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High Resolution Schemes and the Entropy Condition
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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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Brown University1

08 Nov 2021TL;DR: In this paper, the authors developed a TVB constant artificial neural network (ANN) based estimator by constructing a multi-layer perceptron (MLP) model and using the supervised learning strategy.
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Abstract: The discontinuous Galerkin (DG) method is widely used in numerical solution of partial differential equations, especially for hyperbolic equations. However, for problems containing strong shocks, the DG method often needs to be supplemented by a limiter to control spurious oscillations and to ensure nonlinear stability. The total variation bounded (TVB) limiter is a popular choice and can maintain the original high order accuracy of the DG scheme in smooth regions and keep a sharp and non-oscillatory discontinuity transition, when a certain TVB constant M is chosen adequately. For scalar conservation laws, suitable choice of this constant M can be based on solid mathematical analysis. However, for nonlinear hyperbolic systems, there is no rigorous mathematical guiding principle for the determination of this constant, and numerical experiments often use ad hoc choices based on experience and through trial and error. In this paper, we develop a TVB constant artificial neural network (ANN) based estimator by constructing a multi-layer perceptron (MLP) model. We generate the training data set by constructing piecewise smooth functions containing local maxima, local minima, and discontinuities. By using the supervised learning strategy, the MLP model is trained offline. The proposed method gives the TVB constant M with robust performance to capture sharp and non-oscillatory shock transitions while maintaining the original high order accuracy in smooth regions. Numerical results using this new estimator in the TVB limiter for DG methods in one and two dimensions are given, and its performance is compared with the classical ad hoc choices of this TVB constant.
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15 Feb 2005TL;DR: A new class of limiter functions, the so called power limiters, are introduced and analyzed in this work, which are an essential tool for the construction of these schemes.
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Abstract: We have introduced new shock capturing schemes that reduce the numerical
diusion at discontinuities, sharpen the discontinuities in derivative and
avoid spurious oscillations, improving the behavior of essentially non oscillatory
schemes and piecewise hyperbolic methods. We have introduced and analyzed in
this work a new class of limiter functions, the so called power limiters", which
are an essential tool for the construction of these schemes.
When power limiters are used as limiters of rst or second order dierences,
the resulting methods behave essentially non-oscillatory near discontinuities and
they allow simple expressions of the local truncation errors when they are used
as limiters of second order dierences.
We have used the powereno limiter as a slope limiter for the design of a new
piecewise hyperbolic method called the Power PHM method. The third order
accurate Power PHM scheme improves the behavior of PHM at local extrema and
contact discontinuities, and it shares the advantages of the PHM. Since these are
compact schemes (three point stencil), Power PHM is recommended over PHM
when this condition is convenient for the computation (e.g., relaxation schemes).
We have also used the powereno limiter applied to consecutive second order
nite dierences to construct the Power ENO method. We have analyzed a new
fth order accurate Weighted Power ENO method as a nonlinear convex combination
of the three Power ENO parabolas. Our fth order accurate Weighted
PowerENO scheme improves the behavior of WENO5 reducing the numerical
viscosity at contact discontinuities and local extrema. It captures ner scales for
a xed computational grid. Our scheme is recommended when high order accuracy
is a goal and when dealing with numerical schemes and simulations where a
reduced (compact) stencil is not necessary.
We have checked the robustness, stability and accuracy of the proposed schemes
in a set of model problems by means of several numerical tests, including the shock
entropy wave interaction, two interacting blast waves, the two dimensional four
contacts Riemann problem and the two dimensional four shocks problem. Finally,
we have shown the ability of the presented schemes in resolving ne scales
near unstable interfaces by computing Rayleigh-Taylor and Richtmyer-Meshkov
instabilities.
____________________________________________________________________________________________________
RESUMEN
Hemos introducido nuevos metodos de captura de ondas de choque que reducen
la difusion numerica en las discontinuidades, denen ntidamente las discontinuidades
en derivada y evitan las oscilaciones espureas, mejorando el comportamiento
de los esquemas esencialmente no oscilatorios y los metodos hiperbolicos
a trozos. Hemos introducido y analizado en este trabajo una nueva clase
de funciones limitadoras, los llamados power limiters" que son una herramienta
esencial para la construccion de estos esquemas. Hemos utilizado el limitador
powereno" como limitador de pendiente para el dise~no de un nuevo metodo
hiperbolico a trozos que llamamos metodo Power PHM. Tambien hemos utilizado
el limitador powereno aplicado a segundas diferencias contiguas para construir el
metodo Power ENO. Hemos analizado un nuevo metodo de quinto orden de precisi
on espacial, el metodo Weighted PowerENO, como una combinacion convexa
no lineal de las tres parabolas PowerENO. Hemos comprobado la robustez, estabilidad
y precision de los esquemas propuestos para un conjunto de problemas
modelo mediante varios experimentos numericos. Finalmente hemos demostrado
la capacidad de los esquemas presentados en la resolucion de las escalas nas
en el entorno de interfases inestables mediante el calculo de inestabilidades de
Rayleigh-Taylor y Richtmyer-Meshkov.
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Cites background or methods from "High Resolution Schemes and the Ent..."
	...Total Variation Diminishing (TVD) schemes were introduced in [11] to get high order accurate non oscillatory approximations of the solution of hyperbolic conservation laws, but the main drawback of these schemes was the degeneration to first order of accuracy at local extrema, [27]....
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	...Osher and Chakravarty designed in [27] TVD schemes of any order of accuracy....
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	...38) for v 6= u It can be shown that the viscosity of the Godunov’s scheme is the minimum one among the ones corresponding to monotone and conservative schemes, ([27])....
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TL;DR: A new type of WenO (weighted essentially non-oscillatory) termed as WENO-ZQ integration is used to compute the numerical fluxes and source term based on the point values of the solution, and the principles of residual distribution schemes are adapted to obtain steady state solutions.
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Abstract: In this paper, we propose a high order residual distribution conservative finite difference scheme for solving steady state conservation laws. A new type of WENO (weighted essentially non-oscillatory) termed as WENO-ZQ integration is used to compute the numerical fluxes and source term based on the point values of the solution, and the principles of residual distribution schemes are adapted to obtain steady state solutions. Extensive numerical examples in both scalar and system test problems in one and two dimensions demonstrate the efficiency, high order accuracy and the capability of resolving shocks of the proposed methods.
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Cites background from "High Resolution Schemes and the Ent..."
	...Many current schemes use ideas for high resolution schemes developed in the 1970s and 1980s by van Leer, Roe, Osher, Harten, Yee, Sweby and many others [15, 25, 13, 23, 21, 22, 14, 34, 33]....
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01 Jan 1998TL;DR: In this article, a pressure-based CFD methodology has been employed, incorporating extensions to handle high speed, shock-containing flows, which resulted in the accidental release of combustible gases from high pressure pipelines.
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Abstract: The objective of this work was to model underexpanded turbulent sonic jets and the lifted
diffusion flames which result should ignition occur. This relates to the accidental release of
combustible gases from high pressure pipelines. A pressure-based CFD methodology has
been employed, incorporating extensions to handle high speed, shock containing flows. The
methodology extended previous studies of high speed flow employing pressure based
methods to unlimited Mach Numbers. This has been achieved by developing a Mach number
dependent differencing scheme for the pressure correction equation. This allowed high
pressure ratio jets containing strong normal shocks to be computed. Numerical accuracy was
improved by applying a second order accurate total variation diminishing scheme to the
convective differencing. A standard two-equation turbulence model was used, with an
optional compressibility correction. Predictions are presented over a large range of pressure
ratios and extensive comparison to the available experimental data showed the correct shock
cell wavelength, but a too rapid decay of the shock cell structure. The compressibility
correction had no effect on the shock cell decay, but increased the potential core length,
improving the agreement with the experimental data. Far field velocities and mixture
fraction profiles also show a good agreement with experimental data when employing the
compressibility correction.
Following ignition, the resulting underexpanded jet diffusion flames are lifted from the
nozzle rim by several diameters due to flame quenching processes. A quenching mechanism
based on the strain rate of the largest eddies and applied either in a local manner or using a
lift-off threshold was initially calibrated and validated for subsonic lifted diffusion flames,
showing excellent agreement to experimental measurements. The mechanism was
subsequently applied to underexpanded jet diffusion flames and showed good agreement to
experimental data. Predictions of the lift-off height based on cold flow computations showed
a reduced accuracy. The eddy dissipation concept, fast chemical reacting system and
presumed β-pdf combustion models were applied and compared using the two quenching
mechanisms. The various models predicted significantly different temperature fields close to
the nozzle, but were similar further downstream. More experimental data is required in order
to determine the accuracy of the models. A pseudo nozzle approximation has also been
developed which replaced underexpanded jets with perfectly expanded supersonic jets and
removed the need to compute the shock containing region. The approximation was
successfully validated for both reacting and non-reacting underexpanded jets.
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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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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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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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