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This volume is the fifth in a series of proceedings which started in 1999. The
contributions include the latest results on the theory of wave propagation, extended
thermodynamics, and the stability of the solutions to partial differential equations.
Sample Chapter(s). Chapter 1: Reciprocal Transformations and Integrable Hamiltonian
Hydrodynamic Type Systems (334 KB). Contents: Quantitative Estimates for the Large
Time Behavior of a Reaction-Diffusion Equation with Rational Reaction Term (M Bisi et
al.); Linearized Euler''s Variational Equations in Lagrangian Coordinates (G Boillat & Y
J Peng); Restabilizing Forcing for a Diffusive Prey-Predator Model (B Buonomo & S
Rionero); Fluid Dynamical Features of the Weak KAM Theory (F Cardin); Ricci Flow
Deformation of Cosmological Initial Data Sets (M Carfora & T Buchert); Fuchsian Partial
Differential Equations (Y Choquet-Bruhat); Analytic Structure of the Four-Wave Mixing
Model in Photoreactive Material (R Conte & S Bugaychuk); A Note about Waves in
Dissipative and Dispersive Solids (M Destrade & G Saccomandi); Exponential and
Algebraic Relaxation in Kinetic Models for Wealth Distribution (B Dring et al.); Solitary
Waves in Dispersive Materials (J Engelbrecht et al.); A GinzburgOCoLandau Model for
the Ice-Water and Liquid-Vapor Phase Transitions (M Fabrizio); Stability Considerations
for Reaction-Diffusion Systems (J N Flavin); A Mechanical Model for Liquid Nanolayers
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(H Gouin); A Particle Method for a Lotka-Volterra System with Nonlinear Cross and SelfDiffusion (M Groppi & M Sammartino); Transport Properties of Chemically Reacting
Gas Mixtures (G M Kremer); Navier-Stokes in Aperture Domains: Existence with
Bounded Flux and Qualitative Properties (P Maremonti); On Two-Pulse Interaction in a
Class of Model Elastic Materials (A Mentrelli et al.); On a Particle-Size Segregation
Equation (C Mineo & M Torrisi); Problems of Stability and Waves in Biological Systems
(G Mulone); Multiple Cold and Hot Second Sound Shocks in HE II (A Muracchini & L
Seccia); Differential Equations and Lie Symmetries (F Oliveri et al.); Bifurcation
Analysis of Equilibria in Competitive Logistic Networks with Adaptation (A Raimondi & C
Tebaldi); Poiseuille Flow of a Fluid Overlying a Porous Media (B Straughan); Analysis
of Heat Conduction Phenomena in a One-Dimensional Hard-Point Gas by Extended
Thermodynamics (S Tanigushi et al.); On Waves in Weakly Nonlinear Poroelastic
Materials Modeling Impacts of Meteorites (K Wilmanski et al.); and other papers.
Readership: Researchers in mathematics, physics, chemistry and engineering."
This review volume is divided into two parts. The first part includes five review papers
on various numerical models. Pedersen provides a brief but thorough review of the
theoretical background for depth-integrated wave equations, which are employed to
simulate tsunami runup. LeVeque and George describe high-resolution finite volume
methods for solving the nonlinear shallow water equations. The focus of their
discussion is on the applications of these methods to tsunami runup.In recent years,
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several advanced 3D numerical models have been introduced to the field of coastal
engineering to calculate breaking waves and wave-structure interactions. These models
are still under development and are at different stages of maturity. Rogers and
Dalrymple discuss the Smooth Particles Hydrodynamics (SPH) method, which is a
meshless method. Wu and Liu present their Large Eddy Simulation (LES) model for
simulating the landslide-generated waves. Finally, Frandsen introduces the lattice
Boltzmann method with the consideration of a free surface.The second part of the
review volume contains the descriptions of the benchmark problems with eleven
extended abstracts submitted by the workshop participants. All these papers are
compared with their numerical results with benchmark solutions.
In the present monograph, we develop the kinetic theory of transport phenomena and
relaxation processes in the flows of reacting gas mixtures and discuss its applications
to strongly non-equilibrium conditions. The main attention is focused on the influence of
non-equilibrium kinetics on gas dynamics and transport properties. Closed systems of
fluid dynamic equations are derived from the kinetic equations in different approaches.
We consider the most accurate approach taking into account the state-to-state kinetics
in a flow, as well as simplified multi-temperature and one-temperature models based on
quasi-stationary distributions. Within these approaches, we propose the algorithms for
the calculation of the transport coefficients and rate coefficients of chemical reactions
and energy exchanges in non-equilibrium flows; the developed techniques are based
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on the fundamental kinetic theory principles. The theory is applied to the modeling of
non-equilibrium flows behind strong shock waves, in the boundary layer, and in
nozzles. The comparison of the results obtained within the frame of different
approaches is presented, the advantages of the new state-to-state kinetic model are
discussed, and the limits of validity for simplified models are established. The book can
be interesting for scientists and graduate students working on physical gas dynamics,
aerothermodynamics, heat and mass transfer, non-equilibrium physical-chemical
kinetics, and kinetic theory of gases.
This advanced text presents a unique approach to studying transport phenomena.
Bringing together concepts from both chemical engineering and physics, it makes
extensive use of nonequilibrium thermodynamics, discusses kinetic theory, and sets out
the tools needed to describe the physics of interfaces and boundaries. More traditional
topics such as diffusive and convective transport of momentum, energy and mass are
also covered. This is an ideal text for advanced courses in transport phenomena, and
for researchers looking to expand their knowledge of the subject. The book also
includes: • Novel applications such as complex fluids, transport at interfaces and
biological systems, • Approximately 250 exercises with solutions (included separately)
designed to enhance understanding and reinforce key concepts, • End-of-chapter
summaries.
This book covers concepts and the latest developments on microscale flow and heat
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transfer phenomena involving a gas. The book is organised in two parts: the first part
focuses on the fluid flow and heat transfer characteristics of gaseous slip flows. The
second part presents modelling of such flows using higher-order continuum transport
equations. The Navier-Stokes equations based solution is provided to various problems
in the slip regime. Several interesting characteristics of slip flows along with useful
empirical correlations are documented in the first part of the book. The examples bring
out the failure of the conventional equations to adequately describe various phenomena
at the microscale. Thereby the readers are introduced to higher order continuum
transport (Burnett and Grad) equations, which can potentially overcome these
limitations. A clear and easy to follow step by step derivation of the Burnett and Grad
equations (superset of the Navier-Stokes equations) is provided in the second part of
the book. Analytical solution of these equations, the latest developments in the field,
along with scope for future work in this area are also brought out. Presents
characteristics of flow in the slip and transition regimes for a clear understanding of
microscale flow problems; Provides a derivation of Navier-Stokes equations from
microscopic viewpoint; Features a clear and easy to follow step-by-step approach to
derive Burnett and Grad equations; Describes a complete compilation of few known
exact solutions of the Burnett and Grad equations, along with a discussion of the
solution aided with plots; Introduces the variants of the Navier-Stokes, Burnett and
Grad equations, including the recently proposed Onsager-Burnett and O13 moment
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equations.
This is the second edition of the book “Thermodynamics of Fluids under Flow,” which
was published in 2000 and has now been corrected, expanded and updated. This is a
companion book to our other title Extended irreversible thermodynamics (D. Jou, J.
Casas-Vázquez and G. Lebon, Springer, 4th edition 2010), and of the textbook
Understanding non-equilibrium thermodynamics (G. Lebon, D. Jou and J. CasasVázquez, Springer, 2008. The present book is more specialized than its counterpart, as
it focuses its attention on the non-equilibrium thermodynamics of flowing fluids,
incorporating non-trivial thermodynamic contributions of the flow, going beyond local
equilibrium theories, i.e., including the effects of internal variables and of external
forcing due to the flow. Whereas the book's first edition was much more focused on
polymer solutions, with brief glimpses into ideal and real gases, the present edition
covers a much wider variety of systems, such as: diluted and concentrated polymer
solutions, polymer blends, laminar and turbulent superfluids, phonon hydrodynamics
and heat transport in nanosystems, nuclear collisions, far-from-equilibrium ideal gases,
and molecular solutions. It also deals with a variety of situations, emphasizing the nonequilibrium flow contribution: temperature and entropy in flowing ideal gases, shearinduced effects on phase transitions in real gases and on polymer solutions, stressinduced migration and its application to flow chromatography, Taylor dispersion,
anomalous diffusion in flowing systems, the influence of the flow on chemical reactions,
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and polymer degradation. The new edition is not only broader in scope, but more
educational in character, and with more emphasis on applications, in keeping with our
times. It provides many examples of how a deeper theoretical understanding may bring
new and more efficient applications, forging links between theoretical progress and
practical aims. This updated version expands on the trusted content of its predecessor,
making it more interesting and useful for a larger audience.
The fast-paced growth in microelectromechanical systems (MEMS), microfluidic
fabrication, porous media applications, biomedical assemblies, space propulsion, and
vacuum technology demands accurate and practical transport equations for rarefied
gas flows. It is well-known that in rarefied situations, due to strong deviations from the
continuum regime, traditional fluid models such as Navier-Stokes-Fourier (NSF) fail.
The shortcoming of continuum models is rooted in nonequilibrium behavior of gas
particles in miniaturized and/or low-pressure devices, where the Knudsen number (Kn)
is sufficiently large. Since kinetic solutions are computationally very expensive, there
has been a great desire to develop macroscopic transport equations for dilute gas
flows, and as a result, several sets of extended equations are proposed for gas flow in
nonequilibrium states. However, applications of many of these extended equations are
limited due to their instabilities and/or the absence of suitable boundary conditions. In
this work, we concentrate on regularized 13-moment (R13) equations, which are a set
of macroscopic transport equations for flows in the transition regime, i.e., Kn1. The R13
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system provides a stable set of equations in Super-Burnett order, with a great potential
to be a powerful CFD tool for rarefied flow simulations at moderate Knudsen numbers.
The goal of this research is to implement the R13 equations for problems of practical
interest in arbitrary geometries. This is done by transformation of the R13 equations
and boundary conditions into general curvilinear coordinate systems. Next steps
include adaptation of the transformed equations in order to solve some of the popular
test cases, i.e., shear-driven, force-driven, and temperature-driven flows in both planar
and curved flow passages. It is shown that inexpensive analytical solutions of the R13
equations for the considered problems are comparable to expensive numerical
solutions of the Boltzmann equation. The n.
The well known transport laws of Navier-Stokes and Fourier fail for the simulation of
processes on lengthscales in the order of the mean free path of a particle that is when
the Knudsen number is not small enough. Thus, the proper simulation of flows in
rarefied gases requires a more detailed description. This book discusses classical and
modern methods to derive macroscopic transport equations for rarefied gases from the
Boltzmann equation, for small and moderate Knudsen numbers, i.e. at and above the
Navier-Stokes-Fourier level. The main methods discussed are the classical ChapmanEnskog and Grad approaches, as well as the new order of magnitude method, which
avoids the short-comings of the classical methods, but retains their benefits. The
relations between the various methods are carefully examined, and the resulting
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equations are compared and tested for a variety of standard problems. The book
develops the topic starting from the basic description of an ideal gas, over the
derivation of the Boltzmann equation, towards the various methods for deriving
macroscopic transport equations, and the test problems which include stability of the
equations, shock waves, and Couette flow.
Model reduction and coarse-graining are important in many areas of science and
engineering. How does a system with many degrees of freedom become one with
fewer? How can a reversible micro-description be adapted to the dissipative
macroscopic model? These crucial questions, as well as many other related problems,
are discussed in this book. All contributions are by experts whose specialities span a
wide range of fields within science and engineering.
This book offers, from both a theoretical and a computational perspective, an analysis
of macroscopic mathematical models for description of charge transport in electronic
devices, in particular in the presence of confining effects, such as in the double gate
MOSFET. The models are derived from the semiclassical Boltzmann equation by
means of the moment method and are closed by resorting to the maximum entropy
principle. In the case of confinement, electrons are treated as waves in the confining
direction by solving a one-dimensional Schrödinger equation obtaining subbands, while
the longitudinal transport of subband electrons is described semiclassically. Limiting
energy-transport and drift-diffusion models are also obtained by using suitable scaling
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procedures. An entire chapter in the book is dedicated to a promising new material like
graphene. The models appear to be sound and sufficiently accurate for systematic use
in computer-aided design simulators for complex electron devices. The book is
addressed to applied mathematicians, physicists, and electronic engineers. It is written
for graduate or PhD readers but the opening chapter contains a modicum of
semiconductor physics, making it self-consistent and useful also for undergraduate
students.
This book is a liber amicorum to Professor Sergei Konstantinovich Godunov and
gathers contributions by renowned scientists in honor of his 90th birthday. The
contributions address those fields that Professor Godunov is most famous for:
differential and difference equations, partial differential equations, equations of
mathematical physics, mathematical modeling, difference schemes, advanced
computational methods for hyperbolic equations, computational methods for linear
algebra, and mathematical problems in continuum mechanics.
Chaos and nonlinear dynamics initially developed as a new emergent field with its
foundation in physics and applied mathematics. The highly generic, interdisciplinary
quality of the insights gained in the last few decades has spawned myriad applications
in almost all branches of science and technology—and even well beyond. Wherever
quantitative modeling and analysis of complex, nonlinear phenomena is required, chaos
theory and its methods can play a key role. his fourth volume concentrates on reviewing
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further relevant contemporary applications of chaotic and nonlinear dynamics as they
apply to the various cuttingedge branches of science and engineering. This
encompasses, but is not limited to, topics such as synchronization in complex networks
and chaotic circuits, time series analysis, ecological and biological patterns, stochastic
control theory and vibrations in mechanical systems. Featuring contributions from active
and leading research groups, this collection is ideal both as a reference and as a
‘recipe book’ full of tried and tested, successful engineering applications.
Physicists firmly believe that the differential equations of nature should be hyperbolic so
as to exclude action at a distance; yet the equations of irreversible thermodynamics those of Navier-Stokes and Fourier - are parabolic. This incompatibility between the
expectation of physicists and the classical laws of thermodynamics has prompted the
formulation of extended thermodynamics. After describing the motifs and early
evolution of this new branch of irreversible thermodynamics, the authors apply the
theory to mon-atomic gases, mixtures of gases, relativistic gases, and "gases" of
phonons and photons. The discussion brings into perspective the various phenomena
called second sound, such as heat propagation, propagation of shear stress and
concentration, and the second sound in liquid helium. The formal mathematical
structure of extended thermodynamics is exposed and the theory is shown to be fully
compatible with the kinetic theory of gases. The study closes with the testing of
extended thermodynamics through the exploitation of its predictions for measurements
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of light scattering and sound propagation.
Thermodynamics is one of the most exciting branches of physical chemistry which has
greatly contributed to the modern science. Being concentrated on a wide range of
applications of thermodynamics, this book gathers a series of contributions by the finest
scientists in the world, gathered in an orderly manner. It can be used in post-graduate
courses for students and as a reference book, as it is written in a language pleasing to
the reader. It can also serve as a reference material for researchers to whom the
thermodynamics is one of the area of interest.
This book is dedicated to the recent developments in RET with the aim to explore
polyatomic gas, dense gas and mixture of gases in non-equilibrium. In particular we
present the theory of dense gases with 14 fields, which reduces to the Navier-Stokes
Fourier classical theory in the parabolic limit. Molecular RET with an arbitrary number of
field-variables for polyatomic gases is also discussed and the theory is proved to be
perfectly compatible with the kinetic theory in which the distribution function depends on
an extra variable that takes into account a molecule’s internal degrees of freedom.
Recent results on mixtures of gases with multi-temperature are presented together with
a natural definition of the average temperature. The qualitative analysis and in
particular, the existence of the global smooth solution and the convergence to
equilibrium are also studied by taking into account the fact that the differential systems
are symmetric hyperbolic. Applications to shock and sound waves are analyzed
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together with light scattering and heat conduction and the results are compared with
experimental data. Rational extended thermodynamics (RET) is a thermodynamic
theory that is applicable to non-equilibrium phenomena. It is described by differential
hyperbolic systems of balance laws with local constitutive equations. As RET has been
strictly related to the kinetic theory through the closure method of moment hierarchy
associated to the Boltzmann equation, the applicability range of the theory has been
restricted within rarefied monatomic gases. The book represents a valuable resource
for applied mathematicians, physicists and engineers, offering powerful models for
potential applications like satellites reentering the atmosphere, semiconductors and
nano-scale phenomena.
Problems after each chapter

Due to failure of the continuum hypothesis for higher Knudsen numbers, rarefied
gases and microflows of gases are particularly difficult to model. Macroscopic
transport equations compete with particle methods, such as the direct simulation
Monte Carlo method (DSMC) to find accurate solutions in the rarefied gas
regime. Due to growing interest in micro flow applications, such as micro fuel
cells, it is important to model and understand evaporation in this flow regime. To
gain a better understanding of evaporation physics, a non-steady simulation for
slow evaporation in a microscopic system, based on the Navier-Stokes-Fourier
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equations, is conducted. The one-dimensional problem consists of a liquid and
vapor layer (both pure water) with respective heights of 0.1mm and a
corresponding Knudsen number of Kn=0.01, where vapor is pumped out. The
simulation allows for calculation of the evaporation rate within both the transient
process and in steady state. The main contribution of this work is the derivation
of new evaporation boundary conditions for the R13 equations, which are
macroscopic transport equations with proven applicability in the transition regime.
The approach for deriving the boundary conditions is based on an entropy
balance, which is integrated around the liquid-vapor interface. The new equations
utilize Onsager relations, linear relations between thermodynamic fluxes and
forces, with constant coefficients that need to be determined. For this, the
boundary conditions are fitted to DSMC data and compared to other R13
boundary conditions from kinetic theory and Navier-Stokes-Fourier solutions for
two steady-state, one-dimensional problems. Overall, the suggested fittings of
the new phenomenological boundary conditions show better agreement to DSMC
than the alternative kinetic theory evaporation boundary conditions for R13.
Furthermore, the new evaporation boundary conditions for R13 are implemented
in a code for the numerical solution of complex, two-dimensional geometries and
compared to Navier-Stokes-Fourier (NSF) solutions. Different flow patterns
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between R13 and NSF for higher Knudsen numbers are observed which suggest
continuation of this work.
The petrochemical industry is an important constituent in our pursuit of economic
growth, employment generation and basic needs. It is a huge field that
encompasses many commercial chemicals and polymers. This book is designed
to help the reader, particularly students and researchers of petroleum science
and engineering, understand the mechanics and techniques. The selection of
topics addressed and the examples, tables and graphs used to illustrate them are
governed, to a large extent, by the fact that this book is aimed primarily at the
petroleum science and engineering technologist. This book is must-read material
for students, engineers, and researchers working in the petrochemical and
petroleum area. It gives a valuable and cost-effective insight into the relevant
mechanisms and chemical reactions. The book aims to be concise, selfexplanatory and informative.
Rational extended thermodynamics (RET) is the theory that is applicable to
nonequilibrium phenomena out of local equilibrium. It is expressed by the
hyperbolic system of field equations with local constitutive equations and is
strictly related to the kinetic theory with the closure method of the hierarchies of
moment equations. The book intends to present, in a systematic way, new results
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obtained by RET of gases in both classical and relativistic cases, and it is a
natural continuation of the book "Rational Extended Thermodynamics beyond the
Monatomic Gas" by the same authors published in 2015. However, this book
addresses much wider topics than those of the previous book. Its contents are as
follows: RET of rarefied monatomic gases and of polyatomic gases; a simplified
RET theory with 6 fields being valid far from equilibrium; RET where both
molecular rotational and vibrational modes exist; mixture of gases with multitemperature. The theory is applied to several typical topics (sound waves, shock
waves, etc.) and is compared with experimental data. From a mathematical point
of view, RET can be regarded as a theory of hyperbolic symmetric systems, of
which it is possible to conduct a qualitative analysis. The book represents a
valuable resource for applied mathematicians, physicists, and engineers, offering
powerful models for many potential applications such as reentering satellites into
the atmosphere, semiconductors, and nanoscale phenomena.
This present book is concerned with analytical approaches to statement and
solution of problems of non-equilibrium evaporation and condensation. From
analytical solutions, one is capable to understand and represent in a transparent
form the principal laws, especially in the study of a new phenomenon or a
process. This is why analytical methods are always employed on the first stage of
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mathematical modeling. Analytical solutions are also used as test models for
validation of results numerical solutions. Non-equilibrium evaporation and
condensation processes play an important role in a number of fundamental and
applied problems: laser methods for processing of materials, depressurization of
the protection cover of nuclear propulsion units, solar radiation on a comet
surface, explosive boiling of superheated liquid, thermodynamic principles of
superfluid helium. Analytical relations provide an adequate description of the
essence of a physical phenomenon.
At the 19th Annual Conference on Parallel Computational Fluid Dynamics held in
Antalya, Turkey, in May 2007, the most recent developments and
implementations of large-scale and grid computing were presented. This book,
comprised of the invited and selected papers of this conference, details those
advances, which are of particular interest to CFD and CFD-related communities.
It also offers the results related to applications of various scientific and
engineering problems involving flows and flow-related topics. Intended for CFD
researchers and graduate students, this book is a state-of-the-art presentation of
the relevant methodology and implementation techniques of large-scale
computing.
The book provides a collection of recent theoretical and methodological
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advances which can provide support and stimulus to scientists and scholars
involved in research activity in the fields of interest.
This book deals with the kinetic modelling of gas mixtures. It extends the existing
literature in mathematics for one species of gas to the case of gas mixtures. This
is more realistic in applications. The presented model for gas mixtures is proven
to be consistent meaning it satisfies the conservation laws, it admits an entropy
and an equilibrium state. Furthermore, we can guarantee the existence,
uniqueness and positivity of solutions. Moreover, the model is used for different
applications, for example in plasma physics, for fluids with a small deviation from
equilibrium and in the case of polyatomic gases.
This volume contains the extended version of selected talks given at the
international research workshop "Coping with Complexity: Model Reduction and
Data Analysis", Ambleside, UK, August 31 – September 4, 2009. The book is
deliberately broad in scope and aims at promoting new ideas and methodological
perspectives. The topics of the chapters range from theoretical analysis of
complex and multiscale mathematical models to applications in e.g., fluid
dynamics and chemical kinetics.
This book presents generalized heat-conduction laws which, from a mesoscopic perspective,
are relevant to new applications (especially in nanoscale heat transfer, nanoscale
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thermoelectric phenomena, and in diffusive-to-ballistic regime) and at the same time keep up
with the pace of current microscopic research. The equations presented in the book are
compatible with generalized formulations of nonequilibrium thermodynamics, going beyond the
local-equilibrium. The book includes six main chapters, together with a preface and a final
section devoted to the future perspectives, as well as an extensive bibliography.
Providing a clear description of the theory of polydisperse multiphase flows, with emphasis on
the mesoscale modelling approach and its relationship with microscale and macroscale
models, this all-inclusive introduction is ideal whether you are working in industry or academia.
Theory is linked to practice through discussions of key real-world cases (particle/droplet/bubble
coalescence, break-up, nucleation, advection and diffusion and physical- and phase-space),
providing valuable experience in simulating systems that can be applied to your own
applications. Practical cases of QMOM, DQMOM, CQMOM, EQMOM and ECQMOM are also
discussed and compared, as are realizable finite-volume methods. This provides the tools you
need to use quadrature-based moment methods, choose from the many available options, and
design high-order numerical methods that guarantee realizable moment sets. In addition to the
numerous practical examples, MATLAB scripts for several algorithms are also provided, so you
can apply the methods described to practical problems straight away.
Issues in Applied Physics / 2011 Edition is a ScholarlyEditions™ eBook that delivers timely,
authoritative, and comprehensive information about Applied Physics. The editors have built
Issues in Applied Physics: 2011 Edition on the vast information databases of ScholarlyNews.™
You can expect the information about Applied Physics in this eBook to be deeper than what
you can access anywhere else, as well as consistently reliable, authoritative, informed, and
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relevant. The content of Issues in Applied Physics: 2011 Edition has been produced by the
world’s leading scientists, engineers, analysts, research institutions, and companies. All of the
content is from peer-reviewed sources, and all of it is written, assembled, and edited by the
editors at ScholarlyEditions™ and available exclusively from us. You now have a source you
can cite with authority, confidence, and credibility. More information is available at
http://www.ScholarlyEditions.com/.
The aim of this book is to present the theory and applications of the relativistic Boltzmann
equation in a self-contained manner, even for those readers who have no familiarity with
special and general relativity. Though an attempt is made to present the basic concepts in a
complete fashion, the style of presentation is chosen to be appealing to readers who want to
understand how kinetic theory is used for explicit calculations. The book will be helpful not only
as a textbook for an advanced course on relativistic kinetic theory but also as a reference for
physicists, astrophysicists and applied mathematicians who are interested in the theory and
applications of the relativistic Boltzmann equation.
??From Kinetic Models to Hydrodynamics serves as an introduction to the asymptotic methods
necessary to obtain hydrodynamic equations from a fundamental description using kinetic
theory models and the Boltzmann equation. The work is a survey of an active research area,
which aims to bridge time and length scales from the particle-like description inherent in
Boltzmann equation theory to a fully established “continuum” approach typical of macroscopic
laws of physics.The author sheds light on a new method—using invariant manifolds—which
addresses a functional equation for the nonequilibrium single-particle distribution function. This
method allows one to find exact and thermodynamically consistent expressions for:
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hydrodynamic modes; transport coefficient expressions for hydrodynamic modes; and
transport coefficients of a fluid beyond the traditional hydrodynamic limit. The invariant
manifold method paves the way to establish a needed bridge between Boltzmann equation
theory and a particle-based theory of hydrodynamics. Finally, the author explores the
ambitious and longstanding task of obtaining hydrodynamic constitutive equations from their
kinetic counterparts.? The work is intended for specialists in kinetic theory—or more generally
statistical mechanics—and will provide a bridge between a physical and mathematical approach
to solve real-world problems.?
This textbook gives a thorough treatment of engineering thermodynamics with applications to
classical and modern energy conversion devices. Some emphasis lies on the description of
irreversible processes, such as friction, heat transfer and mixing and the evaluation of the
related work losses. Better use of resources requires high efficiencies therefore the reduction
of irreversible losses should be seen as one of the main goals of a thermal engineer. This book
provides the necessary tools. Topics include: car and aircraft engines, including Otto, Diesel
and Atkinson cycles, by-pass turbofan engines, ramjet and scramjet; steam and gas power
plants, including advanced regenerative systems, solar tower and compressed air energy
storage; mixing and separation, including reverse osmosis, osmotic power plants and carbon
sequestration; phase equilibrium and chemical equilibrium, distillation, chemical reactors,
combustion processes and fuel cells; the microscopic definition of entropy. The book includes
about 300 end-of-chapter problems for homework assignments and exams. The material
presented suffices for two or three full-term courses on thermodynamics and energy
conversion.
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Back Cover Text: This book addresses the study of the gaseous state of granular matter in the
conditions of rapid flow caused by a violent and sustained excitation. In this regime, grains only
touch each other during collisions and hence, kinetic theory is a very useful tool to study
granular flows. The main difference with respect to ordinary or molecular fluids is that grains
are macroscopic and so, their collisions are inelastic. Given the interest in the effects of
collisional dissipation on granular media under rapid flow conditions, the emphasis of this book
is on an idealized model (smooth inelastic hard spheres) that isolates this effect from other
important properties of granular systems. In this simple model, the inelasticity of collisions is
only accounted for by a (positive) constant coefficient of normal restitution. The author of this
monograph uses a kinetic theory description (which can be considered as a mesoscopic
description between statistical mechanics and hydrodynamics) to study granular flows from a
microscopic point of view. In particular, the inelastic version of the Boltzmann and Enskog
kinetic equations is the starting point of the analysis. Conventional methods such as ChapmanEnskog expansion, Grad’s moment method and/or kinetic models are generalized to
dissipative systems to get the forms of the transport coefficients and hydrodynamics. The
knowledge of granular hydrodynamics opens up the possibility of understanding interesting
problems such as the spontaneous formation of density clusters and velocity vortices in freely
cooling flows and/or the lack of energy equipartition in granular mixtures. Some of the topics
covered in this monograph include: Navier-Stokes transport coefficients for granular gases at
moderate densities Long-wavelength instability in freely cooling flows Non-Newtonian transport
properties in granular shear flows Energy nonequipartition in freely cooling granular mixtures
Diffusion in strongly sheared granular mixtures Exact solutions to the Boltzmann equation for
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inelastic Maxwell models
Nonequilibrium statistical mechanics has a long history featuring diverse aspects. It has been a
major research field in physics and will remain so in the future. Even regarding the concept of
entropy, there exists a longstanding problem concerning its definition for a system in a state far
from equilibrium. In this Special Issue, we offered the possibility to discuss and present up-todate problems that were not necessarily restricted to statistical mechanics. Theoretical and
experimental papers are both presented, in addition to unifying research works. As the entropy
itself is the central element of nonequilibrium processes, papers discuss various formulations
of the second law and its consequences. In this Special Issue, recent progress in kinetic
approaches to hydrodynamics, rational extended thermodynamics, entropy in a strongly
nonequilibrium stationary state, and related topics are reported as both review articles as well
as original research works.

Multiphase Particulate Systems in Turbulent Flows: Fluid-Liquid and Solid-Liquid
Dispersions provides methods necessary to analyze complex particulate systems and
related phenomena including physical, chemical and mathematical description of
fundamental processes influencing crystal size and shape, suspension rheology,
interfacial area of drops and bubbles in extractors and bubble columns. Examples of
mathematical model formulation for different processes taking place in such systems is
shown. Discussing connections between turbulent mixing mechanisms and
precipitation, it discusses influence of fine-scale structure of turbulence, including its
intermittent character, on breakage of drops, bubbles, cells, plant cell aggregates. An
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important aspect of the mathematical modeling presented in the book is multi-fractal,
taking into account the influence of internal intermittency on different phenomena. Key
Features Provides detailed descriptions of dispersion processes in turbulent flow,
interactions between dispersed entities, and continuous phase in a single volume
Includes simulation models and validation experiments for liquid-liquid, gas-liquid, and
solid-liquid dispersions in turbulent flows Helps reader learn formulation of
mathematical models of breakage or aggregation processes using multifractal theory
Explains how to solve different forms of population balance equations Presents a
combination of theoretical and engineering approaches to particulate systems along
with discussion of related diversity, with exercises and case studies
The fast-paced growth in microelectromechanical systems (MEMS), microfluidic
fabrication, porous media applications, biomedical assemblies, space propulsion, and
vacuum technology demands accurate and practical transport equations for rarefied
gas flows. It is well-known that in rarefied situations, due to strong deviations from the
continuum regime, traditional fluid models such as Navier-Stokes-Fourier (NSF) fail.
The shortcoming of continuum models is rooted in nonequilibrium behavior of gas
particles in miniaturized and/or low-pressure devices, where the Knudsen number (Kn)
is sufficiently large. Since kinetic solutions are computationally very expensive, there
has been a great desire to develop macroscopic transport equations for dilute gas
flows, and as a result, several sets of extended equations are proposed for gas flow in
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nonequilibrium states. However, applications of many of these extended equations are
limited due to their instabilities and/or the absence of suitable boundary conditions. In
this work, we concentrate on regularized 13-moment (R13) equations, which are a set
of macroscopic transport equations for flows in the transition regime, i.e., Kn?1. The
R13 system provides a stable set of equations in Super-Burnett order, with a great
potential to be a powerful CFD tool for rarefied flow simulations at moderate Knudsen
numbers. The goal of this research is to implement the R13 equations for problems of
practical interest in arbitrary geometries. This is done by transformation of the R13
equations and boundary conditions into general curvilinear coordinate systems. Next
steps include adaptation of the transformed equations in order to solve some of the
popular test cases, i.e., shear-driven, force-driven, and temperature-driven flows in both
planar and curved flow passages. It is shown that inexpensive analytical solutions of
the R13 equations for the considered problems are comparable to expensive numerical
solutions of the Boltzmann equation. The new results present a wide range of linear
and nonlinear rarefaction effects which alter the classical flow patterns both in the bulk
and near boundary regions. Among these, multiple Knudsen boundary layers
(mechanocaloric heat flows) and their influence on mass and energy transfer must be
highlighted. Furthermore, the phenomenon of temperature dip and Knudsen paradox in
Poiseuille flow; Onsager's reciprocity relation, two-way flow pattern, and
thermomolecular pressure difference in simultaneous Poiseuille and transpiration flows
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are described theoretically. Through comparisons it is shown that for Knudsen numbers
up to 0.5 the compact R13 solutions exhibit a good agreement with expensive solutions
of the Boltzmann equation.
This Element presents a unified computational fluid dynamics framework from rarefied
to continuum regimes. The framework is based on the direct modelling of flow physics
in a discretized space. The mesh size and time step are used as modelling scales in
the construction of discretized governing equations. With the variation-of-cell Knudsen
number, continuous modelling equations in different regimes have been obtained, and
the Boltzmann and Navier-Stokes equations become two limiting equations in the
kinetic and hydrodynamic scales. The unified algorithms include the discrete velocity
method (DVM)–based unified gas-kinetic scheme (UGKS), the particlebased unified
gas-kinetic particle method (UGKP), and the wave and particle–based unified gaskinetic wave-particle method (UGKWP). The UGKWP is a multi-scale method with the
particle for non-equilibrium transport and wave for equilibrium evolution. The particle
dynamics in the rarefied regime and the hydrodynamic flow solver in the continuum
regime have been unified according to the cell's Knudsen number.
This book presents contributions on the following topics: discretization methods in the
velocity and space, analysis of the conservation properties, asymptotic convergence to
the continuous equation when the number of velocities tends to infinity, and application
of discrete models. It consists of ten chapters. Each chapter is written by applied
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mathematicians who have been active in the field, and whose scientific contributions
are well recognized by the scientific community.
One common feature of new emerging technologies is the fusion of the very small
(nano) scale and the large scale engineering. The classical environment provided by
single scale theories, as for instance by the classical hydrodynamics, is not anymore
satisfactory. The main challenge is to keep the important details while still be able to
keep the overall picture and simplicity. It is the thermodynamics that addresses this
challenge. Our main reason for writing this book is to explain such general viewpoint of
thermodynamics and to illustrate it on a very wide range of examples. Contents Levels
of description Hamiltonian mechanics Irreversible evolution Reversible and irreversible
evolution Multicomponent systems Contact geometry Appendix: Mathematical aspects
Computational fluid dynamics (CFD) studies the flow motion in a discretized space. Its
basic scale resolved is the mesh size and time step. The CFD algorithm can be
constructed through a direct modeling of flow motion in such a space. This book
presents the principle of direct modeling for the CFD algorithm development, and the
construction unified gas-kinetic scheme (UGKS). The UGKS accurately captures the
gas evolution from rarefied to continuum flows. Numerically it provides a continuous
spectrum of governing equation in the whole flow regimes. Contents:Direct Modeling for
Computational Fluid DynamicsIntroduction to Gas Kinetic TheoryIntroduction to
Nonequilibrium Flow SimulationsGas Kinetic SchemeUnified Gas Kinetic SchemeLow
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Speed Microflow StudiesHigh Speed Flow StudiesUnified Gas Kinetic Scheme for
Diatomic GasConclusion Readership: Undergraduate and graduate students,
researchers and professionals interested in computational fluid dynamics. Key
Features:Direct modeling for CFD is self-contained and unified in presentationIt may be
used as an advanced textbook by graduate students and even ambitious
undergraduates in computational fluid dynamicsIt is also suitable for experts in CFD
who wish to have a new understanding of the fundamental problems in the subject and
study alternative approaches in CFD algorithm development and applicationThe
explanations in the book are detailed enough to capture the interest of the curious
reader, and complete enough to provide the necessary background material needed to
go further into the subject and explore the research literatureKeywords:Direct
Modeling;Unified Gas Kinetic Scheme;Boltzmann Equation;Kinetic Collision
Model;Asymptotic Preserving Method
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