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ABSTRACT We propose a general methodology and practical implementation of arbitrary Equations of State (EoS) evaluation for Lagrangian and ALE hydrodynamic simulations. This approach is based on higher-order interpolations of the Helmholtz free energy (HFE) and derived quantities. We also discuss several pitfalls related to physical consistency, relevance and robustness of the EoS calculations and present results of laser plasma simulations using our method in various hydrodynamic codes.



THERMODYNAMIC CONSISTENCY OF THE EQUATION OF STATE In Lagrangian and ALE simulations for fluid dynamics and plasma physics, involving multi-material flows, laser-matter interactions, heat and radiative transport, etc., we generally encounter two types of EoS. In the simpler (”inline”) case, such as for QEOS/FEOS, one can directly get values for pressure, entropy, etc., at any point (say in the density-temperature space), but the calculations are expensive due to solving inverse nonlinear problems. EoS of the other type, such as the Los Alamos library SESAME, are based on experimental data and provided only as discrete values of state variables, with spacing far from ideal. Both kinds of EoS can be processed by our HerEOS method, using local Hermite interpolation of HFE, as suggested in [1]. In general, we use specific (per mass) Helmholtz free energy f = ε − T s, a fundamental thermodynamic quantity, which depends on density ρ and temperature T . Basic thermodynamic (specific) quantities used in hydrodynamics, namely entropy s, internal energy ε and pressure p are defined as       ∂f ∂f 2 ∂f s(T, ρ) = − , ε(T, ρ) = f + T s = f − T , p(T, ρ) = ρ ∂T ρ ∂T ρ ∂ρ T and are complemented by derived quantities such as isochoric heat capacity cV or adiabatic speed of sound cs , s      ∂ε ∂s ∂2 f ∂p cV (T, ρ) = =T = − 2, cs (T, ρ) = . ∂T ρ ∂T ρ ∂T ∂ρ s The Helmholtz free energy is a potential, which essentially means that ∂2 f ∂2 f = , ∂T ∂ρ ∂ρ ∂T



or, equivalently,



∂p ∂s = −ρ 2 . ∂T ∂ρ



This property should be respected in real calculations, which is seldom the case. Further physical requirements involve non-negativity of pressure and heat capacity, monotonicity of internal energy and entropy in temperature, monotonicity of pressure in density, equality of internal energy and HFE at zero temperature, etc. ∗ Correspondence
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FIGURE 1: Data provided by popular EoS libraries may be physically incorrect (a) and /or thermodynamically inconsistent (b). Using various EoS in a simulation yields various density (c) and temperature (d) profiles. HERMITE-LIKE INTERPOLATION: IMPLEMENTATION AND DIFFICULTIES IN PRACTICE The calculations using the HerEOS tool consist of two stages. First, before the actual simulation, the table of HFE and its derivatives (up to the order required for consistency) is constructed for the EoS of choice, using the values of HFE and either utilizing the values of pressure and internal energy (if these are available and consistent), or applying finite differences to HFE. The generated tables can also be stored for further use to avoid repeating this stage in similar future simulations. During the actual hydrodynamic calculation, the values of HFE and its derived quantities (p, s, cV , ε, etc.) at given temperature and density are obtained easily from the interpolation of the tabulated data. While sanity checks for trivial EoS (such as perfect gas) yield excellent results and fast convergence even on very sparse interpolation grids, several challenges arise for more physically motivated EoS. Sometimes the EoS libraries we want to utilize contain regions with physically nonsensical values, such as negative pressure (Fig. 1a). Another issue is the thermodynamic inconsistency, that is, provided values of variables such as pressure and heat capacity not corresponding to the derivatives of HFE, which is unfortunately often the case in tabulated as well as inline EoS. In many existing methods, this flaw and consequent issues (such as oscillations of interpolating functions seen in Fig. 1b) are ignored, since the EoS is typically evaluated by thermodynamically inconsistent low-order (bi-linear) direct interpolations of derived variables instead of using HFE. Further inconsistencies appear regarding monotonicity and positivity. VALIDATION, APPLICATIONS AND FIRST RESULTS HerEOS has been tested in several multidimensional simulation codes, such as the 2D staggered hydrodynamic ALE code PALE [2] or the Lagrangian code PETE, which includes the nonlocal transport hydrodynamics for laser plasma modeling and is constructed on the high-order curvilinear finite elements library MFEM [3]. Comparison of results obtained with particular EoS types (QEOS/FEOS, BADGER, SESAME) will be given (Fig. 1c-d) and specific numerical issues demonstrated. Finally, results of multidimensional multi-material simulations of laser-matter interaction will be shown, together with their comparison to experimental results obtained at laser facilities PALS (Czech Rep.), LULI (France) and OMEGA (USA). More information and details about the HerEOS project can be found in [4]. REFERENCES [1] F. D. Swesty. Thermodynamically Consistent Interpolation for Equation of State Tables. Journal of Computational Physics, vol. 127(1), pp. 118–127, 1996. [2] R. Liska, et al. ALE Method for Simulations of Laser-Produced Plasmas. Finite Volumes for Complex Applications VI: Problems & Perspectives. Springer Proc. in Mathematics vol. 4, pp. 857–873, 2011. [3] V. A. Dobrev, Tz. V. Kolev and R. N. Rieben. High-Order Curvilinear Finite Element Methods for Lagrangian Hydrodynamics. SIAM Journal on Scientific Computing, vol. 34(5), pp. B606–B641, 2012. [4] M. Zeman, M. Holec and P. Váchal. HerEOS: a Framework for Consistent Treatment of the Equation of State in ALE Hydrodynamics. Submitted to Computers & Mathematics with Applications, 2018.



























des documents recommandant







[image: alt]





Consistent Interpolation of the Equation of State in Hydrodynamic 

May 25, 2018 - in hydrodynamic simulations based on consistent higher order .... Îµ â†’ work done on the system w/o changing Îµ â†’ violation of TD laws) ... All these expressions can be obtained from the specific HFE of monoatomic ideal gas.










 


[image: alt]





Consistent Interpolation of the Equation of State in 

Develop a tool for practical evaluation of the Equation of State (EoS) ... gradient Ïƒ = 1. 2 .... The Helmholtz free energy is a potential, which essentially means that.










 


[image: alt]





A consistent picture of early hydrodynamic escape of Venus 

noble gas hydrodynamic escape early evolution. A time dependent model of .... (2006) shows the results of five high-resolution simulations. ..... following law:.










 


[image: alt]





Can Geometric Test Probe the Cosmic Equation of State? 

Yamamoto et al. 2000, hereafter Paper I; references therein), a useful theoretical formula has been ... Simple fitting formulas for the linear transfer function and.










 


[image: alt]





The role of Al-defects on the equation of state of Alâ€“(Mg,Fe ... .fr 

Some questions may remain only for the mantle region just below the. 670 km ..... iodine absorption and Si standard. Data collection duration .... pressure slightly higher than the nominal pressure dur- ..... Water partitioning at 660 km depth and ev










 


[image: alt]





Equation of state of lower mantle (Al,Fe)-MgSiO3 perovskite 

with pressure. Here, we present new bulk modulus measurements for various (Al,Fe)-MgSiO3 perov- skites at lower mantle pressures. 2. Materials and methods.










 


[image: alt]





First-principles prediction of the PVT equation of state of gold 

[1] The P-V-T equation of state (EOS) of gold is the most frequently used pressure calibration .... depend on volume as g/ga = (V/Va)z, which is more versatile than the JFM .... Here, a of. 7.671 a.u. is the predicted zero-temperature equilibrium.










 


[image: alt]





Current State in the use of quantification 

Sep 27, 2011 - n=93. â†’ 120 patients from 5 centers. â†’ Independent PET review by 3 experts n=26 n=94. P = .001 ... R - IFOSFAMIDE-VP. Salvage therapy.










 


[image: alt]





The State of the Art 

current status of real-time algorithms, biologists daringly desire the exploration of ... and reliable methodologies use the memory bus to study. B-trees. ... technical property of GanguePongee. Figure 1 depicts ... ware is available under a the Gnu 










 


[image: alt]





distribution of kolmogorov-sinai entropy in self-consistent models of 

unknowns, and are constrained to be positive or zero (i.e. non-negative) to represent a ... than the number of cells Ncell to have any possibility to nd at least.










 


[image: alt]





distribution of kolmogorov-sinai entropy in self-consistent models of 

Abstract. The properties of chaos in 2D self-consistent models of barred galaxies are investigated using Kolmogorov-Sinai entropy hKS. These models are ...










 


[image: alt]





Introducing the Issues State Of The Union in Historiographical 

that contributed to the rise and fall of the union idea in the 20th century. By doing so ..... unions were seen by many liberals as the engine of progress. By way of.










 


[image: alt]





The return of the state in Argentina - Papers.ssrn.com 

Jan 18, 2007 - PDF, accessed 18 April 2006; R. Ricupero, 'UNCTAD past and ... including dependence on global markets and foreign investment and the ... alist) school of political economy which was associated between the 1940s and.










 


[image: alt]





Identity State of the Art 

Identity. In the real world, identity is about a person. The general way of identifying oneself is by using one's name. The proof is a birth certificate, a passport ...










 


[image: alt]





State of the Art Reports 

Project FIRST - Film Restoration & Conservation Strategies - June 2003. 11. ...... The Oxberry, Klone (obsolete), Genesis and the Golden Eye fall into this category. ...... that an device will be available for 30 years that would be able to download 










 


[image: alt]





the state of the children in greece report 2012 - Kalami.net 

Although the exact number is unknown compiled by the ELSTAT to 18.300 (2002). â€¢ The 26.3% of disabled children attending primary school, 28.1% in another ...










 


[image: alt]





The State of the Art in Extra Corporeal Membrane Oxygenation 

As heart-lung machine technology continued to develop in the operating rooms as cardiac ... VA ECMO is one of many options available for circulatory support.










 


[image: alt]





Decay of solutions of the wave equation with 

Yangtze Center of Mathematics, Sichuan University. Chengdu .... The decay rate for solutions of the initial boundary value problem to the wave equation ...... and Geometric Methods in Mathematical Physicsâ€� (Kaciveli, 1993), Math. Phys. Stud.










 


[image: alt]





Global regularity of solutions of equation modeling 

Aug 7, 2014 - Global regularity of solutions of equation modeling epitaxy thin film growth in .... In view of the quadratic growth of the nonlinear terms âˆ†2|âˆ‡h|2 ...










 


[image: alt]





2. The State of the Art of Research Concerning 

Figure 2.1 presents a monitoring system for simultaneous supervision of. 16 measuring ... FIGURE 2.1 Monitoring system. ..... by asynchrony or direct current electric motors. ..... tools have been chosen: (a) the moment of control, divided into offli










 


[image: alt]





The state of the poor; or, an history of the labouring classes in ... .fr 

BOOK I. Of the Poor, from the Conqueft to the Prefent Period. CHAPTER I. ..... me, to learn, from authentic documents, what were the occupations ...... trade, it is the mailer who orders what that trade ffiall be, and who is to be the teacher: ..... 










 


[image: alt]





PARABOLIC EQUATION SOLUTION OF TROPOSPHERIC 

Abstractâ€”In this work, the parabolic equation applied on radiowave and microwave tropospheric ... Discrete Fourier Transform (DFT) in the space domain, which allows ... These methods have main advantages, since their implementation is.










 


[image: alt]





Semiclassical analysis of edge state energies in the integer quantum 

Nov 5, 2008 - this problem is equivalent to that of a one dimensional harmonic oscillator centered at x = xc and an infinite wall .... The main achievement of this part is an elucidation of Î³(E,xc) for .... In most cases, the structure of this relat










 


[image: alt]





On the justification of the Reynolds equation ... - Andro.Mikelic 

was supported in part by the GDR MOMAS (ModÑ‰lisation MathÑ‰matique et Simulations ... sense, the simplified version of the obtention of the Darcy law for the filtration ...... [14] W.A. Gross, Gas Film Lubrication, John Wiley and Sons, 1980. 14 ...










 














×
Report consistent interpolation of the equation of state in hydrodynamic





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



