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Recent years have seen considerable research activity at the interface of mathematics and fluid mechanics, particularly
partial differential equations. The 2007 workshop at the University of Warwick was organised to consolidate, survey and
further advance the subject. This volume is an outgrowth of that workshop. It consists of a number of reviews and a
selection of more traditional research articles. The result is an accessible summary of a wide range of active research
topics written by leaders in their field, together with some exciting new results. The book serves as both a helpful
overview for graduate students new to the area and a useful resource for more established researchers.
This book presents the text of the inaugural lecture of Professor G. I. Barenblatt which deals with a study of scaling
phenomena in several topics studied by G. I. Taylor throughout his varied career.
One of the most challenging topics in applied mathematics over the past decades has been the development of the
theory of nonlinear partial differential equations. Many of the problems in mechanics, geometry, probability, etc. lead to
such equations when formulated in mathematical terms. However despite a long history of contributions, there exists no
central core theory, and the most important advances have come from the study of particular equations and classes of
equations arising in specific applications. This two volume work forms a unique and rigorous treatise on various
mathematical aspects of fluid mechanics models. These models consist of systems of nonlinear partial differential
equations like the incompressible and compressible Navier-Stokes equations. The main emphasis in Volume 1 is on the
mathematical analysis of incompressible models. After recalling the fundamental description of Newtonian fluids, an
original and self-contained study of both the classical Navier-Stokes equations (including the inhomogeneous case) and
the Euler equations is given. Known results and many new results about the existence and regularity of solutions are
presented with complete proofs. The discussion contains many interesting insights and remarks. The text highlights in
particular the use of modern analytical tools and methods and also indicates many open problems. Volume 2 will be
devoted to essentially new results for compressible models. Written by one of the world's leading researchers in
nonlinear partial differential equations, Mathematical Topics in Fluid Mechanics will be an indispensable reference for
every serious researcher in the field. Its topicality and the clear, concise and deep presentation by the author make it an
outstanding contribution to the great theoretical problems in science concerning rigorous mathematical modelling of
physical phenomena.
This textbook presents the basic concepts and methods of fluid mechanics, including Lagrangian and Eulerian
descriptions, tensors of stresses and strains, continuity, momentum, energy, thermodynamics laws, and similarity theory.
The models and their solutions are presented within a context of the mechanics of multiphase media. The treatment fully
utilizes the computer algebra and software system Mathematica® to both develop concepts and help the reader to
master modern methods of solving problems in fluid mechanics. Topics and features: Glossary of over thirty
Mathematica® computer programs Extensive, self-contained appendix of Mathematica® functions and their use Chapter
coverage of mechanics of multiphase heterogeneous media Detailed coverage of theory of shock waves in gas dynamics
Thorough discussion of aerohydrodynamics of ideal and viscous fluids an d gases Complete worked examples with
detailed solutions Problem-solving approach Foundations of Fluid Mechanics with Applications is a complete and
accessible text or reference for graduates and professionals in mechanics, applied mathematics, physical sciences,
materials science, and engineering. It is an essential resource for the study and use of modern solution methods for
problems in fluid mechanics and the underlying mathematical models. The present, softcover reprint is designed to make
this classic textbook available to a wider audience.
Fluid mechanics models consist of systems of nonlinear partial differential equations for which, despite a long history of
important mathematical contributions, no complete mathematical understanding is available. The second volume of this
book describes compressible fluid-mechanics models. The book contains entirely new material on a subject known to be
rather difficult and important for applications (compressible flows). It is probably a unique effort on the mathematical
problems associated with the compressible Navier-Stokes equations, written by one of the world's leading experts on
nonlinear partial differential equations. Professor P.L. Lions won the Fields Medal in 1994.
This volume brings together five contributions to mathematical fluid mechanics, a classical but still very active research
field which overlaps with physics and engineering. The contributions cover not only the classical Navier-Stokes equations
for an incompressible Newtonian fluid, but also generalized Newtonian fluids, fluids interacting with particles and with
solids, and stochastic models. The questions addressed in the lectures range from the basic problems of existence of
weak and more regular solutions, the local regularity theory and analysis of potential singularities, qualitative and
quantitative results about the behavior in special cases, asymptotic behavior, statistical properties and ergodicity.
The rigorous mathematical theory of the equations of fluid dynamics has been a focus of intense activity in recent years.
This volume is the product of a workshop held at the University of Warwick to consolidate, survey and further advance
the subject. The Navier–Stokes equations feature prominently: the reader will find new results concerning feedback
stabilisation, stretching and folding, and decay in norm of solutions to these fundamental equations of fluid motion. Other
topics covered include new models for turbulent energy cascade, existence and uniqueness results for complex fluids
and certain interesting solutions of the SQG equation. The result is an accessible collection of survey articles and more
traditional research papers that will serve both as a helpful overview for graduate students new to the area and as a
useful resource for more established researchers.
This book is a comprehensive introduction to the mathematical theory of vorticity and incompressible flow ranging from
elementary introductory material to current research topics. While the contents center on mathematical theory, many
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parts of the book showcase the interaction between rigorous mathematical theory, numerical, asymptotic, and qualitative
simplified modeling, and physical phenomena. The first half forms an introductory graduate course on vorticity and
incompressible flow. The second half comprise a modern applied mathematics graduate course on the weak solution
theory for incompressible flow.
The objective of this self-contained book is two-fold. First, the reader is introduced to the modelling and mathematical analysis used in fluid
mechanics, especially concerning the Navier-Stokes equations which is the basic model for the flow of incompressible viscous fluids. Authors
introduce mathematical tools so that the reader is able to use them for studying many other kinds of partial differential equations, in particular
nonlinear evolution problems. The background needed are basic results in calculus, integration, and functional analysis. Some sections
certainly contain more advanced topics than others. Nevertheless, the authors’ aim is that graduate or PhD students, as well as researchers
who are not specialized in nonlinear analysis or in mathematical fluid mechanics, can find a detailed introduction to this subject. .
Mathematical Topics in Fluid Mechanics: Volume 2: Compressible ModelsOxford University Press on Demand
This volume is dedicated to modeling in fluid mechanics and is divided into four chapters, which contain a significant number of useful
exercises with solutions. The authors provide relatively complete references on relevant topics in the bibliography at the end of each chapter.
The present volume celebrates the 60th birthday of Professor Giovanni Paolo Galdi and honors his remarkable contributions to research in
the ?eld of Mathematical Fluid Mechanics. The book contains a collection of 35 peer reviewed papers, with authors from 20 countries,
re?ecting the worldwide impact and great inspiration by his work over the years. These papers were selected from invited lectures and
contributed talks presented at the International Conference on Mathematical Fluid Mechanics held in Estoril, Portugal, May 21–25, 2007 and
organized on the oc- sion of Professor Galdi’s 60th birthday. We express our gratitude to all the authors and reviewers for their important
contributions. Professor Galdi devotes his career to research on the mathematical analysis of the Navier-Stokes equations and nonNewtonian ?ow problems, with special emphasis on hydrodynamic stability and ?uid-particle interactions, impressing the worldwide
mathematical communities with his results. His numerous contributions have laid down signi?cant milestones in these ?elds, with a great
in?uence on interdis- plinary research communities. He has advanced the careers of numerous young researchers through his generosity
and encouragement, some directly through int- lectual guidance and others indirectly by pairing them with well chosen senior c- laborators. A
brief review of Professor Galdi’s activities and some impressions by colleagues and friends are included here.
This first volume discusses fluid mechanical concepts and their applications to ideal and viscous processes. It describes the fundamental
hydrostatics and hydrodynamics, and includes an almanac of flow problems for ideal fluids. The book presents numerous exact solutions of
flows in simple configurations, each of which is constructed and graphically supported. It addresses ideal, potential, Newtonian and nonNewtonian fluids. Simple, yet precise solutions to special flows are also constructed, namely Blasius boundary layer flows, matched
asymptotics of the Navier-Stokes equations, global laws of steady and unsteady boundary layer flows and laminar and turbulent pipe flows.
Moreover, the well-established logarithmic velocity profile is criticised.
This book aims to include various significant research topics of mathematical fluid mechanics having relevance or applications in engineering
and applied sciences, covering the tools and techniques used for developing mathematical methods and modelling related to real-life
situations.
These notes are based on a one-quarter (i. e. very short) course in fluid mechanics taught in the Department of Mathematics of the University
of California, Berkeley during the Spring of 1978. The goal of the course was not to provide an exhaustive account of fluid mechanics, nor to
assess the engineering value of various approxima tion procedures. The goals were: (i) to present some of the basic ideas of fluid mechanics
in a mathematically attractive manner (which does not mean "fully rigorous"); (ii) to present the physical back ground and motivation for some
constructions which have been used in recent mathematical and numerical work on the Navier-Stokes equations and on hyperbolic systems;
(iil. ) 'to interest some of the students in this beautiful and difficult subject. The notes are divided into three chapters. The first chapter contains
an elementary derivation of the equations; the concept of vorticity is introduced at an early stage. The second chapter contains a discussion
of potential flow, vortex motion, and boundary layers. A construction of boundary layers using vortex sheets and random walks is presented; it
is hoped that it helps to clarify the ideas. The third chapter contains an analysis of one-dimensional gas iv flow, from a mildly modern point of
view. Weak solutions, Riemann problems, Glimm's scheme, and combustion waves are discussed. The style is informal and no attempt was
made to hide the authors' biases and interests.
This book gives an overview of classical topics in fluid dynamics, focusing on the kinematics and dynamics of incompressible inviscid and
Newtonian viscous fluids, but also including some material on compressible flow. The topics are chosen to illustrate the mathematical
methods of classical fluid dynamics. The book is intended to prepare the reader for more advanced topics of current research interest.
This volume brings together four contributions to mathematical fluid mechanics, a classical but still highly active research field. The
contributions cover not only the classical Navier-Stokes equations and Euler equations, but also some simplified models, and fluids
interacting with elastic walls. The questions addressed in the lectures range from the basic problems of existence/blow-up of weak and more
regular solutions, to modeling and aspects related to numerical methods. This book covers recent advances in several important areas of
fluid mechanics. An output of the CIME Summer School "Progress in mathematical fluid mechanics" held in Cetraro in 2019, it offers a
collection of lecture notes prepared by T. Buckmaster, (Princeton), S. Canic (UCB) P. Constantin (Princeton) and A. Kiselev (Duke). These
notes will be a valuable asset for researchers and advanced graduate students in several aspects of mathematicsl fluid mechanics.
On November 3, 2005, Alexander Vasil’evich Kazhikhov left this world, untimely and unexpectedly. He was one of the most in?uential
mathematicians in the mechanics of ?uids, and will be remembered for his outstanding results that had, and still have, a csiderablysigni?cantin?uenceinthe?eld.Amonghis manyachievements,werecall that he was the founder of the modern mathematical theory of
the Navier-Stokes equations describing one- and two-dimensional motions of a viscous, compressible and heat-conducting gas. A brief
account of Professor Kazhikhov’s contributions to science is provided in the following article “Scienti?c portrait of Alexander Vasil’evich
Kazhikhov”. This volume is meant to be an expression of high regard to his memory, from most of his friends and his colleagues. In
particular, it collects a selection of papers that represent the latest progress in a number of new important directions of Mathematical Physics,
mainly of Mathematical Fluid Mechanics. These papers are written by world renowned specialists. Most of them were friends, students or
colleagues of Professor Kazhikhov, who either worked with him directly, or met him many times in o?cial scienti?c meetings, where they had
the opportunity of discussing problems of common interest.
Interfacial Fluid Mechanics: A Mathematical Modeling Approach provides an introduction to mathematical models of viscous flow used in
rapidly developing fields of microfluidics and microscale heat transfer. The basic physical effects are first introduced in the context of simple
configurations and their relative importance in typical microscale applications is discussed. Then, several configurations of importance to
microfluidics, most notably thin films/droplets on substrates and confined bubbles, are discussed in detail. Topics from current research on
electrokinetic phenomena, liquid flow near structured solid surfaces,evaporation/condensation, and surfactant phenomena are discussed in
the later chapters.
This volume consists of four contributions that are based on a series of lectures delivered by Jens Frehse. Konstantin Pikeckas, K.R.
Rajagopal and Wolf von Wahl t the Fourth Winter School in Mathematical Theory in Fluid Mechanics, held in Paseky, Czech Republic, from
December 3-9, 1995. In these papers the authors present the latest research and updated surveys of relevant topics in the various areas of
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theoretical fluid mechanics. Specifically, Frehse and Ruzicka study the question of the existence of a regular solution to Navier-Stokes
equations in five dimensions by means of weighted estimates. Pileckas surveys recent results regarding the solvability of the Stokes and
Navier-Stokes system in domains with outlets at infinity. K.R. Rajagopal presents an introduction to a continuum approach to mixture theory
with the emphasis on the constitutive equation, boundary conditions and moving singular surface. Finally, Kaiser and von Wahl bring new
results on stability of basic flow for the Taylor-Couette problem in the small-gap limit. This volume would be indicated for those in the fields of
applied mathematicians, researchers in fluid mechanics and theoretical mechanics, and mechanical engineers.
This Research Note presents several contributions and mathematical studies in fluid mechanics, namely in non-Newtonian and viscoelastic
fluids and on the Navier-Stokes equations in unbounded domains. It includes review of the mathematical analysis of incompressible and
compressible flows and results in magnetohydrodynamic and electrohydrodynamic stability and thermoconvective flow of Boussinesq-Stefan
type. These studies, along with brief communications on a variety of related topics comprise the proceedings of a summer course held in
Lisbon, Portugal in 1991. Together they provide a set of comprehensive survey and advanced introduction to problems in fluid mechanics and
partial differential equations.
This is the fourth volume in a series of survey articles covering many aspects of mathematical fluid dynamics, a vital source of open
mathematical problems and exciting physics.
In the famous paper of 1938, “A Contribution to the Mathematical Theory of Big Game Hunting”, written by Ralph Boas along with Frank
Smithies, using the pseudonym H. Pétard, Boas describes sixteen methods for hunting a lion. This marvelous collection of Boas memorabilia
contains not only the original article, but also several additional articles, as late as 1985, giving many further methods. But once you are
through with lion hunting, you can hunt through the remainder of the book to find numerous gems by and about this remarkable
mathematician. Not only will you find his biography of Bourbaki along with a description of his feud with the French mathematician, but also
you will find a lucid discussion of the mean value theorem. There are anecdotes Boas told about many famous mathematicians, along with a
large collection of his mathematical verses. You will find mathematical articles like a proof of the fundamental theorem of algebra and
pedagogical articles giving Boas' views on making mathematics intelligible.
This is the most comprehensive introductory graduate or advanced undergraduate text in fluid mechanics available. It builds from the
fundamentals, often in a very general way, to widespread applications to technology and geophysics. In most areas, an understanding of this
book can be followed up by specialized monographs and the research literature. The material added to this new edition will provide insights
gathered over 45 years of studying fluid mechanics. Many of these insights, such as universal dimensionless similarity scaling for the laminar
boundary layer equations, are available nowhere else. Likewise for the generalized vector field derivatives. Other material, such as the
generalized stream function treatment, shows how stream functions may be used in three-dimensional flows. The CFD chapter enables
computations of some simple flows and provides entrée to more advanced literature. *New and generalized treatment of similar laminar
boundary layers. *Generalized treatment of streamfunctions for three-dimensional flow . *Generalized treatment of vector field derivatives.
*Expanded coverage of gas dynamics. *New introduction to computational fluid dynamics. *New generalized treatment of boundary
conditions in fluid mechanics. *Expanded treatment of viscous flow with more examples.
Incompressible Fluid Dynamics is a textbook for graduate and advanced undergraduate students of engineering, applied mathematics, and
geophysics. The text comprises topics that establish the broad conceptual framework of the subject, expose key phenomena, and play an
important role in the myriad of applications that exist in both nature and technology. The first half of the book covers topics that include the
inviscid equations of Euler and Bernoulli, the Navier-Stokes equation and some of its simpler exact solutions, laminar boundary layers and
jets, potential flow theory with its various applications to aerodynamics, the theory of surface gravity waves, and flows with negligible inertia,
such as suspensions, lubrication layers, and swimming micro-organisms. The second half is more specialised. Vortex dynamics, which is so
essential to many natural phenomena in fluid mechanics, is developed in detail. This is followed by chapters on stratified fluids and flows
subject to a strong background rotation, both topics being central to our understanding of atmospheric and oceanic flows. Fluid instabilities
and the transition to turbulence are also covered, followed by two chapters on fully developed turbulence. The text is largely self-contained,
and aims to combine mathematical precision with a breadth of engineering and geophysical applications. Throughout, physical insight is
given priority over mathematical detail.
This contributed volume is based on talks given at the August 2016 summer school “Fluids Under Pressure,” held in Prague as part of the
“Prague-Sum” series. Written by experts in their respective fields, chapters explore the complex role that pressure plays in physics,
mathematical modeling, and fluid flow analysis. Specific topics covered include: Oceanic and atmospheric dynamics Incompressible flows
Viscous compressible flows Well-posedness of the Navier-Stokes equations Weak solutions to the Navier-Stokes equations Fluids Under
Pressure will be a valuable resource for graduate students and researchers studying fluid flow dynamics.
One of the most challenging topics in applied mathematics has been the development of the theory of nonlinear partial differential equations.
Despite a long history of contributions, there exists no central core theory. This two volume work forms a unique and rigorous treatise on
various mathematical aspects of fluid mechanics models.
The aim of this proceeding is addressed to present recent developments of the mathematical research on the Navier-Stokes equations, the
Euler equations and other related equations. In particular, we are interested in such problems as: 1) existence, uniqueness and regularity of
weak solutions2) stability and its asymptotic behavior of the rest motion and the steady state3) singularity and blow-up of weak and strong
solutions4) vorticity and energy conservation5) fluid motions around the rotating axis or outside of the rotating body6) free boundary
problems7) maximal regularity theorem and other abstract theorems for mathematical fluid mechanics.
This volume consists of contributions based on a series of lectures delivered at the Fifth Winter School on Mathematical Theory in Fluid
Mechanics, held in Paseky nad Jizerou, Czech Republic. The contributions are written by the main lecturers of the school and cover several
significant topics in the field of theoretical fluid mechanics. Specifically, Professor Bardos presents mathematical studies of various
evolutionary models of fluids that capture the motions of gases and liquids on different scales, from molecules and rarefied gases, to fluids
and gases at the continuum level, and finally to fluids in turbulent regimes. In addition to discussing the mathematical analysis of particular
systems on their own, Professor Bardos devotes a great deal of attention to the passage from one scale to another. Professor Dafermos
provides an introduction to the foundation of classical continuum physics, built on a precise and general mathematical basis that enables one
to present arguments in a very transparent way. Professor Novotn*y systematically investigates the properties of the steady-state transport
equations, with emphasis on flows in exterior domains. Finally, Professor Solonnikov illustrates his approach to the non-simple analysis of
free boundary problems in fluid mechanics using three model examples for the steady-state Navier-Stokes equations.
Theoretical Fluid Mechanics' has been written to aid physics students who wish to pursue a course of self-study in fluid mechanics. It is a
comprehensive, completely self-contained text with equations of fluid mechanics derived from first principles, and any required advanced
mathematics is either fully explained in the text, or in an appendix. It is accompanied by about 180 exercises with completely worked out
solutions. It also includes extensive sections on the application of fluid mechanics to topics of importance in astrophysics and geophysics.
These topics include the equilibrium of rotating, self-gravitating, fluid masses; tidal bores; terrestrial ocean tides; and the Eddington solar
model.
This volume offers an overview of the area of waves in fluids and the role they play in the mathematical analysis and numerical simulation of
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fluid flows. Based on lectures given at the summer school “Waves in Flows”, held in Prague from August 27-31, 2018, chapters are written
by renowned experts in their respective fields. Featuring an accessible and flexible presentation, readers will be motivated to broaden their
perspectives on the interconnectedness of mathematics and physics. A wide range of topics are presented, working from mathematical
modelling to environmental, biomedical, and industrial applications. Specific topics covered include: Equatorial wave–current interactions
Water–wave problems Gravity wave propagation Flow–acoustic interactions Waves in Flows will appeal to graduate students and
researchers in both mathematics and physics. Because of the applications presented, it will also be of interest to engineers working on
environmental and industrial issues.
This book is an update and extension of the classic textbook by Ludwig Prandtl, Essentials of Fluid Mechanics. It is based on the 10th
German edition with additional material included. Chapters on wing aerodynamics, heat transfer, and layered flows have been revised and
extended, and there are new chapters on fluid mechanical instabilities and biomedical fluid mechanics. References to the literature have been
kept to a minimum, and the extensive historical citations may be found by referring to previous editions. This book is aimed at science and
engineering students who wish to attain an overview of the various branches of fluid mechanics. It will also be useful as a reference for
researchers working in the field of fluid mechanics.
This book covers the development of high-order numerical methods for the simulation of incompressible fluid flows in complex domains.
This textbook provides a clear and concise introduction to both theory and application of fluid dynamics, suitable for all undergraduates
coming to the subject for the first time. It has a wide scope, with frequent references to experiments, and numerous exercises illustrating the
main ideas.
Structured introduction covers everything the engineer needs to know: nature of fluids, hydrostatics, differential and integral relations,
dimensional analysis, viscous flows, more. Solutions to selected problems. 760 illustrations. 1985 edition.
This introduction to the field contains a careful selection of topics and examples without sacrificing scientific strictness. The author guides
readers through mathematical modelling, the theoretical treatment of the underlying physical laws and the construction and effective use of
numerical procedures to describe the behaviour of the dynamics of physical flow. Both students and experts intending to control or predict the
behavior of fluid flows by theoretical and computational fluid dynamics will benefit from the combination of all relevant aspects in one handy
volume. The book consists of three main parts: - The design of mathematical models of physical fluid flow; - A theoretical treatment of the
equations representing the model, as Navier-Stokes, Euler, and boundary layer equations, models of turbulence, in order to gain qualitative
as well as quantitative insights into the processes of flow events; - The construction and effective use of numerical procedures in order to find
quantitative descriptions of concrete physical or technical fluid flow situations. This is the first text of its kind to merge all these subjects so
thoroughly.
This two-volume work forms a unique and rigorous treatise on various mathematical aspects of fluid mechanics models. The main emphasis
in Volume 1 is on the mathematical analysis of incompressible models.
This book contains invited lectures and selected contributions presented at the Enzo Levi and XIX Annual Meeting of the Fluid Dynamic
Division of the Mexican Physical Society in 2013. It is aimed at fourth year undergraduate and graduate students, and scientists in the fields
of physics, engineering and chemistry who are interested in fluid dynamics from an experimental and theoretical point of view. The invited
lectures are introductory and avoid the use of complicated mathematics. The fluid dynamics applications include multiphase flow, convection,
diffusion, heat transfer, rheology, granular material, viscous flow, porous media flow, geophysics and astrophysics. The material contained in
the book includes recent advances in experimental and theoretical fluid dynamics and is suitable for both teaching and research.
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