
Notes on Numerical Fluid Mechanics
and Multidisciplinary Design
Founding Editor

Ernst Heinrich Hirschel

Volume 153

Series Editor

Wolfgang Schröder, Aerodynamisches Institut, RWTH Aachen University, Aachen,
Germany

Editorial Board

Bendiks Jan Boersma, Delft University of Technology, Delft, The Netherlands

Kozo Fujii, Institute of Space and Astronautical Science (ISAS), Sagamihara,
Kanagawa, Japan

Werner Haase, Neubiberg, Bayern, Germany

Michael A. Leschziner, Department of Aeronautics, Imperial College, London, UK

Jacques Periaux, Paris, France

Sergio Pirozzoli, Department of Mechanical and Aerospace Engineering,
University of Rome ‘La Sapienza’, Roma, Italy

Arthur Rizzi, Department of Aeronautics, KTH Royal Institute of Technology,
Stockholm, Sweden

Bernard Roux, Ecole Supérieure d’Ingénieurs de Marseille, Marseille CX 20,
France

Yurii I. Shokin, Siberian Branch of the Russian Academy of Sciences, Novosibirsk,
Russia

Managing Editor

Esther Mäteling, RWTH Aachen University, Aachen, Germany



Notes on Numerical Fluid Mechanics and Multidisciplinary Design publishes
state-of-art methods (including high performance methods) for numerical fluid
mechanics, numerical simulation and multidisciplinary design optimization. The
series includes proceedings of specialized conferences and workshops, as well as
relevant project reports and monographs.

Indexed by SCOPUS, zbMATH, SCImago.

All books published in the series are submitted for consideration in Web of Science.



Marianna Braza · Jean-François Rouchon ·
George Tzabiras · Franco Auteri · Pawel Flaszynski
Editors

Smart Morphing and Sensing
for Aeronautical
Configurations
Prototypes, Experimental and Numerical
Findings from the H2020 N° 723402 SMS
EU Project



Editors
Marianna Braza
CNRS
Institut de Mécanique des Fluides de
Toulouse
Toulouse, France

George Tzabiras
School of Naval Architecture and Marine
Engineering
National Technical University of Athens
Zografou, Greece

Pawel Flaszynski
Institute of Fluid-Flow Machinery
Polish Academy of Sciences, IMP PAN
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Preface

The present book contains a detailed description and analysis of the results including
new findings obtained from the H2020 N° 723402 European research project SMS,
Smart Morphing and Sensing for Aeronautical Configurations, https://cordis.europa.
eu/project/id/723402 and http://www.smartwing.org/SMS/EU.

In the recent decades, a considerable effort has been devoted to improve the
aerodynamic performance and to reduce noise by means of different methods. Most
of them involve vortex generators and riblets enabling drag reduction, as well as
hydromechanical actuators and microelectromechanical systems, among other. The
majority of these devices are heavy and characterized by a rather slow response.
Few attempts had been made to employ electrical actuators, able to deform specific
parts of the wings. Furthermore, there do not exist to our knowledge approaches
permitting a simultaneous reduction of the noise sources, togetherwith a considerable
aerodynamic performance increase. Besides, the majority of existing concepts were
focusing on actuation of upstream parts of the wings, to obtain laminarisation. They
do not take benefits that would be obtained by feedback effects through modification
of the downstream wing’s part and its surrounding turbulent vortex structures.
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vi Preface

This book presents innovative and highly efficient Morphing concepts for an
optimal and smooth modification of the wing’s shape and its vibratory character,
operating at different time and length scales, according to the turbulence nature
surrounding the lifting body. The topics of the book present therefore the ways of
“Smart wing design through turbulence control”, enabled by “hybrid electoractive-
morphing.” This operates simultaneously high deformations in low frequencies and
slight deformations in higher frequencies. It creates an interaction with the turbu-
lence vortex structures that in turn modify the structural properties, thus composing
an efficient fluid-structure interaction system. Its high efficiency in lift increase, drag
reduction and noise sources reduction has been demonstrated by the SMS project in
laboratory scale, as well as near “scale one”.

Advanced wing prototypes have been built on this purpose and presented in detail
in this book. They embedded different classes of electrical actuators under the “skin”
of the lifting surface controlled by an appropriate multi-point pressure system that
measures the unsteady pressure on strategic areas of the wing surface. These areas,
together with optimal wing shapes have been identified by adjoint-based sensitivity
matrix evaluation, among other optimisation approaches in the project. The present
electrically based morphing leads to much lighter and efficient wing design than
other approaches in the state of the art. It is in-line with the priorities fixed by the
aeronautics industry toward “a More Electric Aircraft”, MEA.

This disruptive wing design is partly bio-inspired, regarding the different scales of
large—span hunting bird wings that operate high cambering of the main wing’s part
and simultaneously actuate small deformations and higher frequency vibrations of
their ailerons and feathers. These actuations are guided from the pressure sensing of
the bird that captures the aerodynamic pressure distribution. This enables the bird to
optimally actuate all this arsenal of multiple-scale structures. It will be remembered
the ability of the owl to simultaneously increase its aerodynamic performance and
practically suppress noise when flying toward its prey.

However, the electroactive morphing concepts studied in the SMS project are
only partially bio-inspired because they have been adapted in realistic aircraft speeds
that never these birds reach. The efficiency in aerodynamic performance increase is
demonstrated in all flight phases, take-off, landing and cruise, by means of refined
wind tunnel experiments, Hi-Fi numerical simulations and modeling. In many cases
of the studies presented in this book, the simulations dictated the optimal parametric
ranges followed by the experiments. An appropriate controller’s design studied by
ONERA—Toulouse SMS partner under the responsibility of Dr. Carsten Döll—
enabled the application of the optimal actuations on the prototypes to reach these
performances.

Thanks to the obtained performances, theSMSproject prepares futurewingdesign
for aeronautics industrial applications aiming at saving energy and at reducing the
pollution through these newmultiscale morphing concepts. These open new ways in
the design enable a considerable reduction of emissions, meeting the targets fixed by
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the European Commission, DG MOVE/DG RTD, Flightpath 2050: Europe’s Vision
for Aviation: Maintaining global leadership and serving society’s needs.
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Gdańsk, Poland

Marianna Braza
Jean-François Rouchon

George Tzabiras
Franco Auteri

Pawel Flaszynski



Acknowledgements

The editors and all the SMS partners are grateful to the European Commission for
the funding of this project under the “MOBILITY FOR GROWTH” call identifier:
H2020-MG-2016-2017/MG-1.1-2016: Societal Challenges: “Smart, green and inte-
grated transport”, topic: “Reducing energy consumption and environmental impact
of aviation”, Grant number GA 723402.

They also express their gratitude to AIRBUS “Emerging Technologies and
Concepts Toulouse”—ETCT, endorsers of the project for the steering of its activities
all over the project’s duration, under the guidance of the successive ETCT directors,
Alain Fontaine and Denis Descheemaeker.

The coordinator of SMS, Dr. Marianna Braza and all the partners acknowledge
with warm thanks the contribution of INPT—“Institut National Polytechnique de
Toulouse” administrative and accounting services under its two successive Presi-
dents, Professor Olivier Simonin until December 2018 and Dr. Catherine Xuereb
until the end of the project in May 2020, who ensured a high quality of the execution
of the project under the INPT staff. Specific thanks are addressed to the INPT—SAIC,
“Service des Activités Industrielles et Commerciales” under the Direction of Marion
Coureau and the contribution of Isabelle Yu Wai Man for the financial accompany
of the project, as well as Delphine Dubs who prepared the GA phase of the project
in 2017.

The coordinator expresses her thanks to the administrative services of the “Institut
de Mécanique des Fluides de Toulouse”—IMFT, under the Direction of Professor
Eric Climent, for havingmade possible the scientific coordination of the SMS project
in very good conditions, as well as to Denis Bourrel, “Secrétaire Général, Respons-
able Financier”, Florence Colombiès andNadineMandement for their administrative
contribution.

Deep thanks are also expressed to the Workshop services of IMFT under the
responsibility of Rudy Soeparno, for having built the “Large Scale”, (LS) prototype
of the SMS project, as well as to the Service of Image and Signal Processing of
IMFT under the responsibility of Sébastien Cazin, for their essential contribution
to the Time Resolved and Tomo—PIV experiments. Warm thanks are addressed
to the PRACE “Partnership for Advanced Computing in Europe” for the attribu-
tion of a considerable CPU allocation under the grant N° 2017174208—FWING

ix



x Acknowledgements

“Future Smart Wing design”, thus contributing to a significant part of the Hi-Fi
simulations of the SMS project. Their dedicated two “Success Stories” articles
to our project, https://prace-ri.eu/future-aircraft-wings-will-be-able-to-adapt-their-
shape-mid-flight/ and https://prace-ri.eu/news-media/publications/prace-fact-sheets/
success-stories-in-engineering/ are highly acknowledged. A deep acknowledgement
is also addressed to theFrenchSupercomputingCentresCINES,TGCCandCALMIP
for the substantial CPU allocation that made possible part of the Hi-Fi numer-
ical simulations of the coordinator’s Institute in the SMS project. Moreover, warm
thanks are expressed to CALMIP under the Direction of Jean-Luc Estivalezes, for
having launched the Data Management Plan and the data access of the SMS project
respecting the FAIR principles fixed by the European Commission, by means of
the specific dataverse platform “CALLISTO”—“CALmip Launches an Interface for
Semantic Toolbox Online”, developed by Thierry Louge. Thanks to this platform,
data access, exchange, interoperability and reuse has beenmade possible for the SMS
partners thanks to development of a specific ontology and workflows, described in
Chap. 5 of this book.

The SMS coordinator, Marianna Braza expresses a most sincere gratitude to Dr.
Corinne Joffre, responsible of the “Cellule Europe” of theUniversity of Toulouse, Dr.
Johannes Scheller, Post-Doctorate at the IMFT—“Institut de Mécanique des Fluides
de Toulouse” and LAPLACE—“Laboratoire Plasma et Conversion d’Energie” Labo-
ratories of INPT—CNRS—University of Toulouse, as well as to Dr. Delphine Dubs
at INPT in the period 2016–2017, who intensely worked with the coordinator for
the successful submission of the SMS project and the following phase of the GA
preparation.

The coordinator of SMS,Marianna Braza and all the partners express our warmest
thanks to the Project Officer, Miguel Marti Vidal, who has provided considerable
guidance along the route to make the SMS project a success. Warm thanks are also
expressed to our initial Project Officer, Daniele Violato who prepared with us the
Grant Agreement. Many thanks to both of them for having invited the SMS project at
important events organized by INEA—Innovations and Network Executive Agency
of the European Commission, to present our developments on specific conferences
on disruptive aircraft configurations and to dispose of stand areas displaying the SMS
prototypes and videos. Among these invitations are highly acknowledged the SMS
participation in the airshow ILA, “Innovation Leadership Aerospace” in Berlin, in
May 2018, in theAERODAYS organized by the European Commission in Bucharest,
May 2019 and in the “Science is Wonderful” Exhibition in Brussels, in September
2019, among other. A detailed view of the SMS participation in these events as well
as the overall dissemination activities are listed at the end of Chap. 6 of the present
book and can be also found in http://www.smartwing.org/SMS/EU.

The publication of the book is a result of the collective effort by the contributors
and authors of the chapters.

The editors are grateful to Prof.Wolfgang Schröder, general editor of the Springer
SeriesNotes onNumerical FluidMechanics andMultidisciplinaryDesign, for having
made possible the publication of this book in the present series.

https://prace-ri.eu/future-aircraft-wings-will-be-able-to-adapt-their-shape-mid-flight/
https://prace-ri.eu/future-aircraft-wings-will-be-able-to-adapt-their-shape-mid-flight/
https://prace-ri.eu/news-media/publications/prace-fact-sheets/success-stories-in-engineering/
https://prace-ri.eu/news-media/publications/prace-fact-sheets/success-stories-in-engineering/
http://www.smartwing.org/SMS/EU


Acknowledgements xi

Last but not least,warm thanks are expressed toDr.MaroufAbderahmane at IMFT
and at the ICUBE Laboratory of the University of Strasbourg, for having created
and maintained the web site of the project and for the Web site of its international
IUTAM Symposium, http://www.smartwing.org/iutam in 2018, as well as to his
valuable contribution to the editing of this book. Many thanks are expressed to Dr.
Johannes Scheller for having hosted the SMSwebsite in the platform http://www.sma
rtwing.org. Warmest thanks are addressed to Dr. Rajaa El Akoury, Post-Doctorate at
IMFT for her essential contribution for the final editing of this book.

Picture from the 30th month SMS meeting at Politecnico di Milano, Aerodynamics Laboratory, in
front of the Large Scale prototype of the project. Last project’s meeting in presence before COVID
restrictions

Toulouse, France
Toulouse, France
Zografou, Greece
Milan, Italy
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