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PREFACE

The International Congress of Theoretical and Applied Mechanics held in Warsaw, Poland is the twenty first
congress of a series started eighty years ago in Delft, Netherlands. The idea of congresses devoted to mechanics,
can be traced back to a conference on problems of fluid mechanics held in Innsbruck, 1922. It was organized
by four individuals, whose names, are and will, remain very well known to next generations of scientists, C.
W. Oseen, T. Levi-Civite, T. von Karman, and L. Prandtl. This conference was so fruitful, that the organizers
decided to arrange similar meetings in the future, every four years, and to extend the scope of the future
meetings to include solid mechanics.

From the meetings of the Congress Committee sprang the idea of a more permanent organization to look out
for the world interests in the mechanical sciences. Thus, IUTAM, the International Union of Theoretical and
Applied Mechanics, was formed on September 26, 1946. In 1947 IUTAM became a member of ICSU, the
International Council of Scientific Unions, itself founded in 1931. The highest authority of IUTAM is the
General Assembly, with delegates from the Adhering Organizations, each of which is affiliated with a national
learned society in a given country.

Contemporary mechanics poses both, the fundamental problems from the area of pure science, and its strong
links with modern technology. It spreads over such areas of our knowledge as oceanography, physical chem-
istry, biology, medicine, geophysics and astrophysics. Hence, any conclusions deduced in the framework of
mechanics, are likely to have a value for other fields. We do hope that this meeting will contribute in widely
spreading the knowledge in our field of interest and the advancement of mutual human understanding. James
Clerk Maxwell put it in a short conclusion:

The true seat of science is not in the volume of transactions, but in the living mind, and the
advancement of science consists in the direction of the men’s minds into a scientific channel.

One of these channels, the 21% International Congress of Theoretical and Applied Mechanics was invited to be
held in Warsaw by the:

o Polish National Committee of IUTAM,

o Institute of Fundamental Technological Research of the Polish Academy of Sciences,

e Warsaw University of Technology.
We hope that the Congress will stimulate the endeavours to find the solutions to open problems of me-
chanics, and will pose new questions, to be answered in future. We would like to thank all the contribu-

tors of this Congress. Your contribution of up to minute research makes the Congress a success. Welcome
in Warsaw!

Witold Gutkowski
Tomasz Kowalewski Warsaw, 20.07.2004
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Scientific Program

The scientific program consists of plenary opening and closing lectures, sectional lectures, mini-symposia,
and contributed papers presented in lecture and seminar presentation sessions. These are intended to cover all
aspects of mechanics. This volume contains 1417 papers, having been drawn on from the oral and the seminar
presentations of the congress. Each paper consists of a printed Short Abstract and an Extended Summary
recorded on an enclosed CD-ROM. Obviously, the book that has to be available at the congress is based on
papers that had to be submitted over half a year ahead. Therefore, the congress itself, in many cases, may
deliver more recent data and evaluative work than had been possible to allude to in the publication.

All contributed papers were peer reviewed. Recommendations had been received from Pre-selection Commit-
tees of the National Committees of the nine countries: Canada, France, Germany, Japan, PR China, Poland,
Russia, UK and USA. Moreover, recommendations had been received from the Chairs of the Mini-Symposia
and of the Pre-nominated Sessions with classifications of the papers submitted within the topics of their Sym-
posia/Sessions. Finally, the International Papers Committee paid careful attention to the above recommen-
dations. Accordingly, of the 2086 eligible submissions 1574 contributions were invited by the IPC for their
presentation. The total number of submitted and accepted papers represents a quite substantial enhancement
relative to the previous congresses, providing evidence of vitality of the contemporary mechanics.

Codes used for Lectures and Sessions

Throughout the book and CD-ROM all papers are coded using letters and numbers denoting appropriate session
code, presentation type, presenting author’s 1D, presentation day, time and lecture room. Following codes are
used to mark sessions:

Opening and Closing Lectures - OL, CL
Sectional Lectures - SL
Mini-Symposia - MS
Pre-nominated Sessions

— Fluid Mechanics - FM

— Solid Mechanics - SM

— Topics involving both - FSM

Presentation types are: Plenary (1), Lecture (L) and Seminar (S).
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Opening L ecture 1

Opening Lecture

Interplay Between Air and Water OLI 10498
Leen van Wijngaarden —
University of Twente J.M. Burgers Centre for Fluid Mechanics, Netherlands Mon » 11:00 + 000

In the Introduction | will recall, among others, the period of the Cold war in which thanks to Polish colleagues scientific
contacts between East and West were maintained. After that several aspects of the flow of mixtures of air and water will be

discussed and illuminated with examples. Finally 1 will give some comments on the differences and similarities between
fundamental and applied science and scientists.

Closing Lecture

Stochastic Dynamics of Engineering Systems
Kazimierz Sobczyk .
IPPT PAN, Warsaw, Poland Fri e 14:30 « 000

The main objective of this plenary lecture is to expose the most notable models and results of stochastic dynamics a huge
branch of contemporary science investigating real physical/engineering systems in the presence of random excitations.
The lecture will consist of two parts. First, the general nonlinear stochastic governing equations of a wide class of real
engineering systems will be presented along with their possible interpretations and the associated applicatory problems and
results; in particular, a methodology used for the reliability assessment of randomly excited mechanical/structural systems
will be discussed. Afterwards, various qualitative phenomena generated (in nonlinear systems) by random noise will be
expounded (e.g. explosions of the response, noise-induced phase transitions, stochastic resonances, bifurcations, etc.). In
the end of the lecture some computational problems and new challenges will be indicated
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Sectional Lectures

Some Issues in Active Vibration Control of Smart Structures
Andre Preumont

Active Structures Laboratory, Brussels, Belgium

Tue ¢ 09:30 ¢ 208

The paper is divided into three parts. The first one is devoted to the active damping of structures with collocated actu-
ator/sensor pairs, with a particular attention to performance prediction, stability and robustness. A few examples are de-
scribed, related to space, precision engineering and civil engineering projects. The second part is concerned with vibration
isolation; various implementations of the celebrated sky-hook single-axis isolator are discussed and compared; a particular
attention is given to the case where the isolator is attached to a very flexible structure. Next, a six-axis isolator based on
the architecture of a cubic Stewart platform is discussed in the context of space applications; the close relation between
performance and technology is emphasized. The third part is devoted to the spatial filtering with discrete sensor arrays and
distributed piezoelectric films. The paper discusses how discrete arrays can be programmed to provide modal filtering or fre-
quency shaping of frequency response functions; the limitations due to spatial aliasing are also described. Finally, a porous
electrode design is described, which allows to tailor the equivalent piezoelectric properties of piezo films to achieve a wide
class of distributed filters.

Ocean Circulation and Its Influence on Climate
Peter B. Rhines

University of Washington, Seattle, USA

Tue ¢ 09:30 ¢ 134

Heat- and water transports by the atmosphere- and ocean circulations are principal elements of global climate. Natural vari-
ability and human-induced emissions combine to create active patterns of climate change which are not reflected in overall

averages like global mean-surface temperature. Some of these patterns are well-known, like el Nino/Southern Oscillation
cycles and the North Atlantic Oscillation; others are less familiar and may be abrupt: the 30-year decline in salinity of
the northern Atlantic, invasion of the Arctic by warm Atlantic waters, and the rise and subsequent decade-long decline
in the subpolar North Atlantic circulation, and the pattern of global heat content and upper ocean salinity increase in the
subtropics. Dynamical elements of Rosshy-wave theory, jet dynamics, stratified spin-up, and rotating convection seem to
be important. We also describe a new invention, the Seaglider, with which we are patrolling the cold northern oceans to
examine the structure of abruptly changing climate.

Micromechanics and Microviscoelasticity of Cells
Erich Sackmann
University of Munich, Garching, Germany

Tue ¢ 09:30 309

Magnetic tweezer microrheometry combined with colloidal strain-field mapping enable local measurements of absolute
Young moduli of cell envelopes. Microrheometry enables real time studies of rapid reorganizations of the membrane cou-
pled actin cortex of vascular endothelial cells by activation with inflammational agents (e.g. histamine involved in allergic
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reactions). Actin corteces are enforced by formation of stress fibers or micromuscles induced by a sol-gel transition trig-
gered by activation of myosin and Ca-induced actin polymerization within ~1 sec. The reorganisation induces centripetal
contractions of cells leading to the formation of gaps within the endothelium. Evaluations of the quasi-random transport
of magnetic tweezers and creep responses show: the cytoplasm consists of soft streets separated by forbidden zones. The
intracellular space behaves as viscoplastic body. Creep responses are described as random transitions within multiwell po-
tentials. This enables weak forces (10 pN) to transport intracellular compartments through hard regions by statistical bond
breakage.

Electrokinetics and Electrohydrodynamics in Microfluidics
D.A. Saville

Princeton University, USA

Tue ¢ 09:30 ¢ 306

Electric fields offer an exquisite means of control over small-scale fluid and particle motion. In some instances — elec-
trokinetics — the applied field acts on the intrinsic (equilibrium) electric charge arising from covalently bound ionogenic
groups bound to an interface. In other cases — electrohydrodynamics — the charge arises from the action of a field on an
otherwise electrically neutral system. Despite this similarity, descriptions of electrokinetic and electrohydrodynamic motion
developed more or less independently. The theoretical underpinnings of electrokinetics were laid down by Helmholtz and
Smoluchowski in the late 19th and early 20th centuries; the theory of electrohydrodynamics was set forth by G. I. Taylor
and J. R. Melcher in the 1960’s. Nevertheless, both descriptions stem from the same fundamental model: the Navier—Stokes
equations augmented with an electrical body force, Gauss’s law, and conservation equations for the several ionic species.
The development of a unified picture will be described along with its implementation. Special attention will be will be given
to microfluidic applications involving the movement of particles and fluids by electrophoresis and electroosmosis and the
assembly of colloidal crystals.

Near-critical Point Hydrodynamics and Microgravity
Daniel A. Beysens

CEA, Service des Basses Températures, Grenoble, France

SL3I_10880

Tue ¢ 09:30 ¢ 315

Near their critical point, fluids exhibit anomalous behavior of thermodynamic parameters (divergence of specific heat,
compressibility and expansion coefficients) and transport coefficients (heat conductivity, thermal diffusivity). It results in
a very particular hydrodynamics where in earth gravity field the fluid is extremely sensitive to even minute temperature
gradients. | will emphasize here two examples where weightlessness experiments play a key role in revealing phenomena
hidden on earth by convection and sedimentation. One is a very fast thermalization effect (“piston effect”) where a thermal
boundary layer expands and adiabatically heats the whole fluid. Critical slowing down and microgravity are also used
to investigate the dynamics of phase separation with no gravity-induced sedimentation. The key role of the coalescence
of domains makes valid only two growth laws. Their occurrence depend only on the gas and liquid volume fraction. This
universality permits to successfully apply these evolution laws to a well-known biological problem: the sorting of embryonic
cells.

Nanoscale Mechanics of Biological Materials
Huajian Gao

Max Planck Institute for Metals Research, Stuttgart, Germany

Tue ¢ 09:30 ¢ 219

)i
In this lecture I will discuss mechanical properties associated with the nanostructures of biological materials. A simple
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and universal model is firstly introduced to describe the generic nanostructure of a wide variety of biological materials
including bone, shell, dentin, wood, and tendon. We show that the superior mechanical properties of biological materials
stem from the unique characters of their generic nanostructure in which perfection and harmony are achieved between stiff
mineral nanoparticles and soft protein matrix: The mineral provides stiffness and strength for the composite structure while
protein serves a multitude of support and relaxation functions. We conclude that the soft protein layer can homogenize
stress distribution around the mineral and serve as a buffer to isolate damage.The nanometer size of mineral particles may
have evolved to achieve maximum strength and maximum tolerance of flaws. The large aspect ratio of mineral crystals is
selected to compensate the softness and weakness of protein and plays a crucial role in various mechanical properties of
biological materials, such as the stiffness, stability, viscoelastic properties and interface strength. As a closely related topic,
I will describe mechanics of hierarchical adhesion structures of Gecko where the nanometer size may have again been
selected to achieve maximum strength while tolerating flaws in contact with a substrate. The flaw tolerance is key to robust
design of structures and robustness is the key to survival.

Mechanics of Rubberlike Solids
Raymond W. Ogden
University of Glasgow, Glasgow, UK

Thu ¢ 08:30 ¢ 309

The lecture begins with an overview of the large deformation stress-strain response of rubberlike solids based on experimen-
tal observations, in particular of vulcanised natural rubber. First, experimental results that characterize the elastic behaviour
of rubber are described. This is followed by illustrations of how the behaviour departs from the purely elastic; we exam-
ine stress softening associated with the Mullins effect, and the different degrees of stress softening for different rubbers
are highlighted. Other inelastic effects such as hysteretic stress-strain cycling following pre-conditioning of the material
(to remove the Mullins effect) are also described. Different approaches to modelling these behaviours on the basis of the
isothermal phenomenological theory of elasticity and inelasticity are then described in detail and the quality of the com-
parison between theory and experiment is discussed. Finally, we discuss recent theoretical work concerning the coupling of
mechanical and magnetic effects in so-called magneto-sensitive elastomers, which are being used as active components in
various applications where the mechanical stiffness of the material can be changed rapidly by the application of a suitable
magnetic field.

Probability Dlstrlbutlor_1 Functions for a Rapidly Rotating SL181 10495
Turbulent Flow: Experiment and Theory —
Harry L. Swinney, Charles N. Baroud, S. Jung Thu e 08:30 # 208

University of Texas at Austin, Austin, USA

We have made velocity measurements on a quasi-two-dimensional turbulent flow in a rapidly rotating annulus (Reynolds
number 20000, Rossby number (0.1). The probability distribution function (PDF) for velocity increments measured over
a wide range of distances between measurement points is non-Gaussian, but the PDF is self-similar (independent of the
distance between measurement points). The non-Gaussian PDF for the velocity increments is described well by a form
deduced from nonextensive statistics. Using conservation of potential enstrophy and energy, we obtain a PDF for the
vorticity by maximizing a nonextensive entropy function. The resultant PDF is in better accord with the measurements than
the PDF derived assuming extensive entropy.
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[z _ Suspensions: From Micromechanics to Macroscopic Behavior
John F. Brady
California Institute of Technology

Thu ¢ 08:30 ¢ 306

It’s morning. You pour cereal in your bowl, shake the orange juice, fill your glass, and pour milk over your cereal. Why
did you shake the orange juice and not the milk? Why do you pour cereal? These are just some everyday examples of
complex fluids — materials that often behave like water or air, but just as often display quite different behavior. Many

complex fluids are in the form of particles dispersed in a host liquid or gas, and it is the particle-level interactions that give

rise to interesting macroscopic phenomena, such as shear thinning and thickening, viscoelasticity and structure formation.
This talk will discuss the micromechanics of particulate dispersions and how the interplay of colloidal, Brownian and
hydrodynamic forces sets the material’s microstructure and determines its macroscopic properties. So why did you shake
the orange juice and not the milk?

Variational and Multiscale Methods in Turbulence with Particular
Emphasis on Large Eddy Simulation

Thomas J.R. Hughes Thu  08:30 ¢ 315
The University of Texas, Austin, USA

We present a review of progress in applying the Variational Multiscale Formulation to turbulent flows. We begin with a de-
scription of the type of engineering applications we are interested in and follow with a critical evaluation of the conventional
approach to Large Eddy Simulation based upon the filtered equations. We then discuss modeling and consider the classic
Smagorinsky model (inspired by Von Neumann). According to the analysis of Lilly, by discretizing into the inertial sub-
range, assuming a Kolmogorov spectrum, and equating model and turbulent dissipation, the parameters of the Smagorinsky
model are determined. However, we argue that the effect is to dissipate too much energy from the large scales. The anatomy
of the model is further elucidated by considering the Spectral Eddy Viscosity concept of Heisenberg. With this background,
we argue that numerical analysis considerations suggest a multiscale framework for modeling. We then describe the Varia-
tional Multiscale Formulation, which obviates many of the shortcomings of the filtered equations and possesses enhanced
potential for modeling. We demonstrate numerically that the simplest instantiations of the idea lead to significantly im-
proved performance on homogeneous flows, and equilibrium and non-equilibrium turbulent channel flows. We mention in
closing the results of some other investigators who have also obtained very good results with various implementations of
the approach and we describe current research activities.

Nonlinear Dynamics in Ocean Engineering SL8l 10544
Edwin Kreuzer =

Technical University Hamburg-Harburg, Mechanics and Ocean Engineering,
Hamburg, Germany

Thu e 08:30 ¢ 134

There is an increasing demand world wide on ocean engineering systems. The ability to predict and characterize the dynamic
behavior of such systems before large financial commitments are made to their manufacture is an essential ingredient of
contemporary engineering. Linear models often will not provide sufficient accuracy and reliability to analyze and predict
the dynamics of the real system in a satisfying manner. Nonlinear effects have to be taken into account when setting up tools
which support the design process. For example ship motions in rough sea, moored platforms and crane vessels under wave
excitation show essentially nonlinear behavior. Unfortunately, these systems operate under certain conditions at the stability
limit and this sometimes leads to serious accidents with loss of human lives and causing huge environmental pollutions.
A future goal should be the optimization of ship design and ship as well as crane vessel operations such as the nonlinear
dynamics is taken into account. In this sectional lecture the dynamics of floating ocean engineering structures is discussed

in detail.
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A Bridge Betwegn the Micro- and Mesomechanics of Laminates: SL9I_10508
Fantasy or Reality
Pierre J. Ladeveze Thu e 08:30 ¢ 219

ENS Cachan, Cachan, France

The last quarter-century has witnessed considerable research efforts in the mechanics of composites in order to understand
their behavior and to model or calculate them — the ultimate goal being the design of the materials/structures/manufacturing
processes. Even in the case of stratified composites (which are the most studied and, therefore, the best understood), the
prediction of damage evolution up to and including final fracture remains a major challenge in the modern mechanics of
composite materials and structures. One could jokingly say that there is, on the one hand, the micromechanics of laminates
where one counts cracks and, on the other, the meso- or macromechanics of laminates where one measures stiffnesses
— with only few links between the two. How to bridge the micro-and mesomechanics aspects and how this affects the
understanding and prediction of localization and final fracture are the two main questions discussed here.

Multibody Dynamics: Bridging for Multidisciplinary Applications
Jorge Ambrosio
Instituto Superior Técnico, Lishoa, Portugal

Fri ¢ 08:30 » 208

The design requirements of advanced mechanical and structural systems and the real-time simulation of complex systems
exploit the ease of use of the powerful computational resources available today to create virtual prototyping environments.
These advanced simulation facilities play a fundamental role in the study of systems that undergo large rigid body motion
while their components experience material or geometric nonlinear deformations, such as vehicles, deployable structures,
space satellites, machines operating at high speeds or robot manipulators. If in one hand the nonlinear finite element method
is the most powerful and versatile procedure to describe the flexibility of the system components on the other hand the multi-

body dynamic formulations are the basis for the most efficient computational techniques that deal with large overall motion.
Therefore, it is no surprise that many of the most recent formulations on flexible multibody dynamics and on finite element
methods with large rotations share some common features. In multibody dynamics methods body fixed coordinate frames
are generally adopted to position each one of the system components and to allow for the specification of the kinematic
constraints that represent the restrictions on the relative motion between the bodies. Several formalisms are published sug-
gesting the use of different sets of coordinates, such as Cartesian [1], natural [2] and relative coordinates [3]. Depending on
the type of applications pursued by the user, on the experience of the developer or on any specific objectives each one of
the referred types of coordinates has advantages and disadvantages relative to the others. Due to their ease of computational
implementation, their physical meaning and the wide spread knowledge of their features all the formalisms presented in
this work are based on the use of Cartesian coordinates. However, it must be noted that the same formulations can also be
developed with any other type of coordinates selected to describe the multibody systems. The equations of motion of the
multibody systems are obtained using the Euler—Lagrange equations and the principle of virtual works [1]. To kinematic
constraints that restrict the relative motion between the different components of the system are added to the equilibrium
equations by using Lagrange multipliers. The set of equations obtained in this manner, together with the acceleration con-
straint equations, are solved to obtain the system accelerations. The system state variables are then integrated in time, using
typically a variable order and variable time step integration algorithm [4] for a pre-defined period of time. The method-
ological structure of the equations of motion of the multibody system obtained allows the incorporation of the equilibrium
equations of a large number of disciplines and their solution in a combined form. The description of the structural de-
formations exhibited by the system components by using linear [5] or non-linear finite elements [6] in the framework of
multibody dynamics is an example of the integration of the equations of equilibrium of different specialities. Of particular
importance in the applications pursued with the methodologies proposed is the treatment of contact and impact which are
introduced in the multibody systems equations either by using unilateral constraints [7] or by applying a continuous contact
force model [8]. The readily availability of the state variables in the multibody formulation allows for the use of different
control paradigms in the framework of vehicle dynamics, biomechanics or robotics and its integration with the multibody
equations [9]. The coupling between the fluid and structural dynamics equations allows for the development of applications

where the fluid-structure interaction is of importance, especially for cases where the large absolute motion of the system
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or the large relative rotations between the system components are of importance [10, 11]. The research carried at IDMEC
and the different collaborative works developed with other research groups provide the examples offered in this presenta-
tion. Application cases involving the modelling of realistic mechanisms, passive safety of road and rail vehicles, impact
and human locomotion biomechanics, automotive and railway dynamics and the control of multibody systems are used
to demonstrate the developments listed in this presentation. In the process of presenting the different applications several
possibilities for future developments are discussed.

Turbulence and Large-Eddy Simulations
Marcel Lesieur

Grenoble National Polytechnic Institute, Grenoble, France

Fri e 08:30 ¢ 315

y

After having discussed the limits of turbulence direct-numerical simulations, one presents large-eddy simulations methods,

where small scales are filtered out and modelled by appropriate eddy coefficients in the evolution of large scales. Scalar
mixing is studied as well. We concentrate on Grenoble models developed originally in Fourier space. One presents coherent-

vortex dynamics obtained thanks to these models for incompressible isotropic turbulence at infinite Reynolds number, and
statics of a channel flow. It is shown that the LES compressible formalism may be simplified by using a macro-pressure

and a macro-temperature. One displays an animation of quasi-longitudinal vortices in a channel at low Mach. Then the

compressible jet controlled upstream is studied at Mach 0.7 and 1.4 (Reynolds 36000). With a white-noise forcing, the

supersonic jet is more focused than the subsonic one. With other types of forcings, one can generate a blooming jet.

Probability Phenomena in Perturbed Dynamical Systems
Anatoly Neishtadt
Space Research Institute RAS, Moscow, Russia

Fri e 08:30 ¢ 219

If in a deterministic dynamical system a small variation of initial data produces a big variation of dynamics, the behavior of
this system can be treated as a random one. This nonrigorous assertion known as a principle “small causes and big effects”
is in the basis of the theory of deterministic chaos. Remarkably, such quasi-random behavior exists also in the systems
which differ by an arbitrarily small perturbations from the systems with very simple (periodic, quasi-periodic) dynamics.
Different types of perturbed dynamics have certain probabilities. Analysis of long-term dynamics leads to random walk
problems. In the talk we shall discuss probability phenomena associated with passages through separatices and passages
through resonances in perturbed dynamical systems. The theory which describes these phenomena has applications in
different problems including problems of capture of satellites into resonances, of acceleration of charged particles, of
chaotic advection of impurities.

Problems in Astrophysical Fluid Dynamics
Edward Spiegel
Columbia University, New York, USA

Fri e 08:30 ¢ 134

The variety of fluid processes observed throughout the universe staggers the imagination, yet the subject has not attracted
nearly as much serious interest from professional fluid dynamicists, as have geophysical fluid problems. Yet, in the sixties

and seventies of the previous century, several symposia were held that brought astrophysicists and fluid dynamicists together
under various titles such as Cosmical Gas Dynamics; we might even follow Lighthill’s lead in another subject and speak of
Astrofluiddynamics. Those old symposia were well attended and quite stimulating. To give an idea of the kinds of problems
that arise in astrophysics | outline here a (subjective!) selection of fluid dynamical problems faced by astrophysicists. | begin
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with thermal instability, a characteristic process discussed in astrophysics and this flows naturally into the larger domain of
radiative fluid dynamics wherein radiation affects the dynamics both thermally and dynamically and also plays a significant
role in the observations. Astrophysicists must also face the problems associated with long mean free paths in plasmas and
in their gravitational analogues — gases whose constituent particles are stars or even galaxies. As time permits, | shall also
speak of fluid dynamics in accretion disks and rotational processes in the sun. This selection only scratches the surface
of the subject and it is meant to be introductory. My subject is really astrophysically motivated fluid dynamics and the
approach to be used in this discourse is largely analytic. However, | would stress that, on the hard core astrophysical side,
progress is being made largely in the development of simulations. This is true throughout the subject, and is especially
evident in a wide range of compressible flows such are encountered in stellar convection, the dynamics of interstellar gas
clouds and in the formation of large-scale structure in the early universe.

Rapid Formation of Strong Gradients and Diffusion in the
Transport of Scalar and Vector Fields

Institute of Geophysics, Warsaw University, Poland

An important issue in the theory of transport by moving fluids is the role of dissipation when the medium is nearly ideal.
The central problem of this nature is understanding viscous dissipation at very large Reynolds numbers. We will discuss
a few problems in the same category but linear and therefore more promising although, as it turns out, surprisingly rich
and far from being resolved. Their common denominator is the interplay between diffusion and advection. In a typical
flow the latter tends to decrease the characteristic length scales of the spatial variations of the transported quantity, thus
increasing the rate of diffusion. Depending on a particular configuration either this rapid diffusion prevails and efficiently
annihilates all gradients, or a kind of balance is reached and a quasi-steady dissipative structure emerges. We discuss both
types of behaviour paying special attention to spiral structures formed by a diffusing passive scalar and to current sheets in
magnetohydrodynamics.

Non-Newtonian Fluid Mechanics Using Molecular Theory
Roland Keunings
CESAME, Université catholique de Louvain, Louvain, Belgium

Fri e 08:30 ¢ 306

Many natural and synthetic fluids are viscoelastic materials, in the sense that the stress endured by a macroscopic fluid ele-
ment depends upon the history of the deformation experienced by that element. Notable examples include polymer solutions
and melts, liquid crystalline polymers, and fibre suspensions. The remarkable rheological properties of viscoelastic liquids
cannot be described by the Navier—Stokes equations, but rather are governed by the flow-induced evolution of molecular
configurations. In the present lecture, | survey the field of multiscale simulation of viscoelastic flow using molecular mod-
els, and present recent results based on tube theory of linear entangled polymers. The talk will be of a general nature so
that it is (hopefully) both understandable and useful for colleagues and students working on other topics in theoretical and
applied mechanics.
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Autonomic Healing of Polymers and Composites MS1l 11684
Scott R. White®, Nancy R. Sottos®, Jeffrey S. Moore®, Eric N. Brown®, —
Alan Jones®, Joseph Rule® Mon e 13:30 e 208

(1) Aerospace Engineering, University of Illinois, USA
(2) Theoretical and Applied Mechanics, University of Illinois, USA
(3) Chemistry, University of Illinois, USA

Inspired by biological systems in which damage triggers an autonomic healing response, structural polymers and polymer
matrix composites have been recently developed that possess the ability to self-heal. Self-healing is accomplished by incor-
porating a microencapsulated healing agent and a catalytic chemical trigger within a polymer matrix. When the material is
damaged, the microcapsules rupture and release the healing agent into the damaged region through capillary action. As the
healing agent contacts the catalyst, polymerization is initiated and the damage is repaired. One promising healing chem-
istry based on the ring-opening-metathesis-polymerization (ROMP) of dicyclopentadiene and Grubbs’ catalyst has yielded
static fracture recovery in excess of 90% and greatly extended fatigue life. New healing chemistries and alternate healing
approaches are explored with utility in a variety of structural polymer and polymer composite applications.

A Way to Search for Smart Materials with Unprecedented
Physical Properties
Richard D. James Mon e 14:30 ¢ 208

University of Minnesota, USA

These thoughts begin with the observation by physicists, probing new phenomena through the use of first principles’ studies,
that the simultaneous occurrence of ferromagnetism and ferroelectricity is unlikely. While these studies do not consider the
possibility of a phase transformation, there is a lot of indirect evidence that, if the lattice parameters are allowed to change
a little, then one might have co-existence of “incompatible properties” like ferromagnetism and ferroelectricity. Thus, one
could try the following: seek a reversible first order phase transformation, necessarily also involving a distortion, from,
say, ferroelectric to ferromagnetic phases. If it were highly reversible, there would be the interesting additional possibility
of controlling the volume fraction of phases with fields or stress. The key point is reversibility.Even big first order phase
changes can be highly reversible (liquid water to ice, some shape memory materials), and we argue that it is the nature
of the shape change that is critical. We suggest, based on a close examination of measured hysteresis loops in various
martensitic systems, that reversibility is governed by the presence of certain special relations among lattice parameters. We
give a example of the systematic use of these relations to discover new low hysteresis shape memory materials. Besides
ferroelectricity — ferromagnetism, there are many potential property pairs that exhibit lattice parameter sensitivity and are
candidates for the proposed strategy: soluability for Ho, optical nonlinearity, high band gap — low band gap semiconductors,
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insulator — conductor (electrical or thermal), opaque — transparent (at various wavelengths), high — low index of refraction,
luminescent — nonluminescent, and new kinds of thermoelectric and thermomagnetic materials.

Elast_lc Wave Propagation Development for Structural Health MS1l_10680
Monitoring
Wiestaw M. Ostachowicz Tue ¢ 08:30 » 208

Institute of Fluid Flow Machinery PAS, Gdansk, Poland

This paper is a personal perspective of structural health monitoring technology and its applications as see from a current lit-
erature and projects. Recently, laminated composites with built-in piezoelectrics have attracted significant attention among
researchers because of their potential application to controlling vibrations, suppressing noise, as well as monitoring the
health of the structures. The investigated damage detection system is based on the known fact that material discontinuities
affect the propagation of elastic waves in solids. The change in material characteristics, such as a local change in stiffness or
inertia caused by a crack or material damage, will affect the propagation of elastic waves and will modify the received sig-
nals. Wave frequencies that are most sensitive to damage depend on the type of structure, the type of material, and the type
of damage. Elastic waves are generated and sensed by an array of transducers either embedded in, or bonded to, the surface
of the structure. Wave frequencies associated with the highest detection sensitivity depend, among others, on the type of
the structure, the type of material, and the type of the damage. The proposed approach deals with the spectral finite element
analysis method as a means of solving the wave propagation problems in structures. The change of the wave propagation
process due to a damage appearance is examined by comparing the differences between the responses from damaged and
undamaged structures. The influence of the damage growth for the wave propagation is also analysed. The differences in

the propagating waves allow indicating the damage location and size in a very precise way. The proposed model can easily
be used for detection of damage in complicated situations, i.e. multiple delaminations located in different places. The paper
is not intended to be a comprehensive survey but merely to present a flavour of recent activity in this important subject.

A Novel Approach to the Application of Ferroelectric Thin Films to
Micro-actuation

Kaushik Bhattacharya Mon e 16:00 e 208
California Institute of Technology, Pasadena, USA

A micro-actuator capable of significant force and displacement remains an outstanding challenge in the development of
micromachines. Active materials are attractive for their large work per unit volume, and specifically ferroelectrics since they
are electrically activated. However, conventional piezoelectric materials display limited strains (0.1%), and conventional

configurations like bi-morph cantilevers are too constrained to deliver the necessary performance. This talk will describe
an alternative strategy that combines a new mode of electrostriction in ferroelectrics that explicitly use domain switching to

deliver extremely large strains (1-6%) at moderate forces and electrical fields along with a new approach to microactuators
that use partially released thin films. Together this strategy enables micro-actuators with large force and displacement. This
talk will describe the theoretical analysis of the domain patterns in bulk and thin film ferroelectric perovskites that led to
this strategy, detailed computational studies for specific designs and the subsequent experimental validation.

Stress Effects on Ferroelectric Thin Film Patterning, Properties and
Performance

N.R. Sottos, T. Berfield, R. Ong, D.A. Payne Mon e 16:20 « 208
University of Illinois at Urbana-Champaign, USA

Recent developments in soft lithographic patterning and micro-contact printing techniques enable the integration of ferro-
electric thin films on a chip, rather than added as a discrete component in the system. As integrated device applications
push the characteristic length scale of these materials smaller and smaller, surface and interface effects dominate response,
producing significant scientific challenges in the characterization of mechanical properties, performance and reliability. In
this paper, we investigate the complex roles of microstructure, interface effects and residual stresses on ferroelectric thin
film performance. PZT films ranging in thickness from 200 nm to 1.0 micron are deposited by the sol-gel method onto
a platinized Si substrate. The average residual stress, which is highly dependent on film thickness, is calculated from laser
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reflectance measurements of wafer curvature during processing. Field-induced strains are measured interferometrically for
films with well-characterized residual stress-states. Results indicate significant increases in film performance with a de-
crease in residual stress. Residual stress development also plays a significant role in the patterning and lift-off process.
Preliminary investigations of interfacial adhesion and crack initiation of the sol-gel film on a functionalized Si substrate
provide some insight into the stress driven mechanisms for mediated patterning.

Upper and Lower Bounds of Electric Induction Intensity Factors for Multiple
Piezoelectric Cracks by the BEM

Mitsunori Denda, Mayur Mansukh Mon e 16:40 e 208
Rutgers University, New Jersey, USA

The coupling of mechanical and electrical behaviors of the piezoelectric materials has find its many applications. However,
they are plagued with the brittleness of the widely used piezoceramic materials. The lack of understanding and modeling
tools of the piezoelectric fracture is limiting the further progress in the piezoelectric material based technology. This paper
addresses issues on the crack surface electric boundary conditions. and suggests the upper and lower bound approach in the
determination of the electric induction intensity factors using the boundary element method. These bounds are obtained by
the using the impermeable and permeable crack solutions. The numerical Green’s function for the crack is developed by
the analytical integration of the continuous distribution of the generalized dislocation dipoles. The Green’s function has the
generalized stress singularity and no post process for the intensity factor determination is needed.

Ultrasonic Characterization of Phase Transformation in NiTi Wire During
Thermomechanical Loading
Michal Landa®, Petr Sedlak®, Frantisek Marsik®®, Petr Sittner®, Vaclav Novak®

(2) Institute of Thermomechanics, Academy of Sciences, Dolejskov, Prague, Czech Republic
(2) Institute of Physics, Academy of Sciemces, Na Slovance 2, Prague, Czech Republic

Mon e 17:00 ¢ 208

Evaluation of thermo-mechanical properties of NiTi wires intended for vascular stent applications is carried out by combi-
nation of tensile tests at constant temperature with in-situ ultrasonic measurements (wave speed, attenuation) and electrical
resistivity measurements. It is found that the mechanical and electric resistance results are mainly sensitive to R-B19 stress
induced martensitic transformation, but the ultrasonic wave speed and attenuation vary most significantly when the R-phase
reorientation or distortion take place.

SMA Hybrid Composites: Self-healing, Self-Stiffening and Shape Control
Simulations

Catherine L. Brinson, Deborah Burton, Xiujie Gao Mon e 17:20 ¢ 208
Northwestern University, Evanston, USA

The usage of shape memory materials has extended rapidly to many fields, including medical devices, actuators, composites,
structures and MEMS devices. For these various applications, shape memory alloys (SMAS) are available in various forms:
bulk, wire, ribbon, thin film, and porous. In this paper, we consider the design and simulation of SMA Hybrid Composites
with self-healing, self-stiffening and shape control functions. These composites are created by using SMA ribbons or wires
inside a matrix material: SMA wires in a low melting point metallic matrix for self-healing materials or SMA wires/ribbons
in a polymeric based composite panel/beam for adaptive stiffening or shape control via selective resistance heating. To
study these materials, we develop an ABAQUS user element with an SMA constitutive law to simulate structural response
of the SMA hybrid composites. Several examples are presented in which the critical design features and possibilities are
highlighted.

Self-Healing Polymer Composites for Extended Fatigue Life
Eric N. Brown®, Alan S. Jones®, Scott R. White®, Nancy R. Sottos®
(1) LANL, Los Alamos, USA Mon ¢ 17:40 ¢ 208
(2) UIUC, Urbana, USA

A novel approach is explored for improving the fatigue life of thermosetting polymers through the addition of self-healing
functionality. Thermosetting polymers are used in a wide variety of applications, but are susceptible to the initiation and
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propagation of small cracks deep within the structure where detection is difficult and repair is virtually impossible. The
material under investigation is an epoxy matrix composite that utilizes embedded microcapsules to store a healing agent

and an embedded catalyst. A propagating crack exposes particles of catalyst and ruptures the microcapsules, which release

healing agent into the crack plane. Polymerization of the healing agent is triggered by contact with the catalyst. Fatigue crack

retardation and arrest from self-healing functionality result from crack-tip shielding mechanisms, such as hydrodynamic

pressure and artificial-crack closure. In situ healing is observed to significantly extend fatigue life or permanently arrested
fatigue crack growth over a wide range of loading conditions.

ggzr;/swnt Eigenstrains Without Incremental Displacements in a Hyperelastic MS1L_10784
Hans Irschik, Uwe Pichler Thu ¢ 09:30 ¢ 208

Institute for Technical Mechanics, University of Linz, Linz, Austria

We consider a hyperelastic body in a static intermediate configuration, loaded by an additional distribution of transient
eigenstrains, the latter being e.g. due to the electric field in a piezoelastic body, or due to the temperature in a thermoelastic
body. We seek for distributions of eigenstrain, such that that the incremental displacements vanish throughout the body. In
the present paper, within the framework of the theory of small dynamic deformations superimposed upon a static strain, we
derive solutions for eigenstrains that are applied at a sub-region of the body only.

Direct Identification of the State Equation in Complex Nonlinear Systems
Sami F. Masri®, John P. Caffrey®™, Thomas K. Caughey®, Andrew W. Smyth®,
Anastasios G. Chassiakos® Thu e 09:50 « 208
(1) USC, California, USA

(2) Caltech, California, USA

(3) Columbia University, New York, USA

(4) CSU Long Beach, California, USA

A crucial element in the modeling and control of adaptive (“smart) systems, is the ability to develop high-fidelity, reduced
order and reduced complexity nonlinear (i.e., not-necessarily linear) mathematical models for the physical systems of
interest. Building on the basic idea behind the Restoring Force Method for the nonparametric identification of nonlinear
systems, a general procedure is presented for the direct identification of the state equation of complex nonlinear systems.
No information about the system mass is required, and only the applied excitation(s) and resulting acceleration are needed
to implement the procedure. Arbitrary nonlinear phenomena spanning the range from polynomial nonlinearities to the noisy
Duffing—van der Pol oscillator (involving product-type nonlinearities and multiple excitations) or hysteretic behavior such
as the Bouc-Wen model can be handled without difficulty. In the case of polynomial-type nonlinearities, the approach
yields virtually exact results. For other types of nonlinearities, the approach yields the optimum (in least-squares sense)
representation in nonparametric form of the dominant interaction forces induced by the motion of the system. Several
examples involving synthetic data corresponding to a variety of highly nonlinear phenomena are presented to demonstrate
the utlity as well as the range of validity of the proposed approach.

The Concept of Multifoldig and Its Experimental Validation
Jan Holnicki-Szulc, Piotr Pawtowski
IPPT PAN, Warsaw, Poland Thu e 10:10 » 208

The problem of energy absorption under impact loading is very important in a wide range of engineering applications.
Although typically designed, passive energy absorbing systems provide a sufficient level of energy dissipation, they are
unable to optimally decrease the level of acceleration. In contrast to the passive solutions, the proposed approach offers
ability of structural adaptation to the conditions of the impact. Due to the presence of controllable micro-fuses, elements
of the Multifolding Microstructure can optimally adjust their internal forces and therefore provide better performance in
comparison to the passive absorbers. The undertaken experiment aims at the validation of the concept of multifolding and
the verification of numerical models and control strategies applied in previous research.
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Composite Plates with Active Fibres
Mieczystaw S. Kuczma
University of Zielona Gora, Zielona Gora, Poland Tue ¢ 14:30 « 208

The bending problem of composite plates reinforced with active fibers is considered. The fibers are made of a shape
memory material which may undergo a martensitic phase transformation. The matrix is treated as an elastic medium.

Due to the phase transformation in fibers the deformation process is dissipative and accompanied by hysteresis loops.
We study the stress-induced phase transformation under isothermal conditions and control this dissipation mechanism

by imposing the requirements of the second principle of thermomechanics and making use of a set of internal variables

describing distributions of austenite and different variants of martensite. We formulate this hysteretic problem in the form

of a variational inequality of evolutional type. The finite dimensional counterpart of it is derived by the finite element
method, and is solved incrementally as a sequence of complementarity problems. Results of numerical simulation will be

presented.

Shape Fixity and Shape Recovery of Shape Memory Polymer and their
Applications
Hisaaki Tobushi®, Ryosuke Matsui®, Tsuyoshi Takada®, Shunichi Hayashi® Tue ¢ 14:35 « 208

(2) Aichi Institute of Technology, Toyota, Japan
(2) Mitsubishi Heavy Ind., Yokohama, Japan

The thermomechanical properties of polyurethane-shape memory polymer (SMP) foams are investigated experimentally
and applications of SMP are introduced. The results obtained can be summarized as follows. (1) By cooling the foam
after compressive deformation at high temperature, stress decreases and the deformed shape is fixed. By heating the shape-
fixed foam under no-load, the original shape is recovered. The ratio of shape fixity is 100% and that of shape recovery
98%. (2) Recovery stres increases by heating under constraint of the fixed shape. Recovery stress is about 80% of the
applied stress. (3) The shape deformed at high temperature is maintained for six months under no-load at Tg-60K without
depending on maximum strain, and the original shape is recovered by heating thereafter. (4) If the deformed shape is kept
at high temperature, secondary-shape forming appears. (5) Main properties of SMP and their applications are summarized.

\(lbratlon Control of Stnffened Plates with Integrated Piezoelectrics MS1S._10985
Jin-Young Jung, Ji-Hwan Kim
Seoul National University, Seoul, S. Korea Tue o 14:40 « 208

The model is a laminated composite plate with stiffeners and PZT piezoceramic layers embedded on top and bottom surfaces
to act as sensor and actuator, respectively. A uniformly distributed blast pressure is assumed over the entire plate surface
for the sake of simplicity. The first-order shear deformation theory is adopted and the Hamilton’s principle is used to derive
the finite element equation of motion. The stiffness of a stiffener is reflected at all nine nodes of the plate element in which
it is placed. The modal superposition technique and the Newmark-beta method are used in numerical analysis to calculate
the dynamic response. Using linear quadratic regulator control, vibration characteristics and transient response are studied.
When piezoelectric patches are distributed on the entire surface of plate, the effect of stiffener’s location is investigated.
Furthermore, the effect of piezoelectric patch’s position on the transient response of the stiffened plate subjected to blast
load is also studied.

Smart Diagnosis the Structural Damages Of Buildings: Fuzzy-genetic Approach
Serhiy Shtovba, Olga Pankevich
VNTU, Vinnitsa, Ukraine Tue o 14:45 ¢ 208

We have proposed a hybrid fuzzy-genetic approach for smart diagnosis (determination of cause) the structural damages of
buildings. The approach consists of the following procedure: (1) description of the diagnostic model structure by hierar-
chical tree of fuzzy logical inference; (2) presentation of state parameters in linguistic variable form; (3) formalisation of
linguistic terms by fuzzy sets; (4) formalisation of expert judgements about relationship state parameters — diagnosis by
fuzzy knowledge bases; (5) tuning the fuzzy knowledge bases by genetic algorithms. An application of the approach is
illustrated the fuzzy expert system, finding the cause of stone construction crack of buildings. An usage of hierarchically
connected fuzzy rule bases provides the transparent and compact diagnostic model. Tuning the fuzzy model by a genetic al-
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gorithm provides low misclassification level. The proposed fuzzy-genetic approach seems to be feasible to creation decision
making support systems for damage detecting and diagnosis for various mechanical constructions.

A Geometrically Non-Linear Finite Shell Element with Piezoelectric Layers
Sven Lentzen, Ruediger Schmidt
IAM RWTH Aachen, Aachen, Germany Tue  14:50 » 208

A geometrically non-linear total-Lagrangian finite element method is presented to investigate composite shells with in-
tegrated piezoelectric layers. The displacement field assumption is based on the first order Reissner-Mindlin theory and
the strain-displacement relations for the mid-surface are valid for small strains but moderate rotations. Special attention is

given to properly defining the electrical field quantities in material coordinates. By means of several benchmark problems
certain phenomena are observed. Comparing the finite element solutions with analytical results based on beam theory it is
concluded that the clamping effect is not negligible. For sensing purposes of the piezoelectric layers it is shown that the

effect of the induced membrane strains is even larger.

Piezodiagnostics a New SHM Method and its Potential Engineering Applications

Jan Holnicki-Szulc, Przemystaw Kotakowski, Anita Ortowska, Andrzeﬁwiercz,
Dariusz Wigcek, Tomasz G. Zielinski

IPPT, Warsaw, Poland

This paper presents a novel approach to damage identification based on the phenomenon of elastic waves propagation. The
theoretical background is the dynamic Virtual Distortion Method, which is capable of modelling both a reference excitation
signal propagated in the intact structure over a time domain and a perturbed signal due to some damage in the structure. The
damage is modelled as stiffness loss. A dynamic inverse analysis is carried out in the time domain in order to identify multi-
damage cases in terms of their locations and intensities. The main focus is taken on addressing numerical aspects of the
presented approach as well as its potential engineering applications. The related methodology is presented including a brief
description of experimental verification. Numerical example with successful identification is demonstrated. Advantages of
the approach as well as its challenging points are discussed.

Tue e 14:55 ¢ 208

Thermal-Induced Fracture of Electroded Piezoelectric Composites
Cun-Fa Gao, Masayuki Ishihara, Naotake Noda
Department of Mechanical Engineering, Shizuoka University, Japan Tue ¢ 15:00 « 208

This paper deals with a generalized two-dimensional problem of an interface crack in a piezoelectric bi-material system,

which consists of a soft internal electrode layer and two dissimilar piezoelectric semi-bodies located at the upper and lower

two sides of the electrode layer. The crack is located between the electrode layer and the upper semi-body, and the two semi-

bodies are assumed to be only subject to uniform heat flux at infinity. Based on the Stroh formalism for mixed boundary

conditions of thermo-piezoelectric materials, the problem is at first reduced to an interfacial crack problem equivalent to
that in purely elastic media, and then the explicit expressions are presented for the complex potentials. Finally, the structure

of singular fields ahead of the interface is discussed. It is shown that the singular fields near the electrode-matrix interfacial
crack are the same as those in a purely elastic bi-material system with interface cracks, that is, the crack-tip singularities of

electrode-matrix interface cracks can uniquely be characterized by an inverse square root singularity and a pair of oscillatory

singularities.

Thermal Buckling of Active Composite Plates with Shape Memory Alloy Fibers
Rivka Gilat®, Jacob Aboudi®

(1) The college of JAS, Ariel, Israel Tue o 15:05 « 208
(2) TAU University, Ramat Aviv, Israel

Micromechanically established constitutive equations for unidirectional composites with shape memory alloy fibers em-
bedded in polymeric or metallic matrices are derived. These equations are subsequently employed to analyze the thermal
buckling of rectangular composite plates. The shape memory alloy fibers are activated by a mechanical loading and unload-
ing of the composite to an overall traction-free state, prior to the application of the thermal load. The present micro-macro-
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structural approach enables an accurate modelling that accounts for the interaction of shape memory alloy fibers with its
surrounding rather than the commonly adopted simplified analyses.

Study of Non-Linear Magnetomechanical Constitutive Relations of
Ferromagnetic Materials

Daining Fang, Xue Feng, Yongping Wan, Keh-Chih Hwang Tue ¢ 15:10 « 208
Department of Engineering Mechanics, Tsinghua University, Beijing, China

In this investigation, both experimental and theoretical study on developing nonlinear magnetomechanical constitutive rela-
tions of ferromagnetic materials is performed. A novel magnetomechanical testing setup and the measurement techniques,
which were developed for the measurement of the nonlinear magnetomechanical response of both magnetostrictive and soft
ferromagnetic materials subjected to coupled magnetomechanical loading, are introduced. The detailed experimental results
are presented and discussed. a general constitutive relation for ferromagnetic and magnetostrictive materials, based on the
internal variable theory, is developed. A non-quadratic magneto-mechanical yield surface is introduced for both isotropic
and anisotropic materials. The macroscopic features of ferromagnetic materials, such as hysteresis loop, magnetostrictive,
magnetostrictive hysterisis, can be predicted. The calculated results are consistent with the experimental data well.

Optimum Control of Thermoelastic Deformation in a Smart Composite Disk
Fumihiro Ashida®, Theodore R. Tauchert®

(1) Shimane University, Shimane, Japan

(2) University of Kentucky, Kentucky, USA

This paper deals with a smart composite circular disk that controls a thermoelastic deformation resulting from an unknown
thermal load. The disk consists of a transversely isotropic structural layer onto which two piezoceramic layers are bonded.
An unknown heating temperature distribution acting on the structural layer surface is inferred from the induced electric
potential distribution assumed to be measured in the middle piezoceramic layer. Then a step-wise electric potential distri-
bution is applied to electrodes concentrically arranged on the top piezoceramic layer, in order to control the thermoelastic
displacement distribution on the structural layer surface. This problem is analyzed using a potential function approach. The
voltage applied to each electrode is determined by optimization so that the difference between the induced and desired dis-
placement distributions is minimized subject to stress constraints. Numerical results are presented in graphical and tabular
form.

Tue e 15:15 ¢ 208

Active Control of FGM Plates Using Distributed Piezoelectric Sensors and
Actuators

V. Balamurugan®, S. Narayanan®

(1) CEAD, Combat Vehicles R & D Establishment, India

(2) Department of Applied Mechanics, Indian Institute of Technology Madras, India

Tue o 15:20 ¢ 208

“Functionally graded materials” (FGMs) are relatively new class of composite materials which are characterized by the
smooth and continuous variation of the mechanical properties from one surface to the other. Due to its superior thermo-
mechanical properties, FGMs have found extensive applications in aerospace, automobile, biomedical and nuclear indus-
tries. In the present work, distributed sensing and active control FGM plates using piezoelectric sensors and actuators are
studied. A nine nodded shear deformable piezolaminated plate finite element based on first order shear deformation theory
has been developed incorporating the FGM material model and the electromechanical coupling constitutive relations of the
piezoelectric sensors/actuators. The FGM plate considered for case study is made of the combined aluminium oxide and
a titanium alloy, Ti-6Al-4V and its properties are graded through the thickness direction according to a volume fraction
power law distribution. The vibration control performance is explored using constant gain negative velocity feedback and
LQR optimal control law which is based on state feedback. The influence of the constituent volume fraction of Ti-6Al-4V
is also studied for the static deflection, natural frequency and controlled dynamic response of the FGM plates.
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Transient Analysis of Piezoelectric Plates with Thermal Effects
Stefano de Miranda, Francesco Ubertini
DISTART, University of Bologna, Italy

In this paper a finite element method for transient analysis of piezoelectric plates with thermal effects is presented. The
kinematics of the model is based on a higher order plate theory. In particular, the plate is assumed to be able of thickness
distensions and the electric potential and the temperature can vary through the thickness. The variational statement which
supports the finite element formulation is of mixed type, involving mechanical, electrical and thermal both primary and
secondary variables. The time integration is performed based on a discontinuous Galerkin approach.

Tue o 15:25 ¢ 208

On a Model of Layered Piezoelectric Beams Including Transverse Interactions
Between Different Layers
Corrado Maurini®, J. Pouget®, F. dell’Isola®

(1) LEMA, Université de Versailles/Saint-Quentin-en Yvelines, Versailles, France
(2) DISG, Universita di Roma La Sapienza, Roma, Italy

In this paper, models of layered piezoelectric beams are discussed. The influence of hypotheses on three-dimensional

sectional deformations and stress distributions on the estimate of the beam electromechanical properties is analysed. By
exploiting a mixed variational formulation and Lagrange multipliers method, an Euler-Bernoulli-like beam model which
accounts for transverse interactions between different is presented. The fully coupled electromechanical nature of the system
is described by including both mechanical and electrical kinematical descriptors and both direct and inverse piezoelectric
effects. For a sandwich piezoelectric beam and for a two-layers beam, expressions of the beam constitutive coefficients are
provided and the main features of the proposed model are highlighted. Comparisons with experimental data and results
from standard modelling approaches are presented. As main peculiarity, the proposed beam model coherently estimates
the equivalent piezoelectric capacitance and transverse normal stress distribution also for beam composed by elastic and
piezoelectric layers of comparable thickness.

Tue e 15:30 ¢ 208
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Molecular Mechanics of Cytoskeletal Components
Christoph F. Schmidt®, M. Atakhorrami®, K. Addas®, G.H. Koenderinck®,
F.C. MacKintosh®, J.X. Tang® Mon e 13:30 ¢ 309

(1) Vrije Universiteit Amsterdam, Dept. Phys., Amsterdam, Netherlands
(2) Indiana University, Dept. Phys., Bloomington, IN, USA
(3) Brown University, Dept. Phys., Providence, RI, USA

The dynamics of cells are governed by polymeric structural materials, forming the cell membrane or attached to it, or
making up the cell-internal cytoskeleton. Molecules involved are polymeric sugars, lipid membranes and protein polymers.
The cytoskeleton is largely made up of linear protein polymers of three types, microtubules, actin filaments and intermediate
filaments. These filaments have in common that they are rather rigid on the scale of a typical cell and can be modeled
as semiflexible polymers. The dynamics of individual filaments and of networks of such filaments is not well described
by conventional (flexible) polymer theory. | will here sketch the peculiar properties of semiflexible polymers and their
solutions and networks and will present experimental results from microscopic measurements of viscoelastic parameters of
such systems. Much of the data will be from microrheology experiments, a method for dynamically probing viscoelastic
properties on a micron scale.

ABIOMED guest

Tissue Mechanics
Susan S. Margulies

University of Pennsylvania, Philadelphia, USA

Mon e 14:30 ¢ 309

The tissue mechanical properties are central to understanding macroscopic and microscopic effects of disease, aging, and
altered loading conditions. More recently, the macroscopic mechanical milieu has been shown to affect cellular responses.
Furthermore, tissue properties are used in computational models to estimate local and global stresses and strains and predict
tissue injury, perfusion, functional responses. As such, determination of accurate tissue mechanical properties is fundamen-
tal to the fields of orthopaedics, cardiovascular and pulmonary mechanics, injury mechanics, rehabilitation engineering, and
tissue and cellular engineering. Using a broad range of tissues, techniques for in vivo and in vitro measurement of tissue
mechanics will be presented, as well as issues related to study design, specimen handling, and validation. Experimental and
analytical approaches for nonlinear, anisotropic, and viscoelastic materials will be covered. Influences of developmental

age, species, and disease will be introduced with the goal of presenting a format for determining relevant tissue mechanics.

Elastic Interactions of Biological Cells
Samuel Safran®, Alice Nicolas®, Ulrich Schwarz®

Tue ¢ 08:30 ¢ 309

(1) Weizmann Institute, Rehovot Israel
(2) CRPP, Bordeaux, France
(3) MPI Golm, Postdam, Germany

Modifications of the elasticity of the cytoskeleton of biolgical cells are responsible for dramatic changes in cell shape.
Adhering cells exert forces on their environment; experiments on micropatterned elastomer substrates showed that these
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forces are correlated with the size and orientation of adhesion regions. The adhesions act as mechanosensors that convert
the mechanical forces within the cytoskeleton into biochemical signals that cause these adhesions to grow in response to
external stress. Averaging the forces due to the adhesions shows that each cell can be modeled as a pair of oppositely directed
elastic forces. We predict theoretically that the cells deform the medium and this gives rise to an effective interaction among
the cells that can be either attractive or repulsive, depending on their orientations and the boundary conditions. Our theory
for the physical origin of the mechanosensor action of focal adhesions, models the adhesion molecules as a grafted layer
whose effective elastic modulus determines its response to cytoskeletal forces. The model may explain the observed force
dependent anisotropy of the focal adhesions. [Experimental collaborators: B. Geiger, A. Bershadsky, N. Balaban]
ABIOMED guest

Micromechanics of Cytoskeletal Actin Networks
Erik Van der Giessen, Patrick Onck
Dept. of Applied Physics, University of Groningen, Groningen, Netherlands Mon e 16:00 309

The cytoskeleton in living cells comprises an interpenetrating network of actin microfilaments, intermediate filaments and
microtubules, each made of different proteins. We propose a multiscale modeling methodology for cytoskeletal mechanics
starting from the scale of individual cytoskeletal filaments, via networks of filaments to the entire cell. The focus of the
current paper is on the scale transition of the actin filament scale to the network scale. First we critically examine the
commonly adopted worm-like chain model for the coupling between the chain deformations and thermal undulations.
Next, based on this single filament model, we construct random three-dimensional actin networks using the finite element
method, featuring a tunable density of cross-links. This allows us to explore the dependence of the overall response on
network architecture, the strength of cross-links/entanglements and the actin poperties. Special emphasis will be put on the
structural alterations that occur in the networks during straining.

Theory of Pgl_y_m(_)rphlsm in Bacterial Flagella MS2L 11866
Srikanth V. Srigiriraju, Thomas R. Powers —
Brown University, Providence, USA Mon  16:20 « 309

Escherichia coli and Salmonella swim using several flagella, each of which consists of a rotary motor, a universal joint
known as the hook, and a helical filament which acts a propeller. The filament is normally left-handed in the absence of
external stress, but undergoes mechanical phase transitions to other helical states (polymorphs) in response to external
torque. The filament is made of identical flagellin protein subunits which are organized into eleven protofilaments which
wind around the filament. We develop an effective theory in which the flagellin subunits and their connections along the
protofilaments are modeled with a double-well potential. A helical spring represents the other connections of the subunits,
and introduces a twist-stretch coupling and an element of frustration in our model. We solve for the ground states and the
phase diagram for filament shapes.

Stress and Strain in a Yeast Cell under High Hydrostatic Pressure
Christoph Hartmann, Antonio Delgado
Chair of Fluid Mechanics and Process Control, TUM, Freising, Germany Mon e 16:40 « 309

The mechanical effects of the compression of a yeast cell (Saccharomyces cerevisiae) under high hydrostatic pressure up
to 500 MPa as used in food science are modelled and simulated with the finite-element-method. The cell model consists
of a cell wall, cytoplasm a lipid filled vacuole and the nucleus. Material parameters have been taken from literature or
have been derived from thermodynamic relationships. Mechanical damage due to transient pressure application can be
excluded by dimensional analysis, unless pressure oscillation frequencies of 700 MHz are applied. The deformation of the
cell deviates strongly from isotropic volume reduction. Organelle membranes exhibit an effective strain up to 80% at a load
of 400 MPa, being critical upon disruption. In the cell wall, the stress state is heterogeneous. Von-Mises stress reaches the
critical value upon failure of the cell wall of 7014 MPa at a pressure load between 415 MPa and 460 MPa.
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Hydrodynamic Interaction Between Two Bioartifical Capsules in Shear Flow
Arnaud Morel, Etienne Lac, Dominique Barthes-Biesel
UTC, UMR CNRS 6600, Compiegne, France Mon e 17:00 « 309

The hydrodynamic interaction between two liquid filled identical spherical capsules is studied in simple shear flow. The
centres of mass of the capsules are initially located in the shear plane, where they remain during motion. The membrane is
hyperlelastic, infinitely thin and devoid of bending resistance. The boundary element method is used with bi-cubic B-splines
as basis functions to map each capsule surfaces on a structured mesh. This guarantees continuity of second order geometrical
properties with respect to the position of the Lagrangian particles used for tracking the location of the interface at each time
step. When interacting, the capsules undergo large deformation. In the wake, an oscillation in the elastic tensions may lead
to local buckling of the membrane and eventual damage. A trajectory shift that increases the cross streamline separation is
predicted. It depends in a complicated fashion on initial particle separation, membrane properties and flow strength.

From Ind|V|dua_1I pells To Complex Tissues —an Immersed Boundary Approach MS2L_10689
Katarzyna A. Rejniak
Mathematical Biosciences Institute, Ohio State University, Columbus, USA Mon e 17:20 e 309

We present a computational technique which can be applied in modeling development of complex tissues composed of
various types of cells. This method allows us to treat cells as individual entities, with their own elastic plasma membrane,
fluid cytoplasm, point nucleus and partial cytoskeleton, but also enables formation of cell clusters or cell sheets that act
together as one complex tissue. The cell model includes membrane receptors used to sense signals from the surrounding
microenvironment and based on these signals the cells can undergo different processes, such as growth, proliferation,
apoptosis or chemotaxic migration. This model is based on the immersed boundary method and couples the dynamics
of separate elastic cells with continuous description of a viscous incompressible cytoplasm. Applications include several
computer simulations, such as formation of an early carcinoma or outgrowth of a capillary sprout in the early angiogenesis.

Approximations of Stiffness Tensor of Bone — Determining and Accuracy
J. Piekarski®, K. Kowalczyk-Gajewska®, J.H. Waarsing®, M. Ma zdziar£"

(1) IFTR PAS, Warsaw, Poland Mon ¢ 17:40 ¢ 309
(2) Erasmus Medical Centre, Orthopaedic Research Lab. Rotterdam, Netherlands

MS2L_11808

The paper deals with properties of the apparent stiffness tensor of bone. We used the computer reconstruction method com-
bined with spectral and harmonic decomposition. Hexahedral samples of trabecular bone was reconstructed from computer
microtomograph images, next Finite Element models of samples was build and numerical tests combined with averaging
procedure was performed in order to identify the fully anisotropic apparent stiffness tensor. Subsequently, the spectral and
harmonic decompositions of the tensor were performed. Six Kelvin moduli and invariants of projectors were evaluated.
The closest isotropic tensor and possible orthotropic approximation were specified basing on the harmonic decomposition.
Analysis of these quantities allowed to discuss symmetries of apparent stiffness tensor and to measure the deviation of the
proposed approximations from the actual stiffness tensor.

Wrinkling and Buckling of Isotropic Biological Tissues
Luigi Gambarotta, Roberta Massabo, Vittoria Villa
Dept. Structural and Geotechnical Engineering, Genova, Italy Tue ¢ 11:00 « 309

The problem of the wrinkling and buckling of membranes characterized by an isotropic Tong-Fung type constitutive behav-
ior has been formulated and solved within the framework of finite strain hyperelasticity. The formulation has been guided
by the theories proposed by Wu and Canfield (Quart. Appl. Math, 1981) and Pipkin (IMA J. Appl. Math., 1986). A criterion
for the wrinkling based on the natural width, which defines the natural contraction of a membrane loaded in uniaxial ten-
sion, has been introduced. The out of plane geometric nonlinearities have been treated as constitutive nonlinearities through
a modification of the elastic potential (relaxed energy density). Close form solutions have been found for the natural width
and the relaxed energy density. The model has been implemented in a finite element code and applied to simulate proce-
dures of reconstructive surgery where the extrusion of the edges of the wound may occur after the suture due to the buckling
and wrinkling of the skin.
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Mechanics of Venus’ flytrap Closure

Yoel Forterre®, Jan Skotheim®, Jacques Dumais®, L. Mahadevan®
(1) 1USTI CNRS, Marseille, France Tue o 11:20 « 309
(2) DEAS Harvard University, Cambridge, USA

(3) OEB Harvard University, Cambridge, USA

We investigate the snapping closure of the carnivorous plant Venus flytrap (Dionaea muscipula), which exhibits one of the

fastest motion in the vegetable kingdom (typically 100 ms). The three-dimensional dynamics of the leaves during the snap
is recorded using a high-speed camera and the strain field before and after closure is precisely measured using microscopy
techniques. From the experimental measurements, we propose that the very fast closure of the trap results from a mechanical
instability similar to the elastic bucking of a shell, the instability being damped by the diffusion of water inside the leaves.
In order to test this mechanism, a simple mechanical model for the snapping of a poroelastic shell is written, which allows
to explain the main experimental observations.

ABIOMED guest

Residual Stress Fields in Soft Tissues
Anders Klarbring, Tobias Olsson, Jonas Staalhand
Dept. of Mech. Eng., Linkopings University, Linkoping, Sweden Tue ¢ 11:40 ¢ 309

The main task in this work is to identify the residual stresses and strains for an elastic body, and from that identification
estimate the stresses and strains in a loaded configuration. The theory is built on the existence of local stress free reference
configurations which do not necessarily give a compatible domain. The residual strains are defined by the tangent map be-
tween this stress free configuration and a stressed unloaded compatible configuration. The residual stress plays an important
roll in soft tissue mechanics, because it reduces the stress gradients in the tissue. The residual strains can be identified as
the solution of a minimization problem. As a closing example, we used this theory on a human aorta. The identification was
solved as a least square problem were the minimization was done over the difference between the calculated and measured
luminal pressure. The results indicate that the theory agrees with other studies made on human arteries.

Mechanics of Dgep Penetration of Soft Solids MS2L_10988
Norman Fleck, Oliver Shergold
Cambridge University, Cambridge, UK Tue ¢ 12:00 o 309

Micromechanical models are developed for the deep penetration of soft solids by a flat-bottomed and a sharp-tipped cylin-
drical punch such as a hypodermic needle. The soft solid represents mammalian skin and silicone rubbers, and is modelled
by a one term Ogden strain energy function. The flat-bottomed punch penetration model assumes that penetration is by the
formation of a mode 1l ring crack that propagates ahead of the penetrator tip. The sharp-tipped punch penetration model
assumes that penetration is by the formation of a planar mode | crack which is wedged open by the advancing punch.
The steady-state penetration load is obtained by equating the work done in advancing the punch to the sum of the fracture
work and the strain energy stored in the solid. The penetration pressure for a flat-bottomed punch is three times that for
a sharp-tipped punch, in agreement with experimental observations.

Measuring the Mechanical Properties of Soft Biological Tissues
Edoardo Mazza, Alessandro Nava, Davide Valtorta
Mech. Eng Dpt. ETHZ, Zurich, Switzerland Tue ¢ 12:20 ¢ 309

Mechanical models for soft biological tissues are required for medical applications (e.g. diagnostics, surgery planning,
surgery simulators). Special experimental techniques are needed for the mechanical characterization of soft tissues. Two
novel techniques are presented: a quasi-static and a dynamic experiment. Quasi-static tests are performed by means of an
aspiration experiment. Dynamic tests are performed by making the soft tissue a part of a vibrating system. Both methods are
suitable for in-vivo applications. Applications of the experimental techniques on animal and human organs as well as the
procedure for determining the constitutive model parameters are presented. Different types of models are evaluated for the
description of the soft tissue response measured in the experiments. In particular, the quasi-linear viscoelastic model (Fung)
and the elastic-viscoplastic model (Rubin—Bodner) are used. The constitutive behavior of biological tissues is characterized
over a wide frequency range from the combination of quasi-static and dynamic test results.
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Modeling of Periodic Load Effects in Bone Tissue Adaptation
Tomasz Lekszycki
IFTR PAS, Warsaw, Poland Tue ¢ 12:40 « 309

Bone functional remodeling is influenced by time characteristics of mechanical loading. Periodic loads usually have more

effect on the adaptation and associated evolution of tissue structure than a static one. In the present work, an approach,
based on the hypothesis of optimal response of bone, is proposed. It enables derivation for a viscoelastic material a family of
adaptation formulas. In this derivation, an assumption is made that the bone is loaded harmonically, and that the frequency
of oscillations is so small that the inertia effects are negligible. It follows that the stimulus is frequency dependent and
that functional relation between stimulus and load frequency depends on the constitutive material model applied in the
formulation. In some cases, the stimulus grows to some maximal value and next drops to zero with steering to infinity
frequency of load oscillations what was already observed in experiments. The results of sample computer calculations are
included. The proposed approach might offer an attractive tool in investigations of frequency effect on bone remodeling but
more research and experimental confirmation are necessary.

Trayel'llng \.Nav?s ina Model of.Skln Pattern Formation MS2S_ 10838
Kazimierz Piechér, Bogdan Kazmierczak
IPPT PAN, Warsaw, Poland Tue o 14:30 ¢ 309

According to the Cruywagen-Murray (1992) model, the skin consists of two layers, epidermis and dermis, separated by
a basal lamina. The epidermis is modelled as a two-dimensional visco-elasic continuous medium. The Reynolds number of
the motion of the epidermis is assumed to be low. The body force balances the elastic force, the viscous force, and the cell
traction generated within the epidermis by a morphogen produced in the dermis. In this model the motion of the dermal
layer is described by a reaction-diffusion equation containing chemotaxis like term. The aim of this paper is a rigorous
mathematical analysis of travelling wave solutions of the described equations, under a simplifying assumption that the
force exerted by the basal lamina is much larger than the other forces acting on the epithelium. Using the Implicit Function
Theorem the existence of travelling waves with positive dermis cell density is proved, and a discussion of the minimal
wave-speed problem is carried out.

Mechanics of Elastic and Viscous Magnetic Filaments
Andrejs Cebers, I. Javaitis
Institute of Physics, University of Latvia, Salaspils-1, Latvia Tue o 14:35 ¢ 309

Dynamics of elastic magnetic rod in magnetic fields is considered. Rod in static magnetic field has U like metastable states.
In rotating field rod has bent shape rotating synchronously with the field and undergoes the periodic motion with subsequent
straightenings and bendings at high frequencies. The model of elastic magnetic rod may be applied to describe the chains
of magnetic particles in magnetorheological suspensions which are held together by magnetic attraction forces. The critical
frequency of chain breaking agrees well with the existing experimental data. In simplified case the nonlinear PDE of the
rod dynamics in the rotating field is analogous to the equation for the tangent angle of elongated viscous magnetic drop. In
this case the propagation of the tangent angle shockwave is found which allows to interpret the experimental observations.
Buckling of the magnetic particle chains in magnetotactic bacteria and other biological applications are considered.
ABIOMED guest

Intracellular Control Mechanisms of Cardiac Contraction & Energetics
Samuel Sideman
Dept of Biomedical Engineering, Technion, Haifa, Israel Tue ¢ 14:40 ¢ 309

The major hypothesis underlining the present study is that the regulation of cardiac muscle contraction, and cardiac work, is
based on the intracellular control of calcium kinetics and crossbridge cycling. The cardiac muscle fiber contraction and the
LV function are determined by two intracellular control mechanisms: a cooperativity mechanism and a negative mechanical
feedback. The hypothesis is substantiated by the successful description of the cardiac fiber mechanical performance and the
analytical explanation of the regulation of biochemical to mechanical energy conversion by the sarcomere, i.e., the force-
length relationship,the force-velocity relationship, the control of relaxation and the linear relationship between energy
consumption and the generated mechanical energy.

ABIOMED guest
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Models of Hair Cell Bundle Functioning
Alexander V. Kondrachuk, Vasyl P. Lukomsky, lvan S. Gandzha
Institute of Physics, Natl. Acad.Sci., Kyiv, Ukraine Tue o 14:45 ¢ 309

Animals utilize sensory (vestibular, lateral-line, auditory) systems with hair cells to detect a variety of mechanical stimuli
from their environment. The forces exerted on the hair cell (cilia) bundle (HCB) due to its interaction with the moving
environment result in deformation of the special fine strands (tip-links) located between cilia. It leads to cell polarization
that modulates neural activity of the afferent. Two extreme cases of the HCB interaction with the moving gel (vestibular
system) were modeled: 1) the HCBs exactly follow the gel displacement; 2) stiff stereocilia and weak surrounding gel allow
the motion of the bundle relative to the gel. The results suggest that the HCB structure with stereocilia of varying heights
is designed to transform the temporal pattern of external acceleration (or its time derivative) in temporal pattern of cell
depolarization by measuring spatial distribution of displacements (or velocities) of the gel caused by this acceleration.

Anisotropic Hyperelastic and Pseudo-hyperelstic Materials and Applications to
Soft Tissue Modelling
Stanistaw Jemiok® , Jozef Joachim Telega® Tue ¢ 14:50 ¢ 309

(1) Warsaw University of Technology, Warsaw, Poland
(2) IFTR PAS, Warsaw, Poland

Fung’s model of pseudo-elastic behaviour of soft is not appropriate both from the viewpoint of continuum mechanics and
interpretation of experimental data as well as implementation of this model in FEM. Therefore a consistent mathematical
model applicable to pseudo-hyperelastic behaviour of orthotropic soft tissues has been proposed. The model describes
loading and unloading processes as well as the dissipation in cyclic process. An appropriate approximation of constitutive
relationships in respect to Lagrange strain measure reduces them to the orthotropic model of the Saint-Venant-Kirchhoff.
Having in mind available experimental data, our considerations have deliberately been restricted to the plane stress state.

Molecular Dynamics Study of Permeation Process of Small Molecules Through
A Lipid Bilayer

Taisuke Sugii, Shu Takagi, Yoichiro Matsumoto Tue o 14:55 ¢ 309
The Univ. of Tokyo, Tokyo, Japan

Recently a cell membrane and a liposome are actively studied in various fields. In this research, the transport characteristics
on the lipid bilayer were analyzed using the molecular dynamics method. The free energy profiles of small molecules
(02, CO, NO, H0, and several artificial diatomic molecules) across the three kinds of pure lipid membranes (DLPC,
DMPC, and DPPC) were calculated. We investigated the effect of the polarity of the solute molecules and the length of
the hydrocarbon chains of the lipid molecules. Furthermore, we calculated the vdW potential field and the electrostatic
potential field. The potential field is very important for the investigation of permeation process because it can represent
the local and instantaneous state of the system. In the calculation of the electrostatic potential field, the contribution from
the lipid molecules and the water molecules were calculated separately, and it is shown that each profile had own its
characteristic.

A Particle Method Computer Simulation of Blood Flow
Ken-ichi Tsubota, Shigeo Wada, Takami Yamaguchi
Tohoku University, Aoba, Japan Tue o 15:00 « 309

A particle method computer simulation of the blood flow is proposed to directly evaluate mechanical interactions between
red blood cells (RBCs) and plasma. A moving particle semi-implicit method was used for flow analysis of blood plasma,
and an elastic membrane model for deformation and movement of RBC. A two-dimensional particle model of blood flow
between parallel plates was constructed in order to examine the feasibility of the proposed method. Temporal changes in
mechanical behavior of RBC were obtained such as movement into downstream direction due to pressure drop of plasma
flow and deformation in a parachute shape during the movement. The results corresponded to experimental observations,
indicating the validity of the simulation method. The proposed method will give us an insight into the mechanism of the
blood flow at from microscopic level of the blood cells and plasma and up to resultant rheological properties.
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Mechanics of Nanostructures
Rodney S. Ruoff
Northwestern University, USA Mon ¢ 13:30« 219

The topics will be (1) Experimental studies by my group of carbon nanotubes and nanocoils, boron nanowires, and carbon
nanotubes projecting from the fracture surfaces of CNT composites (a) subjected to tensile loading (b) driven into mechan-
ical resonance by mechanical or electrical excitation. (1) The ideal strength of materials and fracture in nanostructures (a)
ab initio calculations of ideal strength (b) experimental work on nanostructure fracture (c) modeling of the fracture strength
of nanostructures with 0, 1, 2 adjacent, 3 adjacent, ..., n adjacent defects (d) following this summary of prior work, a new
theory (developed with Nicola Pugno, Politecnico di Torino) for fracture of nanoscale structures will be presented. (111). We
close with discussion of a new method that my group is developing, for achieving nm-resolution for measurements of the
displacement field. | acknowledge grant support from NASA LaRC, NSF, and ONR.

Mechanics of Thin Film Structures
Henrik Myhre Jensen
Aalborg University, Denmark Mon e 14:30 « 219

With emphasis on interface delamination in thin film structures, a variety of phenomena are discussed. The effects of curva-
ture of the substrate on buckling-driven delamination of thin films in compression are analysed. Details in the morphology
of buckling-driven delamination and in particular the causes of the so-called telephone cord blister are discussed. Condi-
tions for delamination at edges and corners are formulated and it is shown that steady-state delamination at a corner is
possible at significantly lower stress levels than delaminations at straight-sided edges.

A Hybrid Molecular/continuum Analysis of IFM Experiments on
a Self-assembled Monolayer
Kenneth. M. Liechti®, M. Wang®, J.M. White®, P.J. Rossky®, Tue ¢ 08:30 « 219

R.M. Winter®

(1) University of Texas, Austin, USA
(2) Chemical Engineering, South Dakota School of Mines and Technology,
Rapid City, USA

Polymeric self-assembled monolayers (SAMs) are used to minimize stiction in MEMs devices and control adhesion in
composites. Nanomechanical models of friction, adhesion and fracture require the properties of these SAMs. This paper
examines the use of molecular dynamics and continuum analyses and a novel scanning probe microscope for this purpose.
An interfacial force microscope (IFM) is used to probe self-assembled monolayers of octadeciletrichlorosilane (OTS) on
silicon. Its unique self-balancing force sensor allows the full attractive and repulsive portions of the force—displacement
response of the tip/surface interactions to be obtained. The measured force profiles are used judge the validity of linear
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and nonlinear elastic models of the OTS behaviour in continuum analyses that include surface interactions. The nonlinear
behavior is motivated by molecular dynamics analyses of simple stress states. The linear elastic analyses yield high Young’s
moduli, corresponding to the high degree of order. The nonlinear analysis is more promising.

Thermomechanical Continuum Representation of Atomistic Deformation at

Arbitrary Time and Size Scales
Min Zhou Mon ¢ 16:00 ¢ 219

Georgia Institute of Technology, Atlanta, USA

A thermomechanical equivalent continuum (TMEC) theory for the deformation of atomistic particle systems at arbitrary
size and time scales has recently been developed. The description of coupled thermomechanical continuum behavior is
derived directly from the ground up, using molecular dynamics concepts. This theory is a further advancement from a pure
mechanical equivalent continuum (EC) theory developed recently. These new theories provide fully dynamic continuum
interpretations of atomistic deformation with different resolutions for atomic particle motion.

Ratc_hetlng-mduced Wrinkling of an Elastic Film on a Metal Layer Under MS3L_10699
Cyclic Temperatures
Rui Huang, S.H. Im Mon e 16:20 ¢ 219
The University of Texas, Austin, USA

A compressively strained elastic film on a compliant substrate can form wrinkles. Previous studies have focused on elastic,
viscous, and viscoelastic substrates. The present study develops a theoretical model for wrinkling of an elastic film on
an elastic-plastic metal layer caused by cyclic temperatures. The thermal expansion mismatch between the metal layer
and the underlying substrate causes the metal to deform plastically. Each cycle the metal gains a small amount of plastic
deformation, driven by the normal and shear tractions at the interface between the metal and the film. As the ratcheting
deformation accumulates in the metal, the film forms wrinkles, analogous to wrinkling on a viscous layer. Analytical
solutions are obtained for linear perturbation analysis and equilibrium states. Numerical simulations show the evolution of
wrinkles. The implications of the results for structural evolution and failure mechanisms in integrated electronic devices
and thermal barrier coating systems will be discussed.

Atomistic study of Size Effect in Torsion Tests of Nanowire
Akihiro Nakatani, Hiroshi Kitagawa
Osaka University, Department of Adaptive Machine Systems, Osaka, Japan Mon e 16:40 219

Existing theories have had to be modified as a result of trends in miniaturization. For smaller nanostructures and nanostruc-
tured materials, the continuum theory must be reconsidered. In this paper, the torsion deformation of the atomistic model of

single crystal and polycrystalline nanowire is studied using molecular dynamics. Torsion deformation is incorporated using

a twisted periodic boundary condition (TPBC). We focus on grain refinement and size effect as they are affected by the
combination of two length scales, i.e., radius of specimen and grain size. The result is compared with that from continuum

strain-gradient plasticity. The efficiency of TPBC is confirmed in the analysis. Polycrystallization is observed in single
crystal cases. The torque-twist curves show a tendency for smaller to be softer. A discrepancy exists with continuum pre-

dictions from dislocation theory. An important result is that deformation at the grain boundary is significant in nano-scale
deformation rather than dislocation movement.

Solid Mechanics Methods in Nano-technologies
Elena A. Ivanova®, Anton M. Krivtsov®, Nikita F. Morozov®, Boris Semenov?®

(1) St. Petersburg State Polytechnical University, Russia
(2) St. Petersburg State University, Russia

Mon e 17:00 ¢ 219

Advances in high technologies using nanometer-size structures requires calculation of mechanical properties for the objects
of the nanosize scale level. Majority of the theoretical mechanical models for nanoobjects is based on the macroscopic
equations of theory of elasticity. However, a lot of researchers have noted inconsistency between the values of the elastic
moduli obtained from micro- and macroexperiments. The presented paper is devoted to theoretical investigation of the
influence of the scale effects on Young modulus, Poisson’s ratio and the bending stiffness of a nanocrystal, which is extended
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in one direction and has a limited number of atomic layers in another direction. The model of the elamination processes
of a preliminary stressed bi-layered plate from rigid foundation is proposed. On the basis of the considered solution of
specified dependence of its diameter on the parameters of plate layers is found.

Microstructural and Atomistic Simulation for Deformation of Nano-grained

Metals
Yang Wei Mon ¢ 17:20 e 219

Department of Engineering Mechanics, Tsinghua University, Beijing, China

Nano-grain metals deform mainly by neighboring grains sliding pass each other. We adopted a structural evolution algorithm
to simulate the process. Actual deformation minimizes the plastic dissipation and stored strain energy for representative
steps of grain neighbor switching. Numerical simulations are given for a representing cell composed of 200 non-uniform
grains. A theoretical framework concerning the insertion and rotation of 9-grain clusters is proposed that quantifies the
experimental data. We also conduct investigation for the rapid stretching of nano-grained metals via molecular dynamics
simulation. For nano-grained copper stretched up to 200% at ultra-fast strain rate, the MD simulation indicates a transition
from ordered to disordered state.

Size-dependent Elastic State of Embedded Nano-inclusions & Quantum Dots
Pradeep Sharma, Lewis Wheeler
Department of Mechanical Engineering, University of Houston, Houston, USA Mon ¢ 17:40 ¢ 219

The classical formulation of Eshelby for embedded inclusions is revisited and modified to, at least partially, account for
size-effects likely to be prominent at the nanoscale. In this two-pronged work, we firstly incorporate the previously ex-
cluded surface/interface stresses, tension and energies. The latter effects come into prominence at inclusion sizes in the
nanometer range. Unlike the classical results, our modified formulations render the elastic state of an embedded inclusion
size-dependent making possible the extension of Eshelby’s original formalism to nano-inclusions. Presuming that, at least
for some material systems, the inherent long-wavelength assumption of elasticity is violated for nano-size inclusion sizes,
we also derive a modified Eshelby tensor in the framework of second gradient elasticity with couple stresses. Several appli-
cations of the present work are illustrated; in particular, the size-dependent strain state of quantum dots and the consequent
effect on its optoelectronic properties along with limited empirical evidence are discussed.

Characterization of MEMS Materials
Jurg Dual, Gerd Simons, Jacqueline Vollmann
ETH Zurich, Zurich, Switzerland Tue ¢ 11:00 ¢ 219

Mechanical characterization of MEMS materials is increasingly important in view of improving reliability and assessing

the life time of new devices. In this paper a number of testing methods are described. These methods include tensile, torsion

and fatigue testing of specially designed microstructures, as well as wave propagation methods based on an optical pump

probe setup to test thin films. Difficulties arise from manufacturing and handling of small structures and the determination
of its geometrical dimensions, which directly affect the accuracy of material parameters extracted from the experiments.

In addition the measurement of the mechanical parameters like small forces and torques or strains on small specimens or

with ps time resolution pose challenges. This talk will focus on size effects in copper foils of thickness between 10 and 100

microns and probing of inhomogeneities caused e.g. by diffusion at interfaces in thin films.

An Analytical Model of Oxide Rumpling as the Mechanism Leading to Failure
in Thermal Barrier Coatings

Daniel S. Balint®, John W. Hutchinson® Tue ¢ 11:20 ¢ 219
(1) Cambridge University, Cambridge, UK

(2) Harvard University, Cambridge, USA

Thermal barrier coatings are deposited on superalloy turbine blades to protect them from engine temperatures in excess
of 1000C. Failure of these multi-layer coatings is known to involve undulations that develop in the oxide layer, between
the ceramic top-coat and the metallic bond-coat. At temperatures above 600C, the bond-coat creeps readily under stress.
Thermal mismatch with the superalloy substrate and, for PtNiAl bond-coats, a reversible phase transformation accompanied
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by a change in volume, give rise to a large equi-biaxial stress in the bond-coat that dramatically reduces its ability to resist
transverse deformation at elevated temperatures. The nonlinear interaction between the stress in the bond-coat and the
tractions applied at the surface of the bond-coat by the compressed, undulating oxide film allows an increment of undulation
growth to occur each thermal cycle. An analysis of oxide rumpling and the resultant cracking in the top-coat that leads to
failure will be presented.

Interfacial Adhesion of PZT Ferroelectric Thin Films Determined by MS3L_12486
Nano-Indentation Method
X.J. Zheng, Y.C. Zhou Tue e 11:40 ¢ 219

Xiangtan University, China

In this paper, we propose an elastic groundsill beam model with piezoelectric effect considered to assess the interfacial
adhesion of ferroelectrics thin films, complemented and validated by nano-indentation fracture test of Pb (Zi5.52Tig.48)O3
(PZT) thin films deposited by metal organic decomposition (MOD). In the experiment, it was observed that the hardness
and the elastic modulus of thin films depend on the indentation depth, but the dependence could not be explained by strain
gradient theory. From the load-indentation depth curves and atomic force microscopy (AFM) images, it was also found
that the fracture failure of PZT thin films induced by nano-indentations could be divided into three typical stages: no
damage, bulging and spallation. The delamination of brittleness thin film system could be modeled as an interfacial crack
propagation problem and characterized by the energy release rate, which could be determined from the elastic groundsill
beam model in good agreement with experimental results. For PZT thin films deposited on single Si substrate with thickness
of 350 nm and 500 nm, the energy release rates per unit of new crack area are in the range of 3.399-52.432 J/m? and the
phase angles are constant of 13.357 degree. The corresponding mode | and mode |1 stress intensity factors are in the range
of 0.413-1.622 MPa-m(1/2) and 0.554-2.176 MPa-m(%/2),

Wrinkling Instability in Nano-layers: Anisotropy and Sliding Effects
Neila Mokni, Francois Sidoroff, Alexandru Danescu
LTDS - Ecole Centrale de Lyon, Ecully, France Tue ¢ 12:00 ¢ 219

Following an idea of Suo et al. we extend the linear stability analysis of a two-layer structure, intended to model the
relaxation of a thin elastic film on a viscous layer, to account for both anisotropy of the elastic film and friction at the
interface between the film and the substrate. The main appli-cation concerns the feasibility of strain relaxed InAsP and
InGaAs compliant substrates. We compare our theoretical estimates for both the orientation and the wavelength of the
periodic undulation of the film with experimental results obtained for In0:65Ga0:35As on a Si host via Apiezon wax.

Mechanical Behaviour of Nano Grained Metals
Aman Haque, Taher Saif
U. of Illinois, Urbana-Champaign, USA Tue ¢ 12:20 ¢ 219

Mechanical behavior of free standing nano grained thin Al and gold films are studied experimentally under uniaxial tension
using a newly developed novel microinstrument. Here, the sample and the instrument are patterned (lithographic technique)
and fabricated together, thus eliminating the problem of alignment and attachment. We find, as grain size decreases, yield
stress increases, elastic modulus decreases, and the metals begin to show non-linear elasticity upon unloading. There ap-
pears to be a critical grain size at which the material shows maximum strength. Below this size, the failure appears to be
macroscopically brittle. We believe that as grain size decreases, dislocation slip induced plasticity ceases to exist due to
lack of dislocations, and grain boundary mechanisms begin to dominate. However, if the grain size is such that it is small
enough that few dislocation exists but not small enough for grain boundary assisted mechanisms to dominate, the material
shows highest strength.

Nano-scale Planar Field Projection of Atomistic Decohesion of Crystalline Solids
Seung Tae Choi, Kyung-Suk Kim
Division of Engineering, Brown University, Providence, USA Tue ¢ 12:40 ¢ 219

An atomistic cohesive zone of a crack tip is characterized by a nano-scale planar field projection of the elastic field of
a crack tip, analyzing the near-tip deformation field with a molecular statics simulation of gold. The atomistic simulation
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with an embedded atom method (EAM) potential is made for a crystal decohesion along [112] direction in a (111) plane.
A general form of planar elastic field projection is derived to identify cohesive-zone constitutive relations from the elastic
field of a cohesive crack tip sitting on an interface between two anisotropic solids. The cohesive traction, the interface
separation and the surface-stress gradient caused by gradual variation of surface formation within the cohesive zone can
be obtained by the nano-scale planar field projection. Details of energy partition in various modes of nano-scale separation
processes are analyzed with atomistic simulations and the field projection method.

A Microstructural Approach to the Ballistic-diffusive Heat Transfer MS3S_10386
Jan Saczuk
Szewalski Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Gdansk, Poland Tue ¢ 14:30 « 219A

Heat transport in nanostructures is highly nonequilibrium and dominated by the interfacial processes. The ballistic-diffusive
heat model is presented as tool to deal with transient heat conduction problems in low-dimensional structures such as thin
films and supperlattices. Heat carriers viewed as a collection of randomly moving and interacting particles and quasipar-
ticles are described by space-time distributions within a combined thermodynamic and microstructural diffusive-kinetic
approach. Knowledge of these distributions permit the evaluation of the heat flux and the internal energy. The local temper-

ature considered as a measure of the local internal energy is composed from the ballistic and diffusive parts. The hyperbolic
ballistic-diffusive heat conduction equation is then derived and a comparison with other models and its numerical verifica-
tion are presented.

Energy-based Approach to Limit States in Nanostructures. Calculation of the
Critical Values of Energy from Firt Principles
Kinga Nalepka®, Pawet Nalepkd?, Ryszard B. Pecherski®

(1) Cracow University of Technology, Cracow, Poland
(2) Agriculture University of Cracow/IPPT PAN, Poland

The application of the energy-based approach to limit states proposed by Rychlewski for elastic materials can appear
helpful in the field of nanomechanics filling the gap between atomistic calculations and continuum mechanics modelling
of the behaviour of different kinds of crystalline nanostructures. We propose to calculate the critical energy of pertinent
proper elastic states from quantum mechanical theory of nanostructures. The quantum mechanical model for an ideal single
crystal of Cu is studied and the comparison with the results obtained for Al crystal is made. Using the Wigner—Seitz cellular
approach and the Slater method the structure of the s, d, f and p energy bands was calculated. This enables obtaining of
the internal energy of the crystal volume confined in the deforming Wigner-Seitz cell. Finally the critical energy for the
particular proper state was determined.

Tue ¢ 14:35 ¢ 219A

Fracture Criterious for Bridged Crack: from Macro to Nanoscale
Mikhail N. Perelmuter
Institute for Problems in Mechanics of RAS, Moscow, Russia Tue e 14:40 o 219A

A multi-scale bridged crack model for the evaluation of fracture and strength parameters of interfaces with cracks is pro-
posed. We suppose that distributed nonlinear bonds link the crack surfaces in some zones starting from the crack tips. The
sizes of these zones are not assumed to be small as compared to the crack length on every bridging level. The system of
singular integral-differential equations is derived for normal and shear bond stresses evaluation. Two fracture criterions of
quasistatic crack growth are considered. The first condition in the both criterions is the same: it is the condition of the bond
limit stretching or strain at the trailing edge of the bridge zone. Two types of the second condition of fracture is considered:
a) the force condition which is the condition for the critical stress intensity factor and b) the proposed energetic condition
based on the equality of the values of the strain energy release rate and the energy dissipation by the bonds at the crack limit
state. The regimes of the bridged zone and the crack tip equilibrium and growth are analyzed for the both types of these
criterions. The application of this model and the comparison the criterions for different problems from macro to nanoscale
of the interface cracks are presented. It is noted that the most differences between the results from the force and energetic
fracture conditions are observed for the cracks of micro and nano sizes.
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Investigation of Wave Propagation in Multiwall
Sha Fenghuan, Zhao Longmao, Yang Guitong
Institute of Applied Mechanics, Taiyuan University of Technology, Shanxi, China Tue ¢ 14:45 ¢ 219A

Abstract: The wave propagation in individual multiwall carbon nanotubes subjected to transverse disturbing, modeled
a multiple-elastic-shell model is studied in this paper. The present model predicts when the disturbing frequency is below
all critical frequency, the vibration models are almost coaxial. However, when the frequency is higher than at least one of
the critical frequencies, non-coaxial vibration model emerges and the waves propagate at various speeds. Hence, tetrahertz
disturbing waves in multiwall carbon nanotubes exhibit complex hpenomena and are essentially non-coaxial. In particular,
tetraherz waves in multiwall carbon nanotubes propagate depending not only on the frequency, but also on the non-coaxial
vibration model. Keywords: carbon naotube, wave propagation, vibration frequencies

Homogenisation Models of Carbon Nanocomposites Mechanical Properties
Aleksander Muc, Matgorzata Chwat
Institute of Machine Design, Cracow University of Technology, Cracow, Poland Tue ¢ 14:50 ¢ 219A

It is well known that single walled (SWCN) or multi walled carbon nanotubes (MWCN) offer a significant amount of
stiffness (1-4 TPa) or strength comparing with those obtained for classical graphite or carbon fibres. However, those nano-
materials cannot form structures used for engineering purposes. On the other hand, nanocomposites made of SWCN or
MWCN can loose a lot of their magnificent mechanical properties when will be joined with the matrix. Of course, the same
situation is observed for classical carbon/graphite microcomposites. The general aim of the present paper is following: (1) to
present the theoretical homogenisation models for the evaluation of the Young modulus values for nanocomposites rein-
forced with SWCN and MWCN, (2) to propose method of numerical modelling nanocomposites reinforced by SWCN and
a polymer matrix, (3) to compare the obtained results with classical microcomposites in order to demonstrate advantages
and disadvantages of both composite materials. Numerical results illustrate features and advantages of different models.

Micro- and Nano-mechanics of Carbon Nanotubes Composites
Xi-Qiao Feng®, Dong-Li Shi®, Y. Huang®, Keh-Chih Hwang®

(1) Tsinghua University, China

(2) University of lllinois, USA

The constitutive relation and failure of carbon nanotube-reinforced composites are studied using methods of micromechan-
ics and nanomechanics. First, we examined the factors that influence the overall mechanical property of carbon nanotube
composites, including the weak bonding between carbon nanotubes and matrix, the curviness and agglomeration of carbon
nanotubes. Even though the adhesion strength between the nanotubes and the matrix may significantly affect the strength
and failure behavior of composites, its influence on the effective elastic modulus of composites can be negligible. A novel
micromechanics model is then developed to consider the waviness or curviness effect and the agglomeration effect of nan-
otubes on the constitutive relations. It is established that these two mechanisms may significantly reduce the stiffening effect
of carbon nanotubes. Second, we established a hybrid continuum/micromechanics/atomistic method theory to investigate
the defect nucleation in a carbon nanotube embedded in a polymer matrix. We have given the critical tensile strains of de-
fect nucleation and final fracture, which show a strong dependence on the chiral angle It is found that due to the interaction
effect, the fracture strength of a carbon nanotube in a composite is lower than that of a free-standing nanotube.

Tue o 14:55 ¢ 219A

Instabilities of Composite Materials Reinforced by Nano-Fibres:
a Re-examination of Elastic Buckling
Raymond Parnes, Alexander Chiskis Tue ¢ 15:00 ¢ 219A
Dept. of Solid Mechanics, Materials and Systems, Tel-Aviv University, Ramat Aviv, Israel

Elastic instability of composites reinforced by nano-fibres is investigated. Such composites are necessarily dilute and when
reinforced by fibres of exceedingly high stiffness (such as carbon nanotubes) may, in fact, buckle elastically. As opposed
to the classical solution given by Rosen, where instability is found to occur either in a shear mode with an infinite wave
length or in a transverse mode, it is shown analytically that buckling can occur only in the shear mode with finite wave
length and that the transverse mode is spurious. The shear buckling is shown to exist under two régimes with buckling of
dilute composites occurring with finite wavelengths. Based on the analysis, a model is constructed which defines the fiber
concentration at which the transition between the two régimes occurs. For the case of dilute composites which is the case
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of interest of nano-fibre reinforced composites, the solution differs markedly with the Rosen solution. The buckling strains
for dilute composites are shown to have realistic values compatible with elastic behavior. The investigation demonstrates
that elastic buckling may thus be a dominant failure mechanism of composites consisting of very stiff fibers fabricated in
the framework of nanotechnology.

A Cellular Automaton for Modelling Evolution of Heteroepitaxial Systems
Simon P.A. Gill
Department of Engineering, University of Leicester, Leicester, UK Tue ¢ 15:05 ¢ 219A

An algorithm is presented for the implementation of surface and bulk diffusion within a cellular automaton. Relaxation of
the elastic strain in heteroepitaxial systems via morphological change and interdiffusion is investigated.

Effective Thermoelastic Properties of Nanocomposites with Prescribed Random
Orientation of Nanofibers
Ajit Roy®, V.A. Buryachenko® Tue ¢ 15:10 ¢ 219A

(1) Air Force Research Laboratory, AFRL/MLBCM, WPAFB, USA
(2) University of Dayton Research Institute, Dayton, USA

Nanocomposites are modeled as a linearly elastic composite medium, which consists of a homogeneous matrix containing

a statistically homogeneous random field of spheroid nanofibers with prescribed random orientation. Estimation of effec-
tive thermoelastic properties of NC was performed by the effective field method (see Buryachenko, Appl. Mech. Review
2001, 54(1), 1-47). The independent justified choice of shapes of inclusions and correlation holes provides the matrix of
effective moduli which is symmetric (in opposite to Mori-Tanaka approach). One estimates also the effective tensor of ther-

mal expansion and stress concentrator factors. The interface fiber-matrix is modeled as a thick coating with cylindrically
anisotropic varying thermoelastic properties.
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MS4

Microfluids
Chairpersons: P. Tabeling (France), R. Adrian (USA), J. Santiago (USA)

Miniaturization of Explosive Technology and Microdetonics
D. Scott Stewart
Department of Theoretical and Applied Mechanics, University of Illinois, USA Man e 13:30 « 306

Condensed phase explosives used in conventional explosive systems have a charge size on the order of a meter or a sizable
fraction of a meter. We discuss a range of issues, theoretical, computational and experimental required to scale the size of
explosive systems downwards by a factor of one hundred to one thousand, and applications and prospects for a ubiquitous

new technology.
Electrokinetic Flow Instabilities in Microfluidic Systems
Juan G. Santiago
Department of Mechanical Engineering, Stanford University, USA Man e 14:30 « 306

Microfabrication technology has enabled the application of electrokinetics as a method of performing chemical analyses and
achieving liquid pumping in electronically-controlled microchip systems with no moving parts. This talk reviews progress
at Stanford including novel methods for sample stacking and fundamental studies of electrokinetic flow instabilities. Field

amplified sample stacking (FASS) leverages conductivity gradients as a robust method of increasing sample concentration
prior to capillary electrophoresis separation. We have developed novel chip systems that can achieve signal increases of
more than 1000 fold using FASS. Electrokinetic instabilities (EKI) present a major challenge to optimizing FASS devices,
as well as an opportunity to achieve rapid on-chip mixing. We have developed generalized models for heterogenous elec-
trokinetic systems for both FASS and EKI, and validated these models with experiments. This work shows that electric
body forces associated with the accumulation of charge in the bulk liquid are the cause of EKI. Suppression and/or control
of electrokinetic flow instabilities is directly applicable to sample stacking as conductivity-gradient-induced instabilities

dramatically increase dispersion rates and thereby limit stacking efficiency.

Sllp,_ Pattern_s, and Other Small Things in Microfluidic Systems MS4l 12960
Patrick Tabeling —
Ecole Normale Supérieure, Paris, France Tue ¢ 08:30 « 306

Microfluidics is about flow of liquids and gases, through microdevices fabricated by MEMS (i.e. Micro ElectroMechanical

Systems) technology, using hard (silicon or glass) or soft (polymers) materials. The domain is fostered by exciting appli-
cations, representing important industrial challenges. It also embraces a number of fundamental issues, interesting in their
own right. The introductory talk will concentrate on some of them, through a presentation of a number of experiments we
have been carrying out at ESPCI, over the last three years. | will discuss the controversial topics of slip between liquid
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and solid, and the less controversial phenomenon of slip of gas in microchannels. Mixing is difficult in microsystems, and
this has been a source of motivation for studying chaotic micro-mixers. | will present an experimental study of chaotic
micromixing, which led to observe a novel resonance phenomenon. | will finally present studies on two-phase flows in
microsystems, which led to produce rich, and potentially interesting, patterns. In many cases, microfluidics offers a context
for the observation of unexpected behaviors of fluid systems, often inspiring novel engineering concepts.

A Second-order Slip Model for Early-transition-regime Flows
Nicolas G. Hadjiconstantinou
Mech. Eng. Dept., MIT, USA Mon e 16:00 e 306

We present a second-order slip model which extends the Navier—Stokes description of small-scale gaseous flows to second
order in the Knudsen number. The model is based on the hard-sphere approximation and accounts for the effect of the
Knudsen layers close to the walls which become important as the Knudsen number increases. We validate this model by
comparing its predictions to direct Monte Carlo (DSMC) solutions of the Boltzmann equation for three different flows,
namely, steady pressure-driven flow, unsteady impulsive-start flow and oscillatory shear flow. In all three cases, excellent
agreement is found between the DSMC solutions and the model results up to Knudsen numbers of 0.4 for both the velocity
and the stress fields. The agreement continues to be satisfactory beyond this Knudsen number. Given the prohibitive cost
associated with solving the Boltzmann equation, especially in higher dimensions, this model should prove to be of great
use for modeling isothermal small-scale flows.

Direct Measurement and Simulation of Apparent Slip Velocities in MS4L 11604
Sub-micron-scale Flows -
Peter Huang, Kenneth S. Breuer Mon e 16:20 ¢ 306

Division of Engineering, Brown University, Providence, Rhode Island, USA

The possible existence of slip of liquids in close proximity to a smooth surface is studied experimentally and numerically
via the dynamics of small particles suspened in a shear flow. Sub-micron fluorescent particles suspended in water and
imaged using Total Internal Reflection Fluorescence Microscopy (TIRFM) and a PTV algorithm. The measurements are in
excellent agreement with Monte Carlo simulations of particle dynamics, and show that the observed apparent slip velocity
is a direct consequence of the small, but finite, measurement volume, and that slip, if present, is minimal at the low shear
rates tested (< 2500 /sec). Issues associated with the experimental and simulation techniques and the interpretation of results
are also discussed

Theoretical and Experimental Study of Microchannel Blockage Phenomena
Eiichiro Yamaguchi, Ronald J. Adrian
University of Illinois at Urbana-Champaign, TAM, Urbana, USA Mon e 16:40 e 306

Microchannel blockage phenomena by hard, spherical particles have been investigated. Statistical data of the blockage
in straight cylindrical glass channel were taken over a range of particle-to-channel diameter ratio of 0.14 < R < 0.65 at
7.8 < Re < 16.3. The visualization of particle motion was also performed. The experimentally obtained values of critical
particle concentration for the blockage (qc) are surprisingly low, however dependency to R at constant average share rate
(G) has been successfully predicted by the modified orthokinetic flocculation theory for the channel. It failed to predict
the strong negative relation between ¢ and G. Since the theory is adequate to estimate collision frequency of the particle
at initial stage of the flocculation, the result indicates significant effect of G on following arch formation process. It also
suggests that the forming of larger aggregate could be skipped by counting possibility of individual particle or the small
aggregation come together to form the arch simultaneously.

Induced-Charge Electro-Osmosis: Theory and Microfluidic Applications
Todd M. Squires®, Martin Z. Bazant®
(1) Depts. of Applied and Computational Mathematics and Physics, Caltech, Pasadena, USA Mon  17:00 ¢ 306

(2) Dept. of Mathematics and Institute for Soldier Nanotechnologies, MIT, Cambridge, USA

Induced-charge electro-osmosis (ICEQO) involves the nonlinear electro-osmotic slip caused by an applied field Ey acting
on induced ionic charge in the vicinity of a polarizable surface. A simple physical picture is presented, and quadrupolar
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ICEO flows around conducting cylinders in steady and unsteady electric fields are described, giving perhaps the clearest
example of a non-equilibrium electrokinetic phenomena. The ICEO slip velocity scale is us 0 ewEZL/l, where L is a length
scale, and is set up on a time scale Tc = ApL/D, where Ap is the screening length and D is the ionic diffusion constant.
Breaking the symmetry of the conductor or field yields even richer behavior: a steady, directed flow can be driven parallel or
perpendicular to an AC applied field, and an object can be made that rotates under any AC field. These phenomena naturally
suggest microfluidic pumps and mixers that operate without moving parts in low-voltage AC fields.

An Accurate Velocity Profile Measurement System for Microfluidics: A Direct
Measurement of the Slip Length
Pierre Joseph, Patrick Tabeling Mon ¢ 17:20 « 306

MMN, ESPCI, Paris, France

We describe an accurate method to measure velocity profiles in thin microchannels, using particle image velocimetry
combined with a nano-positioning system. The experimental setup is used to measure the slip length for water flowing
along an hydrophilic surface, pyrex glass, and an hydrophobic one, a monolayer of octadecyltrichlorosilane on silicon. This
method has a few percent precision on the velocity, 100 nm-accuracy on the determination of the wall position, and a similar
precision for the position of the fluid layer where the measurement is performed. These characteristics allow to determine,
with unprecedented accuracy (100 nm), slip lengths for water flows over glass; this represents a substantial improvement
(a factor of 6 or so) compared to previous work using a direct method. When applied to glass surfaces, one gets slip lengths
equal to 0100 nm. For functionalized silicon surfaces, the accuracy is lower. One obtains 2004300 nm in this particular
case.

Tgnable MICt‘.OﬂUIdIC Bubble Generator o MS4L_12966
Piotr Garstecki®, Howard A. Stone®®, George M. Whitesides®
(1) Department of Chemistry and Chemical Biology, Harvard University, Cambridge, USA Mon e 17:40 ¢ 306

(2) Division of Engineering and Applied Sciences, Harvard University, Cambridge, USA

We use a flow-focusing geometry incorporated in a microfluidic device to force breakup of nitrogen bubbles in an aqueous
medium. We report experimental results on: i) stable formation of monodisperse bubbles, ii) independent control over the
size of the bubbles and volume fraction of the dispersed phase, and iii) dynamic assembly of the bubbles into ordered
arrays. We propose a quantitative description of the dynamics of breakup and propose a mechanism behind the narrow size
distribution of the bubbles and droplets formed in flow-focusing devices. In a broad range of the liquid and gas pressures
applied to the system we observe dynamic assembly of bubbles into highly ordered, flowing lattices. The properties of these
lattices can be tuned by adjusting the flow rates of the two fluids.

Water Flows in Copper and Quartz Nanochannels
Anna Kucaba-Pietal®, Z. Walenta®, Z. Peradzynski®?
(1) Rzeszow University of Technology, Rzeszow, Poland Tue ¢ 14:30 ¢ 315A

(2) IPPT PAN, Warsaw, Poland
(3) Warsaw University, IPPT PAN, Warsaw, Poland

In the present paper the generalised Navier—Stokes theory — the theory of micropolar fluids — has been applied to water flows
in narrow channels. The predictions for velocity and microrotation are compared with molecular dynamics simulations of
water flows. Two channel widths, equal to 5 and 10 diameters of a water molecule are considered. Two kinds of the
channel walls, made of quartz and copper, are taken into account. The obtained results show that the micropolar theory
gives a reasonable description of the flow for the wider channel only. In all considered cases a velocity slip and non-zero
microrotation at the walls could be observed. The slip effects are more pronounced for smaller channel widths and for walls
made of copper. The interaction of water molecules, which have dipole moment, with the electric charges at the quartz
crystals seem to have at least some influence on the slip and microrotation at the walls.
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Transition Thresho.lds in Microchannels under the EDL Effect MS4S 11400
Sedat Tardu, Huan Shiu =
LEGI, Grenoble, France Tue o 14:35 ¢ 315A

We have recently shown that the electric double layer destabilizes considerably the micro-channel flows. Thus, the critical
Reynolds number may decrease by a factor of 10 under the EDL effect and some circumstances. Due to the subcritical
nature of the instability, both the non linear saturation of the primary stability and formation of a secondary flow, together
with the secondary instability processes have to be analyzed in EDL flow similarly to the Poiseuille macro-flow. The analyze

of the EDL effect on the nonlinear stability mechanism is performed through the spatio-temporal development of a spot in
a channel flow by Direct Numerical Simulations in this investigation. A perturbation related to a pair of counter rotating
vortices is followed in time and space with and without EDL. Results show the profound destabilizing EDL effect providing
that the liquid contains a very small amount of ions with large enough Zeta potential and low conductivity/viscosity.

Using Microfluidics to Investigate Reaction-diffusion Phenomena in Simple
Flows

Laure Menetrier®, Fridolin Okkels®, Charles N. Baroud®, Jean-Baptiste Salmon®, Tue ¢ 14:40 « 315A
Patrick Tabeling®

(1) ESPCI, Paris, France

(2) Ecole Polytechnique, Palaiseau, France

We report new experimental and theoretical results on the problem of reaction-diffusion in a microfluidic chip. The chemical
reactor under study is a T-shaped microchannel (about 200 pm wide and 10—-20 pm deep) in which the two analytes are bring
into contact at a constant flow rate. In the interdiffusion zone, the local concentration of the reaction product is measured
using optical epi-fluorescence. To extract useful informations about the reaction kinetics, one needs to model the reaction-
diffusion zone and compare the simulations with the experiments. We show that such a microfluidic device is a well-suited
method to access fast chemical kinetic rates.

Magnetic Particles Aggregation in the Presence of a Hydrodynamic Shear
Guillaume Degre, Edouard Brunet, Fridolin Okkels, Patrick Tabeling
ESPCI, Paris, France Tue o 14:45 ¢ 315A

We present an experimental study of the aggregation of paramagnetic particles, carried out in the presence of a controlled
laminar shear, in micro-channels. Superparamagnetic particles, advected by the flow, and immersed in a magnetic field, are
found to spontaneously form chains. In a range of time extending up to hundreds of seconds, the growth mechanism is an
accumulation of isolated particles or small clusters onto existing chains, moving at different speeds. In this range of time, the
chain length increases linearly with time, with a growth rate increasing as a power law with the shear. Smoluchowsky model,
assuming single particle-chain interactions only, reproduces well the observations, both at quantitative and qualitative levels.
In particular the evolution of the growth rate of the chain lengths with the shear, predicted as a power law with an exponent
equal to 0.25, is found consistent with the experiment.

Transport Coefficients of a Fluid at Nanoscale
Xiao-Bing Mi, Allen T. Chwang
Department of Engineering Mechanics, Tsinghua University, Beijing, China Tue ¢ 14:50 ¢ 315A

The generalized theoretical expressions for the transport coefficients of a nanofluid are presented in this paper. The
Chapman-Enskog functional perturbation method is employed to solve the derived Enskog-like integro-differential kinetic
equation which describes the dynamical behavior of a fluid at nanoscale. The analytical solutions for the nanofluid viscosity,
thermal conductivity and other nominal transport coefficients are acquired according to the reduced transport equation and
classical definitions in fluid mechanics. The molecular dynamics (MD) simulation is further used to verify the theoretical
results via the model of a Lennard-Jones fluid in a nano Couette flow. The nanofluid transport coefficients are calculated
by considering both the weak and strong fluid-wall interactions. By comparing theoretical results to MD simulations, it is
found that both are in qualitative agreement in the present study.
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Chaotic Mixing and Resonances in a Microfluidic System
Arash Dodge®, Caroline Jullien®, Fridolin Okkels®, Patrick Tabeling®
(1) MMN-ESPCI, Paris, France Tue ¢ 14'55 ¢ 315A

(2) SATIE, ENS-Cachan, Bruz, France

The paper is dedicated to the study of a particular system — the cross-channel micromixer; this system consists of a main
channel where two fluids, flowing side by side, are perturbed by a transverse, oscillating periodic flow, in a cross-channel
intersection. The perturbation leads to the formation of tendrils and whorls, inducing chaotic-like regimes. This particular
system is the host of a novel phenomenon — a spatio-temporal resonance effect, in which the interface between the two
fluids returns to its original shape after it has been perturbed, if certain conditions on the frequency of the perturbation are
satisfied. The paper shows an experimental study of the resonances and chaotic regimes, using a microfluidic device, in
which PDMS integrated valves, remotely controlled, allow to produce the transverse oscillating flow, under well defined
conditions
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MS5

Microgravity flow phenomena
Chairpersons: J. Legros (Belgium), G. Neitzel (USA), I. Alexander (USA)

Foa_ms, Fl_lms and Surfaces in Microgravity MS5I_10598
Denis Weaire, S. Cox
= ! Department of Physics, Trinity College, Dublin, Ireland Mon e 13:30 « 315

o

Beginning with a broad view of the role of surface tension and gravity in free liquid surfaces, thin films and foams, we
identify the motivation for the microgravity research conducted in these systems over the last quarter century. In the case
of foams, experiments have been quite limited in scope, and the intention to study wet foams has yet to be fully realized,
except perhaps in the case of two-dimensional samples. New experiments are planned for MAXUS rockets and possibly
the International Space Station (ISS).

Collisional Granular Flows with and without Gas Interactions in
Microgravity
Haitao Xu, Michel Y. Louge Mon e 14:30 e 315

Mechanical & Aerospace Engineering Cornell University, Ithaca, USA

We illustrate the convenience of a long-lasting microgravity environment for studying flows of granular materials with
and without gas interaction. We consider collisional granular flows of nearly elastic spheres featuring a single constituent
or binary mixtures in various bounded geometries. We review the equations of the kinetic theory for the conservation of
mass, momentum, fluctuation energy and species concentration. We illustrate their solutions for shear flows in rectilinear or

axisymmetric rectangular channels with or without a body force. We show that proper boundary conditions yield numerical
solutions in good agreement with molecular dynamical simulations and with data from physical experiments carried out in
microgravity.

Microgravity and Microscale Fluid Mechanics
George M. Homsy
Mechanical Engineering, UCSB, USA Tue « 08:30 315

This Introductory Lecture will cover aspects of Microgravity Fluid Mechanics by first describing the characteristics of the
microgravity environment and establishing the manner in which the body force of gravity appears in the basic scalings
and diimensionless parameters. The following themes are then developed: (i) the Space environment is characterized by
transient accelerations, which implies that both the magnitude and direction of g are time-dependent, and; (ii) the magnitude
of g is important only in combination with other intrinsic scales, with the consequence that microgravity and microscale
fluid mechanics have much in common. The lecture will then focus on two classes of problems. The first is a class of
so-called g-jitter phenomena driven by the time dependence of g, and the second is a class of interfacial fluid mechanics
problems in which the essential driving force is applied tangential stresses due to Marangoni effects. If time allows, the
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inclusion of non-hydrodynamic forces will be mentioned, particularly in reference to the invited talk SL16, Electrokinetics
and electrohydrodynamics in microfluids, by D.A. Saville.

Mathematical Models of Microconvection for Isothermally Incompressible and
Weakly Compresible Liquids
Vladislav V. Pukhnachov®, Olga N. Goncharova® Mon e 16:00 e 315

(1) Lavrentyev Institute of Hydrodynamics, SD RAS, Novosibirsk, Russia
(2) Altai State University, Barnaul, Russia

The term microconvection was originally introduced to characterize non-solenoidal flows driven by density (depending on
temperature only) changes. These phenomena were analyzed for thermal buoyancy-driven convection (Pukhnachov, 1991)
and for diffusive-induced flows (Perera and Sekerka, 1997). The effect on non-solenoidality is equally important for the de-
scription of non-stationary convection in microgravity conditions and in microscales. Recently this approach was extended
up to convective motions of a weakly compressible liquid (Pukhnachov, 2002). On the basis of the microconvection model,
there are studied a number of problems describing the convection in a vertical layer with the thermal fluxes oscillating
in a phase and in an anti-phase, flows in a circular ring and in a prolate rectangular, mixed thermocapillary/gravitational
convection in a semicircle with a free flat boundary.

Onset of Oscillations in High-Prandtl Thermocapillary Liquid Bridges:
Linear-stability Analysis vs. Experiment

M.K. Ermakov Mon e 16:20 ¢ 315
Institute for Problems in Mechanics RAS, Moscow, Russia

The float-zone crystal growth process is studied in the framework of the half-zone model. Linear-stability analysis is used to
compare the onset of oscillations in liquid bridge thermocapillary convection upon liquid bridge volume with experimental
data for high-Prandtl fluid. Well-known structure of neutral stability curve for high-Prandtl fluid, consisting of two branches

separated by an overstability gap, has been clearly reproduced. Travelling hydrothermal waves with unit azimuthal wave
number correspond to critical perturbations for both branches. An influence of the temperature-dependent viscosity, the
heat loss through free surface and the gravity level is determined.

Spherical Two-phase Interface in a Near-critical Fluid. Gradient Approach
Anatoly M. Vorobev®, D.V. Lyubimov®, T.P. Lyubimova®®

(1) Institute of Continuous Media Mechanics UrB RAN, Perm, Russia

(2) Perm State University, Russia

Mon e 16:40 ¢ 315

On macro-scales the liquid-gas interface is classically modeled by a surface of discontinuity. However, on micro-scales,
there is a transitional region, where the properties are changed continu-ously. This makes reasonable a description of two-
phase system, including the interface, within a hydrodynamic approach. In this approach, the new term proportional to
density gradient is added to the internal energy. Near the critical point, where there is no strong difference between liquid
and its vapor, the gradient approach is quite reasonable. Based on this approach we considered the formation of new phase
nucleus in a closed cav-ity; and analyzed its stability. The results are in agreement with classical Laplace approach, while
considering the states far from the critical point. In near-critical region, the results are proved to be intriguing. It is shown
that within the framework of one-dimensional problem the system remains single-phase and homogeneous even for negative
values of mechanical compressibility.

Transition to Chaotic Marangoni Convection in Liquid Bridge
V. Shevtsova, D. Melnikov, J.C. Legros
MRC, University of Brussels, Brussels, Belgium Mon e 17:00 e 315

Marangoni convection is investigated in cylindrical column using a liquid with Pr = 4. The present results are targeting on the
study of the non-linear characteristics of the flow under zero-gravity conditions. The transitions to periodic, quasi-periodic
and chaotic flows are investigated numerically. The 3-D oscillatory flow is a result of a supercritical Hopf bifurcation and the

periodic orbit represents the unique stable solution near the onset of the instability. The non-linear system admits regime
of bi-stability. A traveling wave with azimuthal wave number m = 2 bifurcates from the basic branch of axisymmetric
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steady state; this branch remains stable in the considered range of parameters. A second stable branch with azimuthal wave
number m = 3 appears for higher Marangoni numbers and reveals other periodic, quasi-periodic and chaotic properties. The
transitions between the two stable orbits with m = 2 and m = 3 have never been observed.

Capillary Pressure of a Liquid Between Uniform Spheres Arranged in
a Square-packed Layer

J. Iwan D. Alexander®, Lev A. Slobozhanin®, Stephen H. Collicott®® Mon ¢ 17:20 ¢ 315
(1) CWRU, Cleveland, Ohio, USA

(2) Purdue University, Indiana, USA

The capillary pressure in the pores defined by equidimensional close-packed spheres is analyzed numerically. In the absence
of gravity the menisci shapes are constructed using Surface Evolver code. This permits calculation the free surface mean
curvature and hence the capillary pressure. The dependences of capillary pressure on the liquid volume constructed here for
a set of contact angles allow one to determine the evolution of basic capillary characteristics under quasi-static infiltration
and drainage. The maximum pressure difference between liquid and gas required for a meniscus passing through a pore is
calculated and compared with that for hexagonal packing and with an approximate solution given by Mason and Morrow.
The lower and upper critical liquid volumes that determine the stability limits for the equilibrium capillary liquid in contact
with square packed array of spheres are tabulated for a set of contact angles.

Recent Advances in Permanent Noncoalescence and Nonwetting
G. Paul Neitzel®, Pasquale Dell’ Aversana®, Peter Nagy™, Maria-Isabel Carnasciali®®

(1) Georgia Institute of Technology, Atlanta, USA
(2) Microgravity Advanced Research and Support Center, Naples, Italy

Mon e 17:40 ¢ 315

Permanent noncoalescence between two drops of the same liquid or nonwetting between a liquid and a surface normally
wetted by it have been the subject of study for the past several years. Such behavior may be driven through the use of
thermocapillarity or relative tangential-surface motion. Potential applications range from frictionless mounts and vibration
dampers for microgravity experimental packages to frictionless bearings in low-load terrestrial applications. Recent research
has focused on the characterization of failure modes and mechanisms in these systems, knowledge of which is crucial
for a successful application, and on the measurement of frictional forces associated with sliding, isothermal nonwetting
droplets. The presentation will provide an overview of the subject and a discussion of recently obtained results.

Heat Transfer Due to High Frequency Vibration: a New Approach for MS5S 10980
Achieving Thermally Optimum Geometry Under Microgravity Conditions -
M.C. Charrier Mojtabi®, Y.P. Razi®, K. Maliwan®, A. Mojtabi®® Tue ¢ 15:05 # 315A
(1) Energy Laboratory, UPS Toulouse, France

(2) IMFT/CNRS/UPS Toulouse, France

This study aims to draw attention to the possibility of heat transfer enhancement under microgravity conditions. The geome-
try considered is a rectangular enclosure, filled with a pure fluid, heated differentially and undergoing mechanical vibration.
The vibration is periodic with zero mean, and is in the limiting range of high frequency and small amplitude. The direction
of vibration is perpendicular to the temperature gradient. The time-averaged formulation is adopted and the governing equa-
tions are solved by finite volume method. Numerical simulations are performed to predict the heat transfer and fluid flow
characteristics of the resulting thermo-vibrational convection. Different fluid flow structures are presented and discussed.
Correlations for Nusselt number and optimum configuration as a function of Rav (vibrational Rayleigh number), Pr (Prandtl
number) and A (aspect ratio) are proposed. The results demonstrate the existence of an optimum geometry for which the
heat transfer rate is maximal. The findings have significant applications in space industry.
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Thermocapillary Convection in Liquid Bridges and Annuli
Bok-Cheol Sim®, Abdelfattah Zebib®

(1) LG Siltron, Gyeongbuk, Korea

(2) Rutgers University, Piscataway, USA

Tue ¢ 15:10 ¢ 315A

Thermocapillary convection in two types of cylindrical geometry is investigated in two- and three-dimensional numerical
simulations: a liquid bridge heated from the upper wall and an open annulus heated from the outside wall. For the param-
eter ranges considered, it is found that dynamic free-surface deformations are negligible and do not induce transitions to
oscillatory convection in axisymmetric models. Moreover, only steady convection is possible at any Reynolds number (Re)
in strictly axisymmetric computations. In our three-dimensional models, the nondeformable free surfaces are either flat or
curved as determined by the fluid volume (V) and the Young-Laplace equation. Convection is steady and axisymmetric at
sufficiently low values of Re with either nondeformable or deformable surfaces. Transition to oscillatory three-dimensional
motions occurs as Re increases beyond a critical value dependent on the aspect ratio, the Prandtl number and V. Good
agreement with available experiments is achieved in all cases.

The Stability of Connected Pendant Drops
Lev A. Slobozhanin, J. lwan D. Alexander
Case Western Reserve University, Cleveland, Ohio, USA Tue ¢ 15:15 ¢ 315A

The stability of an equilibrium system of two drops suspended from circular holes is examined. The drop surfaces are
disconnected surfaces of a connected liquid body. For holes of equal radii and identical pendant drops axisymmetric per-
turbations are always the most dangerous. The stability region for two identical drops differs considerably from that for
a single drop. Loss of stability leads to a transition from a critical system of identical drops to a stable system of ax-
isymmetric non-identical. This system of non-identical drops reaches its own stability limit (to isochoric or non-isochoric
perturbations). For non-identical drops, loss of stability results in dripping or streaming from the holes. Critical volumes
for non-identical drops have been calculated as functions of the Bond number, B. For unequal hole radii, stability regions
have been constructed for a set of hole radius ratios, K. The dependence of critical volumes on K and B is analyzed.

Hydrodynamic Effect of Slow Phase Transitions in Microgravity MS5S 12828
Eleonora K. Bevza, O.0. Kochubey, D.V. Yevdokymov —
Dniepropetrovsk National University, Dniepropetrovsk, Ukraine

Tue ¢ 15:20 @ 315A

Slow phase transitions are widespread in microgravity condition, because thermal conduction and diffusion processes, gov-
erning phase transition there, often cannot provide enough high intensity of the process. Small Stefan number corresponds
to slow phase transition and it is quite natural to apply small parameter method to the problem, using a Stefan number as
a small parameter, what was made in previous works of the authors. However due to density difference between origin
and created phases there must be fluid flow (quite week because of slow process), what is the main object of the present
work. Correspondent convective flux is smaller than heat conduction one, but its influence must be estimated too. Using
the same small parameter method it can be shown that the convective term has first order with respect to Stefan number,
therefore it is absent in zero approximation, what gives an opportunity to build an analytical solution in one-dimensional (in
space) case and to obtain a numerical solution in two- and three-dimensional cases. Boundary element method is used for
numerical solution of boundary-value problem, if it is necessary, and Euler scheme is used for time integration, if analytical
integration is impossible.
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Atmosphere and ocean dynamics
Chairpersons: J. Sommeria (France), M. Mcintyre (UK)

Transport And Mixing in the Atmosphere MS6l 10987
Peter Haynes =
DAMTP, University of Cambridge, UK

Mon e 13:30 ¢ 134

Transport and mixing of atmospheric chemical species is a vital part of the chemical-climate system. Transport and mixing
processes in the atmosphere operate on scales from millimeters to thousands of kilometers. In certain parts of the atmo-
sphere the large-scale ‘layerwise two-dimensional’ flow appears to play the dominant role in transport and in the stirring

process that leads ultimately to true (molecular) mixing at very small scales. There is therefore much in common with
fluid dynamical topics such as ‘chaotic advection’ or ‘Batchelor-regime turbulence’. My lecture will describe how, with

appropriate modification, some of the theoretical tools developed in these contexts can be used, in conjunction with obser-
vational data on large-scale velocity fields or on chemical species, to quantify different aspects of transport and mixing in
the atmosphere.

Wave Vortex Interactions in the Atmosphere and Oceans; with
Applications to Climate
Onno Bokhove Mon e 14:30 e 134

Department of Mathematics, University of Twente, The Netherlands

In the atmosphere and oceans, there is often a large separation in time scales between the slow large-scale motion of the fluid
and the rapid small-scale wave motion and turbulence. These small-scale processes cannot be captured by numerical models.
Hence, the feedback of the unresolved wave and turbulent motion on the large-scale dynamics requires parameterization. For
hydrostatic primitive equations, we introduce the dynamics of gravity-wave and vortical modes, potential vorticity, and the
(Hamiltonian) balanced description of the slow, large-scale dynamics in terms of the vortical motion. Various mechanisms
to generate and absorb gravity waves will be reviewed with an eye on extending current parameterization schemes. Our aim
is to address the question: can we construct an accurate (atmospheric) climate model with a balanced model as dynamical
core and with dissipative and non-dissipative parameterization schemes for the gravity-wave activity?

As_5|_m|Iat|on of Observations into Numerical Models MS6]_10803
Olivier Talagrand
Laboratoire de Meteorologie Dynamique, IPSL, Paris, France Tue ¢ 08:30 « 134

Assimilation of meteorological or oceanographic observations is the process by which observations are combined together
with a numerical dynamical model of the flow in order to produce as accurate as possible a description of the state of
the flow. Assimilation can be considered as a problem in bayesian estimation, made particularly difficult by the very large
numerical dimensions involved, and by the complexity of the underlying dynamics. Two main classes of algorithms exist
for assimilation. In sequential assimilation, the most recent estimate of the state of the flow is constantly updated with new
observations. In variational assimilation, the assimilating model is globally adjusted to the observations distributed over
a period of time through minimization of an appropriate scalar objective function. Assimilation, which has become a major
component of numerical meteorology and oceanography, is progressively extending to other fields, such as atmospheric and
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oceanic chemistry, or surface hydrology. It also plays a critical role in such applications as the definition and optimization
of observing systems, or the study of the predictability of the atmospheric or oceanic circulation.

Modelling Oceanographic Coastal Currents in Small-scale and Large-scale
Laboratory Experiments
Peter J. Thomas®, Paul F. Linden®, David Marah® Mon  16:00 « 134

(1) Fluid Dynamics Research Centre, University of Warwick, Coven, UK
(2) Dept. of Mech. and Aerospace Eng., Univ. of California, La Jolla, USA

Laboratory experiments simulating gravity-driven oceanographic coastal surface currents are discussed. The current height,
its width and its propagation velocity are investigated. The analysis of results from two complementing studies on substan-
tially different spatial scales and in different parameter regimes is presented for the first time. One study was conducted in
a small rotating tank with diameter 1 m while the second used the world’s largest rotating turntable at the Coriolis Facility
(Grenoble) with its 13-metre diameter tank. Dimensional analysis yields a set of non-dimensional parameters which are
used to develop a geostrophic model. The data analysis reveals that the model enables collapsing all corresponding results
from small-scale and large-scale experiments onto single curves for the first time. Very good agreement between experi-
ments and model is found in the geostrophic regime. The data show how the model gradually becomes less appropriate as
ageostrophic experimental conditions are approached.

Near-surface Turbulence in a Neutral Planetary Boundary Layer: Comparison
of LES with the CASES’99 Experiment Observations
Mon e 16:20 ¢ 134

Pierre Carlotti®, Philippe Drobinski®, Jean-Luc Redelsperger®, Rob K. Newsom®,
Robert M. Banta®

(1) CETU, Bron, France

(2) IPSL/SA, Paris, France

(3) CNRM/M-F, Toulouse, France

(4) ETL/NOAA, Boulder, USA

This work compares the results of the field experiment CASES’99 with an idealized LES simulation performed with Méso-
NH. This comparison is done for an atmosphere in neutral stability conditions. The conditions are set so that the LES
reproduced as well as possible the friction velocity, the ground roughness, the inversion heigth, and the geostrophic wind of
the real case, and energy profiles and flow patterns of the real case and the LES are compared, showing a good agreement.
In particular, the LES shows the formation of near-surface streaks spaced of approximately 390 m, in agreement with high
resolution Doppler lidar radial velocity recorded in CASES’99, which shows evidence of an approximate spacing of the
streaks of 315 m.

Geophysical Turbulent Boundary Layers: the Nature, the Theory and the Role
in the Atmosphere-ocean System
Sergej S. Zilitinkevich Mon e 16:40¢ 134

Department of Earth Sciences, Uppsala University, Sweden

Turbulent boundary layers control the exchange processes between the atmosphere and the ocean/ice/land. The key problem
of boundary-layer physics is to determine the momentum, energy and matter fluxes in a wide range of boundary-layer
regimes from stable and neutral to convective. This paper presents the state of the art and modern developments in boundary-
layer physics with focus on the recently recognised non-local mechanisms overlooked in the traditional theories, namely, the
effect of internal gravity waves on vertical transports in stably stratified flows and the role the buoyancy-driven large-scale
semi-organised eddies in convective flows. New developments are compared with experimental and large-eddy simulation
(LES) data. They are motivated by urgent necessity to improve boundary-layer parameterisations in very high resolution
environmental models, particularly, in the coupled atmosphere-ocean models.
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Melfldlo_nal Flow of Source Driven Grounded Abyssal Flow in a Wind Driven MS6L_10634
Basin with Topography
Gordon E. Swaters Mon e 17:00 e 134
Institute for Geophysical Research, University of Alberta, Edmonton, Canada

A hybrid 3-layer quasi-geostrophic/planetary geostrophic (QG/PG) model is introduced to examine the baroclinic evolution
and meridional flow of abyssal currents in a wind-driven, stratified and differentially-rotating basin with variable bottom
topography. The model resolves mesoscale processes and allows for the formation of a wind driven surface intensified ocean
circulation, with a poleward western boundary current, and a source driven equatorward flowing deep western boundary
undercurrent. Baroclinic and barotropic instability within the surface intensified western boundary current, and baroclinic
instability between the abyssal current and the overlying wind driven circulation, is resolved. The model allows for finite
amplitude variations in the height field of the abyssal current so that groundings in the thickness or isopycnal field associated
with the undercurrent are resolved.A southern boundary upwelling scheme is introduced, within the context of a closed basin
with no-slip boundary conditions, to balance the northern source of abyssal water thereby allowing the meridional transport
of abyssal water to evolve toward a steady state.

Remote Recoil and Wave Capture: Wave-vortex Interactions in
Atmosphere-Ocean Models
Oliver Biihler®, Michael Mclntyre® Mon e 17:20¢ 134

(1) Courant Institute, New York, USA
(2) University of Cambridge, Cambridge, UK

In a recent paper (J. Fluid Mech 492, 207) we described a fundamentally new wave—mean or wave—vortex interaction
effect able to force persistent, cumulative change in mean flows in the absence of wave breaking or other kinds of wave
dissipation. It is associated with the refraction of nondissipating waves by inhomogeneous mean (vortical) flows. The
simplest relevant case is that of a narrow beam of sound waves, or shallow-water gravity waves, weakly refracted by
a single vortex in two dimensions. An effective recoil force arises. This accords with expectation from a naive photon
analogy or ‘pseudomomentum rule” EXCEPT that it acts not where the waves refract, but at the vortex core, even if the core
is spatially separated from the refracting beam of waves. Strong refraction brings further phenomena including catastrophic
‘wave capture’, a nontrivial variant of classical critical-layer absorption; see the more detailed presentation on this by
Buehler in this Minisymposium. One implication is that there are missing forces not yet accounted for in atmospheric
climate and weather-prediction models. Connections with the ‘pseudomomentum rule” and the ‘wave momentum myth’ are
discussed.

Anisotropic Large-Scale Turbulence on Giant Planets and in the Ocean
B. Galperin®, S. Sukoriansky®, H. Nakano®

(1) Marine Science, USF, St. Petersburg, Florida, USA Mon e 17:40 ¢ 134
(2) Mechanical Engineering, BGU, Beer-Sheva, Israel

(3) Oceanographic Research Department, MRI, Ibaraki, Japan

Barotropic two-dimensional turbulence with Rossby waves is distinguished by strong anisotropy and energetic zonal jets
in alternating directions. Flows on the beta-plane and in thin shells on the surface of a rotating sphere develop strongly
anisotropic spectrum with steep, n—>, slope for the zonal flows and Kolmogorov—Kraichnan, n =/3, slope for the residuals.
The n=> zonal spectrum was found on all four giant planets of our solar system, both with regard to its slope and the
amplitude. This spectrum can be used to analyze some basic characteristics of large-scale circulations on giant planets and
for interplanetary comparisons. Recently, it was found that the mid-depth ocean currents in the north Pacific ocean also
develop a system of alternating zonal jets and build up the same n=> and n=5/3 zonal and residual spectral distributions.
The main characteristic of the planetary and oceanic flows under consideration is the smallness of their Burger number,

Bu= (Ld/R)Z, where Lq is the first baroclinic Rossby radius of deformation and R is the planetary radius. Exploring the
planetary-ocean analogy, we conclude that the fine-scale oceanic zonal jets are driven by strongly nonlinear, anisotropic
dynamics of quasi-2D turbulence with Rossby waves and argue that the latitudinal scaling of these jets is determined by the
large-scale friction processes.
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Turbulent Horizontal Convection and the Global Thermohaline Circulation of MS6L 11499
the Oceans —
Ross Griffiths, Graham Hughes, Julia Mullarney Tue ¢ 11:00 ¢ 134

Australian National University, Canberra, Australia

Our laboratory and numerical experiments show that convection in a long box driven by differential heating at a single
horizontal boundary can be turbulent. A convective mixed layer forms within a stable thermocline, deepens toward the
end of the box, penetrates through the depth of the thermocline at the end, and feeds into a turbulent plume. The mean
‘sinking’ occurs at one end and, in the rotating case, involves unsteady chimney structures. Using an analytical model with
zero net buoyancy flux and depth-dependent vertical velocity in the interior we correctly predict the mass transport and
density structure for both the experiments and the meridional overturning circulation of the ocean. The ocean prediction is
consistent with data when we assume a vertical diffusivity equal to that measured in the open oceans. Thus the much larger
diffusivity inferred by others and energy input from winds and tides are not required, and the overturning circulation can be
driven by the surface heat fluxes.

Instability of Gravity Driven Coastal Current in a Turntable Experiment
E. Thivolle-Cazat, J. Sommeria
LEGI-CNRS, Grenoble, France Tuee11:20 0 134

The instability of a current driven by gravity and maintained along a vertical lateral wall by the Coriolis force is in-
vestigated in laboratory experiments, performed in the large Coriolis turntable (Grenoble). The flowing water floats over
a homogeneous denser layer. It represents for instance the Algerian current, made of the light Atlantic water entering the
Mediterranean Sea. This current is unstable, generating meanders and vortices. This is classically attributed to baroclinic
instability, but in our case it is forbidden by the absence of potential vorticity gradient in the lower layer. However we find
that the instability of the viscous boundary layer initiates the process: the wall vorticity concentrates into vortices, which
then interact with the main current potential vorticity as propagating dipoles, mimicking the usual process of baroclinic
instability. For oceanic modelling, a proper representation of the meander initiation therefore requires a good resolution of
the viscous boundary layer.

Intrusive Gravity Currents in a Stratified Ambient — novel Theoretical Results
and Insights

Marius Ungarish Tue e 11:40 ¢ 134
DCS, Technion, Israel

The intrusion of a fixed volume of “mixed” fluid which is released from a lock (of rectangular or cylindrical shape) and
then propagates horizontally at the neutral buoyancy level in a stratified ambient fluid is considered. The density change
is linear, in a restricted layer or over the full-depth of the ambient. A closed one-layer shallow-water formulation is used
to obtain solutions of the initial-value problem and similarity solutions for the large-time developed motion. The theory is
corroborated by numerical Navier—Stokes solutions and comparisons with previous experiments. Novel insights are derived
on essential features of the flow-field, in particular: the governing dimensionless parameters, the fact that the initial propa-
gation is with constant speed (for rectangular lock only), the effect of the shape of the lock, the spread with time at some
power, the sub-critical (compared to leading linear waves) speed, and the interaction with internal gravity waves.

Inj(e!'a'lctlons.of Planar Wa}ves with a Baroclinic Vortex MS6L 11829
Frédéric Moulin, Jan-Bert Flor —
LEGI-CNRS-UJF, Grenoble, France Tue ¢ 12:00 ¢ 134

We investigate the interaction of inertia-gravity waves on the dynamics of a baroclinic vortex in a rotating stratified fluid
using WKB theory — adapted to cylindrical coordinates — in combination with experimental observations. The vortex is
either lenticular or elongated in shape and interacts with a planar wave-field emitted by an oscillating cylinder. The trapping
of the wave energy is characterized as a function of the vortex aspect-ratio, H/R, the wave-Froude-number, Fr—w, based on
the wavelength and the maximum azimuthal velocity of the vortex and wave frequency. With increasing Frw the trap-region
focuses, implying energy amplification, leading to wave-breaking or damping by viscous effects. In the latter case, the
maximum amplification of wave energy is a function of Frw and Reynolds number based on the vortex shear. The results
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show that waves break in the periphery of mainly tall vortices, resulting in a deposit of momentum, which modifies the
vortex velocity profile.

Spontaneous Generation of Inertia-gravity Waves by Balanced Motion
Jacques Vanneste
School of Mathematics, University of Edinburgh, Edinburgh, UK Tue ¢ 12:20 ¢ 134

The spontaneous generation of inertia-gravity waves by balanced motion leads to fundamental limitations in the accuracy of
balanced models. In the standard quasi-geostrophic regime (with small Rossby number and order-one Burger number) the
amplitude of the inertia-gravity waves can be expected to be exponentially small in the Rossby number. We demonstrate this
explicitly by deriving asymptotic estimates for this amplitude in two models described by ordinary differential equations:
the five-component model of Lorenz and Krishnamurthy; and a model describing the evolution of sheared disturbances in
a three-dimensional Boussinesq fluid. In both cases the asymptotic estimates are confirmed by numerical experiments. The
concepts and techniques used in our analysis (optimal truncation of asymptotic series, Borel-Laplace transform, complex-
time dynamics) help clarify a number of issues in balanced dynamics and initialization. Their relevance to more realistic
models of the atmosphere and oceans is discussed.

Wave Capture and Wave-vortex Duality

Oliver Buhler®, Michael E. Mclintyre®

(1) Courant Institute, New York University, New York City, USA
(2) University of Cambridge, UK

New and unexpected results are presented regarding the nonlinear interactions between a small-scale wavepacket and
a large-scale mean flow, with an eye towards internal wave dynamics in the atmosphere. These are to do with an unusual

wave breaking scenario termed ‘wave capture’, which differs significantly from the standard wave breaking scenarios due
to critical layers or mean density decay. We focus on the very peculiar wave-mean interaction scenario that accompanies
wave capture. We present examples of these interactions in 2d shallow water and in the 3d Boussinesq system. Specifi-
cally, we point out an analogy between slow wavepackets and vortex dipoles that shows a peculiar and apparently so-far
unrecognized ‘wave-vortex duality’, which throws a new light on the relation between wave dissipation and mean-flow

forcing.

Tue e 12:40 ¢ 134

Generation of Internal Waves in the Deep Ocean by Barotropic Tides
Jonas Nycander
Dept. of Meteorology, Stockholm University, Stockholm, Sweden Thu ¢ 09:30 ¢ 134

The internal waves generated by tides over rough bottom topography are considered to be the main energy source for the
vertical mixing in the deep ocean, which is a critical link in the global overturning circulation. Here the energy flux into the
internal wave field due to this mechanism is calculated from first principles, using linear wave theory. The analytic solution
of the problem in the form of a Fourier integral over spectral space has long been known. Inverse Fourier transformation
shows that the flux density in real space is given by a convolution integral. This integral is here calculated numerically
over the global ocean. Three data sets are used as input in the calculations: the Smith and Sandwell bottom topography, the
Egbert tidal velocity, and the density stratification from the SAC database.

Instability of Corotating Vertical Vortices in a Stratifield Fluid: Why Strongly
Stratifield Turbulence is not Similar to 2D Turbulence

Pantxika Otheguy, Paul Billant, Jean-Marc Chomaz Thu e 09:50 » 134
LadHyX, Ecole Polytechnique, Palaiseau, France

We show numerically the existence of a new instability of two corotating vertical vortices in a vertically stratified fluid.
This three dimensional instability induces the formation of thin horizontal layers with a thickness inversely proportional
to the Briint-Vaiséla frequency. This instability is due to the coupling of vortex displacement modes and the strain field
induced by the companion vortex. Experimental observations have confirmed the existence of this instability. It speeds up
the merging in some layers and delays it in other layers. Since this instability occurs during the pairing of vortices, it may
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play a major role in energy transfer in stratified turbulence and question the classical Lilly’s theory of a two dimensional
dynamics in the mesoscale atmospheric turbulence.

Multiple Jet Formation in a Convectively Driven Flow on a Beta-plane MS6L 12494
Peter L. Read®, Yasuhiro H. Yamazaki®, Stephen R. Lewis®, Paul D. Williams®, —
Joel Sommeria®, Henri Didelle® Thue 10:10 ¢ 134
(1) University of Oxford, Clarendon Laboratory, Parks Road, Oxford, UK

(2) LEGI Coriolis, Grenoble, France

We present results from laboratory experiments carried out on the Coriolis rotating platform in Grenoble, France, to in-
vestigate the influence of a topographic beta-plane (obtained via a sloping bottom) on convectively-driven geostrophic

turbulence. Dense, salty water is sprayed continuously onto the surface of the tank, which leads to the formation of a field
of convective vortices. In the presence of a sloping bottom, the vortices interact nonlinearly, leading to the formation of
a series of quasi-steady, parallel azimuthal jets on a scale comparable with the so-called Rhines scale Lgr = 11,/2U /B. Such
jets are not found with a flat bottom. Statistics of jets and vortices appear to be broadly consistent with the theory of Rhines

et al. and some recent numerical models of geostrophic turbulence on a sphere. Implications will be discussed in the context
of various geophysical problems, including the atmospheres of the outer planets and the Earth’s oceans.

Agradient Velocity and Vortical Motion in Rotating Fluids
Georgi Sutyrin
GSO/URI, Narragansett, USA Tue ¢ 14:30 ¢ 134

A new approach to modelling slow vortical motion and fast inertia-gravity waves is suggested within the rotating shallow-
water primitive equations with arbitrary topography. The velocity is exactly expressed as a sum of the gradient wind,
described by Bernoulli function, and the rest, agradient part, proportional to the velocity tendency. Then the equation for
inverse potential vorticity, as well as momentum equations for agradient velocity include the same source of adiabatic flow
evolution expressed as a single term of the Jacobian operator of Bernoulli function and potential vorticity. This approach
allows for the construction of balance relations for vortical dynamics and potential vorticity inversion schemes even for
moderate Rossby and Froude numbers. The components of agradient velocity are used as the fast variables slaved to
potential vorticity. The ultimate limitations of constructing the balance are revealed in the form of the ellipticity condition
for balanced tendency of Bernoulli function which incorporates both known criteria of the formal stability: the gradient
wind modified by the characteristic vortical Rossby wave phase speed should be subcritical.

Strong Vortex Insteractions in Quasi-Geostrophic Flows
Jean N. Reinaud, David G. Dritschel, Ross R. Bambrey
University of St Andrews, St Andrews, UK Tue o 14:35¢ 134

We examine the strong interaction between two quasi-geostrophic vortices. The interaction depends on 6 parameters: the
volume ratio, the potential vorticity ratio, the height-to-width aspect ratios, and the vertical and horizontal offsets. The
parameter space is huge and highly efficient methods are needed to cope with the size of the problem. We primarily
use a novel solution method, the Ellipsoidal Model (ELM), which models vortices as ellipsoids and filters higher-order
deformations. It proves to be highly accurate and allows us to determine steadily rotating equilibria for both like-signed
and opposite-signed vortices. We next determine the margin of linear stability of these states which we associate with the
critical distance for strong vortex interactions. We complete the description of the interactions by illustrating the nonlinear
evolution of selected unstable interactions here using the full dynamical equations (including non-ellipsoidal deformations).

Irreversible Transition to a State with Higher Entropy Production in Oceanic
General Circulation

Shinya Shimokawa, Hisashi Ozawa®

(1) National Research Institute for Earth Science and Disaster Prevention, Tsukuba, Japan
(2) Frontier Research System for Global Change, Yokohama, Japan

Tue e 14:40 ¢ 134

The mechanism of transitions among multiple steady states of thermohaline circulation is investigated from a thermody-
namic viewpoint. A new quantitative method is developed to express the rate of entropy production for a large-scale open
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system and its surroundings by the transports of heat and matter. An oceanic general circulation model is used to obtain
multiple steady states under the same set of a wind forcing and mixed boundary conditions, and the rate of entropy pro-
duction is calculated during the transition among the multiple steady states by this new method. The results always show
a tendency to move to a state with higher entropy production, except when the perturbation destroyed the system’s initial
state altogether. It is suggested that the rate of entropy production represents relative stability of multiple steady states in
nonlinear fluid systems in general, including our climate system.

A New Spectral Closure Model of Turbulent Flows with Stable Stratification
and Its Application to Atmospheric SBLS

Semion Sukoriansky®, Boris Galperin®@, \eniamin Perov®

(1) Mechanical Engineering, BGU, Beer-Sheva, Israel

(2) Marine Science, USF, St. Petersburg, Florida, USA

(3) SMHI, Norrkoping, Sweden

A new model for turbulent flows with stable stratification is presented. This model belongs in the class of the quasi-Gaussian
closures; its parameters are calculated based upon a self-consistent recursive procedure of small-scale modes elimination
starting at the Kolmogorov scale kd. The model includes both vertical and horizontal eddy viscosities and diffusivities thus
explicitly recognizing the anisotropy induced by stable stratification. There are significant differences in the behavior of
these turbulent exchange coefficients with increasing stratification. Generally, the vertical coefficients are suppressed while
their horizontal counterparts are enhanced. The model accounts for the combined effect of turbulence and internal waves
on the exchange coefficients. A dispersion relation for internal waves in the presence of turbulence is derived. A threshold
criterion for the wave generation in the presence of turbulent scrambling is obtained. The new model can be used to derive
subgrid-scale parameterizations for LES and eddy viscosities and diffusivities for RANS models. The latter approach is
used to develop a new K—g& model which is tested in simulations of the atmospheric stable boundary layer (SBL) over sea
ice. The new model performs well in both moderately and strongly stratified SBLs.

Tue o 14:45 ¢ 134

Roll Vortices in the Atmospheric Boundary Layer
Dieter Etling, Micha Gryschka
Institute of Meteorology and Climatology, University Hannover, Hannover, Germany Tue e 14:50 ¢ 134

Despite being quite turbulent, the atmospheric boundary layer shows forms of organized vortices with horizontal axis ori-
entated in the mean flow direction. The secondary circulations (lateral and vertical) can be identified by clouds organizing
themselves as parallel lines in the updraft regions between pairs of counter-rotating roll vortices. Those kind of horizontal
roll vortices are well known from laminar boundary layers over rotating disks or Ekman layers in rotating fluids. In the

atmospheric boundary layer, the origin of roll vortices is also attributed to classical Ekman layer instability for unstratified
flow and to buoyancy-induced instability in unstably stratified cases. Both mechanisms are known for laminar flows from

linear theory and laboratory experiments. But as the atmospheric boundary layer is always turbulent, one might wonder,
how large scale structures can still form. To investigate this problem, we have conducted numerical simulations with a par-
allelized large-eddy simulation (LES) model. Results of the simulations will be presented with emphasis on the structure of
organized vortices and their impact on surface wind stress over the oceans.

The Energy Cycle of the Tropical Madden-Julian Oscillations seen through
Wavelets

Jun-Ichi Yano Tue e 14:55 ¢ 134
LMD, UPMC, Paris, France

The Madden—Julian Oscillations (MJO) are probably the most notable planetary-scale convective equatorial waves in the
tropical atmosphere, which propagates around the globe eastwards with 30—60 day period. The MJO constitute a good
example among the complex phenomena associated with geophysical flows. Their understanding and simulations remain
a challenging fluid mechanics problem with complex interactions between planetary—scale flows and small-scale moist deep

convection. Even their basic mechanism is hard to identify by conventional Fourier—based analyses due to strong nonlin-
earities in cloud physics associated with moist deep convection. Here, the wavelet is proposed as a general methodology
for analyzing complex geophysical flows, and this method is used in order to identify the maintenance mechanism of MJO




46 XXI International Congress of Theoretical and Applied Mechanics, Warsaw, Poland, August 15-21, 2004

under an energy cycle. The analyses of the simulation results from global models show that this system is not necessarily
maintained by moist deep convection in a simple manner as expected from the current dominant view.

A New Theory For Convection In Rapidly Rotating Spherical Systems
Keke Zhang®, Xinhao Liao®

(1) School of Mathematical Sciences, University of Exeter, UK
(2) Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai, China

Tue ¢ 15:00 ¢ 134

Thermal convection in rapidly rotating, self-gravitating Boussinesq fluid spherical systems is a classical problem and has
important applications for many geophysical and astrophysical problems. The convection problem is characterized by the
three physical parameters, the Rayleigh number R, the Prandtl number Pr and the Ekman number E. This paper reports
a new convection theory in rapidly rotating spherical systems valid for a small E and all values of Pr. The new theory units
the two previously disjointed subjects in rotating fluids: inertial waves and thermal convection. Both linear and nonlinear
properties of the problem will be discussed.

Vortex-based Models of Quasigeostrophic Turbulence

Takeshi Miyazaki, Qin Wei, Yingtai Li

Department of Mechanical Engineering and Intelligent Systems, University of Electro-
Communications, Tokyo, Japan

Tue ¢ 15:05 ¢ 134

A vortex-based model of the quasigeostrophic turbulence is developed, based on the fact that the vorticity field develops
coherent vortex structures and that their interactions dominate the dynamics of the turbulence. Each coherent vortex is
modeled by an ellipsoid of uniform potential vorticity embedded in a ‘locally uniform shear field’ induced by other vortices
(Meacham’s ellipsoid). The equations of motion are derived following the procedure of Hamiltonian moment reduction.
The degree of freedom of N interacting vortices is 3 N, and even a two-body system shows chaotic behavior. The validity
of the ellipsoidal moment model is assessed by performing direct numerical simulations based on the CASL-algorithm.
It is shown that the model captures the merger of co-rotating vortices well but that it fails to predict the robustness of
a counter-rotating vortex pair. A possible way to refine the model is suggested.

Lal:_>oratory and Nurpe_rlcal Mpdellmg of Exchange Flows MS6S_12408
Yuliya Kanarska, Vladimir Maderich
Institute Mathematical Machine and System Problems, Kiev, Ukraine Tue ¢ 15:10 ¢ 134

In this paper the hydrodynamics of exchange flows is investigated with focusing on the role of non-hydrostatic effects,

friction and entrainment in the long straits. The simulation of the exchange flows in a long and narrow straits with a sill and

with contraction for the configuration of experiments of Maderich (1998, 2000) were performed with three-dimensional,
non-hydrostatic, numerical model of free surface stratified flows (Kanarska Y., Maderich V, 2003). The model is a non-
hydrostatic extension of the free-surface primitive equation POM model. Calculations and analysis based on a three-layer
decomposition with an intermediate layer of variable density showed the importance of entrainment and friction for hydro-
dynamics of the long straits. As a result the composite Froude number is significantly lower in comparison to predictions
of two-layer hydraulic theory according to the concept of the maximal exchange.

Wave—mean Flow Interaction in Coupled Atmosphere—ice—ocean Systems
Alastair D. Jenkins
Bjerknes Centre for Climate Research, Bergen, Norway Tue e 15:15¢ 134

A dynamically consistent framework for modelling atmosphere—ocean interaction must take account of surface waves,
either implicitly or explicitly. We may account for the waves explicitly by employing a numerical spectral wave model,
and applying a suitable theory of wave—mean flow interaction. Below the water surface the generalized Lagrangian mean
(GLM) formulation is suitable, and a closed system of equations may be obtained to second order in wave slope by applying
wave action conservation equations in the propagation of the spectral wave components. The coupled model system will
also take account of the Earth’s rotation, the momentum balance during wave generation and dissipation, the effect of
depth-varying currents on wave propagation, the presence of surface films and sea ice, the effect of waves on the mean
water level, and the generation of Langmuir circulations.
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Intermittency in Stratified Turbulence Produced by Breaking Internal Gravity
Waves

Pascale Bouruet-Aubertot®, Joel Sommeria?, Christophe Koudella®

(1) LODYC/IPSL, Paris, France

(2) LEGI/Université Joseph Fourier, Grenoble, France

(3) DAMTP/University of Cambridge, Cambridge, England

Internal gravity waves nonlinear interactions lead to intermittent breaking events with density overturning and vertical
turbulent mixing. We analyze the statistics of density and velocity fluctuations in this process, using direct numerical
simulations. We characterize the density and velocity gradients at different scales along the vertical direction. The velocity
gradients behave in a very similar way to usual turbulence, while the density gradients are very intermittent. This can be
attributed to the formation of sheets with strong stable density gradients. Unstable density gradients are rare and form
intermittent patches of different scale for which we have analyzed the statistics. We discuss the link with mixing properties
of the internal wave field and compare with observations in the ocean and the atmosphere.

Tue o 15:20 ¢ 134

Measurements of the Influence of Ocean Surface Kinematics on Air-sea Heat
Fluxes
Farbice Veron®, W. Kendall Melville® Tue e 15:25¢ 134

(1) University of Delaware, College of Marine Studies, Newark DE, USA
(2) University of California, San Diego, Scripps Institution of Oceanography, La Jolla CA, USA

We present results of several field experiments on the kinematics of small-scale surface turbulence, the influence on the
surface skin layer, and the resulting transfers of heat across the diffusive layer at the surface of the ocean. A variety of
optical and electro-mechanical instruments are used to measure the evolution of the surface and sub-surface velocity, and
temperature fields. These include visible and infrared imaging of the surface, thermal/IR surface velocimetry, and fast-
response thermometry. We show that at low wind speed, it is the small-scale turbulence at the surface of the ocean, rather
than breaking waves that most influence and disrupt the surface skin layer. We find that the enstrophy of the surface
turbulence correlates with the surface heat flux, and that the surface wave field modulates a component of the total air-sea
heat flux.

Linear Waves and Baroclinic Instability in an Inhomogeneous-density Layered
Primitive-equation Ocean Model

Francisco J. Beron-Vera, M.J. Olascoaga, J. Zavala-Garay Tue o 15:30 134
RSMAS, University of Miami, Miami, USA

We consider linear waves and baroclinic instability in a multilayer primitive equation model for ocean dynamics and ther-
modynamics. The model is a generalization to an arbitrary number of layers of Ripa’s single-layer model with variable
velocity shear and stratification. In addition to vary arbitrarily in horizontal position and time, the model’s horizontal veloc-
ity and buoyancy fields are allowed to vary linearly with depth within each layer. The model enjoys several properties which
make it very attractive. For instance: unlike slab layer models, in which all fields are set to be depth independent, the model
represents explicitly within each layer the thermal-wind balance which dominates at low frequency; unlike homogeneous-
density layered models, the model can incorporate thermodynamic processes, which are particularly important in the upper
part of the ocean; and, in the absence of forcing and dissipation, the model has several integrals of motion including volume,
mass, buoyancy variance, energy, and momentum. Our preliminary results on waves and instabilities suggest, in particular,
that a configuration involving a few layers can be used as a basis for a quite accurate and, at the same time, numerically
efficient ocean model.




48 XXI International Congress of Theoretical and Applied Mechanics, Warsaw, Poland, August 15-21, 2004

Simulation of Sea Surface Temperature Trends Under Severe Wind Forcing

With a Full Atmosphere-Ocean Coupled Model m
Arnaldo Longhetto®, Roberto Purini®, Claudio Cassardo®, Nicola Loglisci®, Tue  15:35¢ 134
Silvia Ferrarese®, Renzo Richiardone®

(1) Department of General Physics, University of Turin, Torino, Italy

(2) CNR-ISAC, Rome, Italy

(3) ARPA, Regional Meteorological Service, Torino, Italy

A Regional two-way Atmosphere/Ocean Coupled Model (TWAOCM), developed by our joint research team, has bee ap-
plied to a stron wind episode (Bora) occurred in the Northern Adriatic Sea. TWAOCM showed a significantly better ability
to simulate the observed values of Sea SurfaceTemperature (SST) and their time trend during the whole development of
the episode in comparison with a simpler model using only a One-Way atmospheric forcing of the Sea. This result is very
interesting and important not only concerning possible application of TWAOCM as a precursor model for future opera-
tional prediction schemes of the state of the Sea, but also because it revealed the importance of the ocean forcing of the
atmosphere, which was unexpected due to both the high frequency variability conditions that are typical of short and severe
Bora wind events, and the shallow ocean layer in the northernmost regions of the Adriatic basin.
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PRE-NOMINATED SESSIONS

FLUID MECHANICS

Biological fluid dynamics
Chairpersons: M. Gharib (USA), F. van de Vosse (Netherlands)

Mechanics of the Bounding Flight Revisited
Takeshi Sugimoto
Kanagawa University, Yokohama, Japan Thue 11:00 ¢ 213

Biofluiddynamicists insist that the bounding flight is advantageous for high speed flight, because the former studies, based
on arguments in terms of instantaneous dynamics, led to the lower speed bound suited for the bounding flight. Bounding
fiyers, however, make most of this technique in almost all the speed ranges. The present study relies on control theory and
rigorous argument in terms of time averages. Two major conclusions are obtained by this novel analysis: the bounding flight
is considered as the optimal bang-bang control for the unstable back-side flight; it is also revealed by the newly derived
analytic solution for the time-averaged quantities that the bounding flight saves more energy than the continuous powered-
flight in wide speed ranges, in particular at low speeds, and hence that the formerly known speed bound is found to be
insufficient to account for the phenomenon. The present analysis supports the fixed-gear hypothesis proposed by biologists.

How to Breathe in a Liquid-Filled Lung: Symmetry of Airway Reopening
Charles N. Baroud™, Matthias Heil®
(1) LadHyX, Ecole Polytechnique, Palaiseau, France Thue 11:20 213

(2) Dept. of Maths, U. of Manchester, Manchester, UK

Many respiratory diseases cause the occlusion of pulmonary airways with viscous fluid. The subsequent airway reopening
is assumed to occur by the propagation of an air finger into the liquid-filled airways. We investigate the behavior of the air
finger as it reaches a single bifurcation and determine under what conditions the finger branches symmetrically. If the fluid
pressure in both channels ahead of the branching finger are equal, the finger will preferentially reopen a single path through
the branching network. If the ends of the channels are capped with compliant chambers, representing the lung elasticity,
the pressure required to drive the air finger can be dominated either by viscous losses or by elastic forces. Below a critical
velocity, elastic forces dominate and symmetric branching is predicted to occur. We augment our theoretical model with an
experimental study in which the problem is investigated using microfluidic channels.
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Bacterium Swimming Motion Close to a Wall
Tomonobu Goto®, Kousou Nakata®, Yukio Magariyama?, Masaharu Nishimura®
(1) Tottori University, Tottori, Japan Thue11:40e 213

(2) National Food Research Institute, Tukuba, Japan

The mechanism of some characteristics about swimming motion of the marine bacterium, Vibrio alginolyticus, close to
a boundary was investigated. The motion of the microorganism that possesses single polar-flagellum propelling the cell
body was dealt with as an outer flow problem from a bio-fluid dynamics viewpoint. Numerical analyses based on the

boundary element method in addition to the resistive force theory were applied to elucidate the effects of the boundary on
the swimming motion. The boundary reduces the swimming speed when a bacterium moves along it. Forward swimming
is stable in pitching motion and backward swimming is unstable. The swimming speed varies depending on the attitude of
the bacterium. When the flagellum is closer to the boundary, the trajectory of the bacterium draws a curve. These results
qualitatively agree with the observed motions and have potential to explain the mechanism of the phenomena.

In Vivo PIV Measurement in the Embryonic Chicken Heart
Peter Vennemann®, Kenneth T. Kiger®, Beerend P. Hierck®, Nicolette T.C. Ursem®,
Timo L.M. Ten Hagen®, Jerry Westerweel® Thu e 12:00 ¢ 213

(1) Laboratory for Aero- and Hydrodynamics, Delft Technical Univ, the Netherlands
(2) Department of Mechanical Engineering, University of Maryland, USA

(3) Department of Anatomy and Embryology, Leiden University MC,the Netherlands
(4) Department of Obstetrics and Gynaecology, Erasmus MC, the Netherlands

(5) Department of Surgical Oncology, Erasmus MC, Netherlands

Blood flow is an important factor influencing the embryonic heart development. The flow induces shear stress that act
on the vascular endothelium and modulate gene expression. Previous work has qualitatively shown that modification of
the flow through the heart can significantly alter the heart development. To enlighten the relationship between fluid shear
stress and gene expression, the blood flow of a chicken embryo is manipulated. Combining the fluorescent visualization of
gene expression with a quantitative measurement of the instantaneous flow field using P1V, a direct relation between shear
stress and gene response can be found. In vivo PIV measurements are performed at different phase angles of the cardiac
cycle. Fluorescent lipid micro-spheres serve as tracer particles. The velocity distribution within the ventricle and the atrium
is resolved. Current work is focused on improving the spatial resolution and accuracy in the near-wall region along with
accurate registration of the wall boundary.

Bioirrigation in Marine Sediments: Ecological Conclusions from Numerical
Modelling
Oleksiy S. Galaktionov, Filip J.R. Meysman, Jack J. Middelburg Thu e 12:20 « 213

Netherlands Institute of Ecology, Yerseke, the Netherlands

Porewater flow in the marine sediments due to pumping activity of the benthic animals (the lugworm Arenicola marina is

used as a model organism) was simulated using finite element approach. The hydromechanical insulation of the burrow
walls turns essential for ensuring the oxygen supply. This may explain a semi-permanent nature of the lugworm burrows:
actively lining the walls with mucus requires extra energy, while passive insulation due to accumulation of iron oxides takes
time. Disturbed sediment inside a quick sand channel seems to play a limited role in the total solute transport, which means
that oxygen and other dissolved substances are effectively reaching deeper layer of sediments below the animal burrow due
to advective flux (not merely by molecular diffusion).

Three-Dimensional Airway Reopening — Finite-Reynolds-Number Effects
Andrew L. Hazel, Matthias Heil
Department of Mechanics, University of Manchester, Manchester, UK Thue12:40 ¢ 213

Motivated by the physiological problem of airway reopening, we study the steady propagation of an air finger into a buck-
led elastic tube, containing an incompressible, Newtonian fluid. The fluid mechanics is governed by the Navier—Stokes
equations, and the solid mechanics by Kirchhoff—Love thin-shell theory. The resulting three-dimensional, fluid-structure-
interaction problem is solved numerically by a fully-coupled, finite-element method. The main aim of the study is to deter-
mine the propagation speed of the air finger as a function of the applied pressure. A characteristic two-branch behaviour in




FM1: Biological fuid dynamics 51

the propagation velocity-pressure curve is similar to earlier two-dimensional models. Furthermore, we find that fluid inertia
has a significant effect, even at the low values of the Reynolds number that occur in the airways of the lung.

Cell Permeabilisation and Transport Focused Around Oscillating Microbubbles
Philippe Marmottant®, Sascha Hilgenfeldt®, Michel Versluis®, Han Gardeniers®, :
Albert van den Berg®@, Detlef Lohse® Frie 11:00 ¢ 213

(1) University of Twente, Enschede, the Netherlands
(2) MESA+ Institute, Enschede, the Netherlands

The ultrasound-driven oscillation of a microbubble drives a steady streaming focused around the bubble. The study of
individual bubbles attached to a wall shows vivid recirculations. When cells are in the vicinity of these bubbles, also
used in medecine as contrast agent for ultrasound echography, they experience considerable shear rates. We introduce in
the flow giant unilamelar lipid vesicles, acting as artificial cells. Rupture of the lipidic membrane with the opening of
pores is revealed by high-speed camera recordings. A reversible permeation of the membrane wall can also be obtained,
demonstrating at the micron scale the efficiency of microbubbles to deliver drugs in cells. The streaming flow of bubble on
a surface can be further controlled, with the adjunction of a solid obstacle nearby: the flow turns to be directed. We will
present a microfluidic device using the principle of bubble/obstacle doublets to locally transport small objets such as cells.

Red Blood Cell Dynamics, Deformation and Rheology via Microfluidic
Experiments ,
Manouk Abkarian®, Magalie Faivre®, Annie Viallat®, Howard A. Stone® Frie 11:20 213

(1) Harvard University, Cambridge, MA, USA
(2) Laboratoire de spectrometrie physique, Grenoble, France

Blood is principally made of a calibrated suspension of red blood cells (RBC). Depending on the flow, RBCs move alone

or in aggregates (rouleaux), often in capillaries of smaller sizes than their own radius. Blood is an “intelligent” fluid, as its

rheological properties adapt according to the different situations of the flow. This capacity, which is not fully understood,

comes partly from the significant deformability of RBCs. The understanding of the flow behavior of a single confined
RBC is a first step to understand the basic rheological properties of the blood in arteries. To achieve this goal, we used
microfluidic technology as a tool to explore hydrodynamics of a single cell and the hydrodynamic interactions among cells.

We are also using such measurements to infer the individual mechanical properties of their membrane.

Flow in an Integrated Model of Heart and Aorta
Masanori Nakamura®, Shigeo Wada®, Suguru Yokosawa®, Haruo Isoda®, :
Ken-Ichi Tsubota®, Takami Yamaguchi® Frie 11:40 ¢ 213

(1) Tohoku University, Sendai, Japan
(2) Hamamatsu University School of Medicine, Hamamatsu, Japan

Computational fluid dynamics of blood flow in the left ventricle and the aorta was carried out in an integrated manner to

investigate the effect of flow dynamics created within the ventricular cavity on the aortic flow. The results showed that

recirculating flow beneath the aortic valve that was brought about by blood inflow during diastole effectively redirected

blood to the outflow tract, thus accommodating ventricular blood ejection to the aorta during systole. It was also demon-
strated that ejected blood flow through the open aortic valve had markedly skewed velocity profiles with increasing velocity
to the mitral valve side in early systole and to the septum side in later systole with swirling secondary flows. They led
to the generation of helical flow in the aorta during later systole. These findings addressed the importance of inclusion of
intraventricular flow in the analysis of the aortic flow.

On the Issue of Optimal Trans-Mitral Flow
M. Gharib®, E. Rambod®, A. Kheradvar®”, D. Sahn® :
(1) California Institute of Technology, Pasadena, USA Frie 12:00 213

(2) Oregon Health Science University, Portland, USA

The mean value of 4 for the formation number appears to indicate the existence of a universal time scale that may describe
the optimum range for trans-mitral flow during diastole. The statistical significance and importance of the narrow range of
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the formation number becomes obvious when one considers the broad spectrum of the ages and backgrounds of the test
subjects. A low formation number might indicate poor volume efficiency due to low average velocity or a short diastolic
period. A typical example can be found for the cases with dilated cardiomyopathy when decreased systolic function and
increased cardiac chamber size is accompanied by reduced left ventricular wall motion, increased filling pressures and
abnormal relaxation of heart muscle. A high value of Formation numbers can be indicative of a high heart rate which
results in excessive mean velocities through the mitral valve. The results presented in Figure 1 indicate that the normal heart
as a responsive system operates around a Formation number of approximately 4. Whether this base line has a significant
fluid mechanical value is an important issue that needed to be addressed through an understanding of the vortex formation

process. Gharib et al. (1998) showed that the formation number of 4 is directly related to the circulation saturation of
forming vortex rings. Kruger and Gharib (2000) extended these studies to show that this range of formation number is
associated with the optimal (maximum) impulse that can be produced by a forming vortex ring. These studies all indicate
that perhaps the formation number of 4 is an effective parameter for defining an optimal range of trans-mitral flow dynamics.

It is important to mention that other trans-mitral flow parameters such as peak E-wave to A-wave velocity ratio are not as

robust as Formation number. In this report, we will discuss these parameters and other important aspects of Formation
number in defining the optimal transmitral flow.
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Numerical Modeling of Cardiovascular Flows: Integrating High Resolution
CFD and Experimental Techniques :
Liang Ge!®, Kerem Pekkan®, Hwa L. Leo®, Diane de Zelicourt®, Fotis Sotiropoulos®, Frie12:20 ¢ 213

Ajit Yoganathan®

(2) School of Civil and Environmental Engineering, Georgia Institute of Technology, Atlanta,
USA

(2) Wallace Coulter School of Biomedical Engineering, Georgia Institute of Technology, At-
lanta, USA

In recent years the advent of powerful and affordable computational platforms along with the development and proliferation
of advanced commercial and academic software have contributed to the emergence of CFD as a useful bioengineering re-
search tool alongside with in vitro and in vivo studies. Cardiovascular flows take place in complex, multi-connected domains
with compliant walls and flexible immersed boundaries and are dominated, among others, by pulsatile effects, 3D separa-
tion and vortex formation, regions of flow reversal, periodic transition to turbulence and laminarization, and non-Newtonian
effects. These complexities pose unique modeling challenges and necessitate a close synergy and integration between CFD
modelers and experimentalists to guide model development and validation. In this paper we report recent progress toward
the development and validation of a high resolution numerical method capable of quantitatively accurate predictions of
complex cardiovascular flows. The method employs domain decomposition with body-fitted, domain-structured, Chimera
overset grids to discretize arbitrarily complex, multi-connected geometries. Results will be presented for two flow cases,
each representative of different kinds of modeling challenges: 1) flow through a bileaflet mechanical heart valve with the

leaflets fixed at the fully open position; and 2) flow through an anatomically realistic Total Cavopulmonary Connection
(TCPC). For both cases the numerical simulations and laboratory experiments are carried out concurrently to validate the
numerical model and elucidate the complex hemodynamics of these flows over a range of Reynolds numbers.

Direct Numerical Simulation of Red Blood Cell Flow and Aggregation
Cyrus K. Aidun, E-Jiang Ding :
Georgia Institute of Technology, Atlanta, USA Frie 12:40¢ 213

The rheology of blood and its transport have physiological significance in blood circulation. The aggregation of red blood
cells (RBC) plays a significant role in the rheology and flow characteristics of blood. Furthermore, RBC aggregation has
clinical significance as it is used diagnostically to evaluate blood plasma concentration of certain macromolecules such as
immunoglobulin and fibrogen (Fung, 1997). The aggregation of RBC is being studied using direct numerical simulation
based on the lattice-Boltzmann (LB) computational approach (Aidun et al., 1998, Ding and Aidun 2003). Results show
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that it is possible to develop “universal” scales that can be used to predict aggregation size distribution. Because of the
high concentration of the RBC and the deformability of the membrane, a number of modifications are made to the LB
method. Most significant is the capability to impose cell-cell and cell-wall interaction forces at the link-to-link level. The
computational approach and the scale for aggregation distribution function will be presented.

Deformation of Vesicles Flowing Through a Capillary
Victoria Vitkova, Maud Mader, Thomas Podgorski
CNRS-UJF Grenoble, France Thu e 14:30 ¢ 315A

Giant vesicles are closed, deformable membranes which can be a useful model when trying to understand the fluid me-

chanics and rheology of cell suspensions, such as blood. The flow of giant vesicles through cylindrical capillaries is exper-

imentally investigated. Vesicles (20—50 microns in diameter) are deflated with reduced volumes between 0.8 and 1. Both

interior and exterior fluids are sugar solutions with viscosities close to 1 cP. Vesicles are aspirated into a capillary tube with

a diameter close to the vesicle size and a constant flow rate is imposed. Significant deformation of the membrane occurs,
with vesicle shapes such as ellipsoids, bullet shapes or parachute shapes. We quantitatively investigate the deformation as
a function of velocity, reduced volume and confinement. The mobility of vesicles (ratio of their velocity to the average
velocity of the carrier fluid) is also studied and consequences on flow resistance is discussed.

Comput_atlonal Exploration of Llyer Acinus Microstructure EM1S 11188

H.P. Rani®, Tony W.H. Sheu®, P.C. Liang®® —

(1) Department of Engineering Science and Ocean Engineering, National Taiwan University,
Taipei, Taiwan

(2) National Taiwan University Hospital, Taiwan

Thu e 14:35 ¢ 315A

Microcirculation and its regulatory mechanisms are gaining increasing importance for a variety of medical applications.
The intimate relationship between many liver diseases and the circulation is emphasized for obvious cases such as cirrhosis
and portal hypertension as well as liver cancer. In this study, we focus on the computational hepatic blood circulation
analysis. One of the most important and challenging problems in the hepatic vasculature is the understanding of mixing
of high pressure/velocity hepatic arterioles and low pressure /velocity portal venule which drains into the hepatic venules.
The choice of radial flow was based on mimicking the flow distribution patterns in vivo. At the microscopic level, the

acinar arrangement of the vascular system creates a unique series of microenvionments, which are acknowledged to be
of paramount importance in controlling the functional characteristics of the parenchymal cells. In the current study we
considered a simple liver acinus, which represents a small parenchymal mass consisting of terminal hepatic arteriole and
portal venule along with a sinusoidal space surrounded by the fenestrated endothelial cells and hepatic venule. The model
solves the Navier—Stokes equations for unsteady Newtonian fluid flow using a finite volume approach. The results discuss
the transmittent activity of the hepatic arteriole, pressure distribution in the sinusoidal space, the effect of mass flow rate on
the hepatic cells and their consequences.

Vortex Rings in Stenotic Arterial Models
Sean D. Peterson, Michael W. Plesniak
Purdue University, W. Lafayette, Indiana, USA Thu e 14:40 ¢ 315A

Atherosclerosis, a disease of the vasculature characterized by plaque formation in arteries, is of the leading causes of death
in the western world. The global aim of the current work is to directly link fluid mechanical stimuli to cellular response in

physiologically relevant geometries. This paper focuses on the vortex ring formation observed downstream of an occlusion
in a tube subjected to a sinusoidal forcing function. Particle Image Velocimetry was used to measure the velocity fields at
the tube centerline between 1.2 and 2.9 tube diameters downstream of the occlusion. It was found that the shear layer in the
recirculating region reduces the circulation of the vortex ring as it progresses downstream within the tube. Future work will
involve a more detailed investigation of the vortex ring formation and breakdown, and implications of these phenomena on
cellular mechanotransduction.
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A CFD Study of the Effects of Physiological Vessel Wall Motion on Oxygen
Transport in Coronary Arteries
Maheshwaran K. Kolandavel®, Ernst-Torben Fruend®, Erik M. Pedersen®, Thu e 14:45  315A

Steffen Ringgaard®, Peter G. Walker®

(1) CBME, School of Mechanical Engineering, University of Leeds, Leeds, UK
(2) MR-Centre, Aarhus University Hospital, Aarhus, Denmark

The principle objective of this paper is to present the development of a CFD methodology to simulate motion of a coronary
artery and luminal transport of oxygen to the wall using a commercially available CFD solver. To study the effects of
physiological motion on oxygen transport two simulations were carried out, with (dynamic) and without (static) motion.
The pulsatile blood flow and wall motion are based on physiological velocity and vessel motion waveforms derived from
previously published works. The results demonstrate that the oxygen transport in coronary arteries is altered by the wall
motion. In the cases presented here the SDR was not only greater in the dynamic model but the differences between the
inner and outer wall as seen in the static model disappeared in the dynamic model. However, it should be noted that this
will of course depend upon the motion patterns used in this study.

A Model of P_Iankton Dynamics Coupled with a LES of the Surface Mixed Layer FM1S_11908
David M. Lewis
Liverpool University, Liverpool, UK Thu e 14:50 ¢ 315A

The concentration of phytoplankton in the sea is affected by biological processes, such as growth/mortality rates, predatory
zooplankton concentrations and nutrient levels. Phytoplankton concentrations are also affected by physical processes, in
particular the mixing properties of the local fluid environment. On planktonic scales (10—1000 micro metres) one can assume
the local turbulent flow is isotropic, with no distinction between horizontal and vertical mixing. However, agglomerations
of phytoplankton into patches are observed on larger scales of up to tens of metres, whose formation will be influenced
by the anisotropic advection/mixing properties, and large-eddy structures prevalent in, the surface mixed layer. This paper
presents the results of the coupling of a LES model of the mixed layer, with an advection-diffusion system of equations for
nitrate-phytoplankton-zooplankton concentration, incorporating parameterisations of the biological processes. The aim will
be to understand how the characteristics of the mixed layer turbulence influence the observed distribution of phytoplankton.

Self-Propulsion of an Oscillatory Wing
Adrian S. Carabineanu
University of Bucharest Thu e 14:55 e 315A

In this paper we show that the oscillatory motion of a wing in an incompressible inviscid fluid can determine the ap-
parition of a propulsive force. In the framework of the linearized theory the dimensionless lifting surface equation

for c~)scillatory wings is: 2 [ f5 f(€,n)exp(—i6x(x —&)) (fXO %du) d&dn = (ah(x’y) +idh(x, y)) , Where
Re[f(x,y)exp(iwt)] is the pressure coefficient, w is the frequency of the oscillation, @ is the reduced frequency, and
z=h(x,y)exp(iwt) is the equation of the wing. Employing adequate quadrature formulas, we discretize the integral equation
and we obtain the values of f in the nodes of the grid. For certain oscillatory delta wings we calculate the drag coefficient
and we notice that if wsurpasses a critical value, the drag coefficient becomes negative i.e. there appears a propulsion force.

Computational Model of Selected Transport Processes in an Infant Incubator
Maciej K. Ginalski, Andrzej J. Nowak
ITC SUT Gliwice, Poland Thu ¢ 15:00 « 315A

The major objective of this study was to investigate transport processes of heat and mass flow within an infant incubator,
were the premature newborn baby is nursed, using the modern numerical techniques. Up to now, analysis, considering
those subjects, has been made only through experimental methods with a large factor of results generalization. In those
days it is possible to examine that kind of problems with high accuracy by using Computational Fluid Dynamics which
were successfully used in many different domains. In order to create an appropriate numerical model a three-dimensional
model of the incubator itself and a newborn child were created in CAD application and examined with a commercial
CFD package called Fluent. This experiment includes calculations of the coupled heat transfer due to heat conduction,
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convection, thermal radiation and evaporation and mass transfer inside of the incubator. Obtained results of calculations
were numerically verified as well as compared with results published in the subject literature.

Transverse Flows in Rapidly Oscillating Cylindrical Tubes
Matthias Heil®, Sarah Waters®

(1) Univ. of Manchester, Manchester, UK Thu e 15:05 « 315A
(2) Univ. of Nottingham, Nottingham, UK

Many physiological flows (e.g. blood flow in the veins and arteries or the flow of air in the pulmonary airways) are strongly
affected by the interaction between the fluid flow and the vessel wall elasticity. In many applications this interaction causes
the development of large-amplitude self-excited oscillations (e.g. wheezing during forced expiration). Motivated by this
problem, we analyse the flows that develop in the cross sections of fluid-conveying pipes whose walls perform high-
frequency oscillations. Using numerical and asymptotic methods, we show that the velocity perturbations induced by the
wall oscillation are dominated by their transverse components. The transverse velocity field consists of an inviscid core
flow and thin Stokes layers near the wall. The total viscous dissipation is shown to depend sensitively on the mode shapes
of the wall oscillation.

In Vivo Visualization of the Water Refilling Process in Xylem Vessels Using
Synchrotron X-Ray Micro-Imaging

Yang-Min Kim, Sang-Joon Lee Thu ¢ 15:10 « 315A
Department of Mechanical Engineering, POSTECH, Pohang, S. Korea

Synchrotron X-ray micro-imaging was employed to non-invasively monitor the refilling process of water inside the xylem
vessels in bamboo leaves. The consecutive phase-contrast X-ray images clearly showed both plant anatomy and the transport

of water within the xylem vessels. Traces of water-rise, vapor bubbles and variations in contact angle between the water

front and the xylem wall were all measured in real time. During the refilling process, air bubbles are removed when the
rising water front halts at a vessel end for a while; subsequently, it starts rising again at a higher velocity than the normal

refilling speed. Repeated cavitation was found to lessen the refilling ability in xylem vessels. In the absence of light, the
water refilling process in xylem vessels was facilitated more effectively than in bright illuminated conditions. Finally, X-
ray micro-imaging was deemed to be a powerful, high resolution, real time imaging tool to investigate the water refilling
process in xylem vessels.
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Boundary layers
Chairpersons: P. Duck (UK), A. Kluwick (Austria)

A Combined Numerical and Asymptotic Approach to Boundary Layer
Receptivity Problems
Matthew R. Turner, P.W. Hammerton Wed  11:00 o 327

School of Mathematics, University of East Anglia, Norwich, UK

The interaction of free-stream disturbances with the leading edge of a body and its effect on the transition point is con-
sidered. This paper presents a method which combines an asymptotic approach in the receptivity region, and a numerical
method to march through the Orr-Sommerfeld region. The asymptotic receptivity analysis produces a three deck eigen-
solution which in its far downstream limiting form, produces an initial condition for our numerical Parabolized Stability
Equation (PSE). We discuss the advantages of this method against existing numerical and asymptotic analysis and present
results which justifies this method for the case of a semi-infinite flat plate, where asymptotic results exist in the Orr-
Sommerfeld region. The results show that the upstream boundary conditions being imposed are consistent, leading us to
discuss how this method can be applied to more general bodies with curvature.

3D Distributed Boundary-Layer Receptivity to Non-Stationary Free-Stream
Vortices in Presence of Surface Roughness
V.I. Borodulin, A.A. Fedenkova, A.V. Ivanov, Y.S. Kachanov, V.Y. Komarova Wed o 11:20 o 327

Institute of Theoretical and Applied Mechanics, Russian Academy of Sciences, Novosibirsk,
Russia

The paper is devoted to investigations of the three-dimensional (in general) problem of boundary-layer receptivity to non-
stationary free-stream vortices (with spanwise and wall-normal orientations of the vorticity vector) due to their scattering on
distributed surface non-uniformities. The main goals of the study are: (i) to develop a method of experimental determination
of the distributed vortex-receptivity coefficients and (ii) to obtain their experimental values. The experiments are performed
at controlled disturbance conditions. It is found that for the two studied free-stream vortex orientations the Tollmien-
Schlichting waves are excited in the boundary layer in a distributed way despite in the case of the spanwise orientation
the distributed receptivity is much weaker than for the wall-normal orientation. The receptivity coefficients are obtained
both for the distributed vortex receptivity on smooth surface and for the roughness-vortex distributed receptivity. It turned
out that the two types of the receptivity mechanisms, investigated in the wall-normal vorticity case, are the strongest for
the free-stream vortices having the largest spanwise scales. An important role of streamwise-wavenumber resonances of
evolved perturbations is shown and analyzed.

i i 2
Why do Dolphins Have Cgtaneous Ridges? FM2L_11887
Peter W. Carpenter, Reza Ali
University of Warwick, Coventry, UK Wed o 11:40 ¢ 327

The existence of small-scale static waves on dolphin skin has been known for some time. These cutaneous ridges are aligned
with crests approximately perpendicular to the local flow direction. No function, hydrodynamic or otherwise, has hitherto
been suggested for the cutaneous ridges. Here we report a DNS study of 3D Tollmien-Schlichting waves propagating over
wavy compliant surfaces. The boundary-layer disturbances are generated by a line body force, located at the boundary-layer
edge, that varies harmonically with time and sinusoidally in the spanwise direction. For rigid surfaces, quasi-2D TS waves
grow most rapidly and wall waviness increases their growth rate. But for compliant walls, 3D TS waves grow most rapidly
and their growth rates are substantially reduced over wavy walls with wavelengths closely matching those of the cutaneous
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ridges. This reveals a novel effect of “wall roughness” on transition, suggesting that cutaneous ridges help to achieve the
dolphin’s laminar-flow capability.

Aspects of the Laminar-Turbulent Transition in Axisymmetric Boundary Layers
N. Vinod, Rama Govindarajan
JNCASR, Bangalore -560 064, INDIA Wed o 12:00 ¢ 327

The boundary layers over axisymmetric bodies have been studied far less than those over two-dimensional surfaces. Our
main obective is to understand how the laminar-turbulent transition process in a boundary layer over an axisymmetric body
is different from that over a two-dimensional surface. We study the primary (linear) instability, the secondary instability,
and the transition zone, and find that all these are qualitatively different from 2D boundary layers. It is shown that transverse
curvarture has a significant stabilizing effect on the primary stability. Consistent with the recent findings of Tutty et al [1],
we see that three-dimensional modes can go unstable first, whereas over a 2D surface 2D modes are most unstable (Squire’s
theorem[2]), Interestingly, an opposing effect of curvature is seen on secondary instability behaviour: competing primary
modes produce a rich variety in secondary disturbance growth, indicating early entry into the nonlinear domain. Early stages
of the transition zone, where turbulent spots grow as they convect, are similar to 2D flow, while due to the spots wrapping
around the body, transition proceeds slower in the later stages.

Non-Unique Quasi-Equilibrium Turbulent Boundary Layers
Bernhard Scheichl, Alfred Kluwick

Institute of Fluid Mechanics and Heat Transfer, Vienna University of Technology, Vienna, Aus-
tria

Wed o 12:20 ¢ 327

Classical large Reynolds number asymptotics of turbulent boundary layers is consistent with the assumption that the Rotta—
Clauser parameter is a quantity of O(1). However, as known from, among others, similarity solutions, this parameter may be
large or even tend to infinity under certain limiting conditions. It is the aim of the present investigation to show that also these
cases can be covered by rigorous asymptotic analysis, which is essentially independent of the choice of a specific Reynolds
stress closure. This requires the introduction of an additional small perturbation parameter which reflects the slenderness of
the boundary layer and accounts for the then wake-like structure of the velocity profile. Most interestingly, in the specific
case of quasi-equilibrium flow the transition from classical small-defect to a pronounced wake flow is associated with
double-valued solutions, a phenomenon seen to agree well with early experimental observations.

Flow Along a Long Thin Cylinder
Owen. R. Tutty®, A.T. Parsons®, W.G. Price®

(1) University of Southampton, Southampton, UK
(2) QinetiQ, Winfrith, Dorset, UK

Calculations have been performed for the flow along long thin cylinders using a variety of methods, from a boundary layer
code with a turbulence model to a full, time accurate, Navier—Stokes solver. The results have been validated by comparison
with those from experiments. It has been found that there are major differences between the flow on a cylinder and the
equivalent flow on a flat plate. The wall shear stress tends to a constant mean value downstream, with the flow near the
surface independent of the downstream coordinate. The outer part of the boundary layer continues to evolve, with the
boundary layer growing in thickness as the square root of the distance. Calculations of the power spectral density of the
surface pressure fluctuations show that the noise generated by the turbulence initially increases as the radius of the cylinder
is decreased, but eventually decreases as the radius is decreased further.

Wed o 12:40 ¢ 327

Near Critical Unsteady Three-DlmenS|onaI Triple Deck Flows FM2L_11084
Stefan Braun, Alfred Kluwick
Institute of Fluid Mechanics and Heat Transfer, TU Vienna, Vienna, Austria Thu e 09:30 ¢ 309

In a number of cases interactive solutions for steady two-dimensional laminar triple deck boundary layer flows are known
to exist up to a critical value o of a controlling parameter a (e.g. ramp angle of subsonic corner flows) only. In the present
paper we investigate three-dimensional unsteady perturbations of such boundary layers assuming that the basic flow is
almost critical, i.e. in the limit a —ac — 0. It is then shown that the interactive equations governing such perturbations
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simplify significantly allowing, among others, a systematic study of blow-up phenomena as observed also in related inves-
tigations of marginally separated boundary layers. Specifically it is found that solutions leading to the formation of finite
time singularities can be continued beyond the blow-up time thereby generating moving singularities which can be inter-

preted as vortical structures quite similar to those emerging in direct numerical simulations and experimental observations

of transitional separation bubbles.

Discontinuous Solutions of the Boundary-Layer Equations
Anatoly 1. Ruban
University of Manchester, Manchester, UK Thu ¢ 09:50 ¢ 309

Since 1904, when the boundary-layer equations were formulated by Prandtl, it was always assumed that, due to the viscous
nature of the boundary layers, the solution of the Prandtl equations should be sought in the class of continuous functions.
Meanwhile, there are clear mathematical reasons for discontinuous solutions to exist. In fact, under certain conditions they
represent the only possible solutions of the boundary-layer equations. In this presentation two examples of such flows will

be discussed. The first one represents an unsteady analogue of the well known two-dimensional laminar jet. We assume
that the jet emerges from a narrow slit which was initially closed. The results of the numerical solution of the boundary-
layer equations show that the jet has a well established front which propagates through initially stagnant fluid with a finite
velocity. The second part of the talk deals with hypersonic flow past a delta wing.

The Development (and Suppression) of Very Short-Scale Instabilities in Buoyant
Boundary Layers
James P. Denier®, Peter W. Duck®, Jian Li® Thu e 10:10 « 309

(1) The University of Adelaide, Australia
(2) The University of Manchester, United Kingdom

This talk will present some new results on the development of algebraically growing disturbances in mixed forced-free
convection boundary layer flows. Such disturbances have been conjectured as playing an important role in transition to
turbulence in a wide variety of fluid flows. In the present case they are intimately linked with the development of streamwise
grid-scale oscillations that arise in the numerical solution of the boundary-layer equations. Methods for the suppression of
such instabilities will also be discussed.

Exten.dmg the Generalized Logarithmic Law to the Wall EM2S 10948
Matthias M. Buschmann®, Mohamed Gad-el-Hak®@ —
(1) TU Dresden, Institute of Fluid Mechanics, Dresden, USA Thu e 14:30 ¢ 308

(2) Virginia Commonwealth University, Richmond, USA

An advanced, Reynolds-number-dependent, logarithmic law for the overlap region of the canonical turbulent boundary
layer is presented. The law includes an additional constant in the argument of the logarithm, which extends the profile
toward the buffer layer, but precludes a straight-line in a semi-log plot of the profile. As compared to either the traditional
log law or power law, the generalized log law exhibits a superior fit to existing experimental data and DNS results. For
practical applications, such as calibration of certain near-wall probes and appropriate construction of CFD codes for turbu-
lent boundary layers, it is desired to derive an analytical relation for the velocity profile that would extend all the way to
the wall. Employing a “mixing length approach”, we extend the generalized log law down to y = 0. Unlike some previous
attempts, our approach is designed to have the physically correct yJr3 dependence for the Reynolds stress.

Sub- and Supersonic Shapes without Separation and Cavitation
Ihor Nesteruk
Institute of Hydromechanics NASU, Kiev, Ukraine Thu e 14:35 « 308

The slender body theory was applied to calculate axisymmetric bodies with the given pressure distribution on the surface and
to investigate the principal problem of hydrodynamics: can the pressure gradient be positive on the body surface to ensure an
unseparated flow pattern and to improve cavitation inception characteristics? Methods of calculating of axisymmetric and
plane shapes in ideal compressible fluid, based on the potentials of sources and doublets located on the axis of symmetry
are proposed. Analytic formulae for streamline functions and calculations results for different Mach numbers are presented.
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The obtained shapes with specific pressure distribution ensure the flow without boundary-layer separation and without
cavitation inception for bodies moving in water at high velocities. The axisymmetric supersonic form of minimal pressure
drag was obtained. Results of experimental investigations of axisymmetric shapes without separation are rewiewed. Some
of such forms ensure unseparated flow pattern at relative small Reynolds numbers. Since the origin of cavitation on a smooth
shape is connected with separation, presented bodies could ensure the flow of ligiud without cavitation.

Long Layers Exhibiting Local Jumps, in Industrial and Biomedical Applications
Frank T. Smith
Mathematics UCL, London, UK Thu e 14:40 ¢ 308

In various interesting flow configurations, the long-scale thin layer problem interacts with the local property-jumping prob-
lem. First is that of modelling ground effect for cars. In two or three dimensions the boundary layer system over the scale of
the car body and wake cannot be solved without the short-scale leading edge quasi-jump, and vice-versa. The second setting
concerns modelling of multi-blade-and-wake behaviour for rotor performance. The short-scale response is again centred on
the leading edge, while the long-scale response has interactive boundary layer form but (unusually) over the entire blade
and wake. Third is branching flows, with application to cardiovascular, respiratory, cranial branchings and networks. Short-
long analysis agrees with direct simulations. Recent developments (with Bowles, Dennis, Jones, Ovenden, Purvis, Tadjfar,
J Engineering Mathematics, J Fluid Mechanics, 2001-2003) will be described throughout.

Secondary Instability of Stationary Vortex Packets in a Swept Wing Boundary
Layer

Valery G. Chernoray®, Alexander V. Dovgal®@, Victor V. Kozlov?, Lennart Léfdahl® Thu e 14:45 « 308
(1) Thermo and Fluid Dynamics, Chalmers University of Technology, Goteborg, Sweden

(2) Institute of Theoretical and Applied Mechanics, 630090 Novosibirsk, Russia

The presentation is focusing on the coherent features of a swept wing boundary layer. The three-dimensional flow of
a swept wing is highly unstable with respect to longitudinal streamwise vortices, which, in turn, are subject to the secondary
instabilities. The fact is that stationary vortex packets are most likely to be generated under natural flight conditions on the
wing and these disturbances lead to breakdown the fastest. A detailed experimental study on the formation of crossflow
vortex mode packets and their secondary instability in a swept wing boundary layer was carried out. Different methods
of controlled excitation are used so that the crossflow vortex packets are generated by surface roughness elements and
by localized continuous suction. The secondary instabilities investigated were those originated ‘naturally’ and forced in
a controlled manner. Therefore, the characteristics of secondary instability obtained include phase information, growth
rates and the development of nonlinear harmonics.

Boundary Layer Development in Unsteady Flows
Andrei Camyshev, Andrei Kolyshkin, Inta Volodko
Riga Technical University, Riga, Latvia Thu e 14:50 « 308

The paper is devoted to the study of rapidly changing unsteady viscous flows in cylindrical channels of constant cross-
section. Applications include flows in water supply systems, natural gas pipelines, blood flow in arteries. Suppose that
an infinitely long horizontal cylinder of constant cross-section is filled with a viscous incompressible fluid. The flow is
assumed to be fully developed. Starting from time t = 0 the flow is rapidly decelerated. The sudden change in pressure
generates additional vorticity near the wall. As a result a boundary layer starts to develop near the wall. The method of
matched asymptotic expansions is used to construct an approximate solution for the velocity distribution. Methods of linear
and weakly nonlinear stability theory under a quasi-steady assumption are used to investigate stability characteristics of the
flow. It is shown that the evolution of the most unstable mode is governed by the complex Ginzburg-Landau equation.

New Numerical Method for Complex Interacting Flows
Vladimir B. Zametaev, Marina A. Kravtsova
TsAGI, 140180 Zhukovsky, Russia Thu e 14:55 « 308

New numerical method of second order accuracy for solving the boundary layer equation with interaction is suggested. It
is well known that a given displacement thickness defines solution of 2D boundary layer equation by the only way. This
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function is considered as the only unknown grid function in the problem. As a result amount of unknowns equals to number
of nodes along X-axis. The main problem is to create a set of equations which define this grid function. Such set of equations
may be formulated as zero difference between pressure gradient computed from BL calculation and pressure gradient found
from interaction law. Introduced implicit set of equations is solved by Newton method which gives high convergence. Flow
past a weak corner of a body contour was computed first. Second solved problem with using of proposed method is a mixing
of boundary layers flowing from the edge of a wing.

Statistical Features and Levels of Natural Disturbances at Transition in
Supersonic Boundary Layer
Aleksander Kosinov, Aleksander Semisynov Thu e 15:00 308

ITAM SB RAS, Novosibirsk, Russia

The experiments on natural disturbance development in a boundary layer on a flat plate are executed at Mach number M = 2.
Modified Kovasznay’s method is applied for pulsation decomposition in compressible flow. It is shown that, the method
is more suitable for measurement by a constant temperature hot-wire anemometer and increases accuracy of estimations.
Dimensionless values of mass flow and temperature fluctuations and their relation are obtained depending on a Reynolds

number in transition region of the supersonic boundary layer. The study of the statistical characteristics of natural pulsations
in supersonic boundary layer is carried out. Linear and nonlinear regime of transition is determined. Statistical diagram
of pulsations from laminar to turbulent stage is obtained. Bicoherence data indicates on the quadratic phase coupling of
unstable waves. The quadratic interaction is decreased for low frequency waves in the last stage of transition. The activity
is executed at support of RFBR, grant 03-01-00164.

Two-Fluid Jets and Wakes

Patrick Weidman®, Andrzej Herczynski?, Georgy Burde®
(1) University of Colorado, Colorado, USA Thu e 15:05 ¢ 30_8
(2) Boston College, Massachusetts, USA

(3) Ben Gurion University, Israel

FM2S_11984

Analytical solutions for laminar, horizontal, two-fluid jets and wakes are derived in the boundary-layer approximation,
using a nonstandard similarity solution ansatz to account for interface deflection in the presence of gravity. Planar and
axisymmetric fan jets, and classical and momentumless planar wakes, are considered. A statically stable system of lighter
fluid 1 residing above heavier fluid 2, taken to be a liquid, is assumed. Velocity profiles for the jets and the classical
wake depend on the parameter x = pip1/p2H2, Where p; and ; are the respective fluid densities and viscosities. The
momentumless wake profile depends on the parameter Q = plug/pzuf All interfaces deflect from horizontal except the
fan jet. However, while the interface for the classical planar two-fluid wake is never flat, interfaces for the planar jet and
the momentumless wake become flat when [ 1 = [p. Velocity profiles illustrating the strongly asymmetrical jet and wake
profiles that arise in air-over-water, oil-over-water, and air-over-oil flows are presented.

The Trailing Edge Problem for Mixed Convection Flow Past a Horizontal Plate
Herbert Steinriick, Ljubomir Savic
Vienna University of Technology, Austria Thu ¢ 15:10 « 308

The influence of buoyancy onto the boundary-layer flow past a horizontal plate aligned parallel to a uniform free stream

is characterized by the buoyancy parameter K = Gr/ Re>/2 where Gr and Re are the Grasshof number and the Reynolds
number, respectively. An asymptotic analysis of the complete flow field including potential flow, boundary layer, wake and
interaction region near the trailing edge will be given for small buoyancy parameters and large Reynolds numbers in the
distinguished limit KRel/8 = O(1). The focus will be the numerical solution of the interaction problem at trailing edge. The

interaction law is given by p = K Re/8A — ;11 %% % d&, where the first term takes the buoyancy effects into account. The

solution will be discussed and analogies and differences to the interaction problem of a plate with a small angle of attack in
an uniform free stream will be pointed out.
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Experimental and Theoretical Study of Heated Coanda Jet
Tomas Vit®, Frantisek Mar$ik®
(1) TU Liberec, Czech. Rep Thu e 15:15 « 308

(2) Acad. of Sciences, Inst. of Thermomechanics,Czech Rep.

The results of the experimental and analytical study of the effect of temperature and temperature gradient on the stability
of the boundary layer of air flow along the curved wall are presented. The transition from laminar to turbulent flow occurs
for a certain magnitude of the Reynolds number in the case of plane wall jet as well as curved wall jet. The transition in the
case of curved wall jet is well observed owing to the tendency of the laminar flow to separate from the wall. On the other
hand the turbulent flow has a strong tendency to remain attached to the surface. The results of the experiments together with
the analysis carried out on the basis of the similarity solution show the stabilizing effect of the heated wall on the boundary
layer.
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Combustion and flames
Chairpersons: N. Peters (Germany), P. Wolanski (Poland)

A Nearly 1-D Non-Premixed Flame Near Extinction. Cell Formation and the EM3L 10918
Effect of the Direction of Bulk Flow —
David Lo Jacono®, Paul Papas”, Moshe Matalon®, Peter A. Monkewitz®

(1) Fluid Mechanics Laboratory, Swiss Federal Institute of Technology, Lausanne, Switzera-
land

(2) McCormick School of Engineering and Applied Sciences, Northwestern University,
Evanston, USA

A unique burner has been constructed to realize experimentally a one-dimensional unstrained planar non-premixed flame,
previously only considered in idealized theoretical models. One reactant flows vertically up towards the horizontal flame.

The novelty of the design is the introduction of the other reactant from above through an array of 625 closely spaced
hypodermic needles, such that its diffusion to the flame, against the upward product flow, is essentially 1-D, i.e. uniform

over the burner cross section. The resulting flame is shown to be nearly unstrained and is used to study the effect of the
nature of the fuel transport to the flame (convective fuel supply from the bottom versus diffusion of fuel from the top against
the bulk flow) on the extinction limit of a CO2-diluted H2-O2 flame. In addition, first results on the formation of cellular
structures near the extinction limit are presented.

Fri e 09:30 ¢ 134

Detonations of Hexane Vapor/Droplets — Air Mixtures
Stanistaw Cudzitd, A. Kuhl®, P. Wolarski®

(2) Military University of Technology, Warsaw, Poland

(2) Lawrence Livermore National Laboratory, California, USA
(3) Warsaw University of Technology, Warsaw, Poland

Fri e 09:50 ¢ 134

Detonation characteristics of hexane droplets/vapor-air mixtures were determined on the basis of experiments in a vertical
13-m long detonation tube. Hexane droplets were injected at the top of the test section. The droplets moved down and —
when first of them reached the bottom of the test section — a initiating shock wave entered the tube. Pressure histories,
shock wave and flame velocities in the hexane droplet suspensions were determined on the basis of signals from pressure

transducers, pressure switches and photodiodes located along the test section. The results obtained enabled us to state
whether and under what conditions a detonation process of the droplet suspension occurs, what are the parameters of the
detonation wave and how are they affected by the suspension parameters and the initiating shock wave pressure.

Experimental and Numerical Investigation of a Flameless Oxidation Combustor
J. Melo®, A. Yadav¥, J.M.M. Sousa®, M. Costa¥, P.J. Coelho®, Y. Levy®

(1) Instituto Superior Tecnico, Lisboa, Portugal
(2) Israel Institute Technology, Technion, Hajfa, Israel

Frie 10:10 ¢ 134

The flow characteristics of a combustor model under non reacting conditions were investigated using LDA. Data is reported
for mean and turbulent velocities as a function of the air mass flow rate. The main conclusions are as follows: i) a common
feature to all test conditions is the establishment of a large recirculation zone and ii) mean and turbulent velocities increase
within the recirculation zone as the air mass flow rate increases. The isothermal flow characterization was followed by
combustion measurements at the exit of the combustor model. Measurements of mean gas species concentration (02, CO2,
CO, HC and NOx) are reported as a function of the equivalence ratio and thermal input. The main conclusions are as
follows: i) combustion efficiency is highest (about 90%) for both low values of thermal input and equivalence ratio, ii) NOx
emissions are very low over a large range of operating conditions.
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Enhancement of the Impinging Diffusion Flame by Splash Plate
Ay Su®, Ying-Chieh Liu®
(1) Department of Mechanical Engineering, Yuan Ze University, Taiwan Thu e 14:30 « 308A

(2) Chung-Shan Institute of Science and Technology, Taiwan

It is clear that the potential core of the jet flow increases with the jet velocity. Similarity, the flame length of the jet flame
also increases with jet velocity. Two opposing jets impinge together at an inclined angle, and form a mixing flow field illus-
trated in Fig. 1. During the impinging process, the jet flow velocities may decrease and attain a minimum at the impinging
point. The momentum energy transfers to increase the flow intensities and mixing rate. Therefore, the combustion rates are
accelerated as compared with a single jet flame. The research is focused on spreading out the flame stretch of the impinging
flame by splash plate mechanism. Two types of the splash plate with flat plate and 60 degrees in sharp edge are conducted
in this experiment. Slip condition occurs at the jet-to-jet impingement and no-slip condition takes place at the jet flow on
the splash plate. A portion of the fluid energy will transfer to the radial direction by the no-slip condition. Therefore, it tends
to overcome the flame stretch and spreads the impinging flame out. The fuel and air jets locate at opposite side, the result
of the main reaction zone will concentrates at the fuel side. According to the distribution of the higher temperature region
(above 1000°C), its combustion efficiency is higher than the results without the splash plate. The results of the splash plate
with shape-edge indicate the fuel and the air entrain mutually. The higher temperature region spreads toward the air side.

Exothermic Explosions in a Slab: a Case Study of Series Summation Technique
Oluwole D. Makinde
Applied Mathematics Department, University of the North, S. Africa Thu e 14:35 ¢ 308A

This paper examine the steady-state solutions for the strongly exothermic decomposition of a uniformly distributed com-
bustible material between symmetrically heated parallel plates under Bimolecular, Arrhenius and Sensitised reaction rates,
neglecting the consumption of the material. Analytical solutions are constructed for the governing nonlinear boundary-value
problem using perturbation technique together with a special type of Hermite-Pad approximants and important properties
of the temperature field including bifurcations and thermal criticality are discussed.

Simulation of Flame Propagation in a Tube with Obstacles
Aidarkhan Kaltayev, Zhomart Ualiev
al-Farabi Kazak National University, Department of Mechanics, Almaty, Kazakstan

Thu e 14:40 « 308A

A fictitious domain method (FDM) is extended and implemented for time dependent combustion problems in non-regular
closed domains. FDM allows to work in regular domains using regular meshes independently of the geometry of the actual
domains. Up to now a FDM was used for solving the problems of physics with Dirichlet boundary conditions. In the paper
a fictitious domain method is extended and implemented for combustion problems in non-regular domains. The propagation
of 2D laminar methane-air flame in a tube with obstacles are simulated and studied.

Large Eddy Simulation of Piloted and Bluff-Body Diffusion Flame EM3S 11888
Tim Broeckhoven®, Sergey Smirnov®, Chris Lacor®, Eduardo Brizuela®® -
Thu e 14:45 e 308A

(1) Deptartment of Fluid Mechanics, Vrije Universiteit Brussel, Brussels, Belgium
(2) Facultad de Ingenieria, Universidad Nacional de La Plata, Buenos Aires, Argentina

LES appears to be a promising tool for the prediction of turbulent combustion processes. Combustion instabilities come
with large coherent structures which are better predicted with LES and because the larger structures are computed explicitly
in LES, the zones of fresh and burnt gasses are clearly identified, and combustion-turbulence interactions are described
more accurately. LES appears to be a promising tool for the prediction of turbulent combustion processes. Combustion
instabilities come with large coherent structures which are better predicted with LES and the zones of fresh and burnt
gasses are clearly identified so combustion-turbulence interactions is described more accurately. In this paper results of two
LES-simulations are presented and compared to the RANS-solutions and experimental results. The test cases are a piloted
CHgy/air diffusion flame and a bluff-body burner with a central fuel jet of 50%H »/50%CH, by volume which intensively
mixes in the recirculation zone with the co-flow of air. The combustion model implemented is the mixed-is-burnt model

assuming infinitely fast chemistry. The structure of the diffusion flame is fully determined once the mixture fraction Z
is known. To account for the turbulence a presumed pdf approach is used with a 3-shaped probability density function
determined by the mixture fraction and its variance.
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Influence of the Subgrid Models on Combustion Modelling
Artur Tyliszczak®, William P. Jones®, Andrzej Boguslawski®®, Stanislaw Drobniak®
Thu e 14:50 « 308A

(1) Czestochowa University of Technology, Poland
(2) Imperial College London, UK

Turbulent flows with combustion are among the most difficult problems occurring in nature and in industrial applications.
A common appearance and importance of such flows require their correct prediction allowing for their optimization and
control. The unsteady character of the turbulence implies the use of LES method which in turn allows to obtain time
dependent solutions. This work concerns the analysis of the influence of subgrid models (subgrid viscosity) used within
a framework of the LES method of turbulence/combustion modelling. To be able to perform such research it is necessary
to exclude the effect of the numerical dissipation and its possible influence on the subgrid viscosity. The high order com-
pact differences/pseudospectral numerical discretization method applied in computations allows for such an analysis and
also guarantees very accurate results. The governing equations applied in this work are based on the low Mach number
approximation while the combustion modelling is performed using a flamelet approach. The computations are performed
for diffusive Sandia D flame and the results are compared with experimental data.

Chemical Aspects of the Flameless Oxidation Applied for GasTurbine
Combustor
Yeshayahou Levy, Valery Sherbaum, Vladimir Erenburg Thu e 14:55 « 308A

TECHNION, Hajfa, Israel

Low pollutant emissions became the basic issues in new combustion technologies concept. The present work aimed to
find the performance characteristics of a gas turbine combustor operating in the flameless oxidation the specific operating
conditions of gas turbine combustor with recirculating flue gases. Chemkin 3.7 code with applications “AURORA” for
“PSR” and “PLUG” for chemical reaction calculations were applied. The following main results were obtained: 1. NOy
formation is governed mainly by combustion temperature, almost does not depends on recirculation ratio, but depends on
combustion pressure. 2. Combustion delay time and minimum combustion temperature (for a given residence time) depends
on combustion pressure and for a given pressure it depends slightly on flue gases recirculation ratio.

Simulation of Ram Accelerator with PETN Layer
Arkadiusz Kobiera, Piotr Wolanski
Warsaw University of Technology, Warsaw, Poland Thu e 15:00 « 308A

Simulation of a ram accelerator busted by PETN layer is the subject of the paper. There is described an idea of ram
accelerator with a high explosive layer on tube walls. The layer is an additional source of chemical energy and enhances
the acceleration of projectile. The paper presents numerical model of such device. The model includes submodels: gas
flow and chemical reactions model, gas-wall heat transfer model and model of ignition of PETN layer. The models are
interconnected by boundary conditions. Such approach was successfully used in simulation of ignition of high explosive
layer by detonation wave. These results are used in model of ram accelerator. Simulation shows that it is possible to obtain
several percent higher trust comparing to traditional ram-accelerators. Analysis of results shows the main limitations of the
modified device and point out ways of improving it.

Simple Model of a Detonating Gas for use with the Direct Monte-Carlo
Simulation Technique
Zbigniew Walenta®, Andrzej Teodorczyk®, Waldemar Witkowski® Thu e 15:05 « 308A

(1) IPPT PAN, Warsaw, Poland
(2) ITC, Warsaw University of Technology, Warsaw, Poland
(3) Institute of Industrial Organic Chemistry, Warsaw, Poland

The research on gaseous detonation has recently become a very important issue because of increasing importance of gaseous
fuels. We propose to use the Direct Monte-Carlo Simulation technique, which is a very powerful tool for solving complex
flow problems. We propose a very simple model of a molecular collision, which makes it possible to increase the thermal
energy of a gas, which is similar to the processes in the flame. We show then, that this model can produce the wave, which
has all the features, characteristic for a detonation wave.
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Complex and smart fluids
Chairpersons: B. Khusid (USA), A. Yarin (Israel)

Field-Induced Dielectrophoresis and Phase Separation in Suspention
Dawn J. Bennett®, Boris Khusid®, Conrad D. James@, Paul C. Galambos®,
Murat Okandan®®, David Jacgmin®®, Anil Kumar®, Zhiyong Qiu®®, Andreas Acrivos'® Mon e 16:00 e 144

(1) New Jersey Institute of Technology, University Heights, Newark, USA
(2) Sandia National Laboratories, POB 5800, Albuguerque, USA

(3) NASA Glenn Research Center, Cleveland, OH 44135, USA

(4) City College of New York, 140th St., New York, NY 10031, USA

We report observations of a new electric field- and shear-induced many-body phenomenon in the behavior of suspensions
whose origin is dielectrophoresis accompanied by the field-induced phase separation. As a result, a suspension undergoes
a field-driven phase separation leading to the formation of a distinct boundary between regions enriched with and depleted
of particles. The theoretical predictions are consistent with experimental data even though the model contains no fitting
parameters. It is demonstrated that the field-induced dielectrophoresis accompanied by the phase separation provides a new
method for concentrating particles in focused regions and for separating biological and non-biological materials, a critical
step in the development of miniaturizing biological assays.

Modeling DNA Separations in Self-Assembled Magnetic Arrays: Comparison of
Theory and Experiment
Kevin D. Dorfman, Nicolas Minc, Claus Fuetterer, Jean-Louis Viovy Mon e 16:20 e 144

Institut Curie, Paris France

Self-assembled magnetic matrices, formed by applying a magnetic field to a suspension of superparamagnetic particles,
are a simple, low-cost solution for the rapid separation of long DNA. We present a theoretical model of macroscopic DNA

transport in the device, where the fundamental geometric and transport parameters are either determined experimentally or

from a microscale model. Using simple models for the collision probability and retention time, we predict that the mean

velocity and dispersivity scale linearly with the applied field, the band broadening scales inversely with the field, and the
separation resolution is independent of the field. The scaling results are confirmed experimentally. We achieve reasonable
quantitative agreement between theory and experiment with an experimental measurement of the average trapping time.

Particle Manipulation in Microfluidics: the Role of Dielectrophoresis,
Electrohydrodynamics and AC Electrokinetics
Mon e 16:40 ¢ 144

Antonio Castellanos®, Antonio Ramos®, Antonio Gonzalez®, Nicolas G. Green®,
Hywel Morgan®

(1) University of Seville, Spain

(2) University of Glasgow, UK

The movement of particles suspended in aqueous solutions subjected to non-uniform ac electric fields is examined. The
ac electric fields induce movement of polarizable particles, a phenomenon known as dielectrophoresis. The high strength
electric fields often used in separation systems can give rise to fluid motion, which results in viscous drag on the particle.

The electric field generates heat, leading to volume forces in the liquid. Gradients in conductivity and permittivity give rise
to electrothermal forces; gradients in mass density to buoyancy. In addition, non-uniform ac electric fields produce forces
on the induced charges in the diffuse double layer on the electrodes. This gives a fluid motion termed ac electroosmosis. The

effects of Brownian motion are also discussed in this context. The orders of magnitude of the various forces experienced
by a particle are discussed in relation to experiments and the relative influence of each type of force is described.
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Ferrohydrodynamic Hele-Shaw Cell Flows and Instabilities with Simultaneous
DC Axial and In-Plane Rotating Magnetic Fields
Scott E. Rhodes, Juan A. Perez, Shihab M. Elborai, Se-Hee Lee, Markus Zahn Mon e 17:00 e 144

Massachusetts Institute of Technology, Cambridge, USA

New flows and instabilities are presented for a ferrofiuid drop contained in glass Hele-Shaw cells with simultaneously
applied in-plane clockwise rotating and DC axial uniform magnetic fields. When a ferrofluid drop is stressed by a uniform
DC axial magnetic field, up to ~250 Gauss in 0.9—1.4 mm gap Hele-Shaw cells, the drop forms a labyrinth pattern. With
subsequent application of an in-plane uniform rotating magnetic field, up to ~100 Gauss rms at frequency 20-40 Hz,
smooth spirals form from viscous shear due to ferrofluid flow. If the rotating magnetic field is applied first, the drop is held
together without a labyrinth. Gradual increase of the DC axial magnetic field, to a critical magnetic field value, results in
an abrupt phase transformation from a large drop to many small discrete droplets. A preliminary minimum magnetization
and surface energy analysis is presented to model the phase transformation.

The Giant Electrorheological Effect in Suspensions of Nanoparticles
Ping Sheng®, Weijia Wen®, Xianxiang Huang®™, Shihe Yang®, Kunquan Lu®
Mon e 17:20 « 144

(1) Department of Physics and Institute of Nano Science and Technology, The Hong Kong Uni-
versity of Science and Technology, Hong Kong, China

(2) Department of Chemistry and Institute of Nano Science and Technology, The Hong Kong
University of Science, Hong Kong, China

(3) Institute of Physics, Chinese Academy of Sciences, China

Electrorheology (ER) denotes the control of material’s flow properties (rheology) through electric field. We have fabricated
ER suspensions of coated nanoparticles that exhibit electrically controllable liquid-solid transitions in which the solid state
can reach a yield strength of 130 kPa, breaking the theoretical upper bound on conventional ER static yield stress that is
derived on the general assumption of linear dielectric and conductive responses of the component materials. This giant
electrorheological (GER) effect displays near-linear variation of the static yield stress versus the electric field, in contrast to
the quadratic variation usually observed. Our GER suspensions display low current density over a wide temperature range of
10-120°C, with a reversible response time of <10 ms. Finite element simulations, based on the model of saturation surface
polarization in the contact regions of neighboring particles, yield predictions in excellent agreement with the experiment.
*W. Wen, X. Huang, S. Yang, K. Lu, Ping Sheng, Nature Materials 2, 727-730 (2003).

Spray Impact on Solid Walls of Non-Newtonian Fluids, Including Yield Stress
and Thixotropic Behavior
Daniel A. Weiss®, Annett Reinl®, David M. Binding® Mon ¢ 17:40 « 144

(1) DaimlerChrysler, Research and Technology, ULM, Germany
(2) Dept of Mathematics, University of Wales Aberystwyth, UK

In a variety of applications the interactions of sprays with solid walls play an important role. The fluid may be pseudoplastic,

possessing a non-vanishing yield stress, and thixotropic, with a viscosity showing a time-dependency, in addition to the
shear-rate-dependency. Spray impact of thixotropic fluids with yield stress onto a dry smooth solid wall is investigated
numerically. The rheological behavior of the fluids is modelled by a stationary flow curve, completed by a Quaak model for

the time-dependent change of the viscosity. A commercially available code, based on the volume-of-fluid method is used.
The code has been verified for fluids with yield stress and thixotropy, respectively, in viscosimetric flows and in impact
processes of single drops. Calculations are performed for thixotropic fluids with yield stress of practical relevance. The
results are compared with cases without thixotropy. They provide initial conditions for the subsequent evolution of the
coherent fluid film.

Electrospinning of Nanofibers from Polymer Solutions
A.L. Yarin®, E. Zussman® :
(1) Department of Mechanical Engineering, Technion — Israel Institute of Technology, Haifa, Fri ¢ 09:30 » 226

Israel
(2) Technion — Israel Institute of Technology, Haifa, Israel

A straightforward, cheap and unique method to produce novel fibers with diameter in the range of 100 nm and even less,
is related to electrospinning. For this goal polymer solutions, liquid crystals, suspensions of solid particles and emulsions
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are electrospun by a field of about 1 kVW/cm. The electric force results in an electrically charged jet of polymer solution
outflowing from a droplet tip. After the jet flows away from the droplet in a nearly straight line, it bends into a complex
path and other changes in shape occur, during which electrical forces stretch and thin it by very large ratios. After the
solvent evaporates, solidified nanofibers are left. Nanofibers of ordinary, conducting and photosensitive polymers were
electrospun. The present work deals with the mechanism and electrohydrodynamic modeling, experimental realization and
a number of applications. In particular, we developed a unique electrostatic field-assisted assembly technique with the aim
to position and align individual conducting and light-emitting nanofibers in arrays, crosshars and ropes. These structures
are of potential interest in development of novel polymer-based light-emitting diodes, diodes, transistors, photonic crystals
and flexible photocells. We also discuss our experiments on electrospinning of nanofibers reinforced by carbon nanotubes,
and on coelectrospinning, which yields core-shell nanofibers and nanotubes.

Caplllary Microfluidics for Vlscoela§tlc Fluids . EMAL 10140
Konstantin G. Kornev, Gerardo Callegari, Alexander V. Neimark = =
TRI/Princeton, New Jersey, USA Fri e 09:50 e 226

In conventional microfluidic devices, fluids are pumped by applying either pressure drop or temperature or voltage differ-

ences. In biomedical technologies dealing with fluids of a complex rheology, the forced fluid transportation is sometimes

hardly applicable. We present a new principle of controlled fluid transport at micro- and nanoscale. This approach is based
on the phenomenon of spontaneous absorption of wetting fluids by porous materials. That is, capillarity drives the droplet
self-propulsion without the need for any additional external mean. We study viscoelastic fluids and develop some theoret-
ical and experimental approaches to tackle this problem. Aqueous solutions of polyacrylamide (PAM), polyethyleneoxide
(PEO) and lambda-DNA are taken as model polymeric fluids.

Break up of Polymer Solution Drop Impacting a Small Target
Aleksey Rozhkov®, Bernard Prunet-Foch®®, Michele Vignes-Adler® :
(1) Institute for Problems in Mechanics RAS, Russia Fri e 10:10 « 226

(2) LPMDI, UMR8108 du CNRS, Université de Marne-la-Vallee, France

To investigate the effects of high molecular polymeric additives on the splashing of a drop impacting a solid, we used
small disk-like targets. Such type of impact allows to “switch off” the viscous friction between the liquid and the solid
and therefore to observe the drop splashing with a minimal number of influential factors. It was found that the polymeric

additives suppressed the drop disintegration into secondary droplets because of the formation of thinning filaments between
the droplets and the main drop, which prevented the droplets from detaching and forced them to coalesce back with the
main drop. A splashing threshold criterion could be derived from the balance between the liquid inertia, the capillary forces
and the liquid elasticity.

Electro§p|nn|ng of Liquid Jgts . FM4S_11184
Slawomir Blonski®, Anna Blasinska®, Tomasz A. Kowalewski®
(1) IPPT PAN, Warsaw, Poland Tue ¢ 14:30 « 304

(2) Technical University of £ 6dz, Poland

A very thin liquid jets can be obtained using electric fields. The electrically-driven bending instability of the jet enormously
increases the jet elongation path and effectively leads to its tinning by very large ratios and can be used to produce nanofi-
bres. The mechanism of electro-thinning of liquid jets, discovered almost one century ago, is yet not fully understood. In the
following study detailed experimental data are collected for electrospinning of different liquids in the purpose to correlate
these data with the existing models describing basic mechanisms responsible for the electrospinning.

Contact Angle Dynamics of Droplets Impacting on Flat Substrates
llker S. Bayer, Constantine M. Megaridis
Department of Mechanical and Industrial Engineering, University of Illinois, Chicago, USA Tue o 14:35 ¢ 304

An experimental study is presented on contact angle dynamics of water droplets striking orthogonally smooth surfaces with
widely disparate wetting characteristics (wetting to non-wetting). Fundamental information related to the relation between
apparent (macroscopic) contact angle 6 and contact line speed V¢ is presented. The impact conditions correspond to
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Re =0(100)—0(1000), We = O(10), Ca=0(0.001)—-0(0.01), Oh = 0(0.001) and Bo = O(0.1). In this parameter regime,
inertial, viscous, and capillary phenomena act simultaneously to influence contact line motion and arrest. The combined

molecular-hydrodynamic theory of contact line speed dependence of the contact angle was found to fit the experimental 6
vs. VL data yielding physically reasonable molecular-kinetic parameters for wetting and partially wetting surfaces. Impact
on non-wetting surfaces is followed by rebound, and reveals that both advancing and receding contact angles do not change
with contact line speed. The combined molecular-hydrodynamic theory could not predict the experimental data for non-
wetting surfaces. Contact angle hysteresis was detected on each surface, however it was found to be minimum on the
non-wetting surface. Moreover, impact with lower initial velocity on the non-wetting surface showed more elastic rebound
than impact with higher initial velocity. It is concluded that droplet impact at moderately high Weber numbers on surfaces of
varying wetting characteristics does not support a simple relation between apparent contact angle and contact-line velocity.

Dissipation Fgatures at Nonlinear Pulsations of Bubbles in Viscoelastic Fluids EM4S 11648
Semyon P. Levitsky, Jehuda Haddad —
NACE, Beer-Sheva, Israel Tue e 14:40 ¢ 304

Nonlinear interaction of heat-conducting gas bubble with viscoelastic liquid in a sound field of small but final amplitude is
described. The liquid phase is treated as non-Newtonian fluid following Oldroyd type rheological equation. Solution of the
problem is received within the volume approach in quadratic approximation with respect to the incident wave amplitude.
Resulting relation for the scattered wave intensity is studied numerically with the emphasis on the dissipation features. The
study is motivated by the problem of acoustic control of microbubbles trapping in flows of smart fluids with memory.

Effectl_ve Magnetoviscosity for Ferrofluid Planar Couette Flow EMAS 11982
Xiaowei He, Markus Zahn —
Massachusetts Institute of Technology, USA Tue o 14:45 ¢ 304

Ferrofluid spin velocity, shear stress, and magnetoviscosity are calculated for a planar duct Couette ferrofluid flow, with
an applied uniform DC magnetic field transverse to the duct axis using Shliomis’ first magnetization relaxation equation,
generally valid for low magnetic fields. For simplicity, we take the ferrofluid to be linearly magnetizable with constant
magnetic susceptibility xo. The solution for the axial flow is then while the spin velocity is spatially constant, where both
and the change in viscosity, n, due to the magnetic field obey a 5th order algebraic torque equation. This analysis generalizes
earlier analyses which had a 3rd order algebraic torque equation, and shows the importance of specifying the magnetic field
source in order to best choose or as the independent variables describing the ferrofluid flow spin velocity and change in
magnetoviscosity. The best choice magnetic field independent variable does not depend on ferrofluid magnetization or spin
velocity.

Nanowires Assembly Using Microfluidic: an Experimental Investigation
Wael Salalha, Eyal Zussman
Technion — I.1.T, Hajfa, Israel Tue e 14:50 « 304

Nanowires are common building blocks for the bottom-up assembly of electronic and photonic devices. A significant
challenge is to introduce the individual building block in an oriented assembly in order to express its unique anisotropic
properties or to create a nano-device. In this work we focus on fluidic alignment of nanowires suspended in an incompress-

ible liquid. The approach is based on manipulation of a micro droplet with suspended nanowires in a confined shape, such
as a micro-channel. These nanowires are eventually deposited on patterned surfaces forming parallel arrays. We report on
alignment results of nanowires using Poiseuille flow and also report on the motion of the nanowires, in the vicinity of the

dynamic contact lines, which follow non-closed spirally shaped streamlines and in certain case, the streamlines of sink- or
source-like flows.

Ferrohydrodynamic Jets, Sheet Flows and Instabilities
Thomas A. Franklin, John W.M. Bush, Markus Zahn
Massachusetts Institute of Technology, Cambridge, USA Tue ¢ 14:55 « 304

We investigate vertical ferrofiuid jets of initially circular cross-section striking a solid circular impactor to create a ra-
dially expanding sheet flow in the presence of a magnetic field. With no magnetic field, the expanding sheet is circular.
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When a horizontal magnetic field transverse to the vertical jet axis is applied, the jet cross-section changes from circular
to approximately elliptical with long axis in the direction of the magnetic field. The expanding sheet also becomes ap-
proximately elliptical but with long axis perpendicular to the magnetic field. If a nozzle of elliptical cross-section is used
with non-magnetic fluid, the expanding elliptical sheet also has long axis perpendicular to the jet cross-section long axis. If
the applied magnetic field is vertical, and thus perpendicular to the sheet interfaces, the expanding sheet radius decreases
with increasing magnetic field. We demonstrate that in this geometry, the magnetic field destabilizes the sheet through
amplification of the Kelvin-Helmholtz instability.

Ferrofll,!ld I\_/Iemscus Shape in an Applied Uniform Horizontal or Vertical EM4S 12689
Magnetic Field —
Ronald E. Rosensweig®, Shihab M. Elborai®, Se-Hee Lee®, Markus Zahn® Tue ¢ 15:00 304

(1) Exxon Corporate Research (retired), Summit, USA
(2) Massachusetts Institute of Technology, Cambridge, USA

The classic analysis of the shape of a meniscus due to fluid wetting a vertical wall, including the influence of fluid weight
and interfacial surface tension, is extended to ferrofluids stressed to magnetic saturation by a horizontal or vertical uniform
magnetic field. This analysis is the first step in a larger analysis to calculate the magnetic surface force due to ferrofluid
surface shapes altered by magnetic fields and forces that cause surface driven flows in rotating magnetic fields. Bernoulli’s
equation, including “magnetic pressure” together with the interfacial force balance due to pressure, surface tension and
jump in Maxwell stress, leads to a second-order non-linear differential equation for the solution of interfacial displacement.
Solutions show that a horizontal magnetic field raises, while a vertical magnetic field lowers, the meniscus height. Prelimi-
nary optical experiments are presented which measure meniscus height and shape using narrow light beam reflections from
the meniscus as a function of horizontal magnetic field.

Non-Newtonian Effects of Ink-Jet Printed Droplets EM4S 12894
Paul C. Duineveld®, J.F. Dijksman®, H. Huang® —
(1) Philips Research, Eindhoven, The Netherlands
(2) York University, Toronto, Canada

Tue o 15:05 ¢ 304

The influence of non-Newtonian effects on the droplet formation in an ink-jet printer has been investigated both experimen-
tally as well as with a simple theoretical model. For the experiments, Newtonian liquids and model systems of solutions
of flexible polymers (PEO, polyethylene oxide) and stiff polymers (Xanthan Gum) were used. The non-Newtonian effects
were modeled by only taken into account the influence of the elongational viscosity and not the stress history effect. It is
shown that the elongational viscosity in itself is not sufficient to understand the filament formation; the stress history effects
can not be neglected.

Conditions for Creating Thin Liquid Layers at the Contact Surface of Two
Other Liquids

Agnieszka Slowicka, Zbigniew A. Walenta Tue ¢ 15:10 ¢ 304
IPPT PAN, Warsaw, Poland

The design of new technologies, for manufacturing the nanostructured materials is one of the important tasks of the con-
temporary materials science. The use of emulsion droplets as templates for producing nanostructures out of solid particles,
suspended in the liquid phase is already under development. In the present work we investigate the possibility of using
a liquid film instead of solid particles. To simulate the behaviour of the liquids we apply the Molecular Dynamics simu-
lation technique.Since the behaviour of the liquids depends mainly on the interaction potentials of the molecules, we look
for combination of the interaction potentials, which might produce the required liquid film at the surfaces of the emulsion
droplets.
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Hysteresis-Related Phenomena in Shock Wave Reflection
Mikhail Ivanov, Dmitry Khotyanovsky, Alexey Kudryavtsev, Stanislav Nikifirov,
Anatoly Trotsyuk Wed o 08:30 ¢ 206

Institute of Theoretical and Applied Mechanics, Novosibirsk, Russia

Our presentation is focused on recent advancements in investigations of shock wave reflection. The hysteresis in the
transtion between steady regular and Mach reflections, which was observed in 1995 in numerical simulations and wind-
tunnel experiments, aroused a renewed interest in this old problem. We consider various aspects of hysteresis-related shock
reflection phenomena including 1) experimental demonstration of the hysteresis in a low-noise wind tunnel where flow
disturbances are minimum; 2) numerical simulations of the transition induced by artificial disturbances, especially by blast
waves caused by laser energy deposition; 3) existence of shock-wave configurations with a reflected shock wave of a strong
family upon asymmetric shock wave interaction; 4) Mach reflections in a chemically reacting gas mixture with a standing
detonation wave as a Mach stem; 5) hysteresis in the transition between regular and Mach reflections of steady bore waves
on shallow water. The universal character of the hysteresis in flow discontinuity interactions in different physical systems
is emphasized.

Noncle}ssmal Dynamlcs_ of Laminar Dense Gas Boundary Layers EM5L 10789
Mats Kinell, Alfred Kluwick —
Institute of Fluid Mechanics and Heat Transfer, TU Vienna, Austria Wed e 08:50 o 206

While inviscid flows of dense gases have been studied intensively in the past, viscous effects have received much less atten-
tion so far. It is the aim of the present study to show that the observed unconventional gasdynamic behaviour may strongly
influence the properties of laminar boundary layers in both accelerated and decelerated external flows. For example, by

studying linearly retarded flows it is found that the formation of an unsurmountable separation singularity can considerably
be delayed or even avoided by exploiting dense gas effects. A marginal separation singularity then occurs as a limiting case.
Its formation is studied both numerically and analytically and traced back to the non-monotonous Mach number variation
in the external inviscid flow.

Unsteady Drag Force Measurements of Shock Loaded Bodies Suspended in

a Vertical Shock Tube m
Kazuyoshi Takayama®, Mingyu Sun®, Koji Tamai®, Tsutomu Saito®, Hiroyuki Tanno®, Wed ¢ 09:10 » 206
Joseph Falcovitz®

(1) Shock Wave Research Center, Institute of Fluid Science, Tohoku Univ., Sendai, Japan

(2) Kakuda Space Propulsion Research Center, Japan
(3) Institute of Mathematic, Hebrew University of Jerusalem, Israel

Paper deals with experimental and numerical works of drag force measurements over a 80 mm diameter sphere. Test
models were suspended in a 300 mm x 300 mm cross sectional vertical shock tube. Unsteady drag forces were measured
directly with accelerometers installed inside the test models. Flow visualizations of individual shock/model interactions
were visualized quantitatively with double exposure holographic interferometry and sequentially with high-speed video
recording. Shock Mach number was 1.2 in air. Measured unsteady drag forces of individual bodies were compared with
numerical results by solving the Euler equations and the Navier—Stokes equations with meshes of level four refinements. In
addition to appearance of peak drag forces, negative drag forces appear when the transmitting shocks merge at bodies rear
stagnation points.
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Shock Wave Reflection in a Non-Circular Inlet
Beric W. Skews, Jithin A. Mohan, Nankishore Menon
University of the Witwatersrand, South Africa Wed ¢ 09:30 « 206

The flow between two finite wedges placed symmetrically in a supersonic flow with one or both sides capped with a semi-
cone thereby forming a non-circular inlet is studied. In some cases one semi-cone is removed as an aid to visualisation
and tunnel start-up. Imaging with laser vapour screen and shadowgraph techniques is conducted. The objective of the work
is to examine transition between regular and Mach reflection in three-dimensional flows. The experimental results can
give images that are difficult to interpret and which appear aphysical. Shocks appear to bifurcate and then rejoin on the
symmetry plane; there is a very abrupt transition from the side conical incident wave to Mach reflection; and then a gradual
reduction in stem height back to regular reflection. Clarity on these flows is obtained through further experimentation and
CFD simulation.

The Mach Reflection of Weak Shocks
John K. Hunter, Allen M. Tesdall
University of California at Davis, USA Wed e 09:50 206

We present numerical solutions of the steady and unsteady transonic small disturbance equations that describe the Mach
reflection of weak shock waves. The solutions contain a complex structure consisting of a sequence of triple points and
tiny supersonic patches directly behind the leading triple point, formed by the reflection of weak shocks and expansion
waves between the sonic line and the Mach shock. The presence of a supersonic patch and an expansion fan at each triple
point resolves the ‘von Neumann triple point paradox’, as was suggested by Guderley. The numerical results and theoretical
considerations suggest that there is an infinite sequence of triple points in an inviscid weak shock Mach reflection.

Shock Wave-Boundary Layer Interaction Control by Streamwise Vortices
Piotr Doerffer, Ryszard Szwaba
IMP PAN, Gdask, Poland Wed o 10:10 « 206

In many applications shock waves induce separation, which often leads to unsteady effects. Such interactions are hard to
investigate and difficult to control. It is proposed to use streamwise vortices for this interaction control. The most useful
method of the streamwise vortex generation is by air jets (AJVG), because it allows a simple method of switching it on and
off. This paper presents our first experimental results which allow displaying the advantages of the AJVG’s in the shock
wave boundary layer control. Chosen Mach number cases cover the range from not separated to strongly separated flows. It

was decided that the stagnation pressure of air jets was equal to the stagnation pressure of the main stream. Hence, there is
no need for any driving system for jets. Obtained results show that the AJVG reduce the scope of separation area and that
unsteady effects induced by the interaction are considerably dumped.

Pulsations of Pressure at a Cylinder in a Subsonic Stream of Gas.
Alexander Shvets
Moscow State University, Institute of Mechanics, Moscow, Russia Thu e 14:30 « 219B

The distribution of root-mean-square values and spectral characteristics of pulsations of pressure at a cross flow of the
cylinder in a subsonic stream of gas (M = 0.44-0.88) are investigated. At small subsonic speed (M = 0.44) there are two
field of the increased root-mean-square value of pulsations of pressure (¢ = 50—12C) owing to initial and rear separates
a boundary layer, at big subsonic speed (M = 0.88) — on a field ¢ = 9¢ — owing to formation of a local supersonic zone
with closing shockwave. At spreading a stream from a forward point speed is increased, that is accompanied by decrease
of frequencies of pulsations. In a range of small subsonic speeds decrease of numbers Sh is observed at values of angle
¢ = 40-60°. At M = 0.54 frequencies rais up to ¢ = 120, then are a little bit reduced, and at M = 0.9 the increase of
frequencies up to a back point of the cylinder is observed.

Analytical Models for Shocks in Compressible Flow
Helmut Sobieczky
DLR German Aerospace Center, Gottingen, Germany Thu e 14:35 2198

Analytical flow models frequently are not seen useful anymore for the acceleration of design processes in aerospace tech-
nology. Because of at least two reasons we defend the suitability of the classical knowledge base using mathematical models
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for compressible flow: This contribution is pleading for a modern view on flow models, with a timely extension by computer
aided animation of complex flow patterns. The understanding of local shock dynamics via analytical model functions has
clarified some seemingly contradictory requirements in the past, but nowadays computerized mapping techniques and fast
graphic visualization will do this job efficiently. A strong educational aspect is an academic reason for maintaining this ap-
proach. Some examples for the local and global structure of transonic and supersonic shock waves will be illustrated. Such
models give valuable hints for a suitable configuration parameterization incuding target pressure distributions for inverse
design without an excessive number of optimization runs, a very practical reason to use model functions.

LDA Investigation of a Transonic Bump Flow EM5S 10984
Holger Babinsky, Sebastien Prioris —
University of Cambridge, UK

Thu e 14:40 ¢ 219B

The transonic flow over a circular arc bump has been investigated in a blow-down wind-tunnel. A variety of shock strengths
between M=1.2 and M=1.48, depending on the experimental configuration, have been achieved. In all cases separation was
observed at the trailing edge of the bump, whereas shock induced separation was present only in flows with shock strengths
above M=1.3. Laser Doppler Anemometry has been used to gather detailed information on turbulent flow properties. Good
quality information was obtained as close to the wall as 0.1 mm. The results highlight the effects of favourable and adverse
pressure gradients on turbulence properties, in particular the influence of shock waves and separation / reattachment. The
recovery of the boundary layer downstream of re-attachment is also discussed. The data can help the understanding of shock
/ boundary layer interactions and the development of turbulence models for numerical simulations.

Turbulent Effects in Type4 Shock Interactions
Josef Ballmann, F. Bramkamp, B.U. Reinartz, J. van Keuk
RWTH Aachen, Germany Thu e 14:45 ¢ 219B

Type4 shock interactions in hypervelocity flows are investigated numerically using two different codes: The well-known
structured DLR FLOWer-code extended by different upwind formulations and non-equilibrium chemistry as well as the new
flow solver QUADFLOW, which is an unstructured code with grid adaptation controlled by multi-scale analysis. Main focus
of the paper is the correct prediction of the high heat loads for the contour caused by Type4 shock interactions compared
with experimental data. In previous works assuming laminar flow the numerically predicted heat flux was always lower than
experimentally observed. So in this paper the influence of turbulent effects on the heat flux is investigated. Furthermore, the
possible improvements using the adaptive flow solver on the one hand and considering of chemical non-equilibrium on the
other hand on the quality of the results is assessed.

Numerical Optimization of 2D Scramjet Inlets
Susumu Hasegawa®, Doyle Knight®

(1) Japan Aerospace Exploration Agency, Japan
(2) Rutgers University — The State University of New Jersey, USA

Thu e 14:50 « 219B

A scramjet engine is viewed as a promising propulsion system for a spaceplane, and significant research is in progress
worldwide on scramjet engine design and performance. An automated design optimization process for hypersonic inlets was
developed and validated. The test case for the process was the evolution of an optimimal design for hypersonic inlets, where
optimality was based on the maximization of the total pressure recovery at the isolator exit. This optimization process links
together an optimizer with a full Reynolds Averaged Compressible Navier—Stokes solver into an automated optimization
loop. This paper presents the implementation of these new design techniques and their application to hypersonic inlet case
in flight condition of Mach 8. The improvements obtained using the optimizer are presented and compared. Results indicate

the development of the geometric perturbation and a consequent increase in total pressure recovery during the convergence
to the optimal geometry.
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Effect of Surface Roughness on Mach Reflection EM5S 11864
Susumu Kobayashi®, Takashi Adachi®, Klaus Debatin®, Torsten Schenkel @, —
Herbert Oertel, Jr.? Thu e 14:55 « 219B

(1) Saitama Inst. Tech., Saitama, Japan
(2) Karlsruhe University, Karlsruhe, Germany

It has long been believed that the oblique shock reflection is a self-similar phenomenon, and the analysis have been based
on this assumption so far. However, recently non-self-similar behavior of oblique shock reflection has been observed under
atmospheric pressure conditions. There are two possible reasons for the non-self-similarity: transport properties (viscosity
or thermal conductivity) and surface roughness, both of which bring characteristic length into the system, and break the self-
similarity. In the present paper, the effects of surface roughness and transport properties have been compared experimentally
for Mach reflection. The surface roughness was given by pasting a piece of sand paper (#60 and #240) on the model surface.
The results were compared with those for smooth surfaces. As the effect of surface roughness turned out to be small
compared with viscosity effect, it was concluded that the effect of transport properties is dominant in the non-self-similar
phenomena.

On the Theory for Subsonic, Transonic and Supersonic Flows in Water with
Supercavitation
Vladimir Serebryakov®, Guenter H. Schnerr® Thu ¢ 15:00« 2198

(1) Ukrainian Academy of Sciences, Institute of Hydromechanics, Kiev, Ukraine
(2) Technical University of Munich, Department of Gasdynamics, Germany

The aim of this investigation is to improve the understanding of physical and mathematical aspects of hydrodynamics
of flows at super high speeds, typically at sonic speed of water, which is of the order of 1500 m/s. Super high speed
motion in water is realized with the help of lunching small axisymmetric projectiles of ~ 0.2 — —0.7 kg mass with initial
speeds of ~ 1000 — —2000 m/s and by following its stable motion under inertia. Under these conditions the body is totally
surrounded by a vapor filled cavity, which prevents direct contact of the projectile with the liquid fluid. Therefore, the
viscous losses are considerably reduced, which implies the potential to achieve a very low total drag, comparable to that of
high speed motion in air. Following the classical incompressible supercavitation modelling, the linearized approach, based
on the Slender Body Theory, the Matched Asymptotic Method and by using simple heuristic models, together with integral
conservation laws, and similarity consideration are applied for this analysis. With respect to the existence of a considerable
more extended transonic regime in water flows, as compared to the classical case of air/gas flows, special attention is paid

to the investigation of singularities of transonic water flows. As a result of the development of the second order theory
a number of simple solutions have been found that give the possibility to analyze compressibility effects for super high
speed motion in water as a whole.

Mathematical Modeling of Turbulent Supersonic Flows in Inlets with Rotating

Igor A. Bedarev®, N.N. Fedorova®, M.A. Goldfeld®, F. Falempin® Thu e 15:05 ¢ 2198
(1) ITAM SB RAS, Novosibirsk, Russia

(2) MBDA, Chatillon, France

Methods of physical experiment and mathematical modeling have been used to study the properties of flows in adjusted

inlets designed to operate in a wide range of Mach number. The variation of inlet geometry was performed by cowl rotation.
The experimental investigations have been carried out in the blow-down wind tunnel at Mach numbers from 2 to 6 and in
the hot-shot wind tunnel at Mach numbers from 5 to 8. The computations were performed on the basis of the full Navier—
Stokes equations and the two-equation turbulence model by Wilcox. The experimental pressure distributions along the inlet
walls were used for the verification of simulation results. Comparison have shown a good agreement. Computations within
the wide range of flow and geometric parameters help to carry out the experiments and provide a basis for the choice of

optimum configurations and explanation of flow features.
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Correlation of Nearfield Pressure with Mixing Layer Velocity in a Supersonic
Jet

Frangois Coiffet, Joél Delville, Carine Fourment, Peter Jordan, Patrick Braud Thu ¢ 15:10 « 219B
Laboratoire d’Etudes Aérodynamiques, UMR-CNRS 6609, Poitiers, France

A series of experiments have been performed to investigate the possibility of using a linear stochatic estimation to recon-

struct the three dimensional turbulence field of an isothermal supersonic jet using only a limited series of nearfield pressure
measurements. To this end synchronous measurement of the nearfield pressure and the mixing layer velocity field has been
effected, using a two-component LDV system in parallel with 39 pressure transducers arranged along the jet. Pressure-

pressure and velocity-pressure correlations are obtained for an extensive range of locations in an isothermal jet with a Mach

number of 1.4. Additional pressure measurements are performed in a region where the energy of the hydrodynamic and

acoustic fields are of similar order, and preliminary results clearly identify both convective and propagative trends. This
database will be used to reconstruct the temporal evolution of the three dimensional velocity field and also to filter and
separate the acoustic and hydrodynamic components of the nearfield pressure.

Interaction of Supersonic Flows in an Ejector
Véclav DvoFak®, Pavel Safafik®

(1) Technical University of Liberec, Czech Republic
(2) Czech Academy of Sciences, Czech Republic

Thu e 15:15 ¢ 219B

The article deals with experimental, theoretical and numerical study of the interaction of supersonic flows on the trailing
edge of the primary flow nozzle of a supersonic ejector. The mechanism of mutual deflection of supersonic flows is ex-
plained. The results of the interaction are two shock waves or one shock wave and one Prandt-Meyer expansion. A shear
layer and a wake occur downstream the trailing edge. The influences of back pressure ratio and stagnation pressure ratio on
the interaction are presented. Recommendations for design and for operation of supersonic ejectors are formulated.
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Non-Reflecting Boundary Condition for Direct Aeroacoustic Computation
X.M. Li, Randolph C.K. Leung, Ronald M.C. So
Department of Mechanical Engineering, The Hong Kong Polytech, Hong Kong, China Mon e 16:00 e 327

A new non-reflecting boundary condition (NSPML.), based on perfectly matched layer concept applied to full compressible
Navier—Stokes equations, is proposed for direct aeroacoustics computation. The boundary condition is designed to absorbs
two-dimensional acoustic waves incident at all angles. The NSPML is validated with aeroacoustic flows of increasing
complexity, namely a radially propagating Gaussian acoustic pulse, interaction of Gaussian pulse with a vortex in uniform
flow and acoustic waves generated from an open cavity flow. In comparison with existing boundary conditions, it is found

that the proposed NSPML provides higher non-reflectivity and generates significant less error waves, but at a much lower
computational cost.

On_ In_flow Boundary Conditions for Large Eddy Simulation of Turbulent EM6L 11348
Swirling Jets —
Manuel Garcia-Villalba, Jochen Frohlich, Wolfgang Rodi Mon e 16:20 e 327

University of Karlsruhe, Karlsruhe, Germany

Three Large Eddy Simulations have been performed for an unconfined annular swirling jet with different inflow boundary
conditions. The adequate specification of these conditions is a decisive issue for such computations. To validate the chosen
approach it is usual to compare first and second order moments of the velocity field with the corresponding experimental
data. By means of visualizations and frequency spectra we show that good agreement of mean and rms velocities is not, in
general, sufficient for a realistic representation of the experimental conditions. The unsteady large-scale structures of the
flow must also be taken into account. Also, for swirling jets, the simulation of the actual swirl-generating mechanism is not
always needed. A less expensive strategy is proposed.

A Pressure-Correction Method for All Mach Numbers
Krista Nerinckx, Jan Vierendeels, Erik Dick
Ghent University, Department of Flow, Heat and Combustion Mechanics, Ghent, Belgium Mon e 16:40 e 327

We present a collocated finite-volume-based pressure-correction method, for all speed flows of a general fluid. Over the
whole Mach number range, the algorithm shows an excellent efficiency and accuracy. Mach-uniform accuracy is obtained by
applying the Advection Upstream Splitting Method (AUSM+) for the flux definitions, with adaptations for low Mach num-
ber stability. Mach-uniform efficiency is obtained by treating the convective phenomena and the acoustic/thermodynamic
phenomena separately: a velocity predictor from the momentum equations, and a coupled solution of the continuity and en-
ergy equation for pressure and temperature corrections. Doing so, acoustics are treated implicitly and an acoustic CFL-limit
is avoided. The algorithm finds its place in between a fully segregated and a fully coupled approach. It is valid for a general
fluid, including special cases like a constant density fluid and an ideal gas.
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Three-Dimensional Rayleigh—Bénard Instability in a Supercritical Fluid by
Direct Numerical Simulation
Gilbert Accary®, Isabelle Raspo®, Patrick Bontoux®, Bernard Zappoli® Mon e 17:00 « 327
(1) Laboratoire de Modélisation et de Simulation Numerique en Mécanique et Genie des Pro-

cedes, Marseille, France
(2) CNES, France

This paper describes the unsteady convective flow of a supercritical fluid in Rayleigh—Bénard configuration using direct

numerical simulation. Two-dimensional earlier studies reported fast temperature equilibrium due to the piston effect and
the development of a convective instability when the local Rayleigh number exceeds a critical value. In the present work,
a high order 3D finite volume method has been developed and optimized, the code has been thoroughly validated, and to
our knowledge, we show for the first time a three-dimensional convective instability in a supercritical fluid. Inspecting the
time-evolution of temperature field patterns, we show the time-transition to convection-dominated flow causing the collapse
of the boundary thermal layers, we exhibit corner effects and the three-dimensional behavior of the flow, and we show the

heating intensity effects on the temperature field structure.

Commutator-Errors in Large-Eddy Simulation of Turbulent Flow
Bernard J. Geurts®”, Fedderik van der Bos®, Darryl D. Holm®

(1) University of Twente and University of Eindhoven, The Nethrlands

(2) University of Twente, The Nethrlands

(3) Los Alamos National Laboratory and Imperial College London, USA and UK

Mon e 17:20 ¢ 327

Commutator-errors in large-eddy simulation of incompressible turbulent flow arise from the application of non-uniform
filters to the continuity — and Navier—Stokes equations. For non-uniform, high-order filters the order of magnitude of the
commutator-errors is shown to be the same as that of the turbulent stress fluxes. Consequently, one can not reduce the size
of the commutator-errors independently of the turbulent stress terms by some judicious construction of the filter operator.
For situations in which the dynamical consequences of the commutator-errors are significant, e.g., near solid boundaries,
explicit similarity modeling for the commutator-errors is proposed, including the application of Leray regularization. The
performance of this commutator-error parameterization is illustrated for the one-dimensional Burgers equation. The Leray
approach captures the filtered flow with higher accuracy than conventional similarity modeling, especially for large filter-
width variations.

Multiscale Simulations Using Particles
Michael Bergdorff®, Georges-Henri Cottet®, Petros Koumoutsakos®

(1) Institute of Computational Science, Swiss Federal Institute, Zurich, Switzerland
(2) Université Joseph Fourier, Grenoble, France

Mon e 17:40 ¢ 327

We present multilevel particle methods with extended adaptivity in areas where increased resolution is required. \We present

two complementary approaches as inspired by r-adaptivity and adaptive mesh refinement (AMR) concepts introduced in
finite difference and finite element schemes. For the r-adaptivity a new class of particle based mapping functions is intro-
duced while for the particle-AMR mappings the methods use particle remeshing as a key element. The advantages and

drawbacks of the proposed particle methods are illustrated on a number of applications. With the proposed techniques

we show that rephrasing in terms of particle methods concepts inherited from adaptive finite-element or finite-difference
methods can lead to methods that while keeping essential advantages of particle methods such as robustness when dealing

with convection dominated problems may also maintain a high accuracy. Finally the implementation of particle methods

for multiscale simulations as dictated by multiple physical phenoemena is discussed.

Treesph Simu_lations of Choked Flow Systems Using Smoothed Particle FM6S_10857
Hydrodynamics
Jaime Klapp®, Leonardo Di G. Sigalotti®, Eloy Sira?, Gonzalo Mendoza® Tue ¢ 14:30 « 306
(1) ININ, Mexico

(2) IVIC, Venezuela

Here we present exploratory two-dimensional calculations of the flow of a viscous, single-phase fluid through a wellhead
choke of real dimensions using the method of Smoothed Particle Hydrodynamics coupled with a simple isothermal equation
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of state for description of the flow. The results indicate that an approximate stationary flow pattern is rapidly established
across the entire tube, with the density and pressure dropping and the flow velocity rising within the choke throat. If the
downstream flow is inhibited at the outlet extreme of the tube, a pressure drop of about 20% occurs across the choke when
the flow reaches an approximate steady state. If, on the other hand, the flow is not inhibited downstream, the pressure drop
reduces to about 13% or less. The flow across the choke throat remains subsonic. We compare the results with experimental
data.

Poloidal-Toroidal Decomposition in Cylindrical von Karman Flow
Piotr Boronski, Laurette Tuckerman
LIMSI-CNRS, Orsay, France Tue ¢ 14:35 « 306

The goal of the VKS experiment is to observe a laboratory-scale dynamo effect in the cylindrical von Karman flow. Be-
cause there exists at present no complete numerical treatment of this configuration, we have developed an efficient three-
dimensional pseudospectral code capable of solving the Navier—Stokes equations in a finite cylindrical geometry, to be
coupled with the Maxwell equations. A poloidal-toroidal decomposition insures that fields are divergence-free by construc-
tion which is very important for applications to the magnetohydrodynamic case. The cylindrical domain is treated by using
in the radial direction a polynomial basis which is regular at the domain axis. The satisfaction of high-order and/or coupled
boundary conditions is guaranteed by the influence matrix method.

Calculation of Vortical Structure Evolution Using Combined Discrete

. . FM6S_10958
Singularity and Boundary Element Method
Dmytro V. Yevdokymov Tue ¢ 14:40 « 306
Dniepropetrovsk National University, Dniepropetrovsk, Ukraine

Method of discrete vortices is a powerful tool for analysis of vortical structure evolution. However the method has several
disadvantages, for example, incorrect calculation of interaction of discrete vortices on small distance and large compu-
tational errors in points near the boundary. To overcome of second difficulty the combined discrete vortex and boundary
element method with integration along real boundary was proposed. Discrete singularity method generalizes discrete vor-
tex, including also discrete sources, discrete dipoles, etc. It gives an opportunity to consider more complex flows. To avoid

the first problem, different regularization schemes were developed. In the present work opposite idea of using of discrete
vortical dipoles together with discrete vortices instead regularization in some specific cases is applied. It gives good results
for calculation of vortical sheet behind thin airfoil under small attack angle. In general case, regularization schemes and
scenarios of interaction are used in the present work. Computational stability of vortical structures is considered in the
present work too. It is shown that a dipole can lead to destruction of even most stable vortical structures such as vortical
rings. Interactions of vortical structures and dipole-vortical structures between themselves and with solid boundaries are
numerically investigated too.

Numerical Simulation of the Backward-Facing Step in a Beowulf-Class Cluster
Rubens Campregher®, Aristeu da Silveira Neto®, Wellington Marinho®,

Sergio Said Mansur® Tue o 14:45 o 306
(1) Federal University of Uberlandia, UFU/FEMEC, Brazil

(2) Sao Paulo State University, UNESP/FEIS, Brazil

This present work proposal is to present a three-dimensional numerical simulation of the classical flow over a backward-

facing step problem in a very fine mesh. The in-house parallel numerical code was written in Fortran 90 and has solved
the Navier—Stokes Equations discretised by the FVVM and has run in a Beowulf-class cluster of PCs. The flow Reynolds

number was 28000, a LES turbulence modelling technique was employed with Smagorinsky’s subgrid model. Several flow

properties were analyzed, that is, the reattachment length,the velocity profiles, the stream and spanwise vorticities, and the
Strouhal number in several points downstream the domain. The results were compared against the literature.
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De\/_elopment and Pargctlcal Application of WENO Schemes for Compressible EM6S 11485
Fluid Flow Computations -
Alexey N. Kudryavtsev, Dmitry V. Khotyanovsky Tue ¢ 14:50 « 306

ITAM, Novosibirsk, Russia

Application of high-order shock-capturing schemes to numerical simulation of problems in supersonic aerodynamics is
considered. Euler and Navier—Stokes solvers based on employing modern weighted essentially non-oscillatory (WENO)
schemes are described. A new WENO scheme, which has an advantage when applied in general curvilinear coordinates,
is constructed. A number of examples of numerical simulations of 2D and 3D shock-dominated flows with high-order
schemes are given. They include shock wave propagation and diffraction, shock/shock and shock/boundary layer inter-
action, development of hydrodynamic instability waves in high-speed free shear flows, and the structure of imperfectly
expanded supersonic jets. For some problems, high-quality numerical schlieren visualizations and interferograms are com-
pared with experimental patterns. We demonstrate that high-order WENO schemes is a powerful tool for simulation of
compressible fluid flow. They can be considered as a very promising candidate for DNS and LES of turbulent supersonic

flows.

Numerical Analysis and Design Optimization of Lateral Jet Controlled Missile
Jae-Woo Lee, Byung-Young Min, Yung-Hwan Byun, Changjin Lee
Dept. of Aerospace Engineering, Konkuk University, Seoul, Korea Tue e 14:55 ¢ 306

The aerodynamic analysis and the aerodynamic optimization study have been performed for the lateral jet controlled missile
system. For the numerical investigation, a three dimensional Navier—Stokes computer code (AADL3D) has been developed
by incorporating the Spalart-Allmaras one equation turbulence model. The developed analysis code has been validated
through several supersonic examples. The behavior of the normal force and the pitching moment characteristics have been
investigated through the numerical analyses for the different jet flow conditions, angle of attacks, circumferential jet nozzle
locations and spouting jet angles. The results show different behavior of the normal force and moment variation according
to each parameter. Based on the results of the aerodynamic analyses of the supersonic flow around lateral jet controlled
missile for various jet and flow conditions, pitching moment and normal force are selected as the objective and constraint
functions, and the flight Mach number, the angle of attack and the spouting lateral jet angle are selected as the design
variables. By implementing the genetic algorithm for the global optimum, and the response surface method, the design
optimization of the lateral jet controlled missile has been performed to find out the most effective flight conditions for the
missile control.

Numerical Prediction of Energy Dissipation in Condensing
Tadeusz Chmielniak, Wlodzimierz Wroblewski, Slawomir Dykas
Silesian Univeristy of Technology, Gliwice, Poland Tue ¢ 15:00 306

In the presented work the analysis of losses (e.g. kinetic energy and entropy loss coefficients as well as an expansion
line) in steam expansion flows will be carried out. The adiabatic flow, the flow with homogeneous and with heterogeneous
condensation will be considered. The influence of the condensation phenomenon and steam impurity on the losses will be
analyzed. The calculations of the steam flow through the Laval nozzle and LP steam turbine stages is going to be presented.
The flow is governed by means of RANS equations. For modelling of the steam properties the IAPWS-1F’97 formulations
are implemented. It allows to calculate the losses and expansion line for steam flow correctly. The set of governing equations
is closed by a real gas equation of state. The numerical computations will be performed using an in-house multi-block code
for the analysis of 3-D viscous, turbulent, condensing flows of ideal and real gas and commercial CFD code TascFlow.

Numerical Computation of Compressible Viscous Flow Through a Male
Rotor-Housing Gap of Screw Compressors
Jan Vimmr Tue o 15:05 ¢ 306

University of West Bohemia, Faculty of Applied Sciences, Departament of Mechanics, Plzen,
Czech Republic

Gas leakage is a phenomenon that has a lot of different features, many of significant importance. Compressor engineers are
mostly interested in estimation for the mass flow rate. It has a great influence on the compressor performance, especially
with regard to its internal efficiency. Therefore it is necessary to make reasonable estimates for mass flow rates or to
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investigate the details of the leakage flow. The aim of this contribution is to show the numerical computation of compressible
viscous fluid flow through a 2D model of the male rotor-housing gap in the srew compressor. Numerical solution of the
nonlinear conservative system of the compressible Navier—Stokes equations is obtained by means of the cell-centred finite
volume formulation of the explicit two-step TVD MacCormack scheme proposed by Causon on a structured quadrilateral
grid. The viscous part is approximated by using a finite volume version with central differences.

Fast Numerical Method for the Boltzmann Equation on Nonumiform Grids
Alexei Heintz®, Piotr Kowalczyk®

(1) Dept. of Math., Chalmers Univ. of Technology and Gothenburg, Sweden

(2) Dept. of Math., Informatics and Mechanics, Warsaw University, Poland

A new numerical method for the solution of the homogeneous Boltzmann equation on nonuniform grids is developed. The
collision operator is written using the Fourier transform. This formulation and a special new discretization of the gain part
allow for the fast numerical computations on nonuniform grids in velocity space. The computational cost of the algorithm is
O(Ny) +0(aN®logN) for a general model of interaction. Here Ny is the number of velocity points, N denotes the number of
modes in the Fourier domain and o < 1 is a small constant depending on the discretization. The results of some numerical
test are presented.

Tue ¢ 15:10 ¢ 306

Computation of Viscous Vortices with Fully Meshless Method
Lorena A. Barba®, A. Leonard®

(1) University of Bristol, Bristol, UK

(2) Caltech, Pasadena, USA

Computing the interaction of viscous vortices using traditional CFD methods is severely hindered by numerical diffusion.
In general, the vortices diffuse too rapidly to properly capture the details of their interaction with each other or with
structures. To deal with this problem, a fully mesh-less method has been developed, which is characterized by non-diffusive
truncation errors. It is a new formulation of the vortex particle method, using the core spreading scheme for viscous effects,
and a mesh-less spatial adaption technique based on radial basis function (RBF) interpolation. Numerical experiments
have demonstrated increased accuracy in comparison with the standard approach of remeshing with high-order kernels.
Validation has been performed using a quadrupole-perturbed Gaussian monopole, which exhibits a quasi-steady tripole
state that decays in the viscous time scale. The method has been implemented in parallel using the PETSc library, and
a new application is being developed to study the viscous interaction of co-rotating vortices.

Tue o 15:15 ¢ 306

Dirichlet/Dirichlet and Neumann/Neumann Parallel Non-Overlapping Domain
Decomposition Method

Slawomir Kubacki, Andrzej Boguslawski

Institute of Thermal Machinery, Czestochowa University of Technology, Czestochowa, Poland

The paper presents solution of two-dimensional Helmholtz equation using spectral non-overlapping domain decomposition
method on parallel computer. The Chebyshev tau method was used for discretization of the subdomain problems, and the
diagonalization technique was used for solution of local system of equations. The novel feature of the paper consists of
solution of the 2-D Helmholtz equation using the new iterative method. Efficiency of the method proposed was compared
to the other iterative methods i.e. Zanolli as well as Louchart and Randriamampianina algorithms. It was shown that using
the method proposed a smaller number of iterations was needed to obtain converged solution compared to the other iterative
schemes if higher number of subdomains was considered. The improvement is mainly caused by solution of the common
system of equations at the correction stage of the iterative process, which take into account the patching conditions at all
interfaces.

Thu e 14:30 ¢ 307

Distributed Simulation of Transitional Nanoscale Channel Flows by a DSMC

; L FM6S_12248
Method with an Enhanced Reliability. —
Vladimir P. Memnonov
St.Petersburg State UNiversity, St.Petersburg, Russia

Vladimir P. Memnonov St.Petersburg State University, Math. and Mech. Dept., St.Petersburg, Russia Transitional flows
in very narrow channels were studied in the paper with the help of distributed simulation by DSMC method on several

Thu e 14:35 ¢ 307
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parallel clusters for reduction of statistical scattering in order to resolve low flow velocities. By employment additionally
a coupled at the boundaries finite element solution of the Navier—Stokes equations for the outer flow important features of
a complex channel flow, which models the flow in Winchester-type disc storage devices, were established. The two new

developed fault tolerant algorithmic procedures for diminishing bad consequences of possible node and link failures in
this complicated computational systems essentially increased reliability of such distributed simulations and were applied to
a filter problem which was simulated with the help of a metacomputing scheme.

CFD Methods in Industrial Applications Vehicle External Aerodynamics and
Aerodynamic Interaction of Moving Vehicles

Milan Schuster Thu e 14:40 307
SKODA Research, Pilsen, Czech Republic

The paper deals with the properties of 3-D flow around a moving vehicle during the aerodynamic interaction with its
environs. The models of rail vehicles intended for the public mass transport (fast trains, sub-urban trains units, underground
and municipal railways trains) are simulated. Driving speeds of those vehicles are supposed in the range of 80—220 km/h.
The computer simulations contribute to understanding and summarising the complex description of aerodynamic load of rail
vehicles during various running regimes and situations, important aerodynamic effects occur during the passing of vehicles
and/or under side wind. Simulations are carried out by means of commercial CFD code. Aerodynamic load is modelled as
a special boundary condition in form of aerodynamic effect models. Those models describe (and to calculate) aerodynamic
and interaction effects onto vehicles during passing and under side-wind and include time-dependent and space-dependent
values of load. The studies allow to increase efficiency and accuracy of computer simulations.

A Computational Model for the Si/C/N Nanopowder
Mohamed Amara, Djamila Hourlier, Mohammed El Ganaoui
SPCTS, Faculte des Sciences et Techniques, France Thu e 14:45 « 307

The growing interest in the synthesis of Si/C/N nano-sized powders can be further highlighted by the fabrication of mate-
rials that offer a large scale of properties. The powder must have a high purity and specific morphological characteristics
depending strongly on the employed experimental process. Several methods are employed to produce ceramic powders from
vapour phase reactants. These include flows through a tube furnace, Rf-heated and plasma arc. The presence of hot walls in
these methods is undesirable since they can act as heterogeneous nucleation sites and sources of unwanted contamination.
Furthermore, the thermal profiles within the reaction zone of these methods are often complex and give rise to non-uniform
nucleation and growth, inducing irregular characteristics. To overcome this problem a new method was recently developed
in the Massachusette Institute of Technology. An infrared CO2 laser beam is used to heat gas by absorption of radiation. The
principle reason for this is due to the small size of the reaction zone minimizing the contamination area. In this work laser-
heated gas-phase synthesis process is considered. The laser beam and gas stream interacts in orthogonal direction (cross
flow). The precursor gas is continuously injected into a reaction chamber, which after reaching a threshold temperature of
approximately 600°C reacts and decomposes thermally. The central inner jet is bounded by a coflowing annular inert gas
(argon). It is interesting to note that the laser energy is not directly used to heat the argon gas. This is due to the fact that
argon does note absorb the line emitted by the laser. The aim of this investigation is to develop an improved fundamental
understanding of the heat and mass transfer during the synthesis of nanopowder ceramics. One aspect of this understanding
consists to, determine 3D distribution of temperature and species, coupled to the fluid flow in the reactor. A numerical
model is developed and simulations are conducted by using CFX5 CFD software based on finite volume approximation.
It was also hoped that this study would allow a better understanding for the particles formation, in order to achieve the
ultimate goals of an ideal powder synthesis.

Numerical Error Evaluation for Tip Clearance Flow Calculations in Centrifugal
Compressor

Guillaume Dufour®, X. Carbonneau®, P. Arbez@, J.B. Cazalbou®, P. Chassaing® Thu e 14:50 ¢ 307
(1) ENSICATouloese, France

(2) Liebherr-Aerospace Toulouse, France

This paper focuses on the evaluation of numerical errors due to grid resolution. Since rigorous numerical error assessment
requires important computational resources, an attempt is made to obtain a numerical solution which is locally mesh in-
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dependent. The proposed method is applied to the tip clearance flow region of a centrifugal compressor solution obtained
with a the commercial RANS code Fine/Turbo. First, the design of experiment method is used to identify mesh parameters
having a dominant influence on the tip clearance flow. The results ensure that refining the computational grid only in the tip
region is sufficient to obtain a “local benchmark”. The computed solutions on the refined grids then show a qualitative con-
vergence of the shroud friction coefficient. Then, the different solutions allow a numerical error evaluation for the friction
coefficient on the shroud surface. Thus, the main advantage of the proposed method is an affordable way to define local
mesh requirements, that will still have to be fulfilled when global independence is the concern.

Simulation of a Viscous Flow Past a Three Dimensional Obstacle Using Vortex
Particles

Piotr Duszynski, Marta Poéwierz, Andrzej Styczek, Jacek Szumbarski

Dept. Aerodynamics, WUT, Warsaw, Poland

Thu e 14:55 ¢ 307

The new formulation of the lagrangian vortex method for viscous flow simulations is presented.The vorticity field is ap-
proximated by the large ensemble of vortex particles. These objects move with the fluid and perform the random motion

modeling diffusion of the vorticity. The contribution of each particle to the vorticity field is exactly divergence-free. The
no-slip boundary condition is ensured by auxiliary potential components and the vortex induction. At each time, two classes
of the particles exist: those created in the past and the new particles introduced on the boundary to cancel tangent compo-
nent of the velocity. Details of the method, the numerical implementation and sample results concerning the velocity and
vorticity patterns, aerodynamics forces and pressure field are presented.

Investlgaftlon (_)f WENO_Scheme for 3D Unstructured Grids EM6S 12618
Jerzy Majewski, Robert Wieteska —
Institute of Aeronautics and Applied Mechanics, Warsaw, Poland

The paper presents a comparison of WENO (Weighted Essentially Non Oscillatory) reconstruction applied within two
common approaches to Finite Volume Method (FVM), i.e. Cell Centered (CC) and Vertex Centered (VVC) method, which
are used for simulation of compressible inviscid flows. The subject of our interest was the reconstruction algorithm based
on WENO scheme for 3D meshes.This kind of reconstruction allows keeping high order also in the vicinity of strong
discontinuities (shock waves) without introducing oscillations. The CC and VC methods were subject to comparison in
order to assess their quality with regards to accuracy of the scheme and to the computational cost. The CC method was
found producing more accurate results than VC method but it was obtained at higher computational cost. The detailed
analysis will be presented for 3D supersonic flow in a chanel and for the Onera M6 wing.

Thu e 15:00 ¢ 307

Numerical Study of the Dynamics of Coalescence of Two Bubbles of Air in FM6S_12985
a Water Column at Rest
Jean M. Martinez, Xavier Chesneau, Belkacem Zeghmati Thu e 15:05 « 307

Université de Perpignan, France

The research of optimization, dimensioning or the implementation of a hydraulic system often reveals nondesired phenom-
ena such as early erosion, the loss of output or the irregularity of the flows due to the presence of bubbles. The experimental
study of the flows with bubbles being very complex, it appears paramount theoretically to analyze the transfers which are
carried out with the interface of one or more bubbles of air and their medium. We present a numerical study of the dynam-
ics of coalescence of two bubbles of air in a water column at rest. We used the PLIC-VOF method developped by Hirt &
Nichols to analyse the change of topology with the surface tension force variation. The resolution of the Navier—Stokes
equations is carried out by using a Projection method with a significant pression dependance in time. The use of a time
pressure correction permit to change initial pressure and the behaviour of a rise bubble is more accuracy well predicted.
For the study of coalescence between the rises of two bubbles we developped a new approach of the calculation of the
voluminal force of surface tension, as well as an evolution of the resolution of the equation transport of the function of
phase f(x, y, t). The results are presented in the form of curves and succession of images and show a very good behavior of
the algorithms in front of the tests of validation as well as a better estimate of the force of surface tension. The evolution of
the contour and the fields speed room of two bubbles in interaction is modelled and presented in the form of a succession
of images representing the approach and coalescence in 2d of two bubbles for different Reynolds number and of Jump.
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Cellular Compressible Magnetoconvection: a Machanism for Magnetic-Field
Amplification and Structuring

Alexander V. Getling®, Wolfgang Dobler® Tue ¢ 17:00 « 226
(1) Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

(2) Kiepenheuer-Institut fuer Sonnenphysik, Freiburg, Germany

The amplification and structuring of magnetic field by cellular compressible magnetoconvection in a plane horizontal fluid
layer heated from below is studied using numerical simulations. The cases of both horizontal and inclined initial magnetic
fields are considered. A bipolar structure superposed with finer details (which is typical of solar magnetic regions) develops
from a horizontal initial field. If the initial field is inclined, such a structure coexists with a strong unipolar concentration of
magnetic flux. Convection cells form such structures over a fairly wide region in parameter space, and this property seems
to be inherent in the very topology of the cellular flow. These new effects are complemented with the well-studied sweep of
the vertical magnetic field to the cell boundaries and with a strong concentration of the horizontal magnetic field near the
bottom boundary of the layer (so-called topological pumping)

Large-Scale Semi-Organized Structures in Geophysical Turbulent Convection
Tov Elperin®, Nathan Kleeorin®, Igor Rogachevskii®, Sergej Zilitinkevich®

(1) Ben-Gurion University, Beer-Sheva, Israel

(2) Uppsala University, Uppsala, Sweden

Tue ¢ 17:20 ¢ 226

A new mean-field theory of turbulent convection is developed by considering only the small-scale part of spectra as turbu-
lence, whereas the large-scale part is treated as a mean flow, which includes both, regular and semi-organized motions. In

a shear-free turbulent convection the theory predicts the convective wind instability which causes formation of large-scale
semi-organized fluid motions in the form of cells. The theory predicts also the convective-shear instability in a sheared

turbulent convection which results in appearance of large-scale semi-organized convective rolls. This instability can cause
also a generation of helical convective-shear waves which propagate perpendicular to convective rolls. The increase of
shear promotes excitation of the convective-shear instability. Predictions of this theory are in a good agreement with the
modern knowledge about the atmospheric convective boundary layer and observed semi-organized large-scale structures:
three-dimensional Bénard-type convective cells (cloud cells) and convective rolls (cloud streets) stretched along the mean
wind.

Experimental Studies of Planetary Core Convection and Dynamo Processes
Jonathan M. Aurnou
Dept. of Earth & Space Sciences, UCLA, Los Angeles, USA Tue o 17:40 ¢ 226

The magnetic fields of the terrestrial planets are generated by convectively-driven dynamo processes occurring within the
electrically-conductive fluid regions of planetary cores. Present experimental approaches are focusing on two complemen-

tary methods for understanding core dynamo processes: mechanically-driven dynamo experiments and buoyancy-driven
convection experiments. In the mechanically-driven experiments, energy is pumped into the velocity field via impellers or
pumps. Although the flows produced are not necessarily geophysically accurate, dynamo action may result, thereby pro-

ducing a system of both physical and geophysical interest. In buoyancy-driven rotating magnetoconvection experiments,
energy is pumped predominantly into the externally-imposed magnetic field. The buoyancy-driven flows, acted upon by
strong Coriolis and Lorentz forces, are interesting analogues to core convection; the velocities, however, are far too small
to generate dynamo action. Here we will review the latest mechanically-driven dynamo experiments and then discuss the
results of buoyancy-driven rotating magnetoconvection experiments relevant to core convective processes.
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Sea Convective Motions Driven by Random Buoyancy Inputs
Vanda Bouché
Physics Department, ““La Sapienza™ University, Rome, Italy Tue ¢ 18:00 « 226

A numerical and analytical model for dynamics of dense water plumes in a homogeneous and a stratified sea initially at
rest, suddenly perturbed on the air-sea surface by a series of space and time random buoyancy inputs localized on small
space and time scales, due to strong transverse winds, is presented here. The conditions for their generation are identified.
A Lagrangian rapresentation allows the time evolution for a set of perturbed by the Coriolis force, single, not entraining,
plumes, able to carry down dense water mass, to be obtained. Their separate evolution till the initial collective rotating
chimney formation phase is observed. Scaling laws depending on the surface air-sea interaction statistics involved and on
the forcing time scale, are examined; their dependence on buoyancy fluctuations more than mean values is shown.

Thermochemical Convection in Two Superimposed Miscible Viscous Fluids
Michael Le Bars®, Anne Davaille®

(1) Department of Applied Mathematics and Theoretical Physics, Cembridge, UK Tue ¢ 18:20 « 226
(2) Laboratoire de Dynamique des Systémes Géologiques, IPGP, France

Marginal stability analysis and laboratory experiments have been performed to investigate thermal convection in two su-
perimposed layers of miscible fluids. Four dimensionless numbers characterize the dynamics of the system: the viscosity
ratio, the layer depth ratio, the Rayleigh number and the buoyancy number, ratio of chemical stabilizing density anomaly
and thermal destabilizing density anomaly. Two different regimes are observed: an oscillatory doming regime for small B,
where the interface deforms in large domes moving up and down quasi-periodically; a stratified regime for large B, where
convection develops in the two superimposed layers, separated by a relatively undeformed interface. The critical buoyancy
number determined by the marginal stability analysis agrees well with experimental results. We also propose scaling laws
for domes direction of spouting, size, speed and periodicity. Such an experimental model has direct implications for the
Earth’s mantle dynamics: the oscillatory doming regime could explain the present-day observations.

Nonlinear Convective Patterns in Spherical Rayleigh-Bénard Systems
Xinhao Liao®, Keke Zhang®

(1) Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai, China Tue o 18:40 « 226
(2) School of Mathematical Sciences, University of Exeter, UK

Nonlinear thermal convection in a spherical fluid layer in the presence of spherically symmetric gravity, spherical Rayleigh—
Bénard convection, is investigated. At the onset of spherical Rayleigh—Bénard convection, there exists the (21+1)-fold de-
generacy of the linear solution, where | is the degree of a spherical harmonics. Nonlinear convection is studied through fully
three-dimensional numerical simulations. Several new spherical patterns of nonlinear convection are found. In particular,
a steadily drifting pattern in the form of a single giant spiral roll covering the whole spherical surface without defects is
discovered for various Prandtl numbers for the first time.

Visualization of the Flow Structure and Temperature Field in the Region of
Mixed Convection

Elzbieta Fornalik®, Wolfgang Leiner®, Janusz S. Szmyd®, Tomasz A. Kowalewski®, Thu e 09:30 # 315
Hiroyuki Ozoe®

(1) AGH University of Science and Technology, Krakéw, Poland

(2) Ruhr University of Bochum, 44780 Bochum, Germany

(3) Polish Academy of Science, IPPT PAN, Swietokrzyska 21, Warsaw, Poland

(4) Kyushu University, 6-1 Kasuga Koen, Kasuga, 816-8580 Fukuoka, Japan

The results of experimental simulation of mixed convection in the process of single-crystal growth by Czochralski method
are presented. Visualizations were done by dispersed encapsulated liquid crystals, which enable simultaneous measure-
ments of the velocity and temperature fields. Experimental analysis was done for the cylindrical vessel kept in the isothermal
conditions. The temperature difference occurred between the rotated crystal simulating ring and the melt. The experimen-
tal conditions depended on the non-dimensional parameters like Prandtl number, Reynolds number and Grashof number.
The velocity fields showed appearance of vertical structures, whose number, shape and movement depend strongly on the
Reynolds number. Velocity vectors maps are compared with the isotherms.
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Large Eddy Simulation of Rayleigh-Bénard Convection in an Infinite Fluid
Layer
Anne Sergent®, P. Joubert®, P. Le Quere® Thu ¢ 09:50 315

(1) LIMSI, CNRS, Orsay, France
(2) LEPTAB, Université la Rochelle, France

A numerical study of Rayleigh—Bénard convection in an infinite fluid layer (Pr=0.71) is performed using large eddy simu-
lation (LES) of the Navier—Stokes equations with the Boussinesq approximation. We present results in a “hard turbulence’
regime (2.10° < Ra < 2.10%). The LES modelling uses the mixed scale diffusivity model, that we have originally developed
in the case of the differentially heated cavity. This original subgrid diffusivity model is based on its own time-scale, so that
the Reynolds analogy is not needed to be assumed. The main observation is the ability of the computations to reproduce
the 2/7 scaling behavior over a large Ra range (2.10% < Ra < 2.108) despite of the LES modelling. Moreover the regime
transition towards the ‘ultra-hard regime’ is observed at Ra = 2.10°.

Thermal Buoyancy Convection in Systems with Deformable Interfaces
Dmitriy V. Lyubimov®, Nicolay I. Lobov¥, Tanyana P. Lyubimova®®,
Nikita A. Ospennikov?, Sergey V. Shklyaev® Thu ¢ 10:10 315

(1) PSU, Perm, Russia
(2) ICMM UB RAS, Perm, Russia

Thermal convection in a two-layer system with deformable interface heated from below is studied. Generalized Boussinesq
approximation allowing correct accounting for the interface deformations in the case of fluids with close densities is used. In
the framework of linear stability theory long wave and cellular perturbations are studied, parameter ranges where different
perturbations are most dangerous are found. Non-linear amplitude equation describing long wave perturbations with large
amplitude is obtained and analyzed. Numerical investigation of developed regimes of convec-tion is performed by the Level
Set method. The situations are discovered when the development of instability results in the splitting of one of the layer
into the drops.

Bifurcation of Steady Thermo-Capillary Flows of a Binary Mixture
Vladimir A. Batischev
Rostov State University, Russia Thu e 14:30 « 219A

We study a branching of axially-symmetric thermo-capillary flows of a binary mixture in a Prandtl’s boundary layer on
a horizontal rigid wall. We reduce the governing system to a boundary-valuer problem for ODE system. We get a number
of main regimes numerically and identify the parameter domain where the main regime is not uniquer. \We examine the
branching of main regimes with the use of branching equations. The bifurcation curves were found numerically. We show
that a generic bifurcation creates two secondary counter-rotating flows, while in the case of degeneration two-side bifurca-
tions generate four secondary regimes. The secondary regimes were constructed analytically in the small neighborhoods of
the bifurcation points and continued numerically on the exterior of the neighborhoods.The study was supported by RFBR,
grant 02-01-00226.

Scall_ng Layvs for The_rmal Convections EM7S 10438
Martin P. King®, M. Wilson® —
(1) Abdus Salam International Centre for Theoretical Physics, Trieste, Italy Thu e 14:35 « 219A

(2) University of Bath, Bath, UK

We begin with the derivation of various scaling laws for Rayleigh—Bénard convection using a combination of dimensional
considerations and phenomenological models in the spirit of Castaing et al(J. Fluid Mech., 1989). Other than being simple,
these models also offer an intuitive understanding of the connection between certain flow behaviours and the corresponding
scaling laws. Castaing et al only applied their model to obtain the Nu ~ Ra2/? scaling. We show that this model, with some
minor changes, can also produce other scalings which have been derived using more sophisticated methods and measured
recently in experiments. Similar techniques are then applied to the analysis of heat transfer in an enclosure with an inlet and
an outlet for cooling air flow. The results are summarised in a regime diagram delineating different types of convection and
correlation scaling. The similarities between these with heat transfers from a flat plate will be highlighted. It will be thus
shown that the method can be applied to both internal (e.g. in a sealed or unsealed box) and external (e.qg a flat plate) flows.
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On Features of Magnetic Convection in Ferrofluid
Aleksandra A. Bozhko, Ekaterina N. Beresneva, Gennady F. Putin
Perm State University, Perm, Russia

Thu e 14:40 « 219A

Magnetically driven convection in nonconducting fluids is actively investigated last years due to uses in the field of materials
processing including crystal growth from protein solution and insulating paramagnetic melts. However, the pondermotive
forces exerted in natural media by typical magnets are very weak. Therefore ferrofiuid — colloidal suspension of mon-
odomain particles — well approaches for modeling of magnetoconvection.The experiment was performed to examine the
influence of external homogeneous magnetic field on the convection instability, heat transfer and flow patterns in ferrofiuid.
Both driving force connected with a spatial variation in magnetization and comparatively weak suppressive force arising
due to interaction between applied field and distortions of magnetization induced by flow were studied. It was revealed
that the competitive action of density gradients of thermal and concentration nature results in spatiotemporally chaotic
convection. Concentration heterogeneities arise due to settling of magnetic particle aggregates in gravity field.

Multiplicity of Patterns in Cylindrical Convection
Katarzyna Boronska, Laurette Tuckerman
LIMSI-CNRS, Orsay, France Thu e 14:45 ¢ 219A

The experiments of Hof, Mullin and Lucas on Rayleigh—Bénard convection in a cylindrical system are simulated numeri-
cally using a pseudospectral three-dimensional code. We confirm that for their parameter values, there exist multiple stable
solutions. Starting from a perturbed conductive state, we obtain different final patterns, depending on the Rayleigh number.
We then use these flows to initialize the simulations for other Rayleigh numbers. In this way we obtain many different stable

solutions for the same Rayleigh number — two, three or four parallel rolls, a three-spoke pattern and even an axisymmetric
state.

Natural Convection for Anomalous Density Variation of Water — Numerical
Benchmark
Tomasz Michatek?, Tomasz A. Kowalewski®, Bozidar Sarler®

(1) Institute of Fundamental Technological Research PAS, Poland
(2) Nova Gorica Polytechnic, Nova Gorica, Slovenia

Thu e 14:50 e 219A

A steady state natural convection in a differentially heated cavity for temperatures in a vicinity of the freezing point is used to
investigate and compare performance of four different numerical methods: finite differences, finite volume, finite elements
and mesh-free diffuse approximation method. A primary aim of the exercise is to define a new numerical benchmark
solution for natural convection problems, which includes challenging configuration of strongly non-linear buoyancy term.
This configuration is used to test performance of two popular commercial codes (Fluent and Fidap) and to compare them
with two “classical” finite difference codes and the new promising mesh-free implementation.

3D Flow Transition Behind a Heated Cylinder
Maosheng Ren, Camilo C.M. Rindt, Anton A. van Steenhoven
Eindhoven University of Technology, the Netherlands

Thu e 14:55 ¢ 219A

In the present study the 3D transition behind a heated cylinder subjected to a horizontal cross-flow is investigated at low
Reynolds numbers: Re = 0(100). For a Richardson number Ri > 1.0, the 3D transition manifests itself in the form of
escaping thermal plumes, which have a spanwise distance of around 2d (d is the cylinder diameter). To understand the flow
structures observed from the experiments, Spectral Element calculations are carried out, providing more detailed insight
into the occurrence of the 3D transition. For Re = 85 and Ri = 1.0, pairs of counter-rotating vortices appear close behind
the cylinder. The counter-rotating vortices also have a spanwise distance of around 2d. A detailed study on the origin and
evolution of the counter-rotating vortices in the near wake and the thermal plumes in the far wake will contribute to a better
understanding of 3D transition behind heated bluff bodies.



86 XXI International Congress of Theoretical and Applied Mechanics, Warsaw, Poland, August 15-21, 2004

Penetrative Convection in Stratified Fluids: Velocity Measurements by Image
Analysis

Antonio Cenedese, Massimo Miozzi, Monica Moroni Thu ¢ 15:00 « 219A
DITS-University of Rome, Rome, Italy

Models of the structure of stratified oceans and lakes as well as the atmosphere use bulk parameters to predict a variety
of processes that control the ecology of natural systems. The success of such approach in predicting even small scale
phenomena has not a parallel in modeling turbulent. Particularly the interaction of convective turbulence and the density
interface is not well understood. Analytic solutions for such turbulent motion are not available and there appears to be little
hope of finding such solutions in the near future. The present experiments simulate the deepening of a convective mixed
layer in a stratified lake. LIF visualizations, temperature measures and velocity field detection through Particle Tracking
Velocimetry and Feature Tracking were employed to examine the effect of convective-driven perturbation at the mixed
layer when no vertical shear occurs. The model used for laboratory experiments is a tank with glass sidewalls of dimension
40x40x41 cm?3 in the two horizontal and vertical directions respectively. The working fluid is distilled water. Pollen is

used as passive tracer. A stable stratification, e.g. a positive vertical temperature gradient, is generated by means of two
connected tanks. After being stratified, the chamber is heated from below, to simulate the solar radiation effects and to
cause penetrative convection. Temperature profiles are measured inside the tank by mobile thermocouples.

Experimental and Numerical Studies of Convection Flow in
a Cylindrical-Conical Fermenting Tank

Heiko Meironke, J.A. Szymczyk Thu ¢ 15:05 ¢ 219A
FH Stralsund — Department of Thermofluiddynamics and Turboma Machines, Straslund, Ger-

many

In this paper the experimental and numerical investigations of the convection flow in a real cylindrical-conical fermenting
tank of beer manufacturingare described. The experimental investigations in a cylindrical-conical fermenting tank was
conducted using a two-dimensional ultrasonic Doppler velocity measurement method to measure the flow field during a real
fermentation process in a opaque wort. In a further investigations the fermentation process was simulated with a model-fluid
by heating and cooling the outside of the fermenter. In this work the proceeding of measurements, the experimental-setup
and the measured flow fields are presented. In a numerical study the convection flow of the simulated fermentation process
was analysed. Comparison of the numerical results with the experimental data of simulated and real flow shows for the first
time a good prediction of the simulated flow of the model-fluid.

The Influence of Translational Vibration of Circular Polarization on Fluid
Convection Stability and Flow Patterns

Aleksander A. Kozlov, Igor A. Babushkin, Gennady F. Putin Thu e 15:10 ¢ 219A
Perm State University, Perm, Russia

Experiments were performed to examine the influence of nonlinear vibrations on thermogravitational convection. The
results of the experiments indicate that the mentioned force field essentially influence on stability of mechanical equilibrium
and the structures of liquid currents. A number of regimes of convection, e.g. rolls, cells and zipper-state were observed.

Natural Convection of Pseudoplastic Fluids
Tomasz Strek, Anita Uscilowska
Poznah University of Technology, Poznaf, Poland

Thu e 15:15 ¢ 219A

The numerical experiment of the transient natural convection in two-dimensional cavity with non-Newtonian fluid is pre-
sented. In non-Newtonian viscosity models it is assumed that the laminar viscosity can be expressed as a continuous
function of the strain rate. The present work is based on the power law model, which is the most popular non-Newtonian
viscosity models. The results of numerical experiments of natural convection in two-dimensional cavity with Newtonian or
non-Newtonian are presented.



FM7: Convective phenomena 87

Convective Phenomena in Rotating Annuli Heated on Periphery
Vladimir V. Ris®, Evgueni M. Smirnov®®, Alexander A. Smirnovskii®

(1) Department of Thermoengineering, St.-Petersburg Polytechnic, Russia
(2) Department of Aerodynamics, St.-Petersburg Polytechnic University, Russia

Thu e 15:20 « 219A

Results of time-accurate numerical simulation of 2D and 3D unsteady buoyancy-induced convection in rotating annular
air-filled cavities heated on the periphery and cooled at the inner radius are presented. The cavity radial aspect ratio is equal
to 0.35, the centrifugal Rayleigh number is ranged from 5E04 to 5EQ7. It has been established that at the Rayleigh numbers
ranged from 2E05 to 2E06 stable flow regimes with two, four or six vortices can be obtained with the 2D formulation

for an unlimited annulus. In a 3D configuration with two bounding adiabatic discs (axial ratio is equal 0.34), the two-
vortex regime is inhibited, and possible regimes with four-vortex or six-vortex large-scale structures manifest a pronounced
chaotic behavior at Ra>1E06. For the 3D configuration, the Nusselt numbers are by 3 to 5% lower that for correspondent
2D solutions. The Nusselt numbers computed are in a good agreement with the experimental correlation.

On the Rayleigh-Bénard Problem in the Continuum Limit
Avshalom Manela, Itzchak Frankel
Faculty of Aerospace Engineering, Technion-Israel Institute, Hajfa, Israel Thu e 15:25 ¢ 219A

The transition to convection in the Rayleigh—Bénard problem at small Knudsen numbers is studied via a linear temporal
stability analysis of the compressible ‘slip-flow’ problem. No restrictions are imposed on the magnitudes of temperature
difference and compressibility-induced density variations. The dispersion relation is calculated by means of a Chebyshev
collocation method. The results indicate that occurrence of instability is limited to small Knudsen numbers (Kn<0.03) as
a result of the combination of the variation with temperature of fluid properties and compressibility effects. Comparison
with existing DSMC and continuum non-linear simulations of the corresponding initial-value problem demonstrates that
the present results correctly predict the boundaries of the convection domain. The linear analysis thus presents a useful
alternative in studying the effects of various parameters (e.g. temperature ratio) and models of molecular interaction on the
onset of convection, particularly in the limit of arbitrarily small Knudsen numbers.

The Influence of Vibration on the Onset of Marangoni Convection in Horizontal
Fluid Layer

S.M. Zenkovskaya, A.L. Shleykel, V.A. Novosiadliy Thu ¢ 15:30 « 219A
RSU, Dep. Of Numerical Meth. and Math. Physics, 5 Zorge, Rostov-on-Don, Russia

The influence of oscillations of hard or “soft” (free undeformable) wall on the onset of Marangoni convection in horizontal
layer of viscous incompressible fluid with deformable boundary is considered. The oscillations are assumed to be trans-
lational and harmonical with frequency w and amplitude a. Two cases were studied: 1) oscillations of arbitrary direction,
large frequency w and small amplitude a = O(1/w); 2) vertical oscillations of finite frequency and amplitude. In the first
case by application of averaging method it was shown that oscillations of any other direction than longitudinal smoothen
the free boundary. In the second case the stability analysis of the quasiequilibrium was carried out utilizing Floquet theory.
Continuous fractions method was applied to obtain the dispersion equations for computing the critical parameter values
for main types of loss of stability — synchronous, subharmonic and quasiperiodic. Neutral curves Ma(k,w) (K is the wave
number) were computed for the case of weightlessness.

Air Convection in a Cubic Enclosure with Laterally Shifted Electric Coil
without a Gravity Field

Tomasz Bednarz®, Toshio Tagawa¥, Masayuki Kaneda®, Hiroyuki Ozoe®,

Janusz S. Szmyd®

(1) Kyushu University, Japan

(2) AGH University of Science and Technology, Poland

Thu  15:35 ¢ 219A

Numerical computations were carried out for magnetizing convection of air in a cubic enclosure with laterally shifted coil
at various elevations. Air is known as a paramagnetic substance and its magnetic susceptibility varies with temperature due
to the Curie’s law and the convective motion is driven by the magnetic buoyancy force. Magnetic field was generated by an
electric current through a coil which was laterally shifted in the X direction and placed at various elevations Z.. The heat
transfer rate was mostly enhanced for the coil shifted horizontally to have a close location of the coil with the hot wall. This
work shows that character of convection and the average Nusselt number depends strongly on the horizontal position of the
coil and the heat transfer rate is controlled by the magnetic field.
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Drops and bubbles
Chairpersons: J. Eggers (UK), A. Prosperetti (USA)

Theoretical Stuqlles of Flow-lnduced Coalescence FMSL 11289
L. Gary Leal, Fabio Baldessari, Marcos Borrell, Yosang Yoon —
Department of Chemical Engineering, University of California, Santa Barbara, USA Thu ¢ 11:00 e 327

We study the dynamics of collision and film drainage that leads to coalescence of two drops in a flow. The objective
is comparison with experimental observations from our laboratory. The basis is to study head-on collisions with a time
dependent force along the line of centers of the drops that varies with time in the same way that the force along line of centers
varies with time in a “normal” glancing collision. Experiments carried out with a computer-controlled version of the 4-roll
mill demonstrate that the coalescence process in such a head-on collision is identical to that in the corresponding glancing
collision for low capillary numbers. The focus on head-on collisions allows a much greater degree of spatial resolution than
is possible in a fully 3D collision. Two kinds of theory are discussed: thin-film theory based on the asymptotic limit Ca
< 1; and boundary integral calculations.

Atomization of an Undulating Liquid Sheet
N. Bremond, C. Clanet, E. Villermaux
IRPHE, Marseille, France Thu e 11:20 « 327

This paper presents an experimental study devoted to the understanding of break-up mechanisms of liquid sheets. The
studied sheet is formed by the normal collision of a round jet on a solid rod which can oscillates vertically. The liquid
expands radially in air initially at rest. A shear instability develops at the interface liquid/gas resulting in an undulated
motion of the liquid sheet. Because of the velocity contrast between the liquid and the surface waves, the liquid is submitted
to transient accelerations as it moves through the undulations. This situation trigs a Rayleigh—Taylor instability leading
to azimuthal thickness modulations. The thickness profile governs the free rim shape and therefore the drops formation.
A model including the development of both instabilities allows us to predict the sheet and drops sizes.

Evaporation-Driven Assembly of Colloidal Particles
Eric Lauga, Michael P. Brenner
Division of Engineering and Applied Sciences, Harvard University Thu e 11:40 e 327

In a recent experiment by Manoharan et al. (2003, Science, vol. 301), a small number N of spherical particles located at the
surface of a droplet self-assemble due to the droplet evaporation. Such process leads to final packings of spheres which are
unique and, for N less than 11, equivalent to the minimal second moment clusters as studied by Sloane et al. (1995, Discrete
Comput. Geom., vol. 14). We first use numerical simulations to reproduce the packings of Manoharan et al. We then study
theoretically the packing selection problem. We show that at the smallest droplet volume below which the droplet can no
longer remain spherical, the packing of spheres on its surface is unique and independent of the liquid-solid contact angle.
We then use a perturbation analysis to characterize the rearrangement of the spheres at this point and we show that for N
less than 18, the rearrangement of the sphere is unique and purely geometric.
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Molecule Conf!gurations in a Droplet Detachment Process of a Semdilute EMSL 11462
Xanthan Solutions —
Christian Wagner®, Andriy Kityk® Thu e 12:00 « 327
(1) Experimentalphysik, Universitat des Saarlandes, Saarbrucken, Germany

(2) Institute for Computer Science, Technical University of Czestochowa, Poland

The detachment process of a droplet of an elastic liquid is characterized by the suppression of the pinch off finite time
singularity and the formation of a cylindrical filament between the droplet and the nozzle. The flow in this filament is
purely elongational. The resistance to such a flow is macroscopically described by the elongational viscosity. However,
a sound understanding of the functional connection between the microscopic configurations of the macromolecules and the
macroscopic flow is still missing. We present birefringence data that are taken simultaneously to the macroscopic flow mea-
surements. By changing the ionic strength of the solvent we can tune the flexibility of our polyelectrolytic macromolecules
and correlate them with the microscopic polymer configurations and the measurements of the elongational viscosity.

Numerical Simulation of Liquid—Gas Interfaces with Applications to
Atomization

Thomas Boeck, Stephane Zaleski Thu e 12:20 ¢ 327
Laboratoire de Modélisation en Mécanique, Paris, France

We investigate the two-phase mixing layer between high speed liquid and gas jets. This flow leads to the breakup of the
interface into small droplets and is the basic mechanism in atomization processes. We use Volume of Fluid methods to
investigate this flow numerically. Some recent versions of the Volume of Fluid method conserve momentum exactly, which
is an advantage for the robust simulation of very small droplets. To validate the use of these methods for the computation
of the instability, we have investigated in depth the linear stability theory. Good agreement is obtained between simulations
and stability theory. We then report simulations of the non-linear development of the instability in 3D. We use boundary
conditions that allow the study of the spatial development of the instability. The simulations show the convective character
of the instability and the influence of small upstream perturbations on droplet formation.

Evolution of a Pair of Spherical Bubbles Rising Side by Side at Moderate
Reynolds Number
Jacques Magnaudet, Dominique Legendre Thu e 12:40 e 327
Institut de Mécanique des Fluides de Toulouse, France

The three-dimensional incompressible flow past two identical spherical clean bubbles moving side by side in a viscous fluid
is studied numerically, allowing us to describe the interaction between the two bubbles over a wide range of Reynolds num-
ber and separation distance. The results enlighten the role of the vorticity generated at the bubble surface in the interaction
process. When vorticity remains confined close to each bubble, the interaction is dominated by an irrotational mechanism
and yields an attractive transverse force. In contrast, when viscous effects are sufficiently strong, the vorticity field about
each bubble interacts with that about the other bubble, resulting in a repulsive transverse force. Using these computational
results we show that, depending on their initial separation, freely-moving bubbles may either reach a stable equilibrium
separation or move apart from each other up to infinity, which strongly contrasts with the conclusions of the potential flow
approximation.

Cavitation Inception on Micro-particles: a Self Propelled Particle Accelerator EMSL 11999
Manish Arora®, Claus-Dieter Ohl®¥, Knud Aage Morch® —

(1) Physics of Fluids, TNW,University of Twente, Enschede, Netherlands
(2) Department of Physics and Center of Quantum Protein, TU of Denmark

Fri e 11:00 e 327

Corrugated, hydrophilic particles with diameters between 30um and 150um are found to cause cavitation inception at
their surfaces when they are exposed to a short, intensive tensile stress wave. The growth of cavity and its interaction with
the original nucleating particle is recorded by means of digital imaging. The growing cavity accelerates the particle into
translatory motion until the tensile stress decreases, and subsequently the particle separates from the cavity. The cavity
growth and particle detachment are modeled by considering the momentum of the particle and the displaced liquid. The
analysis suggests that all particles which cause cavitation are accelerated into translatory motion, and separate from the
cavities they themselves nucleate.
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A Long-wavelength Model of Viscous Entrainment EMSL 12429
Wendy W. Zhang —
Physics Department & James Franck Institute, Chicago, USA Frie 11:20 # 327

When a large air bubble rises in syrup, it often leaves behind a thin trailing tendril in which air is entrained into the syrup.
This is a familiar example of how viscous entrainment can create a long and slender structure on a liquid surface. We derive
a simplified model of viscous entrainment in the limit when the entrained fluid is far less viscous than the entraining fluid.
Results suggest there exists a class of macroscopic conditions which allow local, scale-invariant entrainment dynamics,
thus raising the possibility of that infinitely thin liquid spouts in the continuum model are realizable in practice.

Lift force on Bubbles and Particles in a Rotating Cylinder EM8L 12769
Stefan Luther®, Hanneke Bluemink®, Ernst van Nierop®, Jacques Magnaudet®, —
Andrea Prosperetti®, Detlef Lohse® Frie 11:40 ¢ 327

(1) University of Twente, Enschede, Netherlands
(2) IMFT, Toulouse, France
(3) The Johns Hopkins University, Baltimore, USA

We report on lift and drag coefficient measurements of bubbles and particles in a vortex flow. The Strouhal number Sr
and Reynolds number Re are 0.1 < Sr < 1 and 0.01 < Re < 100 based on the typical bubble radius Ry about 1 mm. An
increased drag is found in accordance with numerical experiments in linear shear flow. Negative lift coefficients are found
for 0.1 <Re < 3.

Low-Reynolds-Number Motion of a Drop Beween Two Parallel Plane Walls
Andrew J. Griggs, Alexander Z. Zinchenko, Robert H. Davis
Department of Chemical and Biological Engineering, University of Colorado, USA

The motion of a deformable drop between two parallel plane walls in Poiseuille flow at low Reynolds number is examined
using a novel boundary-integral method. Instead of the more commonly employed free-space Green’s function, the Green’s
function for a point force between two infinite plane walls is utilized, which permits direct incorporation of the wall effects
without discretization of the walls. Three-dimensional results are presented for neutrally-buoyant spherical and deformable
drops of arbitrary fluid-to-drop viscosity ratio, drop size, and position within the channel. For spherical drops, the decrease
in translational velocity from the undisturbed fluid velocity increases with drop size, proximity of the droplet from one or
both walls, and drop-to-fluid viscosity. For off-centerline placement of deformable drops, lateral migration trends are given
as a function of capillary number and viscosity ratio.

Singular Droplets
Daniel Bonn, Salima Rafai, Arezki Boudaoud :
ENS-LPS, Paris, France Fri e 12:20 ¢ 327

We study droplets of complex fluids, having either surfactants or polymers dissolved in the fluid. We study the spreading at
low Reynolds number. It turns out that both polymers and surfactants slow down the spreading. A special type of surfactants
(trisiloxanes), however, leads to superspreading, in which the droplet spreads out orders of magnitude quicker than with
usual surfactants. We provide quantitative explanations for the slowing down of the spreading; however, the mechanism of
the speeding up remains a puzzle. At high Reynolds number, we study the impact and subsequent retraction of aqueous
droplets on hydrophobic surfaces. Here, the polymer and surfactant additives slow down the retraction, leading to improved
deposition. The mechanisms are however very different: the surfactantants act on the surface tension, whereas the polymers
change the bulk rheology.

Frie 12:00 ¢ 327
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High-frequency Linear Viscosity of Emulsions Composed of Two Viscoelastic
Fluids

Jerzy Bawzdziewic2?, Eligiusz Wajnryb®

(1) Department of Mechanical Engineering, Yale University, New Heaven

(2) Polish Academy of Sciences, IPPT PAN, Warsaw, Poland

The high-frequency linear response to an oscillatory flow is studied for an emulsion of viscoelastic droplets suspended in
another viscoelastic fluid. Our analysis applies when the frequency of the imposed flow is much higher than the inverse
capillary-relaxation time of the drops. However, the imposed frequency can be comparable to the inverse timescales asso-
ciated with the response of the component fluids. In our approach, the complex, frequency-dependent effective viscosity of
the emulsion is described using the Bergman spectral representation. It allows us to characterize the response of the system
in the complex domain by a single real function, i.e. the spectral density. Moreover, the spectral representation enables
construction of rapidly converging continued-fraction approximations. We find that the emulsion response is accurately de-
scribed by several coefficients of the expansion. Numerical results for the spectrum and the continued-fraction coefficients
are presented at different volume fractions for emulsions of randomly distributed drops.

Frie 12:40 ¢ 327

Met_hod for Solving Nonlinear Problems on Unsteady Free-Boundary Flows FM8S_10580
Yuriy A. Semenov
Institute of Technical Mechanics of the NAS and NSA of Ukraine, Dniepropetrowsk, Ukraine Tue ¢ 14:30 ¢ 315

A direct method of finding a flow potential of 2-D inverse boundary-value problems is proposed. The method makes it
possible to construct the expressions of a complex velocity and a derivative of the complex potential defined in the parameter
domain. These expressions contain in explicit form the functions determined from boundary conditions. They are the time
dependent functions of the velocity modulus and the velocity angle to the boundary including the free surface. The dynamic
and kinematic boundary conditions lead to a system of the integral and integro-differential equations for determination of
these unknown functions. The method has been evaluated when solving the new self-similar water impact problems: vertical
entry of an asymmetric wedge; oblique entry of a wedge; oblique entry of a flat plate, a liquid wedge impacting the solid

wall.

Viscous Extensional Flow and Drop Break-Off Under Gravity FM8S_11855
Ernest O. Tuck, Yvonne M. Stokes
Applied Mathematics, The University of Adelaide, Australia Tue ¢ 14:35 ¢ 315

Smooth honey dripping from a spoon is an everyday example of a viscous fluid in a long filament-like extensional flow
which may eventually break up into drops. Similar filament or drop forming flows are important in modern technologies
including ink-jet printing, molten metal processing, polymer and glass fibre spinning, and for rheological measurement. We
study here finite drops of