodinámica en la revascularización carotídea : aplicación de la dinámica de fluidos computacional mediante el OpenFOAM® y otras herramientas de libre distribución
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Arias Araluce, Fausto Arturo

19 May 2017TL;DR: Numerical simulation is used to replicate the blood flow in the carotid arteries to guide the diagnosis and prognosis of patient progress and develops a methodology for the creation of numeric models using data provided by CTA and Doppler ultrasound, both of which are used in routine clinical practice.

...read moreread less

Abstract: Stroke is a major cause of death and disability in Spain and in the Western world. It is often caused by an accumulation of atherosclerotic plaques on the walls of carotid arteries. Carotid revascularization may be the solution chosen by the specialist. This choice depends directly on the symptoms, the diagnosis and the potential benefits vs. costs of performing surgery. 
Hemodynamics plays a crucial role in all decision making. The conventional methods for analyzing hemodynamics are Doppler ultrasound, computed tomography angiography (CTA) and magnetic resonance angiography (MRA). These methods may be enriched with the numerical simulation of blood flow in the area of interest, using techniques of computational fluid dynamics (CFD). The result of the simulations can be used to improve diagnosis and to propose hemodynamic improvement during surgery or treatment. It can also provide conclusions on the progress of the patient. However, it is currently very difficult to perform these simulations and reach valid conclusions. This difficulty is due to the state of the technique and to the lack of scientific consensus in regard to clinical aspects, data gathering and processing, reproduction of geometries, construction of models, and execution of the simulations, among other aspects. Furthermore, obtaining results and drawing conclusions from them requires a high degree of specialization and the use of software that is often expensive. 
The present thesis uses numerical simulation to replicate the blood flow in the carotid arteries. It uses the results to guide the diagnosis and prognosis of patient progress. It develops a methodology for the creation of numeric models using data provided by CTA and Doppler ultrasound, both of which are used in routine clinical practice. 
From the images contained in the files with DICOM format resulting from the CTA, the geometries of carotid arteries of patients are reproduced. The data provided by the ultrasound velocities are used to obtain velocity curves in the inputs, outputs and areas of interest within the carotid artery. Models of carotid arteries are also built with CAD tools. 
OpenFOAM®; is used for model meshing, solving the equations that govern the fluid movement and obtaining the relevant hemodynamic variables such as carotid wall shear stress. The Womersley boundary condition for velocities, which is the most suitable one for simulating pulse flows in carotid arteries, is implemented in this software environment. 
In cases of moderate stenosis, a diagnosis by a specialist is added. A comparison between a pre- and postoperative situation was made in order to take it into account for any proposals of hemodynamic improvement. The pre-processing, processing and post-processing were performed almost entirely with open source tools such as vmtk, enGrid, ParaView and OpenFOAM®. Keywords: carotid arteries, stroke, stenosis, blood flow, revascularization, endarterectomy, ultrasound, Doppler, CT angiography, CTA, MR angiography, MRA, tomgraphy, computational fluid dynamics (CFD), OpenFOAM, hemodynamic, wall shear stress (WSS), OSI , Womersley, snappyHexMesch, free software, open source, finite volume method (FVM), ParaView, vmtk, enGrid.
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Cites background from "High Resolution Schemes and the Ent..."
	...Continúa [187] señalando una serie de autores que desarrollaron las primeras ideas para este tipo de flujos “corregidos” (FCT): enumerando en primera lugar los trabajos de Boris (1973, 1976) [56, 108] y continuando con los trabajos de Van Leer (1974, 1977a, b, 1979) [130, 183–186], Harten (1983, 1984) [95, 96], Sweby (1984) [173], Roe (1985) [164], Osher y Chakravarthy (1984) [150] y muchos otros, han contribuido al desarrollo actual de los esquemas TVD [187]....
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Lucinéia Heloisa, Aplicando o Conhecimento, I. Iochpe, Wrana Maria Panizzi, José Carlos Ferraz Hennemann, Pró-Reitor Adjunto, Philippe Olivier, Alexandre Navaux, Carlos Alberto Heuser  - Show less +5 more

01 Jan 2002TL;DR: The experiments here described apply software fault injection techniques to validate information systems supported by distributed COTS DBMS to measure the dependability of the target DBMS, the cost of its recovery mechanisms and the real applicability of COTSDBMS in mission critical systems.

...read moreread less

Abstract: The present work emphasizes the experimental validation of mission critical information systems under faults. The experiments here described apply software fault injection techniques to validate information systems supported by distributed COTS DBMS. These experiments aim to measure the dependability of the target DBMS, the cost of its recovery mechanisms and the real applicability of COTS DBMS in mission critical systems. The experiments also aim to evaluate and validate the fault injection tools used, in the specific case of this work ComFIRM and FIDe. The initial chapter introduces the basic concepts on fault injection. The next chapters present some tools of fault injection applied to distributed systems, as well as the most common fault models in distributed databases. Some studies reporting the application of fault injection tools in distributed databases are also analyzed. The final chapters describe the experiments realized on the PROGRESS DBMS, chosen as the target DBMS. 361 tests of fault injection were done with approximately 43.000 faults injected in different experiments. Two fault models are used: one focused in communication faults and another in hardware faults. The resulting errors due the injected faults were classified in unknown/masked errors, light errors, serious errors and catastrophic errors. The experiments show that, among the inject faults chosen according the fault models, the hardware faults is the type that most affects the dependability of the target DBMS. The experiments also show that the communication faults only affect the availability of the target system.
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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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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
[...]


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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