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Brief Introduction

This is a specialist book zhout fhid dynamics that includes vorticity
analysis, incompressible fluid analysis, ete. 1t alse contains a topic about
global analysis of fluid motion which paves & asefu! way 1or the resolution of
turbulent flow,

The fluid dynamics basic principles and - orticity field characters are sys-
tematic ally described by modern tensor analysis in Chapter 1 and 1. And
some different view about rhe adapiabiliy condition of Gibbs-Duhem equa-
tion is raised, which play a \mportan: role in continuous medium mechanics
and explanation of Reynolds equatior.

Chapter T through VI focus on the dizcussion of vorticity field analy-
sis. Besides the general introduction of vorticity field analysis, it discussed a
sertes of problems aboutr the characters of the solution of bispinor Poisson
equation, the building of relevant integral equation and the uniqueness of de-
scription of velocity field by using dilatation and vorticity. Proved that the
“classical uniqueness theorem” and the “generalized Biot-Savart formula” as
the basic principle and formula in vorticity-vortex dynamics is wrong, also
pointed out that it’s not property to say the velocity field is possible to be di-
vided into the three parts that are separately determined by dilatation, vor-
ticity and the distribution of fluid velocity at the boundary.

Chapter VII talks about the flow of incompressible fluid. Concluded
that the hypothesis of fluid is absolutely incompressible, which is opposite to
physical basic principals, is one of the reasons that makes the difficulty in
analysis incompressible fluid motion. To solve this problem, this chapter
created the basic mathematics model, gave out corresponding experience for-
mula, and analyzed possible error.

The last topic in this book is about philosophy and mathematics problem
in the research of turbulent flow, and gave out a set of equations to depict
general law of the movement of fluid.

I trust it will be of help to the under-graduated and graduated students
as well as to the researchers and specialist in the field such as fluid dynam-
ics, applied mathematics, engineering thermal physical, aviation, ship build-
ing, nuclear power and hydraulic power. It could also be a teaching material
or reference for them.
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Preface

First, I would like to express my thanks to Beijing Science
Press to give me a chance to have a deep and systematic discus-
sion of many interesting topics in fluid dynamics. It was focused
on vorticity field analysis to solve the thcoretical non-closed
problem in vorticity-vartex dynamics at the very beginning, then
expanded to the analysis of incompressible fluid motion and fin-
ished the research of turbulent flow in philosophy and mathemat-
ics at last. Little did T expect that some waorks are made by my-
self in several most challenging fields such as vorticity, incom-
pressible fluid and turbulent flow. Since thar, the name of this
book is changed from “Analysis of Vorticity Field” to “Classical
Analysis of Fluid Motion” at last. To be classical, it means ex-
cept the last topic of this book, everything else is still under the
principle of classical fluid dynamics.

In 1988, Prof. Jiezhi Wu (Tennessee University, Space In-
stitute) made a lecture about vorticity-vortex dynamics in Jiang
Su University of Science and Technology. 1 attend his presenta-
tion and learned a lot then. Much theory in vorticity-vortex dy-
namics is by logical deduction and depends on mathematics very
much, that’s the field I really prefer. And I received many theses
and documents about vorticity-vortex dynamics from Prof. Wu
after he went back to US. 1 learned that the boundary adherence
condition makes the corresponding differential equation set “over
specified” when use dilatation and vorticity as the main parame-
ters to describe the velocity field, and result in the non-closed
problem in vorticity-vortex dynamics. Prof. Wu suggests to me
to solve this by numerical computing. However. once I read the

corresponding documents in this field, I got an intuition that we
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still in the non perfect direction of this problem. The “over spec-
ified” problem in vorticity-vortex dynamics will not be just a nu-
merical computing problem and will not be solved by some kines
of new numerical computing models only. 1 also concluded that
the “generalized Biot-Savart formula,”as the basic formula in
vorticity-vortex dynamics, is wrong. The reason for this
formula’s unsuitable is not because of the physical reason of fluid
field but because the formula itself is wrong. That’s the main
point of my thesis named *Dissertation of the mistake of the
‘generalized Biot-Savart formula’” in 1989. For my information,
Prof. Wu send me an article in H. B. Phillips’ book “Vector
Analysis. ” The proof provided by Phillips seems quite strict.
But I still stick on my judgment. For almost six years’ research,
I just finished the proof of the mistake in “generalized Biot-
Savart formula” during the writing of this book.

This book contains seven chapters and one special topic.

Chapter ] contain the main concept and the inference of the
basic equation set of classical fluid dynamic by general tensor,
the kernel representation. I think to use general tensor is not on-
ly clear in express on the paper but also more meaningful in the
physical meaning of mechanics concepts and laws and help under-
standing. Most part of this chapter is about classical fluid dy-
namics, only the explanation of Reynolds transmission principle
is different with the classical one, I also give out a proof for the
reasonability of Gibbs-Duhem equation. Although Gibbs-Duhem
equation is an important equation in classical continuum mechan-
ics, people still don’t have a consensus.

In chapter II, I described some mathematics and physical
characteristic of vorticity fields and that’s almost in classical flu-
id dynamic too. But the definition of material vorticity is wrong
in classical fluid dynamic and is corrected in my hook.

Chapter III through VI is the main content of this book at
first. These three chapters focus on how to solve kinematics

problem to express velocity field by using dilatation and vortici-
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ty. The following tasks are finished totally by myseld.

(1) Give out two integral expressions of the bispinor Pois-
son equation and analyze the main mathematics characteristic of
them, including the analysis of hispinor Poisson equation self
consistency with the assumption that the divergence of solution
function can be arbitrarily given. the analysis of the mathematics
basis of the “normal hypothesis”, the potential analysis of
bispinor Poisson equation and the construction of the complete
mathematical model of bispinor Poisson equation. It also proves
the error of the classical integral expression of bispinor Poisscn
equation, a. k. a. “generalized Biot-Savart formula”. And points
out it’s not property in mathematics and physics to transfer the
bispinor Poisson equation to a general vector Poisson cquation on
the normal hypothesis. The definite problem of the bispinor
Poisson equation and the vector Poisson equation is totally differ-
ent in mathematics.

(2) Prove the error of the “classical uniqueness theorem?”,
give out the perfect boundary conditions to determine velocity
field with dilatation and vorticity, and give out the self consis-
tency demonstration of the boundary adherence conditions which
should be satisfied to the fluid on the wall. It points out that
while finding the solution of a vector field to make its divergence
and curl equal to an arbitrary scalar quantity field and solinoidal
vector field, the proper definite condition is to give out the tan-
gent part of the unsolved vector function on the boundary instead
of giving out the normal part as usual. Only in two dimension
problems, the two boundary conditions could be replaced by each
other.

(3) Give out the integral representation of the velocity field
with dilatation and vorticity that consists with boundary adher-
ence conditions, analyze the relative characteristic of the integral
formula, prove the error of the so called basic formula of vortici-
ty-vortex dynamics, a. k. a. another type of “generalized Biot-
Savart formula”. And analyze improperty of the decomposition
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of velocity field to the sum of the potential-diatational field . the
rotational-solenoidal field and the harmonic. potential-sole-
noidal field, that called as a global decomposition of velocity
field.

Chapter VII analvzes the incompressible fluid flow. Point
out that the incompressible only means the change of fluid densi-
ty is very small compared 1o the density of fluid itself. Assuming
the velocity dilatation to be zero is not rigorous in mathematics
and broken the thermal physical principle, which makes pressure
lose its physical sense. This may be the one of the reasons for
the difficulty to solve the incompressible fluid problem. In this
chapter, a new theoritecal model is built by using some strict
mathematical deductive method, which based on the classical
definition of incompressible fluid. This model differs fundamen-
tally from the classical one in the fact that the continuum equa-
tion 1s expressed 1n terms of finite quantity, instead of the omit-
ted tiny form. The expression makes the pressure more sensible
and supplies a criterion to value various empirical formulae. This
chapter analyzes the possible error in them as well.

The last topic of this book named*Global analysis of fluid
motion - - philosophic and mathematical thinking on“turbulence”
research”. This topic signalizes that the “turbulence” research is
a wrong proposition under incorrect logic. It emphasizes there is
no sense in researching turbulent flow based only on Navier-
Stokes equation. instead of examining into the essential phenom-
ena of fluid {low and considering the differences between the
classical theory and the physical facts. While definiting turbu-
lence as an irregular flow. the research of turbulence rule falls
into a logical circle and will never he successful.

I have thought to write this topic as a sequential chapter but
changed to the current way because of the following reason:
First, it’s not exact in logic to say the global analysis of fluid
flow is a simple expansion of local analysis of fluid flow. The
global analysis of fluid motion is a deeply development in
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thoughtfulress and a revolution of the local analysis. Second. as
a formal chapter. 1 have to provide necessary and whole mathe-
matics tools in to satisfy the completeness and coherency in de-
ductive reasoning. And it isn’t competent for me either in
vigour. time and deep thinking. or in preparation for the related
material.

The ability of a person is rather finite. Facing such a great
difficult problem. which is a world wide problem and has been
investigated over for one cenrury, it is absolutely not possible to
solve turbulence problem by a single person. But it is important
enough to find out the difference of the classical model and the
real physics and construct a deductive logic system. 1 am not
afraid of existing some insufficiencies and rather mistakes in my
research. And 1 am sincerely looking forward to have any cri-
tique on them. and expect to continue my investigation after a
short rest.

The history of science development shows that the knowl-
edge of the unknown world is always by correcting error step by
step. If one problem keeps unsolved for a long time., we need to
jump out of the traditional model of thinking and take the some
essential problem, such as if the problem exists itself, into delib-
eration by philosophy. To constrain pecple’s thinking to a fixed
frame must not be a science method. The non-closed problem of
the vorticity-vortex dynamics and turbulence problems haven’t
been solved for such a long time explains the same fact. All the
works in this book are following the way of science research. For
the study of vorticity-vortex dynamics, it’s only belong a process
to make the deduction more rigors and exact under the classical
fluid dynamics. And for the discussion of turbulence, it’s a re-
consideration of fluid flow phenomenon, which is belong the log-
ic induction stage of our knowledge. It’s not suitable that the
solid deform motion and the fluid flow motions haven’t been dis-
tinguished by each other in rational mechanics. In fact, both mo-
tions arc not the same in physical content or in mathematical
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form. If the fact is noticed, the turbulence is consequently con-
sidered as the nature phenomenan of fluid flow and a logical de-
duction system describing the laws of the nature phenomenon of
fluid flow must be constructed by people.

At present, some propositions and theses about turbulence
reflect a kind of philosophy trend of thought. The more we
learned the world the more difficulty to keep on studying. But
when facing such a complete world, some people talk animatedly
the world complexity on one hand, and just try to find one or
two fixed model to reflect the whole world on the other hand. 1
think that’s just a deny of the complexity of the world although
that’s only my personal opinion and could be wrong.

Comparing to the classical fluid dynamics, the global analy-
sis of fluid flow did not add any more assumptions. On the con-
trary, it takes the reasonless “non-mixed hypotheses” away and
makes the turbulence as a basic flowing phenomenon. The
Navier-Stokes equation is still an important equation in it. So,
the most contains in the first seven chapters are still suitable.
Because the continuum velocity field hypothesis is kept in it, we
need to build a new model when the actual non-continuum phe-
nomenon must be regarded. In this new model, differential man-
ifold would be a basic mathematics tool. Every self-consistent
theory model is a logical deductive system on the some axiomarti-
zational assumption. The fewer assumptions we have, the less
difference between the model and the truth. In fact, the Euler’s
non-viscous theory, Navier-Stokes’s local analysis theory. the
global analysis theory and generalization theory without the as-
sumption of the continuos in velocity field are becoming more
correspond to the truth of the fluid flow, while deducing the
number of assumptions step by step.

Mathematics is the basic tool for science resecarch. We can-
not describe the characteristic of the physical world and discover
the laws of material motion by the appearances without mathe-
matics. In the research of science. we need to keep on learning

» XV o»



