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PREFACE

The present Special Issue makes up the Proceedings of the IUTAM Symposium on Blu!
Body Wakes and Vortex-Induced Vibrations held at Carry-le-Rouet (near Marseille),
France, 13}16 June 2000. This is the second conference on this subject in recent years, the
"rst conference (BBVIV-1) having been held in Washington, DC, in June 1998; the Marseille
conference was thus given the acronym BBVIV-2. The papers in this volume were selected
by the Scienti"c Committee from amongst the oral presentations made at the Symposium.
The Symposium itself attracted 100 participants from 18 countries and, apart from a few
who were unable to be present, gathered together the most active researchers in the "eld.
The scienti"c programme included 8 invited lectures, 38 oral presentations and 22 poster
presentations. People responsible for the posters were given a few minutes each to make
a short presentation on their work. A total of 91 abstracts had been received, and these were
reviewed by the Scienti"c Committee and the Chairmen. It was agreed by all present that
the general standard of the presentations and the scienti"c level achieved were high.

The complete set of abstracts, of both oral and poster presentations, were provided to all
participants at the conference site. A detailed list of all presentations is included in a later
section of these Proceedings. The topical sessions at the conference had the following titles:

f Wake Fundamentals (4 talks of 20 minutes, 6 poster presentations)
f Vortex-Induced Vibrations (6 talks, 2 posters)
f Forced Oscillations (3 talks, 5 posters)
f Sphere Wakes (5 talks, 3 posters)
f Three-dimensional E!ects (4 talks)
f Three-dimensional Instability (4 talks)
f Wake Manipulation (3 talks, 3 posters)
f Wake Control (4 talks, 3 posters)
f Flexible Structures (5 talks)

One of the main purposes of the Symposium was to bring together people working on the
wakes of "xed blu! bodies with those studying vortex-induced vibrations of blu! bodies.
Papers on the wake structure of "xed blu! bodies were divided into two main areas: those
dealing with two-dimensional shapes, or those with only small amounts of three-dimen-
sionality, and those on spheres. Presentations were almost equally divided between experi-
mental and computational work and several addressed the question of vortex shedding
control, both passive and active. There were separate sessions on theoretical aspects with
a number of presenters following the interesting non-linear model equation approach,
showing that they were able to predict many of the physical features.

Vortex-induced vibration (VIV) is a subject that has been around for a long time, and key
parameters include structural damping and mass ratio, i.e. the mass of the structure to the
mass of displaced #uid. The #ow can be studied by considering blu! bodies forced to
oscillate, or elastically-mounted blu! bodies free to oscillate, and presentations on both
approaches were given at the conference. Much is known about VIV of structures in air
where mass ratios are high. O!shore oil production has stimulated an interest in large
amplitude VIV for cylinders with mass ratios near unity. A number of new phenomena have
been observed, including di!erent modes of shedding, and distinct branches to the response
curve of amplitude versus normalized velocity. For low mass ratios, the so-called &&added
mass component'' provided by the #uid has a signi"cant e!ect on oscillation frequency and
is found to vary with normalized velocity, as might be expected. These "ndings provoked
extensive and remarkably lively discussion at the conference on the meaning of &&added
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mass'' and whether it should be considered in its ideal #ow sense, or whether it should be
de"ned as the component of the total #uid force in phase with acceleration.

A signi"cant outcome of the meeting was the recognition of the advances being made by
computational #uid dynamics (CFD). It was demonstrated that considerable insight can be
provided by applying CFD to an idealized cylinder experiment with some combination of
the mass, damping and sti!ness equated to zero. Direct simulations of three-dimensional
modes of shedding are now possible, and this prompted some discussion as to what role
they play in determining the amplitude of VIV. Others argued that VIV imposes order on
the wake and that two-dimensional codes should be adequate for predicting VIV, although
at least one researcher showed that distinctly di!erent VIV responses ensued, depending on
whether a 2-D or 3-D direct simulation is used. An intriguing result, which was known
before the symposium, but rea$rmed at the meeting, is that CFD codes are having great
di$culty in predicting the maximum amplitude of oscillation when the combined mass and
damping parameter is low. There was much speculation as to why this is. One researcher,
using turbulence modelling, had found that the maximum response could be predicted
if the #ow speed in the computation was very slowly raised, as might happen in some
of the experiments. Others, who had tried the same approach, could not attain large
enough amplitudes. As the mass and damping tend to zero, the phase angle (by which the
transverse #uid force leads the displacement) becomes extremely small, and to predict
maximum amplitudes, this angle has to be found to a very high degree of accuracy.

Predicting maximum amplitude remains one of the challenges facing CFD specialists. In
addition to those mentioned above, important new results were displayed on a number of
other topics, including: sphere wakes, wakes of cylinders at or near a free surface, #ow
around multiple cylinders, and the extraction of energy from blu! body wakes.

It must be mentioned that much of the present stimulus for research on "xed blu! bodies
over the last 10 years, and the strong resurgence of investigations into vortex-induced
vibration over the last 5 years, have come from the focussed support program of the Ocean
Engineering Division of the U.S. O$ce of Naval Research, monitored by Dr Tom Swean.
Their support has provided a strong impetus for the two conferences on Blu! Body Wakes
and Vortex-Induced Vibration (BBVIV-1 and BBVIV-2), and in both cases, the ONR have
provided funds for publication and availability of the Proceedings.

This IUTAM Symposium was held in a resort hotel complex directly on the coast, which
possessed a su$cient level of isolation to ensure that the scienti"c sessions were always very
well attended. The hospitality and meals provided by the hotel were excellent, and they
played a signi"cant part in bringing the participants together for many interesting dis-
cussions. In the Chairman's "nal remarks of the conference, it was mentioned that the food
was so superb and plentiful, that it gave new meaning to the expression &&added mass'', upon
which so much debate had been focussed. Immense thanks are due to all those involved in
the local organization of the event for setting up so many of the essential details for the
success of the conference. One can say with con"dence that everybody was able to leave the
meeting with some new research ideas to follow up.

T. Leweke
P. W. Bearman

C. H. K. Williamson

Marseille, January 2001



379
Opening Address

FLUID MECHANICS IN THE COMING CENTURY

TOMOMASA TATSUMI

I;¹AM Bureau Member } International Institute for Advanced Studies, Kyoto, Japan

IUTAM. The present Symposium on &&Blu! Body Wakes and Vortex-Induced Vibrations''
is one of the &&IUTAM Symposia'', which are sponsored by the International Union of
Theoretical and Applied Mechanics (IUTAM). Actually, this subject has been selected from
many proposals made by various research groups in the world and adopted by the General
Assembly of IUTAM. Another important activity of IUTAM is to organize the &&Interna-
tional Congresses of Theoretical and Applied Mechanics'' (ICTAM), which are held every
4 years in various cities in the world. The most recent ICTAM held in France was the 17th
Congress in 1988, Grenoble, and one of the last was the 19th Congress held in 1996, Kyoto,
Japan. Then, in the year of 2000, the 20th Congress was held in Chicago, U.S.A.

Mechanics of Viscous Fluid. The present century may be characterized by the great
progress in mechanics of the &&viscous #uid'' governed by the Navier}Stokes equation. Until
the last century, #uid mechanics has mostly been concerned with the &&inviscid #uid''.
Although the mathematical theory due to the Euler equation supplied us with useful
mathematical results and elegant theorems for #uid motions, it often caused serious
discrepancy from the physical reality such as functional singularities in the solutions and the
d'Alembert's paradox of vanishing drag for moving bodies. A big revolution has been
achieved around the last turn of the century by two epoch-making works of O. Reynolds
(1894) on &&turbulent #ows'' and L. Prandtl (1904) on the &&boundary layer''. The classi"ca-
tion of the real viscous #ows in terms of the magnitude of Reynolds number Re";¸/l,
; and ¸ being the velocity and the length-scales of the #ow and l the kinematic viscosity of
the #uid, and introduction of suitable analytical and numerical methods for the correspond-
ing magnitude of Re, enabled us to obtain mathematical solutions of the Navier}Stokes
equation for almost all #uid #ows of theoretical or practical signi"cance.

Mechanics of Turbulence. An obvious exception from the above optimistic summary is
&&turbulent #ows'', including the subject of the present Symposium. In spite of great
advances in turbulence research during this Century initiated by the &&statistical theory'' of
Sir Geo!rey Taylor (1935) and the &&local equilibrium theory'' of A.N. Kolmogorov (1941)
and largely helped by the rapid progress in high-speed numerical computation, the theory is
still lacking theoretical unity and much more works have to be done in the coming Century
before the theory is accomplished as the &&mechanics of turbulence''.

Fluid Mechanics in the Coming Century. The great success of mechanics of the &&viscous
#uid'' developed during this century has resulted in a rich variety of engineering applica-
tions, including the subject of the present Symposium, &&Blu! Body Wakes and Vortex-
Induced Vibrations''. Such a tendency will be pushed even further toward the next century.
The study of more &&complex'' #uid #ows associated with thermal convection, combustion,
phase change, chemical reaction, nuclear and thermo-nuclear reactions, which have already
been included in applied "elds of the present #uid mechanics, will certainly constitute the
central part of the #uid mechanics in the coming century. The #uid dynamical problems
may not be limited to engineering subjects, but they will be extended to #uid phenomena in
other "elds such as biological and life science, space and cosmic science, and environmental
and energy technologies. Theoretically speaking, the enlargement of the subjects to huge
scales such as environmental, global, planetary or even cosmical phenomena opens a novel
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scope of #uid mechanics. Just like modern #uid mechanics has been largely supported by
the developments in molecular physics of matter, the #uid mechanics of huge-scale phe-
nomena must be built up on the theoretical basis of contemporary #uid mechanics of
human scale. Even a brief survey as stated above may be su$cient to guarantee a rich and
fascinating future for Fluid Mechanics in the coming century.
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