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PREFACE

As in preceding years this annual report of the J.M. Burgerscentrum
(JMBC) provides an overview of the activities of our research school during
last year (2010) and a plan of action for the current year. The core of the report
consists of the description of the research projects, carried out by the JMBC
groups. In each report the relevant information (title, theme, staff involved,
project aim, achievements, publications, funding source, application, etc.) is
given. Also some research highlights are presented. It also provides general
information about the research school, such as goals, organization, relation
with industries and technological institutes.

Members of JMBC groups were very successful in their work during last
year. We give some examples:

+ Prof. Philip de Goey was appointed to Simon Stevin Meester 2010 by

the Netherlands Foundation of Applied Sciences on 7 October. It is a
great honor for him and his group. It is also a great honor for the JMBC:
last year prof. Detlef Lohse and this year prof. Philip de Goey !

+ Prof. Kemo Hanjalic received the Royal Decoration: Officier in de Orde
van Oranje-Nassau. It is a recognition of his very important contribution
to science and fluid flow in particular.

+ Prof. Jerry Westerweel (together with prof. Ronald Adrian) published
the book ‘Particle Image Velocimetry’. Although the concept of
measuring the fluid velocity by measuring the displacements of particles
in the fluid is simple in essence, the factors that need to be addressed
to design and implement PIV systems that achieve reliable, accurate
and fast measurements are surprisingly numerous. The aim of the book
is to analyze and explain them comprehensively.

During the meeting of the Council of Project Leaders of the JMBC on

21 May the new course program of our research school was discussed and
composed. In the academic year 2010-2011 there are eight courses. It is
important that the PhD-students follow the required number of courses. The
details are given in the course booklet and on the JMBC website.

The First Dutch OpenFOAM Day took place at the Delft University
of Technology on November 4. OpenFOAM is a C++ toolbox for the
customization and extension of numerical solvers for continuum mechanics
problems, including computational fluid dynamics (CFD). There is a rapidly
growing interest and development of OpenFOAM at universities and industries.
It becomes an important platform for smooth and rapid transition of ideas,
methods, and software developed at universities to industries and research
institutes. Since it is open source all details of the used methods are available.
The JMBC sponsored this event.

The Burgersdag 2011 at Delft University of Technology was again a great
success. There was a record number (270 !) of participants. The event was
opened by dr. Eppo Bruins, the director of the Netherlands Foundation of
Applied Sciences. Prof. Andrea Prosperetti (Johns Hopkins University) gave a
fascinating Burgers Lecture. Prof. Frans van de Vosse (TU/e) and prof. Harm
Jonker (TUD)) presented their work at the end of the day. The largest part
of the Burgersdag was devoted to 12 minute-presentations by PhD-students
during two parallel sessions. There was again a common session at the end of
the day, during which the winner of the best presentation and the best poster
was announced.

ERCOFTAC asked the JMBC to organize the ERCOFTAC Spring Festival
2010 at the TU-Delft. ERCOFTAC is the European organization in the area



of fluid mechanics. It has pilot centers in many countries. For The Netherlands the JMBC is the pilot centre. The JMBC
organized the festival on17 and 18 May. During the first day there was a symposium with speakers from academia and
industries in the morning. In the afternoon there were visits to the Fluid Mechanics Laboratory of the faculty Aerospace
Engineering, the Kramers Laborartory of the faculty Applied Sciences and the Laboratory for Aero and Hydrodynamics of
the faculty 3mE. The second day was devoted to the meetings of the IA, PC and Management Board of ERCOFTAC.

Due to the enthusiasm and the combined knowledge, skills and facilities of the participating research groups, the
JMBC remains to be a very stimulating, multidisciplinary environment for advanced research in fluid mechanics and for the
education of talented graduate and postgraduate students. The board and the management team of the JMBC highly value
the large effort of the staff of the JMBC in reaching the goals of the research school.

Prof.dr.ir G Lodewijks Prof.dr.ir. G Ooms
Chairman of the JMBC-Board Scientific Director
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ORGANISATION

The JM Burgerscentrum (JMBC) is the Dutch research school for fluid
mechanics. The Delft University of Technology is the coordinating university.
The main goals of the JMBC are:

+ Stimulation of co-operation of the participating groups with respect to
their research efforts. It is the desire to be one of the leading institutes for fluid
mechanics in the world.

+ Organization of advanced courses for PhD-students. Researchers from
industries and technological institutes also attend these courses.

+ Co-operation with industries and technological institutes. The aim is
to promote the use of up-to-date knowledge on fluid mechanics for solving
practical problems.

+ Strengthen the contacts between Dutch fluid mechanics research groups
at universities and the international fluid mechanics community.

About 60 professors with their groups participate in the JMBC. These
groups are located at the Delft University of Technology, Eindhoven University
of Technology, University of Twente , the University of Groningen, Leiden
University, Wageningen University and Utrecht University. They are from a
number of disciplines; such as Civil Engineering; Mechanical Engineering;
Maritime Technology; (Applied) Physics; Aerospace Engineering; Applied
Mathematics and Chemical Technology. The professors with their senior staff
form the council of project leaders, which meets regularly. There are about 250
PhD-students in the JMBC.

The JMBC has a scientific director who is responsible for the management
of the research school; the JMBC secretary assists him. Three times per year
he justifies his actions to the Board of the JMBC, and asks the Board for advice
with respect to proposed new activities. He is also assisted by the Management
Team, which consists of the local directors from the Delft University of
Technology (also responsible for the groups at the University of Leiden),
Eindhoven University of Technology (also responsible for the groups at the
University of Wageningen and Utrecht University) and the University of Twente
(also responsible for the groups at the University of Groningen).

The research projects carried out by the JMBC-groups have been ordered
in a number of research themes. The reason for this ordering is to present in
each theme a combination of projects which have coherence. The themes are:

+ Complex dynamics of fluids

+ Complex structures of fluids

+ Mathematical and computational methods for fluid flow analysis.

The JM Burgerscentrum has many good contacts with industries and
technological institutes in The Netherlands. For that reason there is an
Industrial Board, in which Unilever, TataSteel, Philips, AKZO-Nobel, Teijin
Aramid, Shell, DOW Benelux, ASML, DSM , Océ , NLR, NMI/VSL, TNO-
Science and Industry, TNO-Defence and Safety, TNO-Oil - and Energy
Industry, MARIN, Deltares, KEMA, ESTEC, ECN/NRG and FlowServe
participate. The Industrial Board meets twice per year with the scientific director
to discuss new activities of relevance to industries and technological institutes.

Each year (also in 2010) there are many scientific contacts with research
groups in other countries. For that reason there are often external visitors to
the JMBC groups. JMBC staff also regularly visits foreign fluid-mechanics
groups, and presents their work at international conferences. The number of
publications from JMBC staff in well-known scientific journals is considerable.

Organisation
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Together with Engineering Mechanics (the research school on solid mechanics) the JMBC forms the Centre for

Fluid Solid Mechanics. This Centre has been recognized as a centre of excellence in The Netherlands and has received

significant funding by the Dutch Government for stimulating new research areas in fluid and solid mechanics.
The JMBC has attracted top-experts in different fields of fluid mechanics to the JMBC. These experts have been

appointed as JMBC-professors or Centre-of-Excellence professor at the three Technological Universities and are

financed by the Boards of the Technological Universities or by the Centre for Fluid and Solid Mechanics. They contribute

considerably to the achievements of the research school. An important activity of the JMBC is the organisation of the

annual meeting of the research school (Burgersdag). This year about 270 persons attended the meeting. The theme of the

meeting was research by JMBC PhD-students.

OVERVIEW OF THE CONTRIBUTION OF THE PARTICIPATING GROUPS OF THE JMBC

University and (sub)faculty ~ Project leaders Scientific Support PhD
staff (fte) staff (fte) students (fte)
TUD
Mechanical Engineering J Westerweel, JCR Hunt, 6.2 2.0 13.6
G Ooms, B Eckhardt
BJ Boersma 1.0 - 8.0
Marine Technology RHM Huijsmans, 1.0 0.3 4.8
TJC van Terwisga
C van Rhee - - -
Applied Mathem. Analysis ~ C Vuik, P Wesseling 3.0 - 5.6
AWH Heemink 1.9 - 2.4
Multi-Scale Physics HEA van den Akker, 13.0 7.8 22.6
S Sundaresan, AP Siebesma,
HJJ Jonker, CR Kleijn, RF Mudde,
RAWM Henkes, DJEM Roekaerts
Physics of Nuclear Reactors THJJ van der Hagen 1.1 - 2.0
DelftChemTech M-O Coppens 1.9 0.5 24
Aerospace Engineering H Bijl, F Scarano, PG Bakker 6 2 13
Civil Eng. & Geosciences GS Stelling, WSJ Uijttewaal 6.5 - 11.2
TUE
Applied Physics AA Darhuber, F Toschi, 21 3.0 12.0
MEH van Dongen
GJ van Heijst, H Kelder, 4.2 1.1 8.0
HJH Clercx, BJ Geurts
Mechanical Engineering LPH de Goey, RSG Baert 4.4 2.0 10.6
LEM Aldén
JJH Brouwers 1.2 - 4.8
AA van Steenhoven, AH Dietzel 21 1.8 10.0
HA Zondag
Mathematics and Computer RMM Mattheij, F Toschi 2.5 0.5 24
Science CJ van Duijn, JJM Slot 2.3 - 1.6
Biomedical Engineering FN van de Vosse 0.8 - 3.2
Multiphase Reactors Group JAM Kuipers, M van Sint Annaland 2.0 1.8 10.8
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University and (sub)faculty Project leaders Scientific Support PhD
staff (fte) staff (fte) students (fte)
uTt
Applied Physics WJ Briels 2.4 - 5.6
D Lohse, A Prosperetti, 8.0 3.3 14.6
L van Wijngaarden, R Verzicco
F Mugele 6.4 2.2 8.8
Mathematical Sciences EWC van Groesen 0.9 - 1.6
JJW van der Vegt, HJH Clercx, 57 - 8.0
BJ Geurts
Mechanical Engineering HWM Hoeijmakers, A Hirschberg 2.0 - 7.0
ThH van der Meer 0.8 0.4 4.0
S Luding 24 - 24
Water Engineering & Manag.  SJMH Hulscher 5.3 - 13.6
RUG
Chemistry HB Levinsky 0.9 - 24
Mathematics AEP Veldman 1.5 - 4.8
RUN
Applied Molecular Physics JJ ter Meulen, W van de Water 24 1 3.2
UL
Mathem. and Natural Sciences M van Hecke 1.7 - -
Mathematical Institute B Koren 0.2 - 4.0
WUR
Biometris J Molenaar 0.2 - 0.8
Experimental Zoology Group ~ JL van Leeuwen 0.5 - 0.8
uu
Physics and Astronomy LRM Maas 0.2 - 0.8

The calculation of fte’s is based on:
Professor 0,4 fte | Associated professor and assistent professor 0,5 fte | post-doc 1,0 fte | PhD-student 0,8 fte

OVERVIEW OF UNIVERSITY PARTICIPANTS

University Scientific staff (fte) Support staff (fte) PhD-students (fte)
TUD 38.6 12.6 85.6

TUE 21.6 10.2 63.4

uT 339 59 65.6

RUG 24 - 7.2

RUN 24 1.0 3.2

uL 1.9 - 4.0

WUR 0.7 - 1.6

uu 0.2 - 0.8

Total 101.7 29.7 2314

The actual number of PhD students during 2010 was approx. 250

Organisation




INDUSTRIAL BOARD

For the last time | will have the privilege to write a few introductionary
words for the Annual Report of the J.M. Burgers Center, the research school
for fluid dynamics in The Netherlands. | have been a member of the Industrial
Advisory Board of the J.M. Burgers center from the very beginning as a
research school “avant la lettre”. The reputation of the center has grown
immensely, nationally and internationally. Also the numbers of PhD students at
the different universities have increased from year to year. The environment of
the J.M. Burgers center has been changed gradually over time as well. Within a
time frame of 15 to 20 years the financing of the universities has been changed
from a matter of course to a struggle for life, in the meantime a number of large
companies in the Netherlands closed their corporate research laboratories.

As holds true for the same big companies, the Dutch universities have to
focus. For academia that means that they have to take their responsibility

to society and have to find answers to the main issues of today, such as
sustainability, climate change, healthy environment, rising of the sea level,
growing population, spread of wealth, efficient use of energy, alternative
energy sources, food production, transport, clean water supply for everybody.
| am confident that the J.M. Burgers Center will contribute to the quest for a
better world as fluid dynamics, ranging from large scale turbulence of earth
atmosphere to micro fluid dynamics embedded in diagnostic medical devices,
from detailed experimental work to the use of parallel computing, will be key for
solving the problem areas mentioned.

From this place | would like to complement all scientists that have
contributed to the present Annual Report. The activities in the JM Burgers
Centrum are presented in a coherent way, as well as in the other issues of
the J.M. Burgers center such as the Research Program, the Course Program
and the JMBC Newsletter. In that way the JMBC presents itself as the main
organization on fluid dynamics in the Netherlands. Know that your Annual
Report will be on many desks in and outside the universities. It will serve as
a look-up document to see what is going on in your organization and it will
definitely generate new contacts and maybe also new research initiatives. The
Burgers day of 2010 organized at the University of Twente was again a great
event, giving a podium to PhD students to show their results either during an
oral presentation or during poster sessions.

In the Industrial Advisory Board/Program Committee are represented:
Unilever, TataSteel, Philips, AKZO-Nobel, Teijin Aramid, Shell, DOW Benelux,
ASML, DSM, Océ , NLR, NMI/VSL, TNO-Science and Industry, TNO-Defence
and Safety, TNO-Oil - and Energy Industry, MARIN, Deltares, KEMA, ESTEC,
ECN/NRG and FlowServe. The names and addresses of the representatives
of these companies in the Board are listed in the who and where section of
this report. Especially, | would like to encourage PhD-students but also the
permanent staff to take the opportunity to contact one of us when information
about one of the participating companies is needed, e.g. when applying for a
job or to look for support for a new research initiative.

Last but not least, | would like to respectful recognize the work of the
bureau of the JMBC, Professor Gijs Ooms and Mrs. llse Hoekstein-Philips for
the professional and careful issuing of the official documents and organizing
the events of the research school.

Organisation
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Philips Research Laboratories

Eindhoven
Chairman of the Industrial Advisory
Board

Prof.dr.ir. AE Mynett

Deltares & UNESCO-IHE
Chairman of the Industrial Advisory
Board

Dr. RPJ Duursma
Tatasteel
Successor of JF Dijksman




Prof.dr.ir. RAWM Henkes
Delft University of Technology

Dr.ir. NG Deens
Eindhoven University of Technology

Prof.dr.ir. AEP Veldman
University of Groningen

Prof.dr. DUEM Roekaerts
Delft University of Technology

CONTACTGROUP “MULTIPHASE FLow”

The objective of the Contactgroup Multiphase Flow is to stimulate
interaction and collaboration between researchers, developers, and users in the
area of multiphase flow from universities, institutes and industries. This is done
through organizing regular meetings (once or twice per year) aimed at getting to
know each other’s activities and to learn about developments and applications
of multiphase flow technology. This will provide a good forum to identify the
needs of the users and to bring to the attention new possibilities for applying
multiphase flow research results. Industry, a research institute or a university in
turn act as host of the meetings. The program consists of a series of lectures
on a specific theme and a visit of some of the local multiphase flow facilities.
Examples of themes covered are: dynamic multiphase flows, multiphase flows
with surface-active agents, multiphase flow measurements and innovation with
multiphase flow. On 20th May 2010 a one-day meeting was held at TNO, jointly
organized with the Contactgroup Computational Fluid Dynamics. The theme of
that day was “CFD for Multiphase Flows”.

CONTACTGROUP “COMPUTATIONAL FLuiD DyNAmics (CFD)”

The purpose of the contactgroup CFD is to give CFD-researchers and
users of CFD in universities, laboratories and industries in The Netherlands and
Belgium the opportunity to get to know each other and to get acquainted with
each other’s work.

CONTACTGROUP COMBUSTION

The JMBC has groups active in combustion research at the universities
of Delft, Eindhoven, Groningen, Nijmegen and Twente. The contactgroup
combustion is an informal network between these groups. The groups play an
important role in the organisation of the symposia of the Dutch section of the
Combustion Institute, which is part of the international Combustion Institute, an
international forum for scientific combustion research. These groups also have
formed the STW-platform ‘Clean and Efficient Combustion’ to enhance the
mutual collaboration between the different groups and to interest more industrial
parties for the fundamental research on combustion.

In September 2010 the Combustion Course of the JM Burgers Centre took
place. Lectures were given by professors and staff members of the Burgers
Centre groups and by guest professors M. Aldén (University Lund and TU/e)
and P.J. Coelho (Technical University Lisbon).

The COMBURA symposium was organised for the 9th time. It took place
in Maastricht on October 12 and 13. This symposium is the major annual event
in The Netherlands for exchange of information on combustion research and
its applications. It is a joint initiative of the Technology Foundation STW, the
Nederlandse Vlam Vereniging NVV (Dutch section of the International Flame
Research Foundation IFRF) and the Dutch section of the Combustion Institute.

Organisation
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The first day was devoted to the eight research projects within the STW
program on Clean Combustion Concepts (CCC), all of which are executed
by research groups of the JM Burgers Centre. A central them of the second
day was fuel flexibility, an important issue with the introduction of biofuels in
industrial processes.

Since January 2011 professor Hans ter Meulen, head of the combustion
diagnostics group at Radboud University Nijmegen is emeritus. He gave his
valedictory address title “Geen toepassing zonder fundament” at a symposium
in Nijmegen on October 29, 2010.

CONTACTGROUP “LATTICE-BOLTZMANN TECHNIQUES”
The contactgroup “Lattice-Boltzmann techniques” was established in
2002. It has initiated the JMBC course “Particle-based modeling”. The lattice-

Boltzmann research in the Netherlands covers a broad spectrum of applications.

To mention a few: flow and scalar transport in porous media, biological
flows, suspension dynamics, chemically reacting flows, turbulent flows.
Lattice-Boltzmann schemes are part of the family of particle-based simulation
techniques. In the lattice-Boltzmann method, (fictitious) particles move and
collide on a regular lattice. With the proper collision rules and lattice topology,
such a system mimics the dynamics of a real fluid. The power of the method
lies in the geometrical flexibility, in the locality of its computational operations
(intrinsic parallelism), and in the intuitive way in which multicomponent fluids
can be represented.

Organisation

Prof.dr. F Toschi
Eindhoven University of Technology




Prof.dr.ir. BJ Boersma
Delft University of Technology

Prof.dr.ir. J Westerweel
Delft University of Technology

e

Dr. M Versluis
University of Twente

CONTACTGROUP “TURBULENCE”

The objective of the contactgroup turbulence is to organize meetings
between researchers of the J.M. Burgers Centre active in the field of turbulence.
The purpose of these meetings is give the AIO/OIO’s and other university
researchers the opportunity to present their research results in an informal
atmosphere and at the same time to promote a discussion on these results.
The meetings also strengthen the contact between the researchers of the
J.M. Burgers Centre and allows exchange of results and experience. The next
Turbulence Course will be held in 2011..

CONTACTGROUP “EXPERIMENTAL TECHNIQUES”

The Contact Group Experimental Techniques forms a platform where
experiments and experimental techniques can be discussed and evaluated. The
main function of the contact group is to organize meetings in which the practice
of experimenting can be discussed. An important contribution of the contact
group is the organization of the JMBC course on Experimental Techniques in
Fluid Mechanics. The course is very popular among the JMBC members as it
gives a broad overview of advanced experimental techniques commonly used
in fluid mechanics laboratories. The next course will be held 26-29 April 2010 at
the University of Twente.

Organisation
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CONTACTGROUP “BIloLOGICAL FLUID MECHANICS”

More and more research is conducted at the border between biology and
fluid mechanics. This happens within many disciplines, from physiology (e.g. the
interaction between blood flow and vessel walls) to aerodynamics (e.g. flapping
flight). However, all deal with the interaction between fluids and a complex,
changing geometry. One of the main challenges is to bridge the gaps between
physics (esp. fluid mechanics) and medical and health sciences. To stimulate
this relatively young field of research and bring together researchers, a new
contact group was started in 2006. While the contactgroup is formally a part of
the J.M. Burgerscentrum, the participation from researchers from non-affiliated
universities, medical centers and institutes is encouraged. Recent activities
include mini-symposia in Wageningen (Experimental Zoology Group) and
Eindhoven (in combination with the JMBC course on Bio-fluid Mechanics).

The Bio-Fluid Mechanics course (March 2009: about 40 participants) was
jointly supported by the JM Burgers Centre and the ERCOFTAC organization
by advertising the course amongst their members, via the website and by some
financial means.Topics included: a recap of basics of fluid mechanics, external
flows (swimming and flying, interaction of plankton and turbulence), internal
flows (microcirculation, hemodynamics in large arteries, flow in flexible tubes,
respiratory system, etc.). Examples of relevant experimental techniques, as well
as simulation techniques were discussed.

Finally, members of the contactgroup are active in the definition of a new
FOM-program in the bio-fluid mechanics field.

Organisation
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Prof.dr. F Mugele
University of Twente
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Philips Research
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Delft University of Technology

Prof.dr. JM Wallace
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CONTACT GROUP “MICROFLUIDICS”

The contact group “Microfluidics” was established in 2005 with a first
meeting in Delft. The purpose of the contact group is to bring together students
and postdocs interested in fluid dynamic aspects of microfluidics and give them
a regular forum for presenting their results and exchanging ideas.

Topics of interest include wetting and capillarity-driven flows, two-
phase flow, drop generation and emulsification, contact line dynamics,
flow visualization and measurement techniques. In April 2009, contact
group members organized the first JMBC course “Capillarity-driven flows in
microfluidics”. Furthermore, as special session “Microfluidics, wetting, and thin
film flows” at the joint FOM-JMBC-industry meeting “Changing Flows” in June
2009.

The course Capillarity and wetting was held in 2011.

BURGERS PROGRAM FOR FLUID DYNAMICS AT THE UNIVERSITY OF
MARYLAND

Inspired by the intellectual heritage of J.M. Burgers, the mission of
the Burgers Program for Fluid Dynamics at the University of Maryland is to
enhance the quality and international visibility of the research and educational
programs in fluid dynamics and related areas at the University of Maryland in
partnership with the J.M. Burgerscentrum (JMBC) in The Netherlands. Fluid
dynamics in this context is viewed to include a broad range of dynamics,
from nanoscales to geophysical scales, in simple and complex fluids. The
establishment of the Burgers Program for Fluid Dynamics was celebrated with
an inaugural symposium at the University of Maryland in November 2004. At
the second Burgers Symposium James Wallace gave a talk commemorating
the legacy of Frans T. M. Nieuwstadt. The interdisciplinary Burgers Program
encompasses over 70 faculty members spread over 22 different units in the
College of Computer, Mathematical and Physical Sciences, the College of
Chemical and Life Sciences and the A. James Clark School of Engineering. For
detailed information go to http://www.burgers.umd.edu/.

Organisation
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Burgers Visiting Faculty and Student Exchanges - In 2003 the Burgers Program created a Burgers Visiting
Professorship in fluid dynamics. We have been able to attract distinguished professors from universities abroad to spend
up to a year at the University of Maryland working with our faculty and their graduate students. The first Burgers Visiting
Professor was Bruno Eckhardt, Professor of Theoretical Physics from Phillips Universitat in Marburg, Germany. He spent
the 2004-2005 academic year with us. In 2005-2006 we enjoyed the visits of two Burgers Associate Professors: Dr. Sasa
Kenjeres of J. M. Burgers Center in the Netherlands and Dr. Serge Simoéns of the Ecole Centrale de Lyon in France. In
May 2007 Prof. Jerry Westerweel, Director of the Laboratory for Aero and Hydrodynamics of Delft University of Technology
was our Burgers Visiting Professor for three months. In the spring of 2008 Prof. Willem van de Water of the Eindhoven
University of Technology visited our Program to work with Prof. Wolfgang Losert of our Physics Dept. for 2 %2 months. In
addition, several graduate students from JMBC have had visits of several months at Maryland. Faculty from the University
of Maryland are encouraged to spend a sabbatical at one of the Dutch Universities associated with JMBC. For instance,
Kenneth Kiger, who was a speaker at the Burgersdag 2006, earlier had spent a sabbatical year with the JMBC research
group in Delft. Prof. Wim Briels was visiting professor at Maryland at 2010.

Burgers Lectureship - We have also initiated an annual Burgers Lecture which is given by a distinguished visitor
who comes to the campus for several days or even weeks in November. This is always the keynote lecture at our annual
Burgers Symposium, which takes place in the week before the annual Division of Fluid Dynamics meeting of the American
Physical Society. In 2003 Prof. Frans Nieuwstadt, then Director of the Laboratory for Aero and Hydrodynamics of Delft
University of Technology, was our lecturer. Since then, Prof. Bruno Eckhardt , Prof. Charles Meneveau of Johns Hopkins
University, Prof. Gijs Ooms, Chairman of the Burgers Center in the Netherlands, Prof. Detlef Lohse of Twente University,
Prof. Wim van Saarloos of Leiden and Prof. Kees Vuik of Delft have been our Burgers Lecturers.

Annual Graduate Student/Post-doctoral Fellow Showcase with Johns Hopkins University - In collaboration with the
Center for Applied and Environmental Fluid Mechanics of Johns Hopkins University, the Burgers Program has put on an
annual graduate student/post-doctoral fellow showcase symposium in the spring of each year, beginning in April, 2005. The
venue for the symposium alternates between sites each year. After a keynote address by a faculty member from the visiting
institution, students and research associates give short presentations on their research. Members of the fluid dynamics
community from around the region are invited to attend the symposium with the hope that the presentations will interest
these attendees and create employment opportunities for the presenters.

Tutorial School on Fluid Dynamics - This new initiative will be inaugurated in late May 2010, with plans to offer it every
year. The subject of the first School is Turblence. The level of instructions is aimed a level beyond that of a first graduate
course in the subject area. Almost 40 graduate student and post-doc participants from the U.S. and other coutries,
including nine from JMBC, will attend.

Fluid Dynamics Reviews seminars - This seminar series, which has continued for over forty years at the University of
Maryland, has been incorporated into the Burgers Program. It is supported by the Minta Martin research fund. The format
allows for faculty and their students and post-docs from the Burgers Program as well as for visitors to give presentations
five or six times per semester. The seminar series has sponsored the visits of a long list of very distinguished speakers over
the many years it has been a part of the campus’ intellectual life.
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TABLE-TOP ROTATING TURBULENCE : AN EXPERIMENTAL INSIGHT
THROUGH PTV

Lorenzo Del Castello and Herman Clercx, Dept. Applied Physics, TU/e

The influence of the rotation of the Earth on oceanic and atmospheric
currents, as well as the effects of a rapid rotation on the flow inside industrial
machineries like mixers, turbines, and compressors, are only the most
typical examples of fluid flows affected by rotation. Despite the Coriolis
acceleration term appears in the Navier-Stokes equations with a straightforward
transformation of coordinates from the inertial system to the rotating non-inertial
one, the physical mechanisms of the Coriolis acceleration are subtle and not
fully understood. Several fluid flows affected by rotation have been studied by
means of numerical simulations and analytical models, but the experimental
data available is scarce and purely of Eulerian nature. Here we focus on a
class of fluid flows of utmost importance: confined and continuously forced
rotating turbulence.

Experimental set-up mounted on the
rotating table.

Experiments of the turbulent flow (maximum ReA =110 for Q = 0 rad/s)

subjected to different background rotation rates (with Q in the range of zero

to five rad/s) are performed, visualised by optical means, and measured
quantitatively by means of Particle Tracking Velocimetry (PTV). The
measurement system is designed and implemented around the experimental
set-up (see Fig. 1), using several innovative solutions. The data collected is
processed in the Lagrangian frame, where the trajectories are filtered and the
3D time-dependent signals of position, velocity, acceleration, temporal velocity
derivatives, and full velocity gradient tensor are extracted. The data is further
interpolated over a regular grid, in order to analyse it also in the Eulerian frame.
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The rotating turbulent flow is investigated in terms of Eulerian spatial
correlations of the velocity field, and — for the first time — of Lagrangian
correlations of the velocity, acceleration, and vorticity vectors extracted along
fluid particle trajectories. The increase of vertical (parallel to the rotation vector)
and horizontal velocity correlations induced by rotation is measured in the
Eulerian and the Lagrangian frames. The vertical and horizontal Lagrangian
integral time scale against the rotation rate Q behaves remarkably different
(see Fig. 2). Moreover, rotation is seen to strongly enhance the correlation
of the vertical vorticity component, characteristic of a flow dominated by
columnar vortex structures. It is also seen to enhance the longitudinal horizontal
acceleration correlation, confirming the direct role of the Coriolis acceleration in
the amplification of the Lagrangian acceleration correlations in turbulence.
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Horizontal and vertical Lagrangian integral time scale against the rotation rate Q.
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The experimental setup to validate the
ultrasound pressure and flow assessment
(left). The perpendicular configuration of
the ultrasound array probe (middle). The
measured velocity profile obtained from
PIV data analysis on the raw RF signal

(right).

PERPENDICULAR ULTRASOUND ASSESSMENT OF BLOOD
PRESSURE AND FLOW WAVEFORMS IN ARTERIES

BWAMM Beulen, N Bijnens, AC Verkaik, GG Koutsouridis,
MCM Rutten, FN van de Vosse (TUE)

Vascular impedance, defined as the transfer function between blood
pressure and blood flow at a certain location in an artery, characterizes the
properties of the vascular bed downstream and is of particular value in studies
on heart load, vascular circulation and distal vascular bed vasomotricity.
Studies of arterial impedance in humans, however, are hampered by the lack
of reliable non-invasive techniques to simultaneously record volume flow and
pressure waveforms locally as a function of time. Local pressure assessment
together with flow assessment in arteries, therefore, has great potential for
improving the ability to diagnose and monitor cardiovascular disease.

Classical Doppler ult