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MEeeTING REPORTS

ScienTIFIC REPORT ON EUROMECH 440
AERODYNAMICS AND THERMOCHEMISTRY OF HIGH

SPEED FLOWS
MARSEILLE, SEPTEMBER 16-19, 2002

J.-P. DussauGE, A. CHIKHAOUI

The objective of this colloquium was to cover the main
scientific problems occurring in supersonic and hypersonic
flights, in relation with situations found in aeronautics or
during the reentry into an atmosphere. The selected papers
dealt with the physics of phenomenaor with the development
of appropriate methods. Theoretical, numerical and
experimental contributions have been considered.

For questions related to aerodynamics of high speed
flows, presentations about the following topics have been
made: compressible turbulence in shear flows, separated or
not, including interactions with shock waves; stability and
unsteadiness of shock waves, control of jets and of shock
systems, stability of compressible flows; the progress of
appropriate experimental and numerical methods has been
also discussed. Hypersonic flow problems were mainly
focused on the thermochemistry of reactive flows, including
catalycity effects, radiative transfers and characterisation
of radiation downstream of shocks of strong intensity.
Diagnostic methods in hypersonic/hyperenthalpic facilities
were also examined. Particular attention was paid to ques-
tions related to the reentry into Mars atmosphere, in
connection with the question of thermal protection of space
vehicles.

Some conclusions can be drawn from the works
presented during the sessions.

It was confirmed that significant progress have been
made by (and can still be expected from) diagnostics
methods applied to high speed flows. Results of flow
visualizations obtained by filtered Rayleigh scatted enhanced
by CO, injection used with laser pulsed at a high rate (of the
order of 1 MHz) and with an ultra fast camera (alsoup to 1
MHz) have given remarkable results on the structure of
hypersonic boundary layers. Recent progress confirm also
that PIV, in spite of the difficulties inherent to the seeding
of supersonic flows by particles, can give reliable quantita-
tiveresults. Finally, experiments in transitional hypersonic
boundary layers have shown that, when properly used,
traditional hot wire measurements can provide measurements
at frequencies up to 500 kHz!

Numerical works on compressible turbulence mainly
explored the possibility to compute supersonic flows in
different situations with turbulent closures (1 or 2 point
closures) essentially designed for solenoidal turbulence.
They are essentially related to attempts to solve the
difficulties inherent to supersonic flows, due partly to the
presence of shock waves, before moving to more physical
closures.

Some presentations were dedicated to flow control.
The case of supersonic jets and of shock wave intersections
was explored. The control of jets was made by small
transverse jets; it appears that the effect of the transverse
jets is to increase the surface of the main jet and therefore
to increase mixing. The control of shock wave intersection
(Edney IV) was made by hot spots or by cold plasma; the
main effect seems to be in the increase of temperature and
the correlative decrease of Mach number, rather than in the
change in molecular mass or electrostatic forces.

Stability studies were well represented, in particular by
many contributions fromnumerical simulations. However,
analytical and experimental work was still important and
well represented for 3-d boundary layer, jets and shock
waves. The field is still in development.

Studies on shock/turbulence and shock/boundary layer
interactions have shown improvement in the definition of
experimental conditions, coming essentially from a better
definition of the boundary conditions imposed to the shock.

For reactive flows, a model describing the vibrational
and electronic kinetics has been proposed to evaluate the
infrared and the ultra-violet radiation, in the case of CO.
Moreover a rebuilding method for hyperenthalpic nozzle
flows has been presented for CO,. This method gives a
characterisation of such flows, together with indications
about the relevant models. Finally, the subsequent result is
a gain in accuracy for the prediction of thermal fluxes over
the probe during Mars Sample Return mission.

Contribution to the experimental simulation of
h{perenlhallpic flows was also given. Among them, an arc
plasma facility was presented, with which it is possible to
match reentry conditions in the Martian atmosphere.
Moreover, results were obtained aboutdiagnostics methods
applied to the mixture CO-N,, in hyperenthalpic condi-
tions.

This conference has been successful in getting together
European experts working on high-speed flow physics.
Discussions were numerous and of good quality, so that the
conference was arather vivid one. In particular, the danger
of adispersed interest between purely aerodynamics topics
and real gas effects purely connected to chemistry has been
mostly avoided. Some prospects can be drawn from the
presentations. Progress in particularin experimental methods
and in compressible modelling can be expected, and should
lead to abetterunderstanding of the effect of compressibility
on large scale eddies. Similarly, for reactive flows, some

romising prospects can be defined. At this stage, it seems

ikely that the experts are ready to propose schemes and
models todescribe thereactive processes and the kinetics in
cases of interest for the space missions under examination
and definition. Such models should be designed to be
incorporated into CFD codes. Another axis to be developed
is the study of radiative fluxes, which are of primary
importance for reentry phases. Theg depend critically on
kinetics (for Mars atmosphere, of C ;I\}? withradical CN,
CO and C,). The expected results should lead to a better
optimisation of the heat shields, but for more fundamental
issues, this could lead to a control of the rate of ionisation
during phases of reentry.

Finally, the meeting has shown that at a European scale,
there are a sufficient number of experts for the animation of
the scientific live in the field. The skills of this European
group has shown that, with the work which is started in the
different places, other meetings on similar topics held in a
few years will be useful, and will contribute to impulse
research on high speed flows.
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EUROMECH 9™ EUROPEAN
TURBULENCE CONFERENCE

JuLy 2™-5™, 2002
UNIVERSITY OF SOUTHAMPTON

IAN P Castro
ScrooL oF ENGINEERING SCIENCES, UNIVERSITY OF SOUTHAMPTON
1.CASTRO@SOTON.AC.UK

EUROMECH’s European Turbulence Conference
(ETC9) held in Southampton was the 9* in the series begun
in Lyon in 1986. At that meeting, which had significantly
less than half the number of participants than were present
in Southampton, the late Professor George Batchelor
predicted in his opening remarks that turbulence specialists
could look forward to many happy years of enquiry without
the fear that announcement of some new development
wouldrender their efforts unnecessary. Despite (or perhaps
because of!) the continually increasing numbers of papers
on turbulence, appearing in an every-growing variety of
academic journals, it seems that not only has his prediction
been amply fulfilled but that a similar prediction could be
made evennow - 16 years later. Fundamental understanding,
although clearly greater than it was and reasonably well
summarised by the proceedings of the intervening
conferences, has largely only proceeded incrementally,
without any really startling breakthroughs.

Nonetheless, as at previous meetings in the series,
ETC9 was characterised by awiderange of high quality and
interesting contributions, covering arange of basicissues in
various contexts. The objectives remained the same as
ever: to bring together mathematicians, engineers and
physicists working on fundamental aspects of turbulent
flows. Note that the aim was not to discuss turbulence
modelling - other conferences do that very well and with
well over 100 Reynolds-averaged turbulence models now
in existence such conferences clearly have an important
role. Rather, the emphasis was on fundamentals, with a
view to broadening basic understanding of turbulent flows,
including those of specific industrial or environmental
importance. The papers presented, whether oral (172 plus
8 plenaries) or poster (62), reflected this emphasis and were
grouped under various themes. Some of the themes were
reviewed by the eight invited speakers, who provided an
excellent background against which the various sessions
could be viewed. As usual, the papers were chosen by the
EUROMECH Turbulence Conference Committee, currently
chaired by Prof Leonhard Kleiser, at its meeting in January
2002. They were selected from a total of 322 abstracts,
which was rather fewer than submitted for the previous
conference. Sadly, this was probably a reflection more of
the infamous 11.09.01 events (abstracts were due a month
later) and the lack of guaranteed sun (cf. Barcelonain July),
rather than any reduction in European turbulence activity,
but at least it meant perhaps that in Southampton there was
a solid collection of genuinely committed turbulence
researchers!

There were about 275 registered delegates representing
nearly 30 countries although, as often happens, anumber of
the Eastern Europeans were, mostly at the last moment,
unable to attend, despite having received some financial
assistance. To fit all accepted papers (orals of 15 minutes)
into the 38 sessions over three-and-a-half days it was

necessary to use parallel sessions but although these were
mostly ‘three-parallel’, more than in any of the previous
conferences in the series, this did not seem to detract from
delegates’ enjoyment of the meeting.

For such a large conference it is clearly impossible to
comment on individual contributions. It could also be
invidious, perhaps implying that all the others were less
noteworthy! But to give a flavour of the scientific pro-
gramme the session titles, (numbers of oral contributions)
and names of the invited speakers are summarised below.
Some additional remarks, made by Prof Frans Nieuwstadt
in his final summary statement at the Conference itself, are
included (in italics) for each topic.

e Instabilities & Transition (8). J.-M. Chomaz (CNRS,
open flows) and B. Eckhardt (Marburg, internal flows)
gave invited talks.

Considerable theoretical progress has beenmade since
Lyon.

* Intermittency & Scaling (17). L. Biferale (Rome) gave
an invited talk.
This topic arose out of the original ‘Chaos’ topic at

Lyon. It helps to keep the physicists and engineers
talking.

*  Structures & Vortex Dynamics (31).
Since Lyon, structures in turbulence have become fully
accepted as being dynamically significant, but quanti-
fiable description remains a problem. Wavelet techni-
ques (featuring in a number of paper) may be the way
Sforward.

* Transport & Mixing (17).

Considerable progress since Lyon, with now a
reasonably good understanding of mixing processes in
turbulence.

®  Geophysical Turbulence (17). E. Lindborg (KTH,
Stockholm) gave an invited talk.

®* Two-Phase Flows (11).

First introduced at the Lausanne conference (1996)
and clearly of continuing interest and importance.

®  Turbulence Control (8). T. Bewley (UCSD) andJ. Kim
(USLA) gave invited talks.

Important results now being produced but the real step
towards practical application has still to be taken.
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*  DNSJ/LES (25).
(See below).

*  Compressible Turbulence (4).

A loss of interest in this topic since its first introduc
tion.

*  Separated Flows (5).
*  Boundary Layers and Pipe Flows (4).
o Jets (3).

*  Reacting Flows (4). N. Peters (Aachen) gave an
invited talk.

Technologically important and in which advanced
measuring techniques and numerical simulations will
lead to much progress.

*  Acoustics & Turbulence (7). A. Dowling (Cambridge,
UK) gave an invited talk.

®*  Miscellaneous (11).

Just one talk will be mentioned individually. Inclusion
of a topic on Acoustics & Turbulence was a new feature in
the ETC series. In her invited presentation Prof Ann
Dowling confirmed the Turbulence Committee’s view that
with the increasing interest in aero-acoustics, of the kind in
which turbulence plays a crucial role, it was important that
the (so far) largely separate acoustics and turbulence
communities should interact more positively. Despite the
relatively low number of contributions in this area, it is
hoped that the topic will remain a feature of future ETCs. It
was also evident that practically all the DNS contributions
in the DNS/LES sessions could have been positioned in one

or another of the alternatively-titled sessions. DNS hasnow
largely become ‘simply’ a tool, to be used (like laboratory
experiments) for probing the nature of turbulent flows. It
might be anticipated, for example, that work in the Turbu-
lence Control area will increase further and anumber of the
DNS talks could certainly have been included in those
sessions. Inhis closingsummary Frans Nieuwstadt suggested
that DNS/LES has in fact ‘been the success story of the last
16 years’. He pointed out that the ratio of the number of
papers on laboratory experiments to those on numerical
simulation has changed completely, with the latter now
forming aclear majority. However, whilstnumerical simu-
lation has led to a much better insight into the structure and
dynamics of (low Reynolds number) turbulence, Prof
Nieuwstadt also suggested that a point of saturation is
perhaps being reached - i.e. the ratio ‘increase of insight to
increase in available computer power’ is tending to zero
rather than a usefully non-zero constant. This emphasises
the importance of the current trend to establish genuinely
high Reynolds number laboratory facilities - a good, new
example being the proposed Nordic Wind Tunnel, which
Prof Bill George discussed in a poster at the meeting.

Unlike all other EUROMECH-sponsored meetings,
the ETCs produce a published version of all the collected
papers in time for the meeting itself. ETC9 was no excep-
tion - CIMNE published the 908-page book ‘Advances in
Turbulence IX’, edited by three of the organisers. This
contains all presented papers (eight pages for invited talks,
four pages for orals and one page for posters). There are
copies available for purchase at the special conference
price, direct from the author (£25 plus p. & p.) to whom
enquiries should be directed.

Although two years seems a rather short time to expect
major developments in turbulence understanding, the
increasing popularity of these conferences suggests that
much is still to be gained by the personal interactions and
discussions generated at the ETCs, as well as by the paper
preparation and presentation processes themselves. ETC9
seemedno exception and its success augurs well for thenext
meeting, which will be held at the Norwegian University of
Science & Technology in Trondheim in early July 2004.
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PivNeT 2 TO6/ERCOFTAC SIG 32
5tH WorksHor oN PIV
LissoN JuLy 5-6 2002

The Fifth Workshop of Pivnet 2 task 6/ERCOFTAC
Sig 32 took place in Instituto Superior Technico in Lisbon
on Friday the 5th and Saturday the 7th of July 2002. This
Workshop was linked to the 11th International Symposium
on Laser Techniques Applied to Fluid Mechanics which
took place from the 8th to the 11th of July in Lisbon.

The aim of this series of Workshop is to enhance
cooperative activity and exchange of information between
the participating teams around the validation and the
improvement of PIV.

For that purpose, a list of topics of interest has been
identified by the organizing Committee.

The preceding workshop was joint to the first Interna-
tional PIV challenge, which took place in DLR Géttingen
on September 14th and 15th 2001.

The present workshop has gathered 19 contributions
and 46 participants. Attention was focused on Advanced
PIV, Applications, twophase flows and turbulence, seeding,
hardware and software.

Itcomes out fromthis workshop and fromthe following
Symposium that PIV is now a mature technique with well
founded basis and theory. The workshop did show that
some significant improvements can be gained on the hard-
ware side, with the introduction, for example, of CMOS
cameras which allow to perform time resolved PIV. The
extension of the PIV methodology to other fields like BOS
or surface motion is also of interest. The application to two
phase flows looks quite promising, although some technical
difficulties have to be overcome.

During the workshop, the organization of the second
PIV challenge, which will take place in Coreain September
2003, was also discussed, in preparation to the discussion
with the representatives of the Visualization Society of
Japan.

It was proposed to have less test cases than in the first
challenge, to try to focus the test cases on the assessment of
turbulence by PIV and to simplify the challenge data
format.

The CD-ROM containing the full minutes of the
workshop is available to ERCOFTAC members by Pr
Stanislas at pivnet-sig32@univ-lille1.fr

AGENDA OF THE WORKSHOP

Friday the 5th

9h00 Welcome and presentation of T5/SIG 32,
M. Stanislas

9h15 Presentation of PIVNET 2, K. Schroeder
9h30 Invited lecture : Advanced PIV algorithms, A. Lecuona

10h00 T5/SIG 32 Workshop and PIV Challenge 2003
organization, M. Stanislas

10h30 Coffee break

11h10 Session 1:Advanced PIV, chairman: M. Riethmuller

Image quality, aberrations and noise in particle
holography — approaches in 3D displacement
measurements obtained from real images, K.D. Hinsch,
S. Herrmann

Measuring 3-D velocity fields with ESPI recordings,

J. Lobera, N. Andrés, P. Arroyo

Application of 3D-PTV to track particles moving inside
heterogeneous porous media and lakes, A. Cenedese,
J.H. Cushman, M. Moroni

High speed cameras for PIV, T. Nicholls

12h30 Lunch

14h30 Session 2 : Applications, chairman: C. Kaehler

Experimental study of incompressible flows in grooved
channels, F. Billy, G. Pineau, M. Arghir, L. David
Formation of streamwise vortices in a flat plate wake,

T. Pdrssinen

How to obtain local density information by the
Background Oriented Schlieren (BOS) method, F. Klinge
PIV in large wind tunnels, S. Kallweit

15h50 Coffee break

16h30 Session 3 : Two phase flows & Turbulence
chairman: M. Stanislas
Calibration of PIV to measure void fractions in bubbly
flows., M. Honkanen, P. Saarenrine
Understanding of Dynamics of a two-phase flashing jet
using PIV, D. Yildiz, J.P.A.J. van Beeck, J.M. Buchlin,
M.L. Riethmuller

Simultaneous PIV and Shadowgraphy measurements in
Slug flow, S. Nogueira, R. Sousa, M.L. Riethmuller

Application of the window deformation technique to
synthetic PIV images from DNS, B. Lecordier, M. Trinité

17h 50 End of day 1

Saturday the 6th

9h30 Invited lecture : General design and operating rules
for seeding generators, C. Kaehler

10h00 Session4: Hardware & software, chairman: A. Lecuona
On the accuracy of PIV signals, C. Westergaard
Determination of high-order statistical moments of tur

bulence fluctuations using new algorithms for filtration
of PIV data, B. Ilyushin, D. Markovich

Progress in hybrid PIV-PTV methods, A. Stitou, M.L.
Riethmuller

Shape and 3D-Deformation of Free Surfaces, B. Wieneke
Possibilities in time resolved PIV, C. Westergaard

11h40 Coffee break

12h10 Discussion : PIV challenge 2003, manager: M.
Riethmuller

13h10 End of meeting
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Report on the 10th joint
ERCOFTAC (SIG-15)/TAHR/QNET-CFD Workshop
on Refined Turbulence Modelling
Poitiers, october 10-11, 2002

Rémi Manceau
Laboratoire d’études aérodynamiques
CNRS UMR 6609, Université de Poitiers
86 962 Futuroscope Chasseneuil cedex
France

INTRODUCTION

Computational Fluid Dynamics (CFD) has devel-
oped to a key technology which plays an impor-
tant role in analysis, design, development and opti-
mization in engineering practice. Although increas-
ing computer capacities enable a broader use of
highly resolved computational schemes such as Di-
rect Numerical Simulation (DNS) and Large Eddy
Simulation (LES), the statistical turbulence mod-
elling used in the framework of the Reynolds Av-
eraged Navier-Stokes (RANS) approach represents
the current industrial standard. The ERCOFTAC-
TAHR Workshops on Refined Turbulence Mod-
elling (SIG-15) aim to bring together scientists, re-
searchers, users and developers from industry and
from the academic field.

The QNET-CFD network was associated to this
ERCOFTAC/IAHR workshop because the case 9.4
(Flow around a simplified car body) is one of the 53
test cases under consideration in this network, in
its Thematic Area 1 (External Aerodynamics), Ap-

plication Challenge 5 (Ahmed body). This network
is aimed at providing European industries with a
knowledge base of high quality application chal-
lenges and best practice guidelines. Therefore, the
second day of the workshop was completely ded-
icated to the Ahmed body test case, in order to
analyse in detail the features of the flow and the
performances of the models.

PARTICIPANTS

The workshop attracted 32 participants from 9
countries, distributed as shown in figure 1.

Most of them came from European universities
or research institutes (24), 7 from European indus-
tries and 1 from NASA.

They represented 24 different institutions. 15
of them submitted results.

TEST CASES

This series of workshops of the Special Interest
Group on Refined Turbulence Modelling (SIG-15)
aim at evaluating the comparative performances of
turbulence models in the prediction of very chal-
lenging test cases, involving complex underlying
mechanisms of primary significance for industrial
applications.

Two of the test cases, i.e., the flow over a peri-
odic 2D hill and the flow around the Ahmed body
(simplified car body), were already selected for the
preceding workshop held in Darmstadt, Germany
(Jakirli¢, Jester-Ziirker, Tropea, 2001): the com-
plexity of the underlying mechanisms and the chal-
lenge they represent for turbulence models have led
to the renewal of these test cases.
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Case 10.1: Wake/mixing layer interaction
(contra-rotating jets)

The flow is generated by two coaxial jets with oppo-
site rotation. An azimuthal mixing layer develops,
and an interaction between the wake of the inner
nozzle and the azimuthal mixing layer takes place,
as shown in figure 2.

Fig 2: Sketch of the wake/mixing layer interaction
test case

A transition from a wake to a mixing layer be-
haviour occurs as the flow develops is z-direction.
In particular, the Reynolds stress tensor experi-
ences a drastic change in its structure.

Detailed experiments performed at the LEA
(Béharelle, Delville, Bonnet, 1997) at Re =
212,000 were made available for this workshop.
The database contains profiles of the mean veloci-
ties, Reynolds stresses (6 components) and budgets
at 15 location downstream of the nozzle.

Case 9.2: Periodic flow over a 2-D hill

This case is a statistically 2D turbulent flow in a
channel with a wall consisting of a periodic series
of hills, as shown in figure 3. Separation occurs
on the leeward face of the hill due to adverse pres-
sure gradient and reattaches on the flat part, before
the next hill. The main difficulty of the case is to
predict the location where separation and reattach-
ment occur, as well as the high level of turbulent
stresses in the shear region.

Detailed statistics of the flow were avail-
able from a highly resolved LES (Temmerman,
Leschziner, 2001).

Fig 3: Geometry of the case 9.2

Case 9.4: Flow around a simplified car body
(Ahmed body)

The Ahmed body is a simplified car, shown in fig-
ure 4, defined by the car industry in order to focus
on a particular aspect of the flow: the complex
wake structure at the origin of the drag crisis ex-
perienced by ground vehicles when the angle of the
hatchback approaches 25 degrees.

Detailed experiments were provided by Lien-
hart, Stoots and Becker, 2000.

Fig 3: Geometry of the case 9.2

PROGRAMME
October 10

Morning: case 10.1 (chairman: Dr. Bon-
net)

The first talk was given by Dr. Delville (LEA,
university of Poitiers/CNRS) who presented the
test case, its underlying physics and the experi-
ments performed at the LEA.

The 4 teams that performed computations of
the case presented their numerical methods and
turbulence models. 12 different computations had
been submitted, using 7 different RANS models
and 1 LES model.

Dr. Manceau (LEA,  university  of
Poitiers/CNRS) then presented cross-plots of the
results submitted by the participants and tried to
analyse the relative merits and weaknesses of the
different turbulence models.

Finally, an open discussion allowed commenting
and completing this analysis.

12
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Afternoon: case 9.2 (chairman: Pr.
Launder

First, Pr. Leschziner (Imperial College) pre-
sented the test case and the highly resolved LES
performed by Imperial College.

8 teams then presented the computations they
had submitted for this case, i.e., 38 different com-
putations using 23 different turbulence models.

Pr. Leschziner gave a synthesis of the compara-
tive performances of the numerous turbulence mod-
els.

An open discussion closed the first workshop

day.

October 11

Case 9.4 (chairman: Pr. Hanjali¢)

The first talk was given by Dr. Spohn (LEA,
university of Poitiers/CNRS), who presented visu-
alisation performed at the LEA at a low Reynolds
number in order to better understand the flow
structures.

The second talk was given by Dr Lienhart (Er-
langen University), who presented the flow condi-
tions and the experiments performed at Erlangen.

The 5 teams that had submitted results for this
case then gave an overview of their numerical meth-
ods. 10 computations were presented for the 25 de-
gree case and 11 for the 35 degree case, using 11
different RANS models and 1 LES model.

Dr. Menter (CFX) then synthesized the compu-
tational results for both the 25 and 35 degree test
cases.

CONCLUSIONS

So many comments were made about the relative
performances of the models in the reproduction of
the different physical mechanisms involved in the
3 test cases that it is not possible to go into de-
tails in the frame of this report. However, some
aspects were particularly interesting and deserve
some comments.

Wake /Mixing layer interaction. It was clear
that linear eddy-viscosity models are not suited to
this case in which the turbulence production mech-
anisms of the different components are absolutely
not the same. However, even for nonlinear and
Reynolds stress models, which are able to repro-
duce these subtle production mechanisms, the tran-
sition from a wake to a mixing layer behaviour,

which is clearly seen in the experimental budgets,
is not obtained correctly.

Periodic flow over a 2-D hill. Pr. Leschziner
particularly emphasized the large scale unsteadi-
ness of the flow at the origin of large variations of
the instantaneous locations of the separation and
reattachment points: this feature, observed in the
highly resolved LES computation, makes the case
very challenging for statistical models. Reynolds-
averaged computations do not resolve this low fre-
quency unsteadiness and the turbulence models
hardly predict its mean effect, which is probably
far from standard turbulence agitation.

Flow around a simplified car body (Ahmed
body). While the low-drag configuration (35 de-
grees) is correctly predicted by different turbulence
models, the complex 3D structure of the wake of
the body for the high-drag case is only reproduced
by LES. Conclusions must be drawn with caution
for this very complex flow, but it seems like either
some fundamental physical mechanism is missed
by RANS models or large scale unsteadiness plays
again a crucial role in the sustainment of the com-
plex 3D wake.

PROCEEDINGS

Detailed descriptions of the tést cases, the numer-
ical methods used by the participants and the re-
sults can be found in the proceedings of the work-
shop:

Manceau, R., Bonnet, J.-P., editors. Proc. 10th
ERCOFTAC (SIG-15)/IAHR/QNET-CFD work-
shop on Refined Turbulence Modelling, Laboratoire
d’études aérodynamiques, UMR CNRS 6609, Uni-
versité de Poitiers, France, October 10-11, 2002

Links to the databases used for the workshop
can be found on the workshop web site:

http://labo.univ-poitiers.fr /informations-lea / Workshop-
Ercoftac-2002/Index.html
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SIG 28 COMBUSTION
AcCTIVITIES REVIVED

Pror. AL TURAN

Asexpressed by its name, ERCOFTAC is acommunity
dedicated towards research in the fields of Flow, Turbu-
lence and Combustion. While there are widespread activities
focusing on CFD and turbulence modelling for aerodynamic
applications, combustion has been largely neglected in the
framework of ERCOFTAC. This becomes obvious when
looking at the list of the currently 24 special interest groups
(SIGs) only one of which (SIG 28) is dealing with combus-
tion. Unfortunately, SIG 28 «Combustion» has been mostly
inactive during recent years.

On April 11" 2003 a meeting was held at UMIST
(Manchester) to revive the activities within SIG 28. The
participants, that constituted the SIG panel members, were:
Prof. A. Turan (Manchester), Prof. M. Pfitzner (Munich),
Prof. E. Hassel (Rostock), B. Merci (Gent), Prof. J. Warnatz
(Heidelberg), Prof. D. Thevenin (Magdeburg), J.-C.
Larroya-Huguet (SNECMA), B. Wegner (for Prof. Janicka,
Darmstadt), Prof. A. Tomboulides (Thessaloniki), R. Prosser
(Manchester), Y. Zhang (Manchester), D. Laurence (Man-
chester/Paris).

Initially, Prof. N. Peters (Aachen) and Prof. A. Turan
(UMIST) were designated as the co-ordinators for the
combustion activity. Then the focus and orientation of
future activities were discussed. During the course of this
discussion, it was decided to change the SIG name from
«Combustion» to «Reactive Flows» stressing the generic

nature of many combustion-related problems. Three main
themes were identified by the panel to be currently of
predominant interest for combustion researchers in general
and for this SIG in particular:

- combustion instabilities,

- multiphase flow in combustion and

- the use of large eddy simulation for combustion
modelling.

Related questions are how to enable quality and trust in
CFD for combustion (inspired by the well-accepted activities
of QNET-CFD which originates from a former
ERCOFTAC-SIG) and the special requirements imposed
on validation experiments by LES. Furthermore it was
agreed to build a database of validation test cases for
combustion.

The next meeting of SIG 28 is proposed to be held as
asidemeeting of the ECM 2003 in Orleans, France (October
25%to 28"). Forthcoming events are a joint workshop with
the Darmstadt based collaborative research centre «Flow
and Combustion in Future Gas Turbine Combustion Cham-
bers» (http://www.sfb568.de) whichis planned for February
2004 as well as a Summer School in Summer or in the Fall
2004.

People interested in the activities of SIG 28 can find
more information at www.ercoftac.org.
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REPORT ON THE
ExecutivE CoMMITTEE MEETING

Krakow, May 10, 2003

D. RoOBINSON
ERCOFTAC CoorpiNnaTION CENTER

EXECUTIVE COMMITTEE ACTIONS

The minutes of previous meetings were reviewed as
well as alist of action items generated after the ERCOFTAC
meetings in Aachen held on October 2002. Professor
Oliemans mentioned that a 2" accounts auditor (in addition
to Dr C. Cambon) must be identified. Dr. Gustav Amberg of
the Nordic Pilot Centre volunteered to take the position.
Professor Oliemans mentioned that 4 positions were still
available in the Managing Board. He asked that names of
nominees be sent to the Coordination Center so that they
could be considered at the Managing Board meeting in
London, October 2003. The issue of a VAT number for
ERCOFTAC was considered. Professor Hirsch said that
maintenance of a VAT number would likely require
professional accounting and other non-negligible adminis-
trative work. Professor Redondo requested that Professor
Hirsch write an official letter stating that ERCOFTAC does
nothave a VAT number, and as a non-profit association, it
is not required to have one according to Belgium law. This
letter is to be present to Professor Redondo’s university
(UPC Barcelona) so that UPC Barcelona will not delay
reimbursement of workshop/summer school scholarship
expenses due to lack of a VAT number for accounting
purposes. Professor Hirsch agreed to write this letter.

FINANCIAL REPORT

Professor Hirsch presented the financial report of
ERCOFTAC to the Executive Committee. For calendar
year 2002 the income due to memberships, interest on the
account holdings, and SIG payments was balanced by the
expenditures due to scholarships, bank charges, and
operation of the Administration and Development Office
and the Coordination Center. The value equaling the
expenditures and income for 2002 was € 109,351.15. The
global reserve of ERCOFTAC as of the end of 2002 is
roughly € 342,000. Expenditures through the first 4 months
of 2003 total € 2,908 and income within the same time
period total € 21,670.

REPORT FROM ADMINISTRATION AND
DEVELOPMENT OFFICE

The financial report and report of the administration
and development office was presented by Professor Hirsch.
The expenses of the Administration and Development
Office for 2002 were € 24.946,49, which was over the
budget of € 20,000. This was largely due to higher than
usual travel expenses incurred because of extra meetings
concerning the «Networks of Excellence» in the 6" European
Framework. Professor Hutton presented the summary of the
Quality and Trust SIG accounts. The membership status of
ERCOFTAC was discussed. Meeting attendees volunteered
to contact certain ERCOFTAC members who are late in
membership payments.

REPORT FROM COORDINATION CENTER

Dr. Robinson reported on the activities of the Coordi-
nation Centre. Concerning the ERCOFTAC website, recent
improvements to the web site now include the ability to
download logistical information forupcoming ERCOFTAC
administrative meetings as well as the questionnaire for the
Industrial Consultation Initiative. The Table of Contents of
the Best Practice Guidelines is now available on the web
site. Requests have been sent out to update the SIG web
sites, as some have not been updated for some time. Other
web site improvements were discussed, including the de-
sign for a standard web page template for Special Interest
Group and Pilot Centre pages. It was mentioned that perhaps
a page be dedicated to FTAC-related job postings.
Furthermore, the idea of presenting previous issues of the
bulletin in PDF form on the web site was suggested.
Professor Hutton expressed concern that making issues of
the bulletin available on the web would be giving away free
one of the benefits of ERCOFTAC membership. It was
agreed that a time lag of 1 or 2 years would be suitable.

The expenditures of the Coordination Center were
balanced by the income for 2002 to within 710 CHF
(approximately 475 Euro). Therefore, Dr. Robinsonrequests
that the current subsidy to the coordination center remain
the same as the annual contribution for each of the last 3
years (37,500 Euros). Dr. Robinson mentioned that he will
leave the post of ERCOFTAC secretary at the end of June
2003. Dr. Thierry Ursenbacher, another research engineer
within the laboratory of Heat & Mass Transfer at EPF-
Lausanne, will replace him, or in the event that he is not
available, lab director ProfessorJ. Thome will beresponsible
for finding a suitable candidate.

EU RELATED ACTIVITIES (EUROPEAN COM-
MISSION, 6TH FRAMEWORK PROGRAMME,
«NETWORKS OF EXCELLENCE»)

Professor Hirschhad discussed EU activities concerning
Networks of Excellence (NoE) at the SPC/IAC meeting of
the previous day. A working party consisting of Professors
Oliemans, Hutton Laurence and Hirsch had submitted an
Expression of Interest in summer 2003 (see bulletin 55,
December 2002) and made a presentation before the
European Commission in October. Even though the com-
mission thought that the proposed topic of study would be
worthy of funding, they expressed some concern about
whether or not the proposed network of excellence would
remain active after the end of the framework. The delegation
was advised to apply for the second round, end of 2003, as
the monies for the first round were already mostly allocated.
Professor Hirsch suggested that ERCOFTAC continue to
try to convince the Commission to support an ERCOFTAC
network of excellence. He was in regular contact and felt
that the Commission’s attitude toward EERCOFTAC was
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evolving positively after the somewhat discouraging first
meeting. A discussion ensued about how to properly
present a case for support of a network of excellence
without forcing activities of members, necessarily excluding
them, or compromising ERCOFTAC areas of interest. The
issue is that the bid for a network of excellence must be
made in a specific sector (e.g. Aerospace). Professor
Laurence pointed out that it would be awkward to have half
the SIGs left out of a network of excellence (e.g.
environmental). There is a new deadline for proposals in
March 2004. The participants proposed that Professor
Hirsch and others members of the network of excellence
working party continue to explore options to enhance the
attractiveness of a proposal from ERCOFTAC.

Professor Hirsch mentioned that there are many other
EU opportunities that ERCOFTAC could consider. A sur-
veillance group consisting of Professors Redondo, Hirsch,
and Drobniak (while Dr. Filippone was suggested for the
UK) will monitor these opportunities.

REPORT FROM SCIENTIFIC PROGRAM
COMMITTEE

During the SPC/IAC meeting of the day before, future
potential meetings were discussed. One workshop and 1
summer school (both during 2004) were proposed by the
newly invigorated SIG 25 (Combustion) and considered by
the SPC. They were both accepted for the ERCOFTAC
label and scholarship funding.

ERCOFTAC publications had been also discussed.
The issues of software difficulties with bulletin contribu-
tions and lateness of contributions were mentioned. It was
decided in the SPC/IAC meeting of the day before that the
Editorial Board would be contacted to provide suggestions
for resolving these problems with the bulletin. It was
mentioned that the deadline of the bulletin has been moved
to 10 days earlier (e.g. April 20 for the June bulletin) to
improve timeliness of contribution submission. The next
theme issue (September) will be on aeroacoustics, and will
be organized by Dr. Bendiks Jan Boersma of Delft Univer-
sity of Technology. Potential subjects for future themes
were discussed. It was decided that ‘Geophysical and
Environmental Turbulence Modeling,” to be organized by
Professor J. Redondo of UPC-Barcelona would be the
theme for March 2004. ‘New Developments in Numerical
Methods for CFD,” was suggested by Professors Hirsch and
Laurence for September 2004.

The activities of SIGs werereviewed. A meeting in
summer 2003 will be organized with SIG 1. Certain attendees
of the SPC/IAC meeting volunteered to contact potential
candidates toreactivate SIG 2. Dr. Pierre Compte, the new
coordinator of SIG4 mentioned that he would like to organize
aworkshopin 2004. Aeroacoustics was mentioned again as
a topic for a SIG. It was suggested to contact the future
contributors for the aeroacoustic themeissue to ask if any of
them are interested in organizing anew aeroacoustics SIG.
Professor Rodi said that he had a candidate in mind
concerningreinvigorating activity in SIG 5. Professor Hirsch
reported that SIG 8 is active. SIG 10 had an organizational
meeting recently planned but was canceled. Professor
Laurence mentioned that SIG 12 is active. SIG 14,
coordinated by Professor J. Redondo is quite active and is
organizing two meetings this year. Professor Laurence
reported activities of SIG 15 and mentioned the meeting in
2004 to be held in the USA, organized by D. Gatski in
association with SIG 15. SIG 19 is inactive. Professor
Hutton had commented on potential creation of a SIG on
standards and protocols for the exchange of CFD data. He

mentioned that despite previous enthusiasmon the subject,
there does not appear to be any interest in creation of such
aSIG after contacting potential coordinators and holding an
exploratory meeting with NAFEMS in London. Professor
Hirsch said that a European view and voice on international
standard setting committees in this area was important. He
surmised that European Commission money may be available
to support a small highly focused team, and agreed to
investigate further. SIG 20 is active. SIG 21 has not been
active recently. SIG 24 is co-organizing a summer school
in Barcelona, September 2003. SIG 25 is inactive but may
reactivate soon. SIG 28 has reactivated under the leadership
of Professor A. Turan of UMIST. They have held an
organizational meeting and will organize a workshop and
summer school in 2004. Professor Oliemans had spoken
with Professor G. Stelling of TU Delft, who agreed to take
over coordination of SIG 30. SIG 32 is quite active. Dr.
Florian Menter of AEA Technology GmbH had presented
slides on recent activities of SIG 34. The SIG organized an
introductory course on design optimization in April 2003
which was attended by 65 people. It was proposed that
ERCOFTAC members could present a licensed version of
the course elsewhere, e.g. the UK. Dr. Cambon mentioned
that a meeting will be organized with coordination of SIG
35 and that SIG 36 will also organize a meeting in the near
future. SIG 37 is new and active.

Pilot Centers were discussed. Dr. Robinson mentioned
correspondence with Professor Hendrik Kuhlmann who
expressed interest in organizing an Austrian PC, beginning
in Autumn 2003 when he is established in Vienna. Dr.
Robert Castilla had presented a list and activities of the
Spanish Pilot Centre. Professor Hutton had reported on UK
PC’s 1* Osborne Reynolds Research Student Award
Seminar, where there were several high quality PhD research
presentations made. Professor Rodi agreed to contact
Professor Schilling of Technical University Munich to
gauge interest in creation of a Pilot Center in Hungary.

REPORT FROM INDUSTRIAL ADVISORY
COMMITTEE

During the previous day’s [AC meeting, Professor
Hutton reported on the progress of sales of the Best Practice
Guidelines. 638 copies have been sold, at an averagerate of
13 per month. Professor Hutton had arranged a vote for a
new IAC Chairman. Two people, Paul Gallagher and Chris
Carey, werenominated. P. Gallagher was elected, winning
15 votes from the 24 cast by the industrial membership.
Professor Hutton spoke with Professor R. Karlsson and
they both decided that Professor Hutton would become
Deputy Chairman (replacing Professor Karlsson) to ease
the new Chairman into his position.

During the IAC meeting, Professor Hutton gave a
presentation concerning the future direction of the IAC and
how ERCOFTAC could make itself more valuable to
industry. He proposed revitalizing and further developing
the Quality and Trust Initiative.

He emphasized that the Quality and Trust initiative
would very likely be attractive to large product producing
companies, engineering service, and engineering consultancy
companies. In addition, he suggested that ERCOFTAC
could provide a technology watch service (e.g., web-based
product, special awareness seminars), sector focused
benchmark exercises, and establish mechanisms for small
and medium sized enterprises to gain access to know-how/
solutions (e.g. CFD ‘surgeries’, Technology Yellow Pa-
ges). As an added attraction, he expressed support for a
suggestion previously made by Professor L. Kleiser of
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ETH-Ziirich that ERCOFTAC should consider a reduced
membership fee for small and medium sized enterprises.

Professor Hutton discussed the new schedule for
production of the previously proposed turbulence workbook.
Professor Laurence has said that he can now make time to
take a sabbatical to write the workbook this summer,
completing adraft by 31 August 2003. It will be sent out to
apanel of reviewers, where the reviews will be returned 30
November, and a final version to be submitted for printing
in Spring of 2004.

Professor Hutton suggested again the idea of setting up
a dedicated publication office to handle the increasing
number of projects that ERCOFTAC is assuming. He
drafted a list of duties and reponsibilities associated with
publications and data bases. ERCOFTAC members will be
invited to submit a proposal for hosting the publication
office, setting out the resources they intend to commit and

the costs of these resources as well as some justification of
their competency.

OTHER BUSINESS

The next SPC/IAC and Managing Board meetings will
be held in London the 24" and 25" of October, 2003. It was
suggested that the Spring 2004 meetings should be held in
Madrid, Spain with Professor J. Redondo and Dr. Robert
Castilla as the points of contact.

Professor Hutton noted that it was the last meeting
for the current ERCOFTAC secretary, Dr. Douglas Robin-
son. He thanked Dr. Robinson for his service on behalf of
ERCOFTAC. Professor Laurence noted that it was the last
meeting for Professor Hutton as IAC Chairman. Professor
Laurence and Professor Oliemans thanked Professor Hutton
for his many accomplishments and years of service to
ERCOFTAC.
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REPORT ON THE ERCOFTAC CONFERENCE

ON

SMALL PARTICLES IN TURBULENT FLOWS
Seville, 11-13 March 2002

JAVIER DAVILA! & JULIAN C.R. HUNT 2

I E. Superior de Ingenieros, Universidad de Sevilla, Spain (davila@eurus2.us.es)

2 Dep. of Space and Climate Physics, University College London, UK.

The first Ercoftac Conference on Small Parti-
cles in Turbulence was held in Seville, Spain, on
March 11-13, 2002. This conference was organ-
ised to meet a small group of researchers inter-
ested in the field, to stimulate the interaction be-
tween the participants. The aim of this meeting
was more fundamental than the “Workshops on
Two-Phase Flow Predictions” organised by M.
Sommerfeld (SIG on Dispersed Turbulent Two
Phase Flow), but should be complementary to
them.

During three days twenty-one talks were
given. Experimental and theoretical approaches
as well as numerical works were presented to an
audience of about 30 participants from European
countries and the USA, with British and Spanish
participants being the most numerous. About
90% of them belong to the academic world.

The oral presentations included the following
themes: dynamics of inertial particles in tur-
bulent flows, turbulent dispersion, disperse two-
phase flow modelling, and experimental tech-
niques for turbulent flows laden with particles.
Two lectures were given by invited speakers:

e “Turbulence modification by particles”, by
S. Elghobashi

e “Particle interaction with turbulent struc-
tures - the application of random walk mod-
els”, by M.W. Reeks,

Current advances on the knowledge of the be-
haviour of small particles in turbulence were re-
viewed and several experimental results were dis-
cussed. There was enough time for informal dis-
cussion to stimulate the interaction between the

participants. Very representative works on the
current research on turbulent modification by
small particles, disperse two-phase flow model-
ing, settling of small particles in turbulent flows,
wall effects, experimental techniques for turbu-
lent flows laden with particles, and turbulent dis-
persion were presented. Some of the questions
addressed in this meeting were: exact formula-
tion of the forces acting on small particles, de-
scription of the fluxes of particles (e.g. deposition
or initial conditions), distributions (forces, tur-
bulence, deformations), coalescence, finite void
fraction effects, mean field approaches, etc.

Publication

The conference proceedings will be avail-
able from the University of Seville (Dr.
Javier Davila, Escuela Superior de Ingenieros,
Camino de los Descubrimientos s/n, 41092
- Sevilla, Spain).  Also at the conference
web site: http://eurus2.us.es/actividad /congre-
sos/Seville2002.html
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THE ERCOFTAC SUMMERSCHOOL
PHaYSICAL AND NUMERICAL ASPECTS OF

TURBULENCE MODELLING

26 JunE - 2 JuLy, 2002
UMIST, MANCHESTER, UK

K. BrREmuORST, UNIV. OF QUEENSLAND, & D. LAURENCE, UMIST

CONTENT OF THE SUMMERSCHOOL

The theme consisted of two interlinked topics, one to
introduce participants to the physical nature of flow
modelling and the other the numerical realization of models
inturbulent flows. This was achieved over a five day period
in addition to one day of refresher courses for those not fully
familiar with computational techniques. The audience
ranged from commencing postgraduate students who have
hadlittle contact with turbulence models or even turbulence
theory to practitioners from government and industry right
through to internationally recognized scholars in the field.
Presenters were drawn from present and ex UMIST staff,
software developers and invited guest speakers.

Topics covered included,

Phenomenon of turbulence

Modelling philosophies

Zero-, one- and two-equation models
Reynolds stress models

Wall functions

Unsteady RANS modelling

Large eddy simulation

Realizability of closures

Modelling of heat transfer and force fields
Software validation

Turbulence models used in commercial codes
Limitations of standard models

Anisotropy resolving models for shock affected
flows

Introduction to the FLOMANIA project
Tutorials and computer sessions.

PHYSICAL ASPECTS OF TURBULENCE
MODELLING

Professor Joel Ferziger (Stanford) provided the intro-
duction to the school with an overview of the phenomenon
of turbulence, its time dependent, three dimensional nature
and the problems of dealing with complex flows. Partici-
pants were reminded of the instabilities leading to turbu-
lence and the mechanisms which maintain them. A review
of turbulence modelling followed with special emphasis on
LES. The case was made that LES is sufficiently refined to
givereliable and accurate results for averaged quantities as
well as the larger structural features which are resolved on
atime basis. Dynamic models are considered to be the best
choice but it is not possible at this point in time to name a
unique best model. Toillustrate the power of LES, Professor
Ferziger undertook a detailed comparison of measurements
and LES predictions of flow past a cubic obstacle. In order
to achieve excellent agreement with measurements, a new
procedure was developed whichremoves high wavenumbers
from the dynamic calculation of model coefficients.

Professor Laurence reviewed the basic concepts of
RANS modelling. The presentation introduced the roles

played by mean strain rates and mean vorticity and how
these are incorporated into modern eddy viscosity models.
Limitations of the k-epsilon model were reviewed and the
derivation of the proportionality constant for eddy viscosity,
C, , historically from shear flow data, was shown to be
inadequate in complex flows, in particular in the production
term of the k equation [1]. The need for Reynolds stress
models for complex flows was highlighted together with
reassurance that numerical convergence of Reynolds stress
models is no longer an issue.

Dr Apsley reviewed the details of two equation models
and highlighted the limitations of linear eddy viscosity
models. While convenient and widespread in their use,
linear eddy viscosity models were shown to fail badly in
prediction of flows with anisotropy in simple shear flows
with large irrotational strains such as stagnation flows and
in the presence of body forces. In order to address these
issues, quadratic, cubicandnon-linear eddy viscosity models
[2] were introduced and reviewed with special emphasis on
the strain sensitive cubic model by Craft-Launder-Suga.

Low Reynolds number eddy viscosity models with
their inherent limitations and multiplicity of refinements
werereviewed by Dr Craft withillustrations of comparative
performance data of a selection of such models applied to
the near wall region. The wall limiting conditions of various
flow variables were presented to illustrate the limiting
behaviour of acceptable models. This led to the two
component limit of turbulence at flow interfaces where the
velocity component normal to the interface vanishes [3].
The similarity to near wall behaviour was noted together
withtherealizability of such models to ensure that unphysical
values arenotreturned by amodel calculation. Development
of this model introduced the anisotropy invariants parameter
which formed the basis of many subsequent model
developments.

Professor Launder gave ahistory of the development of
wall treatments and reviewed current approaches to
prediction of the near wall region. The inadequacy of this
approach was noted. Participants were then introduced to
aradically new approach based on two schemes developed
at UMIST based on considerations of production and
dissipation of turbulent kinetic energy in the near wall
region [4]. Thefirstscheme, alsoreferred to as the analytical
one, uses an analytical solution of the simplified x-momentum
and energy equations with full allowance of changing
thermal properties when non-isothermal flow exists. The
approach is a two-layer model for the wall region with the
assumption that the velocity and thermal sublayer thicknesses
are the same. Model parameters were determined fromdata
with fluids of Prandtl numbers 0.7 and 7. Application to
much higher Prandtl number fluids or to mass transfer with
high Schmidt number fluids still needs to be verified. The
second scheme, referred to as a subgrid wall function, uses
simplified boundary layer type equations together with grid
refinement in the near wall cell of a coarse grid solution.
When combined with a nonlinear eddy viscosity model, it
was shown that this scheme gives excellent agreement for
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heat transfer predictions in difficult cases such as jet
impingement. The computational costis less than one tenth
that of low Reynolds number models.

Professor Launder also gave an overview of the effect
of heat transfer and force fields on turbulence modelling. A
clearpreference was established for second moment closure
of the momentum field with a generalized gradient diffusion
model for heat transfer. Thereason is thatin most problems,
the main difficulty lies in correct modelling of the pressure-
strain correlation rather than in inadequacies of the
generalized gradient hypothesis for the thermal field. Se-
cond moment closure with a realizable model for pressure
containing terms was considered to be the best option in the
presence of force fields.

Dr. Manceau (CNRS Poitiers) reconsidered the
blocking effect of walls on turbulence by examination of the
fluctuating pressure equation. This was shown to lead to an
elliptic relaxation model and Durbin’s derivation of the v2f
model [5]. The clear theoretical derivation, the confirma-
tion of by DNS two-point correlation data of the distant
effect of asolid wall, and the ability of the elliptic relaxation
model to predict near wall behaviours led to the
recommendation that more use should be made of this
model in industrial computations.

NUMERICAL ASPECTS

Professor Laurence discussed discretization methods
including body fitted coordinates, finite volume
discretization with arbitrary control volumes and error
estimation. An outline was given of the effect of periodic
strains, inlet conditions, the use of unsteady RANS modelling
and convergence of higher order statistics. This section
concluded by speculating what the next decade may bring
and gave notice of the possible emergence of Smoothed
Particle Hydrodynamics (SPH) as a powerful tool which is
used extensively in astrophysics but is yet to be embraced
by the CFD community.

Limitations of standard turbulence models was discussed
by Dr Craft who also gave proven methods of overcoming
a range of limitations. Dr Apsley presented methods of
implementation of turbulence models in CFD and discussed
some useful observations relating to ways of stabilizing
solutions and dealing with diffusive and non-diffusive
terms in the equations.

Numerical methods for large eddy simulation, as dis-
tinct from sub-grid scale modelling, was dealt with by S.
Benhamadouche with special reference to collocated grids
for finite volume methods. Useful tests for the effect of
model constants, time discretization and interpolation were
discussed andillustrated by application within an industrial
flow solver.

Professor Leschziner gave two sessions on anisotropy-
resolving models for shock affected aerodynamic flows.
Special attention was focussed on turbulence modelling,
the effect of compressibility and the presence of shocks [6].

CODE VERIFICATION AND APPLICATIONS

Dr Wemer Haase (EADS-Munich) set the scene for
this section by giving an overview of the FLOWMANIA
project and of the type of CFD applications of interest to the
aerospace industry [7]. The need for accuracy involving
quite complex flow situations ranging from subsonic to
supersonic was stressed together with the ability of simulating
time dependent flows during aircraft maneuvers. The current
benefits andneeds of advanced turbulence models combined
with high resolution grids was illustrated for example by a
dramatic improvement of the drag prediction for acomplete
fighter jet when the near-wall grid is successively refined
down toy+=12, 5 and then 1 (resulting in a 9 Million node

grid however). Another challenging example is that of an
oscillating airfoil where the lift vs. angle oval shaped curve
(returning two different values for one angle depending on
the phase).

S. Benhamadouche gave an overview of code
development and validation at Electricite De France. A
number of reasons for independent code development were
given. Amongst these are safety concerns, type of flows to
be simulated and knowledge of what is in the code: the best
training for CFD users is found by involving them in code
development.

Professor Laurence and Dr Craft also outlined the
importance of validation and introduced participants to the
large ERCOFTAC data base now available to any user by
simply registering on the ERCOFTAC website. The range
of test cases available from the AGARD database was also
shown.

Dr Cokljat from FLUENT Sheffield outlined the
FLUENT suite of turbulence models and gave details of the
introduction of the Wilcox k-?models in FLUENT6.0. The
presentation highlighted the difficulty faced by code
marketers of which turbulence models to incorporate or
recommend. The presentation then focused on k-? variants,
enhanced wall functions and also showed the superior
performance of Re Stress Transport models for the cases of
the aerodynamics of a prolate spheroid and a cyclone
separator. Current developments in turbulence modeling
concern Detached Eddy Simulation and the V2F model.

Dr Menter outlined the use of turbulence models in
CFX and showed a distinct preference for the k-? models
and specifically the SST version, which blends a near wall,
k-??approach with a k-? model for the bulk of the flow.
Sensitivity of the standard wall functions to near wall grid
refinement is shown to be a serious issue and corrections
such as «scalable wall functions» are proposed [8]. The SST
model fitted with scalable wall functions is shown to be the
least sensitive to grid effects, including for heat transfer
predictions. Applications of RSTM and LES are shown, but
industrial users are still reluctant to use these advanced
models. An invitation was issued to submit challenging
problems to help extend the boundaries of commercial
codes.
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PiLor CENTRE REPORTS

ACTIVITIES OF THE
ERCOFTAC SpanisH PiLoT CENTRE

RoBERTO CASTILLA
CASTILLA@MF.UPC.ES
UNIVERSITAT PoLITECNICA DE CATALUNYA

In the past year, the Spanish ERCOFTAC Pilot Centre
has extended its activities in order to maintain communica-
tion and interaction between the members, and increase
their number. We have organised courses, such as the
Summerschool on Numerical Methods on
Environmental Prediction. Based on this course, atextbook
on Geophysical Fluid Dynamics and Environmental Turbu-
lence is being prepared. Next September, the Campus
Universitari de la Mediterrania, in VilanovailaGeltru, will
host the International Summercourse on Variable Density
Turbulent Flows. This Course is also co-organised by the
ERCOFTACSIG24, 14 and 4 and the Universitat Politecnica
de Catalunya. ERCOFTAC SIG 14 and 21 and the UPC are
also preparing the 13th International Couette-Taylor
Workshop, Nonlinear Dynamics in Fluids
(www.fa.upc.es/personals//index.html), which will be held
in BarcelonanextJuly.In March, Dr. Javier Davila, fromthe
Department of Fluid Mechanics, Universidad de Sevilla,
and Prof. Julian Hunt from University College in London,
organised the ERCOFTA C Conference on Small Particles
in Turbulent Flows. From the 3rd to the 5th July 2003, the
13th International Couette-Taylor Workshop,Nonlinear
Dynamics in Fluids will be held in the Campus Nord of the
U.P.C. in Barcelona.

One of the most important activities in 2002 has been
the organization of the First Workshop on Research in
Turbulence, held in CIMNE, the Spanish Pilot Centre of
ERCOFTAC, on the 6th of February 2003. This was a
national workshop, which intended to create a discussion
forum for the Spanish groups researching on turbulence.
The attendees came from a variety of turbulence related
backgrounds: basic research, numerical implementation,
industrial application, environmental research, etc.The
workshop began with a conference by professor Ramon
Codina, from CIMNE, on problems of computer
implementation of the turbulence models. He pointed out
the difficulties that complex models have for converging,
and the low capacity of certain models to capture mass
forces, e.g. Coriolis, or centrifugal forces. Professor Jose
Manuel Redondo, from the Department of Applied Physics,
in the Universitat Politecnica de Catalunya presented the
research of his group in reference to the turbulent dynamics
of oil slicks in the sea, relating it to the Coriolis forces,
stratification and Richardson’s Law. Professors Javier Davila
and David Gutiérrez, from the Department of Fluid
Mechanics of the University of Seville presented their
investigations on particle dynamics in homogeneous and
isotropic turbulence as well as on dispersion and
sedimentation, using Kinematic Simulation as Direct
Numerical Simulation. Jordi Piera, from the Department of
Theory of Signal and Communications of the U.P.C. and
Jordi Catalan, from the Advanced Studies Centre, CSIC,

presented theirinvestigations on vertical transportin aquatic
ecosystems using nonlocal models. Professor J. A. Ferré,
from the Department of Mechanical Engineering of the
University Rovira i Virgili, in Tarragona, presented his
research group and the activities that they carry out and
described numerical experiments of flow between parallel
layers with his own software. Dr. Angel Velazquez, from
the company SENER, in Madrid, gave the point of view of
industry in the field of the turbulence and described some of
the projects that they are working on in the division of
Aeronautics. Dr. Veldzquez is the new Spanish Industrial
Representative to the Managing Board of ERCOFTAC.
The first part of the Workshop finished with the presentation
of Professor Guillermo Hauke, from the Area of Fluid
Mechanics, of the University of Zaragoza. He described
turbulence models and the implementation of a combined
statistical model with FEM for the determination of pdf for
chemical concentrations. The second part of the Workshop
started with the conference of professor Javier Jiménez,
fromtheE.T.S. Aeronautics Engineering of the Polytechnical
University of Madrid, and from the Centre for Turbulence
Research in Stanford University. Professor Jiménez
presented a very interesting lecture about Large Eddy
Simulation and Direct Numerical Simulation stating that
there is areal possibility to obtain a DNS at high Reynolds
numbers for a simple geometry in the not-so-distant future.
Dr. Elena Roget, from the Group of Environmental Physics
of the Universitat de Girona, presented the investigations of
her group in dynamics of turbulence in the sea. Professor
Eugenio Oiate, from CIMNE, presented hisresearch group
of investigation and described a model of turbulence based
on the denominated «finite calculus» technique. Professor
Henar Herrero, from the Faculty of Chemical Sciences, in
the University of Castilla La Mancha showed results from
the studies of her group in problems of thermal convection.
Dr. Guillaume Houzeaux and Oriol Guasch, from CIMNE
presented the investigations of their group in convection in
rooms and buildings and on computational aeroacoustics.
Finally, Dr. Roberto Castilla, from LABSON, Department
of Fluid Mechanics in the Universitat Politécnica de
Catalunya, described the studies of his groupin the numerical
and experimental analysis of the flow of oil in diverse
oleohydraulic components. The Workshop concluded with
an open discussion between the participants and a very
positive evaluation of the experience. This workshop will
be organised annually. Next meeting has been planned to
take place at the Polytechnical University of Madrid in
February 2004. More details of the workshop can be found
in the web page of the Spanish Pilot Center of ERCOFTAC
at http://www.cimne.upc.es/Sociedades/ercoftac/
home.htm, or at www.ercoftac.org, under «Pilot Cen-
tres,» «Spain.»
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Norpic PiLoTr CENTER

GUSTAV AMBERG, COORDINATOR OF THE Norpic PiLor CENTER.

The Pilot Center gathers members from the Nordic
countries, i.e. Sweden, Denmark, Norway and Finland. We
have also recently had some attendance from Estonia. The
number of participating academicdepartments/organizations
is 16 (7 from Sweden, 5 from Denmark, and 2 each from
Norway and Finland). There are 11 industrial partners (6
from Sweden, 3 from Finland and 1 from Norway and
Denmark). The areas of interest of these partners include
fundamental research in fluid dynamics and turbulence,
such as DNS, turbulent separation, onset of turbulence,
flow control, development of turbulence models, influence
of swirl, rotation etc, as well as studies of increasing
applicability on heat transfer, two-phase flows, etc. Examples
of applications are wind power engineering, hydropower,
aerodynamics, flow problems in automobile design, com-
bustion, with all of the related two-phase flow problems,
and other ‘complex’ flow problems in process industry.
CFD is naturally a very important component in this, as a
tool for flow analysis, as well as development of solution
algorithms and software.

One main objective of the center is to promote exchange
between academic institutions and industry in the different
Nordic countries, in the subject area covered by
ERCOFTAC. Unlike perhaps most other Pilot Centers, the
NPC covers quite a large geographical area and several
countries. One of the successes of the center so far is that it
has created bonds and collaborations between groups in the
different Nordic countries, and it remains one of the most
important tasks for the NPC to maintain and enhance such
activities further.

NPC organizes an annual meeting that is hosted in one
of the four countries, typically in late August. This series of
meetings began in 1996, and has been maintained since, so
that this year the 8" annual meeting will be held in Goteborg
in August. The typical attendance is 30-35 people. The
program usually fills two days, with most of the time being
taken on hearing short presentations on ongoing research.
Short reports from each of these meetings are collected on
the NPC website. These annual meetings are perhaps the
most important activity of the NPC in creating a good
exchange of ideas and information between the partici-
pants. There is an ongoing discussion on how to make sure
that these meetings remain attractive, where various ideas
for modifying the format have been put forward.

NPC partners are active in several of the special interest
groups, notably SIG 2 Turbulent Boundary Layers; SIG 15,
Turbulence Modeling; SIG 33, Transition Mechanisms,
Prediction and Control; and SIG 34, Design Optimisation.

Rolf Karlsson, as a member of NPC, has actively been
marketing the Best Practice Guidelines for Industrial CFD,
by numerous presentations in different meetings in the
Nordic countries.

Since the previous report, a few workshops have been
held under the auspices of ERCOFTAC and the NPC. On
April 25-27, 2001, the 4th SIG 33 Workshop on Flow
Control was heldin Abiskonorthwest of Kirunain Lappland,
Sweden. This is a remote location, well above the polar
circle, which offers excellent conditions for outdoors
activities. This workshop followed three successful previous
workshops organized by SIG 33 on special topics of interest
in stability and transition, with the topic of this fourth
workshop being flow control. The purpose of the workshop
was to bring together people working in the area of flow
control to present the state of the art in sensing, actuation,
theory, computations and experiments. Future perspectives

in the area were emphasized, both in terms of novel basic
research as well as technological needs and applications.
Thetopics of special interest was recent theoretical advances
and advances in methodology, linear control and estimation
theories applied to flow control, non-linear optimal control,
applications and experiments in instability, transition and
turbulence control. The form of the small (28 participants)
workshop was presentations by the attending experts
followed by informal discussions. The local environment
gave ample opportunity for after-session discussions. A
more detailed report from the workshop was given in
number 55 (December 2002) of this bulletin by Hakan
Gustavsson.

The second workshop on draft tube flow, Turbine 99-
2, was held in June 18-21 2001 in Alvkarleby, Sweden,
gathering 32 participants. This is the follow-up to the
workshop Turbine-99, held in Porjus, Sweden in June 1999.
Turbine-99 was a challenge to determine the state-of-the-
art in predicting the flow in hydraulic turbine draft tubes. In
the Turbine-99 - Workshop 2 the investigation of the draft
tube flow was continued, now with emphasis on turbulence
models and addressing a non-optimal flow case. For this
workshop, a structured grid with about 700,000 cells was
distributed for all participants to use. In this way, it was
possible todisregard the effects of the grid when comparing
different simulations. The unknown inlet boundary condi-
tions, known to have a noticeable influence on the results,
were also specified. The proceedings from the workshop
will be available from the University of Luled, Prof. Hakan
Gustavsson, (see http://www.luth.se/depts/mt/strl/tur-
bine99). The outcome of the workshop was also reported
briefly by Hékan Gustavsson and Rolf Karlsson in number
55 of this bulletin.

A EUROMECH and ERCOFTAC colloquium on
swirling flows was held 16 - 20 September 2001, in Bergen-
Troms@, NORWAY, organized jointly by the Norwegian
University of Science and Technology (NTNU) in Trond-
heim and Institute of Thermophysics (Russian Academy of
Sciences) in Novosibirsk. The event took place onboard a
vessel while sailing northwards along the scenic west coast
of Norway all the way from Bergen to Tromsg (above the
Arctic Circle). Thus, the Colloquiumeventually turned into
the most northerly ERCOFTAC and Euromech event ever.

The aimof the Colloquium was to provide an opportunity
for European scientists to present and discuss the outcome
of their latest research on swirling motions in inviscid,
viscous and turbulent fluid flow. Swirling flows occur in a
widerange of applications, bothin geophysics and enginee-
ring. The intention of the Colloquium was to bring together
people fromdifferent fields of applications, as well as amix
of theoreticians, experimentalists and computationalists, in
order to highlight unresolved issues and enhance the
understanding of the complex flow physics associated with
swirling flow phenomena. On the basis of submitted abstracts
some 40 contributions were accepted for inclusion in the
Colloquium programme. Eventually 38 scientists from 11
countries participated. The 37 oral presentations, of which
4 wereextendedkeynote lectures, were grouped into thematic
sessions according to their subject area, i.e. vortical flows;
rotor-stator flows; Stability and vortex breakdown; confined
flows; systemrotation; coherent structures; applications. A
more detailed report by Helge Andersson and S.V.
Alekseenko from this meeting is available at the NPC
website (www.mech.kth.se/ercoftac/, or link at the
ERCOFTAC webpage).
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Profile of the Pilot Center Germany South

Dr.-Ing. Florian Menter: Coordinator of PC

1 Introduction

The ERCOFTAC Pilot Center Germany South was
founded in 1991. It currently has thirteen members
from university institutes, eight members from indus-
try and three members from research centers.

The center is coordinated by Dr. Menter from
ANSYS-CFX since January 1998.

Prof. Rodi represents the center in the Scien-
tific Programme Committee and Dr. Menter repre-
sents the center in the Industrial Advisory Commit-
tee. Both are members of the Managing Board and
Prof. Rodi is also member of the Executive Commit-
tee of ERCOFTAC, as well as one of the four editors
of the ERCOFTAC Journal "Flow, Turbulence and
Combustion”.

The pilot center supports its own Homepage under
the web address:

http://www.flm.mw.tu-muenchen.de/ERCOFTAC-
PCGS

The Homepage gives information on the organisation
of the PC and on all events organised by the center.

2 Organisational Structure

The Pilot Center is organized in the following way.
There is a yearly meeting of the members which is
called by the coordinator, who, together with two
deputies, is elected by the members for a period of
three years.

3 Members

The members of the Pilot Center are:

e Members from Universities:

— Institut fiir Hydromechanik, Universitdt
Karlsruhe.

— Interdisziplidres Zentrum
fiir Wissenschaftliches Rechnen, Ruprecht-
Karls-Universitdt Heidelberg.

— Lehrstuhl fiir Strémungsmechanik
Erlangen-Niirnberg.

— Institut fiir Strahlantriebe, Universitat der
Bundeswehr Miinchen.

— Lehrstuhl fiir Technische Thermodynamik,
Universitdt Erlangen-Niirnberg.

— Institut fiir Aerodynamik und Gasdynamik,

Universitat Stuttgart.

Fachgebiet Strémungsmechanik, Technis-

che Universtdt Miinchen.

FG Energie- und Kraftwerkstechnik, Tech-

nische Universitiat Darmstadt.

Institut fiir Kernenergetik und Energiesys-

teme, Universitit Stuttgart.

Fachgebiet Hydraulische Maschinen, Tech-

nische Universtdt Miinchen.

— Lehrstuhl  fiir  numerische = Metho-

den im Maschinenbau, Technische Univer-
sitdt Darmstadt.

— Lehrstuhl fiir technische Simulation, Uni-
versitdt Heidelberg.

— FB Stromungslehre und Aerodynamik, Uni-
versitdt Darmstadt.
e Members from Research Centers:
— Gesellschaft fiir Anlagen und Reaktor-
sicherheit mgH, Miinchen.

— DLR, Institut fiir Verbrennungstechnik,
Stuttgart.

— Kernforschungszentrum Karlsruhe, GmbH.
e Members from Industry:

— ANSYS-CFX GmbH, Otterfing.
— Astrium GmbH, Miinchen.

— Bosch Rexroth AG, Lohr a. Main.
— DaimlerChrysler AG, Stuttgart.

— EADS Deutschland
Militdrflugzeuge, Miinchen.
— NEC Deutschland GmbH, Stuttgart.

— Silicon Graphics Computer GmbH, Gras-
brunn.

— Voith Hydro GmbH.

GmbH,

4 Activities of the Center

4.1 Special Interest Group on Design Opti-
misation

The main scientific activity of the PC Germany South
is the organisation of the SIG-34 on Design Optimi-
sation. The goal of the SIG is to introduce and sup-
port the use of advanced optimisation techniques in
CFD. This is achieved through the organisation of
workshops and scientific meetings on a regular ba-
sis. In addition, a web-page has been set-up to allow
interested parties to get the latest information and
to interact continously. It can be accessed through
the PC Homepage. The members of the organising
committee are:

e Prof. R. Schilling, TU Miinchen (Coordinator)

e Prof. R. van den Braembussche, VKI Rhode
Saint Genese.

e Prof. K.C. Giannakoglou, TU Athens.
e Dr. F. Menter, ANSYS-CFX, Miinchen.
e Dr. W. Haase, EADS Miinchen.

e Prof. C. Poloni, Univ. Trieste.

The organising committee is supported by
S. Thum (TU Miinchen), who has accepted the re-
sponsibility for the SIG web-page and also supports
the local organisation of the workshops.

The organising committee has decided to hold an
Introductory Course on Design Optimisation in Mu-
nich on a bi-yearly basis. This course will cover the
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basic concepts and techniques behind todays optimi-
sation tools. In order to increase the attractiveness
for beginners, the courses will allow the participants
to gain hands-on experience on training cases set-up
by the organisers and volunteers. The courses will
also offer a platform for software demonstrations and
interaction with commercial vendors.

In addition to the Introductory Course, it is
planned to hold scientific meetings/workshops in the
intermediate years. These events will be held at dif-
ferent locations and will be organised locally.

Since the last presentation of the PC Germany
South in the ERCOFTAC Bulletin, two Introductory
Courses have been held in Feb. 2001 and in April
2003. Both events have enjoyed a large audience, with
more than 60 participants at the 2003 meeting.

The Introductory Course 2003 covered the follow-
ing subjects:

e Introduction to Design Optimisation.

o Geometry Handling and Parametrisation.
o Gradient-based Methods.

e Decision Making Tools.

e Neural Networks / RSM.

e Design of Experiments.

Evolutionary Strategies.

Sensitivity Analysis.
Adjoint Methods.

Automatic Differentiation.

Genetic Algorithms.

Applications.

Presentation of Commercial Tools.

e Hands-on training.

All details of these meetings, including the tech-
nical program can be found on the web-page given
above.

4.2 Activities of the Members

The members of the PC are actively engaged in a
wide range of topics:

e General Fluid mechanics / aerodynamics / hy-
personics.

Transition and turbulence.

Combustion research.

Multiphase flows.
e Chemical processes.

e Propulsion.

In October 2001 the Department of Fluid Mechan-
ics and Aerodynamics at the Universitdt Darmstadt
organized the 9th joint ERCOFTAC/IAHR Work-
shop on Refined Turbulence modelling. The following
testcases have been used in the model comparison:

e Swirling flow in a model combuster.

e Periodic flow over a 2-D hill.

e Periodically perturbed flow over a backward-
facing step.

e Flow around a simplified car body.

The workshop was attended by 52 participants
from 10 countries from Europe and Asia (Austria 2,
Belgium 1, Finland 2, France 8, Germany 25, Greece
1, Japan 1, Swiss 2, The Netherlands 4 and United
Kingdom 6). 27 computational contributions from 21
groups were submitted.

A large variety of turbulence models ranging from
the Spalart-Allmaras one-equation model, standard
linear and non-linear k£ — € and k — w models, via the
Durbin’s three equations k — & — v? model, explicit
and implicit algebraic Reynolds-stress models up to
differential Reynolds-stress models (RSM) and LES
were used in this workshop.

The proceedings of the workshop (two volumes
with about 600 pages) containing a summary of the
test cases with all details necessary for their compu-
tations, a review of turbulence models and numerical
methods used by each participant, as well as cross-
plots of results for all four test cases were distributed
to all participants. The contributors were offered a
possibility to correct or refine their results and to
re-submit them after the workshop. Only few took
advantage of this opportunity. The updated proceed-
ings are available on the workshop www-site:

http://www.sla.maschinenbau.tu-darmstadt.de/
workshopO1.html.

Some of the testcases have been revisited at the
10th joint ERCOFTAC-IAHR-QNET/CFD work-
shop in Poitiers
(http://www.iahr.org/newsweb /conferences/
10thercoftac.htm).

4.3 Participation in Special Interest Groups

Members of the center participate in the following
Special Interest Groups:

e Large Eddy Simulation.

¢ Quality and Trust in Industrial CFD/(QNET-
CFD).

e Turbulence in Compressible Flow.
e Transition Modelling.

e Turbomachinery.

e Turbulence Modelling,.

e Design Optimisation.

e Combustion.

5 Organisation of ERCOFTAC Events

e Feb. 2001, Introductory Course on Design Opti-
misation, TU Miinchen.

e December, 2002, Yearly PC Germany South
members meeting.

e April 2003, Introductory Course on Design Op-
timisation, TU Miinchen.

e August 2003, Workshop on Direct and Large
Eddy Simulation (http://www.flm.mw.tum.de/
dles5/), TU Miinchen.
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6 Contact Address:

Dr. Florian Menter
ANSYS-CFX
Staudenfeldweg 12
83624 Otterfing
Tel: ++49 (0)8024 9054 0
FAX ++49 (0)8024 9054 17
e-mail: florian.menter@cfx-germany.com
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The ERCOFTAC Bulletin aims to publish news of,
and of interest to, the ERCOFTAC Community every 3
months. Every second issue (March and September) is
dedicated to ascientific theme. Pilot Centres are supposed
to report occasionally on their activities, and the non-
theme issues (June and December) since March 1996
should contain two Pilot Centre reports.

BuLLETIN THEMES AND PC REPORTS
PAsT AND FUTURE

We list below the Themes and PC reports of past and
planned future issues from 2000 to 2003. PC chairmen are
asked to note when their report is due. A complete list of
Bulletin themes can be found in the Bulletin section of the
ERCOFTAC web server.Those interested in organising a
theme issue or in contributing to planned theme issues are
invited to contact the Coordination Centre.

2000

Turbulence Control (K.-
S. Choi)

France West PC
Germany South PC
Portugese PC (failed to
report)

March Theme:

June PC reports:

September  Theme: Eddy Structures Identifi

cation (J. Delville)

Belgian PC
Spanish PC

December PC reports:

2001

Large Eddy Simulations
(B.J. Geurts)

Polish PC
Swiss PC
Greek PC (delayed)

Parallel Computing
(D.R. Emerson)

Italian PC
Greek PC

March Theme:

June PC reports:

September  Theme:

December  PC reports:

2002

Theme: Fluid Dynamics
Databases (P. Voke)

Germany West PC

UK North PC (delayed)
Portugal PC (failed to
report)

Transition (M. Savill)

UK PC

France South PC (failed
to report)

Portugal (failed to report

2003

Complex Flow Problems
(1. Eames)

Germany South Nordic
Spain (R. Castilla)
France South PC (failed
to report)
Aeroacoustics

(B. Boersma)

March

June PC reports:

September  Theme:

December PC reports:

March Theme:

June PC reports:

September  Theme:

France West
Germany North

December  PC reports:
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SpeciAL INTEREST GROUPS

1. Large Eddy Simulation
(LESig)

B.J. Geurts, University of Twente, NL
= 31.53.489.4125

Fax 31.53.489.4888

b.j.geurts @math.utwente.nl

2. Turbulent Boundary Layers

B. Aupoix, ONERA - CERT,
Toulouse, F

= 33.5.62.252.804
Fax 33.5.62.252.583
Bertrand. Aupoix @onecert.fr

4. Turbulence in Compressible
Flows

P. Comte, ULP, Strasbourg, F
IMFS

33.3.90.242.894

Fax 33.5.62.252.583
comte @imfs.u-strasbg.fr

5. Environmental CFD

J.CR. Hunt, Univ.College London, UK
= 44.207.679.7743

Fax 44.207.679.7883
jerh@cpom.ucl.ac.uk

8. Turbomachinery

D.G. Gregory-Smith,

Durham University, UK

= 44.191.374.3907

Fax 44.191.374.2550
d.g.gregory-smith@durham ac.uk

10. Transition Modelling

M. Savill, Cambridge U., UK
= 44.1223.332.704
Fax 44.1223.332.662
ams3 @eng.cam.ac.uk

12. Dispersed Turbulent Two
Phase Flow

M. Sommerfeld, Martin-Luther
Universitit, Halle-Wittenberg, D

= 49.3461.462.879

Fax 49.3461.462.878
Martin.Sommerfeld @iw.uni-halle.de

14. Stably Stratified and
Rotating Turbulence

J.M. Redondo, UPC, Barcelona, E
= 34.93.401.7984

Fax 34.93.401.6090
redondo@fa.upc.es

15. Turbulence Modelling

K. Hanjalic, Delft University of
Technology, NL

= 31.15.278.1735

Fax 31.15.278.1204
hanjalic@wt.tn.tudelft.nl

20. Drag Reduction and Flow
Control

K.S.Choi, Nottingham University, UK
= 44.115.9513.792

Fax 44.115.9513.800
Kwing-So.Choi @nottingham.ac.uk

21. Vortex Dynamics

P. Orlandi, Universita di Roma, I
= 39.064.445.858.78

Fax 39.064.881.759

orlandi @kolmogorov.ing.uniromal .it

24. Variable Density Turbulent
Flows

F. Anselmet, IMST, Marseille, F

= 33.4.91.505.439

Fax 33.4.91.081.637

Fabian. Anselmet @irphe.univ-mrs.fr

25. CFD for Ship Hydrodynamics

S. Turnock, Southampton University,
Dept. of Ship Science, UK

= 44.1703.592.488
Fax 44.1703.593.299
steve@ship.soton.ac.uk

28. Combustion

A. Turan

UMIST

P.O. Box 88

Manchester MGO 1QD, UK
= 44.161.200.3712
Fax 44.161.200.3723
A.Turan @umist.ac.uk

30. Wind over Waves

G. Stelling, Delft
University of Technology
= 31.15.278.5426
Fax 31.15.278.4842
g.s.stelling@citg.tudelft.nl

32. Particle Image Velocimetry

M. Stanislas, Ecole Centrale de Lille,
Villeneuve d'Asq, F

= 33.3.20.337.170

Fax 33.3.20.337.169

stanislas @ec-lille.fr

33. Transition Mechanisms,
Prediction and Control

D. Henningson, KTH, Stockholm, S
46.8.790.90.04

Fax 46.8.796.98.50

henning @mech kth.se

34. Design Optimisation

R. Schilling, TU Miinchen, D
& 49.89.289.16295

Fax  49.89.289.16297
schilling@lhm.mw.tum.de

35. Multipoint Turbulence
Structure and Modelling

C. Cambon, ECL Ecully, F
= 33.4.72.186.161
Fax 33.4.78.647.145
cambon @mecaflu.ec-lyon.fr

36. Swirling Flows

M. Braza, IMFT, Toulouse, F
= 33.5.61.285.839

Fax 33.5.61.285.899
braza@imft.fr

37. Bio-Fluid Mechanics

A.A. van Steenhoven

Eindhoven Univ. of Technology, NL
= 31.40.2472.722

Fax: 31.40.2433.445
a.a.v.steenhoven @wtb.tue.nl

101. Quality and Trustin
Industrial CFD (IAC SIG)

A.G. Hutton, QinetiQ,
Famborough, UK

= 44.1252.395.568
Fax 44.1252.395.322
ahutton @QinetiQ.com

102. ERCOFTAC Database
Interest Group (Dbig)

P.R. Voke, University of Surrey
School of Mechanical and Materials
Engineering, Guildford, UK

= 44.1483.879.688

Fax 44.1483.306.039

p.voke @surrey.ac.uk

Thefollowing activities have ceased:
3,6,7,9,11,13,16, 17, 19, 18, 22, 23,
26, 27,29 and 31.

This page lists the Special Interest
Groups currently believed to be ac-
tiveand gives one contact person for
each one.

Please notify any corrections to the
Coordination Centre in Lausanne.
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ErcorTac PiLoT CENTRES

Belgium

Prof. Ch. HIRSCH
VUB - Brussels
Pleinlaan 2

B - 1050 BRUSSELS
= 32.2.629.2391
Fax 32.2.629.2880
hirsch@stro.vub.ac.be

Czech Republic

Prof. J. Prihoda

Czech Academy of Scien-
ces

5 Dolejskova

CZ - 18200 Praha 8

7 420.266.415.158
Fax  420.285.846.95
prihoda@bivoj.it.cas.cz

France P.E.P.L.T.

Dr. C. CAMBON

Ecole Centrale de Lyon
L.MF.A.-B.P. 163

F - 69131 ECULLY Ce-
dex

&  33.4.72.18.6161
Fax 33.4.78.64.7145
cambon @ mecaflu.ec-
lyon.fr

France South

Dr. M. BRAZA

IMF Toulouse

UMR CNRS/INPT-N°
5502

Av.duProf. Camille Soula
F - 31400 TOULOUSE
= 33.5.61.28.5839
Fax 33.5.61.28.5899
braza@imft.fr

France West

Dr. J.-P. BONNET
LEANP, CNRS

BP 30179

F - 86962 Futuroscope -
Chasseneuil

& 33.5.49.36.6031
Fax  33.5.49.53.6001
jean-paul.bonnet@univ-
poitiers.fr

Germany North

Dr. C. WAGNER

DLR

Inst. fir
Stromungsmechanik
Bunsenstrasse 10
D-37073 GOTTINGEN
& 49.551.709.2261
Fax  49.551.709.2404
claus.wagner @dlr.de

Germany South

Dr. F. MENTER

AEA Technology GmbH
Staudenfeldweg 12

D - 83624 OTTERFING
= 49.8024.905.415
Fax 49.8024.905.417

florian.menter @otterfing.

aeat.com

Germany West

Prof. N. PETERS
RWTH-Aachen
Templergraben 64

D - 52056 AACHEN
= 49.241.809.4609
Fax  49.241.809.2923
n.peters@itmrwth-
aachen.de

Greece

Prof. D.D.PAPAILIOU
University of Patras

Mech. Engineering Dept.
Lab. Applied Thermodyn.
GR - 26500 PATRAS-Rion
=  30.61.991.497

Fax 30.61.997.271
papailiu@mech.upatras.gr

Italy

Prof. F. MARTELLI
University of Florence
Dept. of Energy

Via Santa Marta 3

I - 50139 FIRENZE

& 39.055.471.925
Fax  39.055.479.6342
martelli @ing. unifi. it

Netherlands

Prof. G. OOMS

J.M. Burgerscentrum
Mekelweg 2

NL - 2628 CD DELFT
=  31.15.278.3216
Fax 31.15.278.2979
g.ooms @wbmt.tudelftnl

Nordic

Prof. G. AMBERG

KTH

Department of Mechanics
S - 10044 STOCKHOLM
& 46.8.790.7534

Fax  46.8.796.9850
gustava@mech.kth.se

Poland

Prof. S. DROBNIAK
Tech. Univ. of
Czestochowa

Thermal Machinery Inst.
al. A. Krajowej 21

PL - 42 200 CZESTO-
CHOWA

&= 48.34.3250.507
Fax  48.34.3250.555
imc@imc.pcz.czest.pl

Spain

Prof. E. ONATE
Universitat Politecnica de
Catalunya - C.I.M.N.E.
Edificio C-1- Campus Norte
Gran Capitan s/n.

E - 08034 BARCELONA
& 34.93.205.7016

Fax 34.93.401.6517
onate@cimne.upc.es

Switzerland

Prof. L. KLEISER
ETHZ/IFD

CH - 8092 Ziirich

= 41.1.632.2648
Fax 41.1.632.1147
kleiser@ifd.mavt.ethz.ch

United Kingdom South
Prof. A.B. CROWLEY
UK South Pilot Centre
Cranfield University
(RMCS)

Shrivenham, Swindon

GB - Wilts, SN6 8LA

UK

B 44.1793.78.5277
Fax 44.1793.78.5772
crowley @rms.cranfield.ac.uk
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COLE POLYTECHNIQU

R
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