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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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Dissertation•
Adaptive Numerical Methods for Large Scale Simulations and Data Assimilation
[...]


Emil Mihai Constantinescu

26 May 2008TL;DR: Novel multirate and implicit-explicit methods that are appropriate for multiscale and multiphysics numerical discretizations and data assimilation approaches for large-scale numerical simulations are developed and investigated.
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Abstract: Numerical simulation is necessary to understand natural phenomena, make assessments and predictions in various research and engineering fields, develop new technologies, etc. New algorithms are needed to take advantage of the increasing computational resources and utilize the emerging hardware and software infrastructure with maximum efficiency. Adaptive numerical discretization methods can accommodate problems with various physical, scale, and dynamic features by adjusting the resolution, order, and the type of method used to solve them. In applications that simulate real systems, the numerical accuracy of the solution is typically just one of the challenges. Measurements can be included in the simulation to constrain the numerical solution through a process called data assimilation in order to anchor the simulation in reality. In this thesis we investigate adaptive discretization methods and data assimilation approaches for large-scale numerical simulations. We develop and investigate novel multirate and implicit-explicit methods that are appropriate for multiscale and multiphysics numerical discretizations. We construct and explore data assimilation approaches for, but not restricted to, atmospheric chemistry applications. A generic approach for describing the structure of the uncertainty in initial conditions that can be applied to the most popular data assimilation approaches is also presented. We show that adaptive numerical methods can effectively address the discretization of largescale problems. Data assimilation complements the adaptive numerical methods by correcting the numerical solution with real measurements. Test problems and large-scale numerical experiments validate the theoretical findings. Synergistic approaches that use adaptive numerical methods within a data assimilation framework need to be investigated in the future. This work was supported in part by the National Science Foundation through the awards NSF CAREER ACI–0413872, NSF CCF-0515170, NSF ITR AP&IM 0205198, NSF CCF 0515170, by NOAA, by NASA, and by the Houston Advanced Research Center through the award H59/2005. To my wife and my parents
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Optimal explicit strong-stability-preserving general linear methods : complete results.
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Emil M. Constantinescu1, Adrian Sandu1•Institutions (1)
Office of Scientific and Technical Information1

03 Mar 2009TL;DR: This paper constructs strong-stability-preserving general linear time-stepping methods that are well suited for hyperbolic PDEs discretized by the method of lines and is used to find the most efficient schemes that have low storage requirements.
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Abstract: This paper constructs strong-stability-preserving general linear time-stepping methods that are well suited for hyperbolic PDEs discretized by the method of lines. These methods generalize both Runge-Kutta (RK) and linear multistep schemes. They have high stage orders and hence are less susceptible than RK methods to order reduction from source terms or nonhomogeneous boundary conditions. A global optimization strategy is used to find the most efficient schemes that have low storage requirements. Numerical results illustrate the theoretical findings.
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	...A third-order upwind-biased flux limited scheme based on the work of Osher and Chakravarthy [11, 31, 32] is used to obtain the spatial discretization operator....

[...]


	...[31] S....

[...]






Dissertation•
Control and optimization of continuous chromatographic separation processes.
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Bijan Medi.

01 Jan 2012TL;DR: In this paper, the authors proposed an improved single-column chromatographic (ISCC) separation process, which is based on Simulated Moving Bed (SMB) and allowed overlapped peaks from adjacent cycles.
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Abstract: The modern trend of pharmaceutical technology has been greatly shifted towards single or pure enantiomeric drugs due to strict regulations imposed by drug approval authorities in order to obtain higher drug efficiency and to alleviate undesirable side effects. Enantiopure compounds can be accessed either by organic synthesis or by resolution techniques. Recently, chromatographic separation has become the preferred method for its cost effectiveness, ease of operation, and flexibility as it employs variety of processing materials and methods supported by rich theoretical background. Simulated moving bed (SMB) has been extensively used for the separation of chemicals in the past 50 years, though its application to enantioseparation is relatively new. Supported by the benefits of counter-current mode of operation, SMB has become the method of choice for large-scale operations. However, SMB is a complex process both in terms of design and operation. There have been numerous efforts to emulate SMB by simpler processes. Many of them are based on using a single column with a recycle stream. In this work, we proposed an improved single-column chromatographic (ISCC) separation process. The term ‘improved’ refers to both conceptual and physical modifications. We proposed a novel fraction collection scheme and allowed overlapped peaks from adjacent cycles. We also modified the fraction collection mechanism in order to facilitate online monitoring. Another advantage of the ISCC process is its large degree of freedom as injection volume, cycle time, desorbent flow rate, feed concentration and fraction-collection intervals can all be decision variables in this process. Every continuous process needs some sort of feedback from the process for quality control and monitoring. The chromatographic separation processes are usually monitored via low-frequency devices such as analytical high-performance liquid chromatography (HPLC) systems. Alternatively, innovative approaches have been taken to improve the sampling rate using combination of various detectors, peak deconvolution, etc. The design of an efficient online monitoring system is still an open problem. In this work, we proposed an online monitoring system, which comprises of two parallel HPLC units with customized peripherals in order to improve the accuracy and sampling rate. The proposed device can be readily coupled to the ISCC process. It is also less expensive compared to the similar commercial units. Minimizing operation costs and maximizing productivity are necessary for a profitable operation. They are typically complex functions of process inputs, and the operation might be limited by certain constraints as well. Similarly, optimization is not straightforward for the ISCC process as there are several variables contributing to a multi-dimensional solution space. On the other hand, process outputs have opposing effects on the profitability of the process. As a result, there may not be a single dominating solution as the best operating point. We adopted a multi-objective optimization technique based on genetic algorithm (GA) to achieve maximum productivity and minimum desorbent requirement in the region constrained by product specifications and hardware limitations for the separation of guaifenesin enantiomers. The optimization results along with the contribution of decision variables were discussed using Pareto fronts, which identify non-dominated solutions. Optimization results of a similar simulated moving bed process were also included to facilitate comparison with a continuous chromatographic separation process. We developed efficient numerical techniques for simulating chromatographic model equations as a prerequisite for process optimization. Existing solution techniques, i.e. finite-difference and finite-element methods, were briefly reviewed and compared with finite-volume method, which so far has been little applied to the solution techniques of model equations in the chromatographic community. We identified van Leer flux limiter in the realm of total variation diminishing (TVD) schemes and third-order weighted essentially non-oscillatory (WENO) scheme as competitive and remarkable candidates in terms of speed and accuracy. Continuous operation requires automatic control to handle disturbances and implement setpoint tracking. Model predictive control (MPC) has been the method of choice for controlling multi-input multi-output chemical processes with constraints. MPC has the advantage of efficient setpoint tracking and disturbance rejection via predicting the process evolution. Moreover, MPC can find optimal trajectories in the dynamic solution space, for example, when the process has yet to reach steady state or when it is under the effect of any disturbance. We implemented a ‘cycle to cycle’ MPC scheme with the objectives of optimizing the operation profitability while fulfilling the product constraints (i.e., purity and recovery) and hardware limitations (e.g., maximum allowable pump flow rate). Injection volume, desorbent flow rate, and three cut intervals were considered as manipulated variables, while change in feed concentration and isotherm parameters were taken as unmeasured disturbances. The controller was successfully tested on a virtual plant for the separation of guaifenesin enantiomers for setpoint change in purity/recovery values and also for disturbance rejection.
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M. Jugroot1, Clinton P. T. Groth1, Bruce A Thomson, V. Baranov, Bruce A Collings, Mds Sciex  - Show less +2 more•Institutions (1)
University of Toronto1

23 Jun 2003TL;DR: In this paper, the authors investigated the transport of free ions through highly underexpanded jet flows of neutral gases and in the presence of applied electric fields by continuum-based numerical simulations.
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Abstract: The transport of free ions through highly under-expanded jet flows of neutral gases and in the presence of applied electric fields is investigated by continuum-based numerical simulations. A five-moment mathematical model and parallel multi-block numerical solution procedure is developed for predicting the ion transport. The model incorporates the eects of ion-neutral collision processes and is used in conjunction with a NavierStokes model and flow solver for the neutral gas to examine the key features of the ion motion. The influences of the neutral gas flow, electric field, and flow field geometry on ion mobility are all carefully assessed. Numerical results are given which are relevant to the ion flows occurring in the interface regions of mass spectrometer systems.
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Guan Hui, Rasolkova Elizabeth Rumenova, WU Chuijie

01 Aug 2016-Advances in Applied Mathematics and Mechanics
TL;DR: In this article, a head-on collision of two vortex rings in 3D space, simulated in the Second Order Explicit Scheme, is investigated, which combines non-iterative approximate Riemann-solver and piecewise-parabolic reconstruction used in inviscid flux evaluation procedure.
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Abstract: Vortex rings have been a subject of interest in vortex dynamics due to a plethora of physical phenomena revealed by their motions and interactions within a boundary. The present article is devoted to a head-on collision of two vortex rings in three dimensional space, simulated in the Second Order Explicit Scheme. Therefore the application of the 3D Cartesian-grid Finite Volume Scheme on compressible LES is investigated. The scheme combines non-iterative approximate Riemann-solver (based on linearized differential relations along characteristics of one dimensional hyperbolic conservation law) and piecewise-parabolic reconstruction used in inviscid flux evaluation procedure. The computations of vortex ring collisions capture several distinctive phenomena. In the early stages of the simulation, the rings propagate under their own self-induced motion. As the rings approach each other, their radii increase, followed by stretching and merging during the collision. Later, the two rings have merged into a single doughnut-shaped structure. This structure continues to extend in the radial direction, leaving a web of particles around the centers. At a later time, the clumping of particles is observed as distinct reconnected vortical structures have been formed, and the formation of ringlets propagate radially away from the center of collision. The following deformation, growth of the instability and cancellation, leads to a reconnection in which small-scale ringlets are generated. The experimental data shows that, the non-iterative approximate Riemann-solver combined with a piecewise-parabolic reconstruction, result in a robust scheme that can be extended into the late stages of the evolution of flow. In addition, it is shown that the scheme captures several experimentally observed features of the ring collisions, including a turbulent breakdown into small-scale structures and the generation of small-scale radially propagating vortex rings, due to the modification of the vorticity distribution, as a result of the entrainment of background vorticity and helicity by the vortex core, and their subsequent interaction.The turbulent eddy viscosity indicates that the vortex rings colliding experience a degree of turbulence during their collision, which steadily dies off. Due to their natural ability to capture inviscid dynamics of concentrated energetic eddies, Second Order Explicit Schemes appear to provide a promising approach to large-eddy-simulation of turbulent flows.
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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.
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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
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