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The European Research Community On Flow 
Turbulence And Combustion ERCOFTAC SIG « Drag 
Reduction & Flow Control » (K-S Choi )

Flow control is by nature multi-disciplinary, 
typical TRIADIC (Computation/Theory-
applied math./Experiments): 

focus here on some european initiatives

The AIRBUS CAFEDA and the 
European Forum on Flow Control EFFC



The International Center for Renewable Energy 
& Turbulence Aerospace                                    

Puerto-Rico  may-june 2007



The International Center for Renewable Energy 
& Turbulence Aerospace                                    

Puerto-Rico  may-june 2007



The International Center for Renewable Energy 
& Turbulence Aerospace                                    

Puerto-Rico  may-june 2007



The International Center for Renewable Energy 
& Turbulence Aerospace                                    

Puerto-Rico  may-june 2007



The International Center for Renewable Energy 
& Turbulence Aerospace                                    

Puerto-Rico  may-june 2007

Skin friction, flow separation and heat transfer control
Passive devices: riblets, LEBUs, vortex generators, 
grooves, roughness, compliant coatings
Active devices: surface plasma, spanwise-flow 
oscillation, blowing & suction, synthetic jets, MEMS, 
electro-magnetic flow control
Additives: polymers, surfactants, microbubbles
Techniques: Neural network, POD, adaptive control

ERCOFTAC SIG 20: European Drag Reduction 
and Flow Control
Chairman K-S Choi (Univ. Nottingham)
Recent topics
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AIRNetAIRNet –– TheThe PlayersPlayers

RTOs:
EREA, Nat. Labs
& other Institutes

Global University
Network

Industrial
Partners

EADS (& BAES):
CRC and

BU network

AIRBUS  R&T
Internal Network
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AIRNetAIRNet –– CAFEDACAFEDA: 2004: 2004--20072007
Control of Control of AerodynamicAerodynamic FlowsFlows for the for the 
EnvironmentallyEnvironmentally DrivenDriven AircraftAircraft

The Network Partnership is 
AIRBUS
University of Poitiers     University of Manchester
TU Berlin                       University of Madrid

The Network Objective is 
To discover new technologies for the control of external flows around civil 

transport aircraft and identify potential applications to enable a step-
change in aircraft performance in the long term.

New European Programme AVERT 2007-2010
Aerodynamic Validation of Emission Reducing 

Technologies with more partners
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Recent advances in flow control for energy 
and environmental issues in France and in 

Europe
Present objectives of flow control: 

• Reduce turbulent drag for low consumption then less
pollution (1% Cd red. saves 1,6 tons fuel for a long cruise
airplane)

• Delay separation for better performances and less noise 
of aircrafts

• Control mixing, for better combustion, better pollutant
diffusion, noise abattement

• Main applications are focused on aircraft appplications, 
but are of genral interest for energy and 
environmental issues
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European Forum on Flow Control 
EFFC

The aim of the Forum is to provide an opportunity for 
researchers from within and outside Europe to 
collaborate and exchange ideas in a comprehensive 
manner during long (3 months) stays 

The main thrust of this Workshop is towards
aeronautical applications, however it is exclusively not 
so, since flow control has many uses in other fields. 

Although, as the name suggests, the focus of this
meeting is on flow control research being conducted in 
Europe, we were fortunate to have a large number of 
participants from many other countries for the first  two
sessions

The EWFC will be similarly organized and conducted 
every two years

EFFC-1 : 2004 and EFFC-2 : 2006
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1st  EUROPEAN FORUM on FLOW CONTROL  EFFC-1
Poitiers, France Sept-Nov 2004

Organized by
Laboratoire d’Etudes Aérodynamiques
CNRS - Université de Poitiers – ENSMA 

Chairmen: JP Bonnet, J Delville, P Jordan and F Alvi (FSU)

Sponsored by :
AIRBUS within the AIRNet programme 

Berlin/Madrid/Manchester/Poitiers –
Control of Aerodynamic Flows for the Environmentally Driven 

Aircraft, CAFEDA

Centre National de la Recherche Scientifique (GDR 
« contrôle des décollements »)

ERCOFTAC SIG 20 “drag reduction and flow control”
Chaired by K-S Choi 
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European Forum on Flow Control EFFC-1

Sep- Nov 2004

13 Researchers from:  Australia (2),  France  (7),    
Germany (1), Spain (2),  United States (1)
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2nd EUROPEAN FORUM on FLOW CONTROL  EFFC-2
Poitiers, 

France May-July 2006
Organized by

Laboratoire d’Etudes Aérodynamiques
CNRS - Université de Poitiers – ENSMA 

Chairmen: JP Bonnet, J Delville, P Jordan and F Alvi (FSU)

www://effc.ceat.univ-poitiers.fr

Sponsored by :
AIRBUS within the AIRNet programme Control of Aerodynamic 

Flows for the Environmentally Driven Aircraft 
CAFEDA

Centre National de la Recherche Scientifique 
(GDR « contrôle des décollements »)
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The EFFC-2nd session, 
May-July 2006
JP Bonnet, J Delville and P Jordan, F Alvi (FSU) 

1st group: Experimental study of unsteady
separation on a NACA 0015 airfoil

2nd group: Low order description of 
turbulent flow in view of flow control (EFFC-
1 cont’d): Towards Quiet turbulence
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EFFC 2006
Main results of the collaborative Studies on 
Flow Separation Control over a NACA0015

7 Participants
W.L. Siauw, J.P. Bonnet, J. Tensi, J.M. Breux, W.H. Khoo,

Poitiers University (LEA-ENSMA-CNRS)

A. Seifert, O. Stalnov, Tel Aviv University (TAU)
B. V. Kumar, F.S. Alvi, Florida State University (FMRL)

C.H. Atkinson, Monash University, Australia (LTRAC)

L.D. Gomes Manchester University
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Objectives 
Study the effects of different fluidic actuators on the 
same NACA0015 airfoil
Obtain an approximation of the timescales of 
attachement & separation in view of re-active flow 
control
Develop a multi orifice single chamber synthetic ZNMF 
actuator
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Test Facility

Closed loop tunnel
Test section 2.4m by 
2.6m
Turbulence intensity = 
0.4% at 40m/s
Instrumentation

Force measurement
Pressure measurement
Wake suvey

Test section 2.4m by 2.6m
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Model & Test Conditions 

Model specification
NACA0015 - 0.35m (chord) & 
2.4m (span)
Model turbulated by 8 micron 
carborandum at x/c of 2% to 
4%.

Flow conditions
Free-stream velocity = 40m/s
Re = 0.96 million

wind

Plan view of wing

2.4m

0.
35

m
External
balance
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Model Overview

Cavity integrated on the 

under side of the cover

Interior of NACA0015

Single row of  jet orifices 
orientated at 30o (pitch) and 
60o (yaw)

30o

60o
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Fluidic Actuators Specifications

Orifices distributed
approximately 1 
third of the airfoil
span

2.4m

0.
35

m

Single row of orifices machined 
onto a removeable cover

560.3piezo-
electric

Amplitude/plus
ed modulated

“Normal” ZNMF Jet (1mm 
diameter)

640.3continuousSteady “Normal” Jets 
(0.5mm diameter)

510.3

normal to 
surface

continuousSteady “Normal” Jets 
(1mm diameter)

440.330deg 
(pitch), 
60deg (yaw)

pressurized 
cavity

continuousSteady “Angled” Jets 
(1mm diameter)

Number of 
Orifices

Position 
(x/c)

Jet 
Orientation

Means of 
Deployment

Mode of 
Deployment
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Angled & Normal Steady Jets
Poitiers University (LEA-ENSMA)

Monash University (LTRC)
Florida State University (FMRL)

Participants : W.L. Siauw, J.P. Bonnet, J. Tensi, J.M. Breux, W.H. Khoo, F.S. Alvi, V. Kumar, 
C.H. Atkinson, T. Stephens, L.D. Gomes
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Results (Angled Steady Jet, orifice diameter = 1mm at x/c=0.3) : 
Surface flow visualization at 12o & 15o

α =12°
baseline

α =12°, Cμ~0.36%, VR~3.5

(12o to 16o) Full 
attachment was
observed.
At 15°, stall cells at
the central portion 
was eliminated.
In all cases, 
adjacent stall cells
(if exist) becoming
stronger.

α =15° baseline α =15°, Cμ~0.36%, VR~3.5

Flow direction

Flow direction

Flow direction

Flow direction

Orifice, x/c=0.3Orifice, x/c=0.3

Orifice, x/c=0.3Orifice, x/c=0.3
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At Cμ~0.36%, Cl improve
between 3% and 14% (16o). 
Stall characteristic is more 
gradual when jets were
deployed

Results (Angled Steady Jet, orifice diameter = 1mm at x/c=0.3) : 
Lift coefficient comparison during actuator deployment

0.85

0.9

0.95

1

1.05

1.1

1.15

9 10 11 12 13 14 15 16 17

alpha (deg)

CL

baseline with orifices exposed
C_mu~0.27%, VR=2.5
C_mu~0.36%, VR=3.5

30o
60o

* Lift improvement could be 3 times more since 
jets were deployed over 1/3 of airfoil span
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Results (Directed Steady Jet, orifice diameter = 1mm at x/c=0.3) : 
Time scale of attachment & separation at 11o incidence

11mm

10mm

Hotwire 
positio
n

Qualitatively, typical
times of attachment & 
separation are 
observed to be of the 
order of 0.1sec (T+~42 
based on sep lenght)

separation

α =11° baseline α =11°, Cμ=0.27%, VR=2.5

Orifice, x/c=0.3

sepration, x/c=0.7

Orifice, x/c=0.3

Flow direction Flow direction
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Zero-Net-Mass-Flux Jets

participants: A. Seifert and O. Stalnov
Tel-Aviv University (TAU)
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Integral part of the model cover
14 localized PZT actuators
Four, 1mm diameter holes for 
each localized actuator
Perpendicular to surface
Located at x/c=0.3

ZNMF actuator - wing Integration
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Conditions at lower speed:
Reynolds number = 0.25x106

free stream velocity = 10m/s
Incidence = 13o

Cμ=0.32%, VR=3
Provides stall control

Amplitude modulation (AM)
Actuator operated at 1.95kHz 
(F+=30 )
Modulated with a sine wave
at 41 Hz (F+=0.6)

Effects on Cl & Cd
Better drag reduction
characteristics at low
incidences
Cl improvement up to 
4.1%(could be 3 times better)

Effects of ZNMF Deployment

0.55
0.6

0.65
0.7

0.75
0.8

0.85
0.9

8 9 10 11 12 13 14 15 16
Incidence(deg)

Cl Cl baseline

Cl, AM, F+=0.6

Cl, F+=30

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Cd

Cl
Cl baseline

Cl, AM, F+=0.6

Cl, F+=30



The International Center for Renewable Energy 
& Turbulence Aerospace                                    

Puerto-Rico  may-june 2007

Development of Multi Orifice 
Single Chamber

Zero-Net-Mass-Flux Jets
participants: L.D Gomes 
Manchester University

WL Siaw Université de Poitiers 
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Study and 
enhance the 
performance of 
a multi-orifice 
single chamber 
actuator

Design of 
Multi-Orifice Single Chamber Actuator

Design of the first prototype
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Test conditions:
Excitation frequency = 1,270Hz
Excitation voltage = 140Vpp

Height of hotwire probe from 
surface ≈2Do

Orifice diameter, D0 = 1.2mm
Hotwire diameter = 1.0mm

Averaged peak jet velocity 
reached = 50m/s
Further work to exceed 100m/s

Optimization of chamber 
volume, increasing input voltage 
range  (up to +/-250V) to further 
augment the output vel.
Assessment of actuator power 
consumption and efficiency

Characteristics of Multi-Orifice 
Single Chamber Actuator

7 orifices 
chamber

Hotwire

Orifices
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peter.jordan@lea.univ-poitiers.fr

EFFC II Part 2 : Quiet turbulence and low order techniques

Peter Jordan & Joël Delville

Laboratoire d’Etudes Aérodynamiques, 
CNRS UMR 6609, Université de Poitiers, France
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Collaborative research programme EFFC 2006

2nd group: theory and computation :
(J Delville and P Jordan + 10 participants)
Post processing and closed-loop methods for 

turbulent flow control
Towards Quiet turbulence 

(Data base from 
Wei-Freund DNS)

Jonhatan FREUND           Urbana

WEI                                   Stanford

Caroline Braud IMFL Lille

Laurent CORDIER          Nancy/Poitiers

Oksana STALNOV &  Avi SEIFERT           
TAU Tel Aviv

Maja WÄNSTRÖM &  W GEORGE         
Chalmers

Dandy ESCHRICHT        TU Berlin

Michael SCHLEGEL        TU Berlin

Bernd NOACK                 TU Berlin
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Noisy turbulence…?

Laboratoire d'Etudes Aérodynamiques 

- Before we can make a flow quiet we need to know
what makes it noisy,

- Activity focused on analysis tools for improved
fundamental understanding,

From CFD data bases:

1. 2D Noise controlled mixing-layers of M. Wei 
and J. Freund (DNS)

2. Round jet, Re=3600, M=0.9 of E. Gröschel & W. 
Schröder (LES)
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2. Identifying quiet modes in 2-D mixing-layer

M. Wei, J. Freund, P. Jordan, D. Eschricht & F. Thiele

Control zone

Survey zone

Adjoint method

Black Box approach… but 
efficient

11 dB noise reduction
(2D…)

Wei M, Freund J., « A noise-
controlled shear flow », JFM 
2006 
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Controlled and uncontrolled flows
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Proper Orthogonal Decomposition

Control ---
organization (!)
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Low-order behaviour of flows
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Low-order behaviour of flows

Uncontrolled Controlled

Travelling 
wave

Mc< 1

Mc< 1

con
tro

l

ω = kc
ω

ω = kc
ω

Radiating
noise
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Special session on EFFC-2 results
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EFFC: a scientific AND human adventure!
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And now?

For a 2008, EFFC can evolve towards WFFC? An 
Europe / USA joint venture (FSU, Syracuse, others?)

More on flow separation on « academic situation »: ramp
for « adaptative control strategies » in a « triadic
approach »?

By nature, flow control is multi-disciplinary domain.

Other actuators: surface plasmas, MEMS
More on sound sources and their control in jets ?


