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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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TL;DR: In this paper, the initiation and stabilization of kerosene combustion in a supersonic air flow entering an expanding axisymmetric nozzle with a coaxial central body is numerically studied.
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Abstract: The initiation and stabilization of detonation combustion of kerosene vapor in a supersonic air flow entering an expanding axisymmetric nozzle with a coaxial central body is numerically studied. Calculations are based on a reduced kinetic model of combustion, which includes 68 reactions for 44 components. Enthalpy and entropy of components are determined using approximating polynomials from the NASA database. A hydrodynamic model is based on two-dimensional unsteady Euler equations for an axisymmetric flow of a multicomponent reacting gas. Calculations are performed using the Godunov finite-difference scheme and its 
$$\beta$$

-modification of improved accuracy on smooth solutions. The flow parameters that ensure the steady detonation combustion of kerosene vapor in the nozzle under consideration are determined. The detonation combustion of kerosene has higher thrust than hydrogen combustion, but is noticeably inferior with regard to specific thrust. The calculations are performed on the “Lomonosov" supercomputer at the Lomonosov Moscow State University.
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TL;DR: In this paper, the authors provide an overview on the use of high-resolution methods based on the CABARET scheme for several test problems including gas dynamics, computational aeroacoustics, and geophysical fluid dynamics for a classical double-gyre quasi-geostrophic model of ocean dynamics.
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Abstract: The paper provides an overview on the use of high-resolution methods based on the CABARET scheme. The results are provided for several test problems including gas dynamics, computational aeroacoustics, and geophysical fluid dynamics for a classical double-gyre quasi-geostrophic model of ocean dynamics.
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Cites methods from "High Resolution Schemes and the Ent..."
	...Unlike standard grid�characteristic methods constructed on the basis of an exact or an approached solution of the nonlinear equations of the problem of a disinte� gration of a discontinuity [31,  32 ] or using increments of characteristic variables during the reconstruction of conservative streams [33, 34], the extrapolation of groups of variables applicable for local Riemann invariants is used in the balanced�characteristic approach....
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TL;DR: Optimal, 7-stage, explicit, strong-stability-preserving Hermite–Birkhoff methods of orders 4 to 8 with nonnegative coefficients are constructed by combining linear k-step methods with a 7- stage Runge–Kutta (RK) method of order 4.
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Abstract: Optimal, 7-stage, explicit, strong-stability-preserving (SSP) Hermite---Birkhoff (HB) methods of orders 4 to 8 with nonnegative coefficients are constructed by combining linear k-step methods with a 7-stage Runge---Kutta (RK) method of order 4. Compared to Huang's hybrid methods of the same order, the new methods generally have larger effective SSP coefficients and larger maximum effective CFL numbers, $\text{num}_{\text{eff}}$ , on Burgers' equation, independently of the number k of steps, especially when k is small for both methods. Based on $\text{num}_{\text{eff}}$ , some new methods of order 4 compare favorably with other methods of the same order, including RK104 of Ketcheson. The new SSP HB methods are listed in their Shu---Osher representation in Appendix.
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Cites methods from "High Resolution Schemes and the Ent..."
	...(1) y′ = f(t, y), y(t0) = y0, where ′ = d dt , obtained by applying the method of lines to a time dependent PDE spatially discretized by finite difference or finite element (see, for instance, [2, 12, 17, 28, 42, 43])....
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TL;DR: It is proved that, when the tracked shocks are strong enough in comparison with the variation of the numerical solution around them, the numerical Solution satisfies the entropy condition in a certain sense.
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Abstract: In this paper we discuss the entropy satisfaction of the conservative shock-tracking technique developed in [D. K. Mao, J. Comput. Phys., 92 (1991), pp. 422--455], [D. K. Mao, J. Comput. Phys., 103 (1992), pp. 359--369], and [D. K. Mao, SIAM J. Numer. Anal., 32 (1995), pp. 1677--1703] when it is applied to the Godunov scheme. We consider the scalar case in one-space dimension and assume that both the flux and entropy functions are strictly convex. We prove that, when the tracked shocks are strong enough in comparison with the variation of the numerical solution around them, the numerical solution satisfies the entropy condition in a certain sense. We also discuss the entropy situation when the convexity of the flux function is very weak and the tracked shock neighbors to strong simple waves.
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Cites background from "High Resolution Schemes and the Ent..."
	...In particular, when f is convex, according to a result of Diperna (see [13]), the weak solution that satisfies (1....
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	...Therefore, parallel to the investigation of nonlinear stability, the investigation of entropy satisfaction has also become an important branch of the study of numerical methods for conservation laws since the 1970s (see [2], [3], [4], [9], [13], [14], and the references cited therein)....
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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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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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