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2014has been a year of contrasts for ONERA, combining scien-
tific excellence, as shown by concrete results, and budget difficulties. 

Strong economic difficulties related to the continuous and simultaneous
reduction in the grant and state contracts awarded to ONERA added to the
ever pervading emotions caused by the death in 2013 of the President and
Scientific Director General, and the long duration of interims.

ONERA’s success at the European level and with the industrialists, in par-
ticular in terms of valorization, and the additional management efforts
made were not able to compensate for these reductions, leading to a
severe deficit in the 2014 fiscal year.

However, as you will be able to see in the pages that follow, the awards
won and the world firsts achieved in 2014 reveal both world-class scien-
tific excellence and the force of ONERA’s main asset, which are the women
and men who work here.

Our aeronautical, space and defense industry is now the primary industri-
al force in our country and the primary contributor to our trade balance.
It also contributes greatly to the success of Europe in the fields where the
competition is the strongest worldwide. This success is due to high per-
formance programs, conducted with the best technologies. These tech-
nologies are the product of our scientific excellence, ONERA being the
main player in this aerospace and defense sector in France, ever since its
creation in 1946.

There would be no programs without technology; but without research,
there would be no technology. It is essential to ensure it and to develop
great ambitions if we are to continue to lead the race in fifteen years and
beyond, which is when there is likely to be a major breakthrough in the
field of aeronautics, both civil and military.

Upon reading this document you will see that the purpose of the research
conducted by ONERA is to be used by industry, a great main contractor,
but also by SMEs, and that it is aimed at achieving the primacy of our tech-
nologies and the success of our programs.

Bruno Sainjon
Chairman and CEO

of ONERA
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ONERA is the French aerospace and defense research center.
Under the supervision of the French Ministry of Defense, it is
a public institution that employs around 2,000 people distrib-
uted between 8 sites in France.

ONERA is atypical, which is its strength and what makes it
essential in its sector.
• It works for both the state and industry. Its business model
is based on around 50% of contractual activities.
• It conducts fundamental and applied research. Its low TRL
work enables it to master the complexity of the issues and there-
by remove technological barriers encountered by its partners.
• It conducts experimental and numerical tests. It thus has a
set of experimental resources and large strategic wind tunnels

for defense and industry. In addition, it develops its own sim-
ulation and calculation software, which it uses or shares.
• It gathers all of the skills necessary for the aerospace field.
Its 1,500 researchers, 13% of which are doctoral students,
thus take on transversal problems. 

ONERA contributes to the greatest achievements in the field:
the Ariane and Airbus ranges (aircraft and helicopters), the
Rafale, Dassault Aviation’s Falcons, the strategic or tactical
defense systems (ASMP-A, M51, SCALP, etc.), the Graves
space surveillance radar, the Very Large Telescope, etc.
Since 2007, it is a Carnot institute, which bears testimony to
its commitment to promote joint research between public lab-
oratories and companies.

ONERA: The French aerospace and
defense research center

O N E R A  A T  A  G L A N C E
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* a joint ONERA-CNRS unit

SCIENTIFIC BRANCH

Physics

> E lec t romagnet ism and Radar

> Space Env i ronment

> Ins t rumenta t ion  and Sens ing

> Theore t ica l  and App l ied  Opt ics

Fluid Mechanics
and Energetics

Materials
and Structures

> Aeroe las t ic i ty  and St ructura l  Dynamics

> Compos i te  Sys tems and Mater ia ls

> Meta l l i c  S t ruc tures  and Mater ia ls

> LEM: Labora tor y  fo r  Micros t ruc tura l  Invest iga t ions*

Information
Processing

and Systems

> Systems Cont ro l  and F l ight  Dynamics

> System Des ign and Per formance Eva lua t ion

> In format ion  Process ing  and Mode l ing

Computing, Engineering
and Testing Facilities

(GMT)

> Modane-Avr ieux  wind tunne ls

> Fauga-Mauzac wind tunne ls

> Des ign , Eng ineer ing  and Manufactur ing

> Sof tware  Products  and Ser v ices

ONERA's scientific and technical organization

SCIENTIF IC  & TECHNICAL DEPARTMENTS
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102 million euros in contracts won

27%

28% 45%

Work with grants by field

Dual fundamental research

Civil air transport

Defense

49%

4%
47%

ONERA financial resources

Contract business

Grants

Other resources

339 papers submitted at
conferences publishing their annals

267 articles published
in peer-reviewed journals

1,058 technical reports

68 doctoral theses submitted

10%
18%

2%

29% 37%

4%

Contracted work by field

Defense

Civil aviation

Other civilian institutions

European Union 

Aerospace industries

Other industries
and miscellaneous

> Aeroacoust ics
> App l ied  Aerodynamics
> Fundamenta l  and Exper imenta l  Aerodynamics
> Fundamenta l  and App l ied  Energet ics
> Computa t iona l  f lu id  dynamics
> Aerodynamics  and Energet ics  Mode l ing

2,001
1,469 engineers and management staff, including

232 doctoral candidates 

266 interns   24% women

89 new hires including 41engineers and management staff 

people
including

A budget of 207million euros including19.25million euros in investments and
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The new scanning electron microscope acquired by ONERA is highly efficient
in terms of image resolution and of systems for the quantitative analysis of
chemical composition and local crystallographic orientation. This equipment has
been supported by the Ile-de-France region and Safran, and will in particular
be of use in the development of new aerospace materials.

First adaptive satellite flight with the Picard mission
A new control law, known as adaptive control, was uploaded to the CNES sci-
entific satellite "Picard" to study the sun. This satellite, on a mission beyond
its design life expectancy, has lent itself to the demonstration of these inno-
vative algorithms. Challenges: to improve performance and especially shorten
design times.

Micrometric patterns for manipulating light polarization
An ONERA team showed that it is possible to manipulate infrared light polar-
ization using meta-surfaces - surfaces whose optical properties depend on their
(micrometric) sub-wavelength pattern instead of on the material. Unlike the
state of the art, these solutions offer a conversion effectiveness that can pave
the way to industrial applications.

ONERA’s research engineers have developed a laser optical diagnostic tech-
nique suitable for the very harsh environment of solid propellant gas in com-
bustion, through iron fluorescence. For the first time, unsteady phenomena such
as vortex structures could be visualized. 

Manufacture of monocrystals for laser sources
A new collaboration agreement was signed between ONERA and the French
SME LEOSPHERE, which is a specialist in atmospheric observation lidars. This
enhanced cooperation is aimed at accelerating the discussions on new gen-
eration Doppler wind lidars, especially with regard to the development of
long-range lidars for airport security.

Power record for a 2 µm laser 
A team of ONERA researchers, using one of their patented techniques, has just
broken a power world record with a fiber laser emitting single-frequency
pulses with 1 kW peak power at 2050 nm. This laser source was designed to
pump an OPO source emitting in the infrared band III. Objective: the long dis-
tance detection of toxic gases.

The inauguration of the Equipex MATMECA atomization tower at the Palaiseau
site offers ONERA control of all of the phases of alloy design. This resource,
financed within the framework of the investments for the future, meets sev-
eral challenges, such as the manufacture of more robust and lighter complex
components, better material yield, lower production costs, etc.

ONERA becomes a champion in aerodynamic optimization
ONERA has worked, in partnership with Airbus, on three test cases defined by
an AIAA (American Institute of Aeronautics and Astronautics) discussion group,
with the goal of validating and comparing the shape optimization methods and
practices. ONERA achieved the best results for the three cases, with opti-
mization based on the adjoint method developed using the elsA software

ONERA develops innovations for measuring ice crystals in flight
ONERA has successfully developed original sensors to measure the electric field
on the skin of an aircraft, as part of the European program HAIC (High Altitude
Ice Crystals). The flight campaign, which lasted more than two months, allowed
the ice content that can be encountered within convective clouds and that may
lead to engine flameout to be characterized.

This laboratory, that gathers together ONERA, Supelec and two R&T partners
from Singapore, is celebrating 10 years of joint technological research at low
TRL [0-2] on radar observation, combining wave physics and signal process-
ing. The internationally scientifically recognized collaboration is expected to be
prolonged.

Measurement of aerodynamic loads on the winglets of the Falcon 5X
Measurements in wind tunnels enable a more precise design and sizing of crit-
ical aircraft components. Thus, in ONERA’s great S1MA wind tunnel, the loads
on the winglets were measured using a Falcon 5X model at the limits of its flight
envelope, combining various techniques: pressure sensitive paint, pho-
togrammetry, conventional probes, or strain gauges.

ONERA, leader of a large-scale European project 
ONERA was chosen as the European leader of the 2nd Future Sky platform
“TSE2 - Quiet Air Transport”. Future Sky, proposed by EREA at the request of
the European Commission, is an extensive research program to address the
problems of a civil aviation operating 24h/24h, 7d/7d (Twenty-Four-Seven En-
abler). TSE2 is the largest European project ever steered by ONERA.

FEBRUARY

Highlights20
14

Thorough material analysis with the new SEM An atomization tower to create alloys
with exceptional properties

A world first: the visualization of the flow of
solid propellant combustion gases Success of the France-Singapore cooperation with SONDRA
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Installed on the Very Large Telescope in Chile, ONERA’s extreme adaptive op-
tics module Saxo is the core of the Sphere instrument. This module, together
with ONERA algorithms, corrects the defects introduced by atmospheric tur-
bulence or vibrations with unmatched precision, more than 1200 times per sec-
ond. The main challenge: a direct view of the exoplanets.

Flow control: the effectiveness of synthetic jets is demonstrated
Tests to compare the effectiveness of various flow control means were per-
formed in the L1 wind tunnel in Lille: they demonstrated, for the first time un-
der realistic application conditions, the superior effectiveness of synthetic jets
(in the manner of a loudspeaker) compared to continuous or pulsed blowing.
ONERA-DLR joint research. 

First flight of the AIM2 airspeed lidar, intended for certification
A new measurement lidar was tested in flight on a corporate aircraft. Based
on the latest fiber technology, the system provides the true airspeed, the an-
gle of attack and sideslip angle of the aircraft with excellent precision. This de-
vice should substantially reduce the cost of Pitot tube certification campaigns.

This award rewards the cooperation between the US Army, ONERA, the DGA,
NASA and Georgia Tech in the field of helicopter aeromechanics. It recognizes
the scientific excellence of the cooperation activities conducted with the USA
for 43 years by many ONERA researchers.

A new long-range wind lidar for airports with LEOSPHERE
ONERA and the SME LEOSPHERE successfully validated, at Toulouse airport, the
performance of a new 10km range wind speed and turbulence mapping lidar.
The device, based on a high power fiber laser source developed by ONERA, is
integrated into a LEOSPHERE Windcube®.

First campaign on ONERA's lightning research test bench
The first series of experiments on the new GRIFON test bench took place as part
of the Clean Sky Green Regional Aircraft program. It has enabled the study of
the behavior of new composite materials subjected to lightning, made by var-
ious European industrialists and research institutes. The materials were sub-
jected to a 100,000 amp current.

Perfect respect of planning schedules and comprehensive identification of the
dynamic behavior of the aircraft greatly contributed to the success of the vi-
bration test campaign on the new Airbus A320neo. The final database was de-
livered in August, thus enabling Airbus to follow its development process be-
fore the first flight on the 25th of September.

International reward for the planning made in ONERA
The algorithms for planning tasks in artificial intelligence developed by ONERA
were rewarded at the 8th International Planning Competition IPC 2014. This ac-
ademic success is added to many planner developments for vehicle or multi-
vehicle system missions, drones and satellites, as well as terrestrial and sub-
marine robots.

The first Watts of the ONERA microturbine
The micro turbine demonstrator, unique in the world, developed by ONERA, pro-
duced its first Watts of electric energy, at a rate of 140 000 rpm. Highly com-
pact (20 cm3), this microturbine is intended to generate three times more power
than the best batteries on the market. There are a wide range of possible ap-
plications: mini-drones, portable energy sources, electric vehicles, etc.

ONERA's Researchers have used a plasma column generated by a power laser
to guide an electrical discharge between two electrodes charged under the
breakdown threshold. The control of electrical discharge trajectories opens up
a wide variety of perspectives, such as engine ignition or active control of com-
bustion instabilities.

First airborne flights for hydrocarbon detection 
ONERA and the R&D department of TOTAL Exploration Production conducted
an airborne campaign at various sites to detect and characterize the hydro-
carbons on the ground surface. This campaign was accompanied by ground
truth measurements, in particular at ONERA’s Fauga site, near Toulouse, where
specific sights were deployed.

Achieving optical gas analyzers that are easier to carry on board 
A Nested Cavity Optical Parametric Oscillator, NesCOPO (ONERA patented
technology that emits in the infrared – between 3.1μm and 3.8μm), was directly
pumped by a 500 mW non-amplified laser diode. This is a world first for an OPO
so widely tunable. This success paves the way for more compact and less costly
optical systems for gas analysis.

The next European space launcher will be Ariane 6 and will take off in 2020.
ONERA is already engaged in the R&T work, particularly with its S2MA wind tun-
nel in Modane, in line with its support for the Ariane family. The pressure field
has thus been fully mapped on a model between Mach 0.5 and Mach 2.9 us-
ing a pressure-sensitive paint (PSP).

Demonstration of cooperation between air, submarine
and maritime drones
Two scenarios of the PEA Action (DGA): a mine locating mission and then a
search mission for a recently sunk chemical tanker. The Ressac UAV (ONERA)
and a submarine drone participated in both scenarios. A surface maritime drone
participated in the second one. These exercises have shown the benefits and
robustness of cooperation between vehicles for the mission.

Development of effective tools for image interpretation
The purpose of the EFuSION research contract (DGA), presented to the joint
armed forces imagery operators (CF3I), was to develop innovative software ca-
pabilities in the area of computer assisted aerial or satellite image interpreta-
tion. Highly appreciated operational outlook: super-resolution, video geo-
referencing and thermal activity tracking.

The ZDES hybrid approach developed at ONERA has allowed the elsA soft-
ware to simulate the stall of a corporate aircraft with fully extended slats and
flaps. This DGAC contract, in collaboration with Dassault Aviation, was in particular
aimed at increasing the level of precision of the maximum lift of an aircraft and
to progress on the maturity of unsteady type RANS/LES approaches.

ONERA again performs an expert assessment of the NATO ACCS system
The DGA has shown that it maintains its confidence in ONERA’s expert as-
sessment capabilities in the field of command and of conducting flight oper-
ations, by entrusting it with a fourth consecutive contract for an expert
assessment of the NATO ACCS system.

The F1 wind tunnel attracts new customers
with its ground effect test capabilities
Customers have enriched their aerodynamic data on the take-off and landing per-
formances of a future corporate aircraft in the Fauga-Mauzac low-speed wind
tunnel. The experimental simulation indeed requires a specific technique to rep-
resent the ground effect. This capability is provided by ONERA's F1 wind tunnel.

ONERA has just signed a a cooperative research agreement with NASA (Glenn
Research Center) for the understanding and modeling of the deterioration of
aircraft performance by ice buildup on the wings. This agreement brings the
number of ongoing projects with NASA up to six, making ONERA its first inter-
national partner in aeronautics.

First hyperspectral images from ONERA’s Sieleters instrument 
ONERA designed and developed Sieleters, one of the instruments of the
French-Norwegian project SYSIPHE, intended to serve as a reference for air-
borne infrared hyperspectral imaging. The first images, processed and analy-
zed, have validated the excellent performance of the system. SYSIPHE will thus
open up new perspectives for detection, recognition and identification.

Fuel injection simulation with the multi-physical software CEDRE
A new "multi-fluid" computing approach with the CEDAR code enabled the ato-
mization of fuel in combustion chambers to be simulated under conditions very
close to those of aeronautical injectors. This innovative calculation shows the
potential of the method to simulate the unsteady behavior of injection in in-
dustrial calculations.

MAY

JUNE AUGUST

JULY NOVEMBER

The Sphere instrument offers the European VLT
a direct view of the exoplanets

The ONERA-DLR vibration tests on the A320neo
are performed in record time

The American Helicopter Society presents an Award to ONERA Guiding of an electrical discharge by a laser beam First ZDES simulation of an aircraft stall with the elsA software

ONERA is currently involved in the preparation
of Ariane 6 for 2020 ONERA, NASA’s first international partner in aeronautics

ONERA won the EREA award with solid mechanics

This is the fifth time in eight years, and the third in a row, that ONERA has
won the award for the best EREA publication. The winning article deals with the
determination of a new law describing the mechanical behavior of aeronauti-
cal combustion chamber materials, which is a law that will refine the design
methods and reduce the cost of ownership of the equipment. 

Frequency comb spectrometry, now at ONERA
ONERA's physicists obtained the first absorption spectra using a new frequency
comb spectrometer – DuAL COMB. This new instrument will cover the simul-
taneous detection of multiple species with a high frame rate (> MHz),
high resolution and good spectral stability. Primary objectives: measurements
in plasma and combustion.
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“ In June 2014, I received a medal from the
French Air and Space Academy for work relat-
ing to the study of the potential of optical para-

metric oscillator (OPO) sources for the de-
tection of greenhouse gases from space.

This would not have been possible
without the support of the General
Directorate, the General Scientific
Directorate and of my own depart-
ment (DMPH), who were driving
forces for filing my application,
and I thank them. This support
and trust prove a genuine desire

to promote scientific skills within
our organization.

Although I was the project manager,
this award is primarily due to a

team effort on this subject of the
development of optical sources
and the related metrological in-
strumentation, driven by a group
and initiated several years ago in
the Physical Measurement De-
partment at ONERA. ”

ONERA is above all a group of men and women who are
passionate about their missions and are very high level

collaborators who reveal their talents.
In 2014, 14 scientific prizes were awarded to them.

Olivier Vermeersch, engineer of the Aerodynamics and Energetics Model-
ing Department received the Best Paper Award from the French National
Aeronautical and Astronautical Association (3AF) for the paper “Laminar en-
gine nacelle: natural laminar flow and hybrid laminar flow control de-
signs”.

Olivier Dessornes, research engineer of the Fundamental and Applied En-
ergetics Department, Stéphane Landais, research engineer of the Metal-
lic Structures and Materials Department, Roger Valle, research engineer au-
thorized to direct research (HDR) of the Composite Systems and Materials
Department, Antoine Fourmaux, engineer of the Applied Aerodynamics De-
partment received the ASME Turbo Expo “Best Paper Award” for their work
on the microturbine developed as part of the unifying research project PRF
Décawatt.

Denis Gratias (LEM) research director at the Laboratory for Microstructural
Investigations, received the SF2M Great Medal from the French Society of
Metallurgy and Materials (Société Française de Métallurgie et Matériaux) for
his major contribution to the discovery and interpretation of quasicrystals.

Gabriele Baï, doctoral student, Benjamin Lamboul, engineer, Jean-Michel
Roche, research engineer of the Metallic Structures and Materials Depart-
ment won the ODAS Best Paper Award for the paper “Investigation of mul-
tiple cracking in glass/epoxy 2D woven composites by vibrothermography”.

Myriam Raybaut, research engineer of the Physical Measurement De-
partment won a medal from the French Air and Space Academy for her work
on the development of broad spectral range and high resolution narrow band
OPO sources.

Henry de Plinval, engineer of the Systems Control and Flight Dynamics De-
partment, received the 2014 thesis award from the ISAE-SuPAERO foun-
dation on the subject of Vision-Based Control for Vertical Take-Off and
Landing UAVs “Commande référencée vision pour drones à décollages et
atterrissages verticaux”.

Lucas Pascal, research engineer of the Aerodynamics and Energetics
Modeling Department, received the 2014 thesis award from the ISAE-Su-
PAERO foundation on the subject: “Acoustique modale et stabilité linéaire
par une méthode numérique avancée. Cas d’un conduit traité acoustique-
ment en présence d’un écoulement” (Modal acoustics and linear stability
by an advanced numerical method. Application to lined flow ducts).

Jean-Louis Chaboche, research director, Pascale Kanouté, research en-
gineer, Anaïs Gaubert, research engineer of the Metallic Structures and Ma-
terials Department, won the EREA Best Publication award in International
Journal of Plasticity for the article “Viscoplastic constitutive equations of
combustion chamber materials including cyclic hardening and dynamic
strain aging”.

Pierre-Antoine Geslin, doctoral student of the Laboratory for Microstruc-
tural Investigations, received the Jacques Dalla Torre award of the SF2M (So-
ciété Française de Métallurgie et Matériaux) within the framework of his doc-
toral work on phase field dislocation modeling. He also won the “Gold Poster
Award“ for his thesis work on the phase field modeling of dislocations “Con-
tribution à la modélisation champ de phase des dislocations” at the Third
International Symposium on Phase Field Method.

Loic Brevault, doctoral student of the System Design and Performance Eval-
uation Department, received the AIAA/ISSMO “Student paper competition”
for his publication titled “Decoupled UMDO formulation for interdisciplinary
coupling satisfaction under uncertainty”.

Charlie Koechlin, doctoral student of the Theoretical and Applied Optics De-
partment, received the DGA thesis award on the subject “Nanotechnologies
for infrared bolometry”.

Romain Ceolato, doctoral student of the Theoretical and Applied Optics De-
partment, received the 2014 thesis award from the ISAE-SuPAERO foun-
dation for his work on a data fusion system for hyperspectral, polarimetric,
and angular scattering, with application to optical diagnostic of dense me-
dia “Fusion de données hyperspectrales, polarimétriques et angulaires de
diffusion. Application au diagnostic optique de milieux denses complexes”.

Jean-Charles Antonioli, doctoral student of the Systems Control and
Flight Dynamics Department received the Padfield Award for his paper: “To-
ward the development of a methodology for designing helicopter flight con-
trol laws, by integrating handling qualities requirements” at the European
Rotorcraft Forum 2014 in Southampton.

Philippe Benoit, doctoral student of the Theoretical and Applied Optics De-
partment, won the Best Poster Presentation Award at the JNOG (Journées
Nationales d’Optique Guidée) 2014 for his work titled: ”Laser Raman im-
pulsionnel pour la mesure du méthane à 1645 nm” (pulsed Raman laser for
the measurement of methane at 1645 nm).

“To receive the EREA Best Publication Award is an honor for
the team that I collaborated with, as well as for myself. This is
the third consecutive time that ONERA receives this award and
the fifth time since its creation, which is a great first and con-
firms the EREA's recognition of our organization.The article
that enabled us to receive this recognition resulted from our re-
search work as part of a CRP (Collaborative Research pro-
gram), in collaboration with SNECMA, Turbomeca and CEAT, as
well as an association with the Materials Center of the École des
Mines. One of the great strengths of ONERA is to work with all
types of external contacts.
Internally, the skills and expertise of each participant (Metallic
Structures and Materials Department) contributed to our suc-
cess. It was also thanks to human qualities that we were able
to win the EREA Best Publication Award 2014. ”

D I S T I N C T I O N S

JEAN-LOUIS CHABOCHE
RESEARCH DIRECTOR OF THE METALLIC STRUCTURES
AND MATERIALS DEPARTMENT

Science awards

MYRIAM RAYBAUT
RESEARCH ENGINEER OF THE PHYSICAL

MEASUREMENT DEPARTMENT

Bruno Sainjon
Chairman and CEO

Knight of the Legion of Honor by a decree of the 4th of July, 2014.

Thierry Michal
General Technical Director

Knight of the Legion of Honor by a decree of the 11th of July, 2014.

Pierre Touboul
General Scientific Director

Knight of the National Order of Merit by a decree of the 13th of November, 2014.
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EUROSATORY - JUNE 2014
UAV SHOW - SEPTEMBER 2014

ONERA has participated in the main events in its field on the French
territory, to present its technologies in image origin information, guid-
ance/navigation, materials and plasma. Due to the existing state of the
art, they are of interest for ground or air, civil or military applications.

In November 2014, ONERA invited the press to attend
an aeronautical test live in the largest and most pow-
erful transonic wind tunnel in the world, in Modane,
Savoy. The goal: to explain what wind tunnels are use-
ful for, what their economic, societal and industrial
issues are, and how they enable the French aeronauti-
cal industry to innovate today to maintain its position
as a world leader tomorrow.

Shows

Young ONERA engineers, using a Paris 6 Jussieu laboratory, decided to participate in the EUROC*
challenge. Competing on the subject of the inspection of industrial facilities using a micro-UAV,
the team led by ONERA tied for second place at the first hurdle, from among 21 participating
teams. It is thus in the running for the 2015 stages. For the final, EUROC will select only 3 TFP*
for funding bordering on a megaeuro. This first success bears testimony to their expertise in the
fields of computer vision and control. It's also a great reward for their initiative.
* European Robotic Challenge
* Technical and Financial Proposal

EUROC robotics challenge:
drive and performance of the young ONERA engineers

2 0 1 4  E V E N T S

Events
FRANCE

On June 26th, 2014, less than a month after his arrival to ONERA, Bruno Sainjon made his first visit
to Brussels on the occasion of the ACARE*general assembly. The Commission put forward the offi-
cial launch of the new PPP* Clean Sky 2 of July 2014 and the extension of the SESAR Ju. On the
occasion of the establishment of the new Commission and of the new European Parliament, the
participants wished to reaffirm the need to maintain a balance between "Close to market" work,
which is needed to overcome the crisis and to create jobs, and "low TRL" work, intended to pre-
pare for the future.
* Advisory Council for Aviation Research and Innovation in Europe
* Public Private Partnership

The EREA* annual event in December 2014 in Brussels honored ONERA and its winners, who received the EREA
Best Publication Award. It concerned the determination of a new law describing the mechanical behavior of
aeronautical combustion chamber materials. ONERA work challenge: how to incorporate complex mechanisms
never considered before for "ground-air-ground" cycles into the law. Manufacturers will thus be able to refine
the design methods and reduce the cost of ownership of the equipment. Since the creation of this award in
2007, ONERA has won it 5 times. No other European organization has won it more than twice.
* Association of European Research Establishments in Aeronautics

1st “Europe” meeting of ONERA’s new president 

The GARTEUR* gathers together 7 European countries (Germany, Spain, France, Italy, the
Netherlands, the United Kingdom and Sweden) with the aim of mobilizing their skills on the major
topics of the aviation sector. Driven by ONERA, a new work group on "Aviation Security" was cre-
ated to meet the need for organization in regard to the subject of external threats.
* Group for Aeronautical Research and Technology in Europe

ONERA broadens the scope of discussions in Europe 

On the occasion of the 14th ONERA-DLR Symposium of June 2014, on the topic of innovative materials, the best paper Award was
won by young Researchers ONERA, rewarding the quality of their work and of their paper titled "Investigation of multiple crack-
ing in glass/epoxy 2D woven composites by vibrothermography". ONERA has won this award for the second consecutive year.

French-German research: materials honored

The 13th TsAGI-ONERA bilateral seminar
was held in Peterhof in September 2014,
with the participation of ONERA's
President and TsAGI's Executive Director.
The holding of this meeting stressed the
fact that, despite international news,
both parties are motivated by a strong
desire to strengthen their cooperation,
endorsed at the signing of an MoU
(Memorandum of Understanding) in
2008. The 14th seminar will be held in
Autumn 2015 in France.

ONERA-CIAM combustion agreement

As part of the MoU signed in 2011, the CIAM
(Central Institute for Aviation Motors) in Russia
and ONERA concluded an agreement in 2014 for
collaboration on aeronautical gas turbine com-
bustion. The joint work focused on the evaluation
of physical models and numerical tools for the
simulation of reactive flows in aeronautical com-
bustion chambers. This cooperation may be, if
necessary, extended to experimental aspects.

TsAGI-ONERA seminar

ONERA wins the EREA award for the 5th time

ONERA, NASA’s first international partner in aeronautics

DGA INNOVATION FORUM - NOVEMBER 2014

2014

The press in the large
wind tunnels: investing to
remain competitive

WORLD

ONERA signed the "Swept-wing ice accretion characterization and aerodynamics research" coop-
eration agreement on icing with NASA Glenn. It follows the "CFD aircraft icing research" agree-
ment that ended in 2012. With a duration of three and a half years, this cooperation is aimed at
understanding and modeling the deterioration of aircraft aerodynamic performance due to ice
buildup on the wings. The program also envisages a parametric study, test campaigns in the United
States and France, as well as simulations. The signing of this agreement brings the number of ongo-
ing projects with NASA up to 6, making ONERA NASA's first international partner in aeronautics.
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F U N D A M E N T A L  R E S E A R C H

On-board perception
• Data Acquisition
• Data Processing
• Co-design

On-board decision-making
• Navigation
• Unexpected events
• Multi-UAV Cooperation

UAV systems
• Platform
• Human factors, interface
• Dependability

All key disciplines in aeronautics are indeed
necessary to carry out this mission properly.
ONERA masters them: acquisition and pro-
cessing of information, on-board decision
making, performance and autonomy of com-
plex systems, overall reliability, aerodynam-
ics and aeroelasticity. Through its multidisci-
plinarity, and therefore its ability to solve
transverse problems, ONERA is now paving
the way to solutions on many topics.

I n a few decades, civilian drones willhave colonized our air spaces. For
some years now, ONERA has put its
skills and expertise to work on
overcoming technological barriers and
participating in the definition of
appropriate regulations.

Advanced research for a
transverse problem

FOCUSING ON THE SEPTEMBER 2014 UAV SHOW,
WHERE ONERA PRESENTED ITS FLAGSHIP TECHNOLOGIES 

3D LASER IMAGING SYSTEM:
this active imaging technology,
terrestrial or airborne, works under all
conditions, even deteriorated ones
(night, rain, fog, smoke, etc.).

MINIATURE OPTICS FOR
COOLED IR DETECTORS:
directly integrated on a detector,
these ultra-compact optical
components can simultaneously
produce multiple images of the
scene and thus enhance the
information provided.

Sensors

3D SCAN SOFTWARE:
Integrable on a micro-UAV, the
software uses the information
acquired by an onboard stereo
bench to locate and reconstruct a
3D model of the environment, even
in congested areas and without
GPS location.

Onboard intelligence and autonomy

MICROTURBINE, UNIQUE IN THE
WORLD:
This lightweight and compact
(2 million times smaller than an A380
engine!) energy source, suitable for
long-term missions, eventually would
be an excellent alternative to existing
batteries and fuel cells.

Energy
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Modeling plasmas
for aeronautics
The application of plasmas to aeronautical
problems – aerodynamics, combustion, stealth
technology, lightning, decontamination – has
been a growing field for ten years.

However, the current limitations of the numer-
ical simulation codes are a barrier for the
detailed understanding of phenomena and
their prediction, and thus for the development
and optimization of new solutions.

NERA's researchers and engineers developed
the parallelized simulation codes Kronos and
Copaier to deal with situations that no com-
mercially available code addressed: plasma
coupling with supersonic flows, such as
cold plasma discharges (luminescence, MHD,
nanosecond discharge) or hot plasma dis-
charges (lightning) in complex geometries.

F U N D A M E N T A L  R E S E A R C H

A t ONERA, fundamental or exploratory research is never very
far from the industrial application. This research can have

many different facets, but is often used for modeling, simulation,
or decision making support.
This is the case for the 100% ONERA projects Saha and Mefisto:
the first, a single-discipline but multi-application project, is devot-
ed to plasmas, which have still not been sufficiently explored in
regard to the benefits that they could contribute to aeronautics;
the second, largely multidisciplinary, implements an innovative
operational simulation environment that allows both the con-
ducting of studies and expert assessments and the evaluation
under realistic, and thus complex, conditions of new models
resulting from the laboratories.

Unified and interoperable study
resources for simulation 
The increasing complexity of systems (missiles, drones, sensors, etc.)
means that suitable technical-operational simulation means must be
available to evaluate their performance as soon as possible in a
simulated physical and tactical environment.
The simulation tool developed by the Mefisto project unifies the models
of systems, sensors and the physical environment in a completely
controlled and demonstrative software that is indeed interoperable
with the resources of our partners.
This environment allows ONERA to aid in the development of new
designs, whether these may be internal research projects, fundamental
research projects for the DGA (future missiles, etc.), or even projects
for civil partners (SNCF).

Fundamental research
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D E F E N S E

Thanks to its positioning between academic and industrial laboratories, ONERA
keeps ahead in IR detection technology. In 2014, it developed a camera that was a
complete technological breakthrough in relation to the existing optical systems: very
compact (total optical thickness of 4 mm) and with a very wide field of view (120°),
its optical system combines 4 imaging channels and thus produces an image with
optimal resolution. For close range scenes this multi-channel camera turns into a
3D camera.

The fruit of a co-design approach with the detector manufacturer SOFRADIR, this
technology seems, in addition, to be reasonable in terms of industrialization costs.

Later, the TEMOIN 3 project should result in multispectral architectures, which will
pave the way for new intelligence capabilities (spectral discrimination).

* Direction Générale de l’Armement (Directorate General of Armament)

How can new intelligence
capabilities be developed at

low cost? What technology can be
used to meet the changing demand
for on-board sensors on
lightweight platforms for control,
surveilance and self-protection?
ONERA completed the PEA TEMOIN
2, funded by the DGA*, offering a
very compact pre-industrial
multifunction infrared camera
demonstrator.

Osmosis is the ONERA and
Sofradir joint laboratory,
created following the signing
of a partnership for research
and innovation in October
2013. It is aimed at
encouraging the emergence
of innovative technologies in
the field of infrared detectors.

Multifunction
on-board infrared camera  
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When a wind turbine is located within the viewing area of a
weather, defense or air traffic control radar, it can disrupt its
operation. Indeed, the large rotating metal blades inappropri-
ately reflect radar waves and pollute the measurements.
ONERA has been working for several years on the problem of
interactions of radar waves with wind turbines, in order to
reduce the impact of disruptions.
Thus in 2014, the DGA commissioned the ONERA to develop
the DEMPERE tool, a disruption simulation demonstrator,
intended to assess the degree of disruption of a radar by a
new wind farm.

To validate its models, ONERA conducted a very thorough par-
allel measurement campaign with the MEDYCIS radar, which
was specifically designed and developed by ONERA. While
MEDYCIS emits a radar signal, a receiver drone measures the
electromagnetic field, after propagation through a set of wind
turbines.
Thanks to its radar know-how accumulated over decades in
the field of defense and its ability to conduct numerical simu-
lation and experiments forehead, ONERA is positioned as a key
expert for all players concerned by the wind farm-radar issue.

Furthermore, ONERA participated in a program supported by
ADEME (the French Agency for the Environment and Energy
Management), which led to the development of stealth blades.

* Direction Générale de l’Armement (Directorate General of Armament)
* Upstream study project

Within the framework of the Environment Grenelle II,
the government plans to set up more wind farms, so

that they will produce, over time, 20% of the country's elec-
tricity. However, these facilities are likely to disrupt radar,
especially military radar.
In 2014, at the request of the DGA*, ONERA started the PEA*
DEMPERE, whose purpose is to develop a numerical sim-
ulation demonstrator for military radar interference from
wind farms.

D E F E N S E

Military radar and
wind farms



D E F E N S E

I n 2014, at the request of the ESA, ONERA made aspace surveillance radar demonstrator, intended in

particular to alert the operators of orbital systems in

use of collision risks. Very involved in this issue,

France, through ONERA, places its expertise in

simulation, construction and radar instrumentation at

Europe's service, which is eager to have an

independent and effective system.

24 25

ONERA actively supports the ESA European space surveil-
lance program (SSA: Space Situational Awareness). It has just
completed the development of a bistatic radar demonstra-
tor* for the detection and tracking of space objects, under
the project name ABISS*. The ultimate goal is to design a
radar capable of detecting debris on the order of about 10
cm in diameter at ranges of 200 to 2,000 km.
This achievement proves once again ONERA's perfect mas-
tery of space surveillance radar, as with the GRAVES* sys-
tem, which is unique in Europe. ONERA was able to meet the
design requirements by offering the two separate installa-

tion sites needed: the emission system installed on a former
NATO base in Normandy and the receiving system, installed
at the ONERA Palaiseau center itself. ONERA is conducting
satellite detection experiments as part of the testing and val-
idation campaigns.

* bistatic (separate transmitting and receiving sites)
* ABISS Project (Antenne BIstatique pour la Surveillance Spatiale/

BIStatic Antenna for Space Surveillance)
* GRAVES (Grand Réseau Adapté à la VEille Spatiale, Large network suitable

for space surveillance)
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Aviation safety
System dependability, atmospheric

phenomena, flight envelope
extension, human factors: safety is
one of the major areas of research for
ONERA, which aims to address the
concerns of manufacturers in the
aerospace sector. In 2014, EMC and
frost are at the foremost.

ELECTROMAGNETIC COMPATIBILITY
An aircraft includes tens of kilometers of cables that can prop-
agate or generate electromagnetic interference waves. Since
2010, ONERA has been contributing to the development of the
VSE AxesSim's CABLESIM software: it allows the electromag-
netic compatibility phenomena to be modeled in electrical wiring.

Since 2014, for Labinal Power Systems, ONERA and AxesSim
have been using this software to carry out the project eCentric-
EMC, modeling a complete industrial wiring precisely describ-
ing the wire bundle installation in their system.

In addition, in regard to this skill, ONERA has been working
since 2009 on the indirect effects of lightning for several SNEC-
MA engines – the TP 400, the SaM146 and even the Silvercrest.
This year, it performed calculations for the LEAP. The objec-
tive: to evaluate by electric currents and electromagnetic fields
induced on the motor by numerical simulation.

ICING

Many major incidents and accidents have in part been caused
by the effects of icing, making the regulations increasingly
more drastic. ONERA, a recognized player and benchmark in the
field on an international level, is collaborating with the leading
industrialists on the forecasting of forms of icing deposit and
their aerodynamic consequences, as well as on the development
of new protection and detection technologies.
As part of the HAIC project (High Altitude Ice Crystals, from 2012
to 2016) coordinated by Airbus, which relates to frosting due to
the presence of ice crystals, ONERA is involved in the research
on detection techniques and is steering the sub-project dedi-
cated to the development of models and numerical simulation
tools. The project is aimed at anticipating the risks of blocking
of sensor tubes or damage to the engines. In 2014, ONERA de-
veloped new models to update the 2D and 3D versions of its
software and be able to take into account the new regulations
(big drops, crystals), as well as new electrothermal deicing
technologies.
Internationally, ONERA signed a three-year cooperation agree-
ment on the understanding and modeling of swept wing icing
this year with NASA. It follows a first agreement (2006-2012)
dedicated to numerical simulation aspects of aircraft icing.

LIGHTNING ONERA is an expert on the problem of aircraft lightning strikes. Since
2012, it has a laboratory for the detailed understanding of its direct impact on aeronautical
structures. This research facility conducted its 1st test campaign in June 2014, as part of
the Clean Sky Joint Technology Initiative (JTI). It has enabled the study of the resistance
to lightning of new composite materials developed by the Fraunhofer (IFAM and LBF)
HELENIC Aerospace Industry, Airbus DS and Alenia Aeronautica. These materials were
subjected to a current of 100,000 amperes.

A E R O N A U T I C S

Simulation using ONERA's IGLOO3D calculation sequence, of an icing
experiment under crystal conditions in the NRC's RATFAC wind tunnel
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Biofuels: 
understanding them

to use them

A E R O N A U T I C S

By 2020, 3-4% of Europe's needs could be met by biofuels.
However, the aviation industry is subject to strict safety con-
straints that require these new-generation fuels to meet very
stringent specifications.

With the self-funded research project EXPLIC (exploration of
the limitations of a "drop-in" jet fuel), launched in early 2014,
ONERA has set itself the goal of understanding the behavior
of alternative fuels, in order to control their impact on the entire
chain of use.

For example, the study addresses the key theme of the influ-
ence of the concentration of aromatic compounds. Emerging
biofuels contain increasingly small quantities of these, and it
is necessary to study the impact of this decrease. How will
new aviation fuels react throughout their life cycle, from the
storage area up until when they are in the fuel tank? What will
the corresponding emissions be?

With its experimental facilities, ONERA can answer these ques-
tions by conducting targeted tests: thermal stability, oxidation,
behavior at low temperatures, compatibility with materials,
injection, vaporization, combustion, emissions, etc.

In 2015, ONERA should participate in a new program funded
by the DGAC – MOCCASSIN – in association with major French
partners (oil companies, engine manufacturers, aircraft man-
ufacturers, research centers, equipment suppliers). MOCASSIN
will be aimed at developing models of the behavior of con-
ventional and alternative aviation fuel in order to have com-
plementary models for the experimental results.

ONERA is fully engaged in this environmental problem, through
projects funded by its DGAC grants or Europe. Within 15 to 20
years in Europe, like in the United States, biofuels should take
precedence over traditional fuels.

Reducing the environmental impact of aviation leads States to encourage alternatives to fossil fuels. Today, the use
of biofuels with incorporation rates of up to 50% is allowed. However, to comply with safety standards, they must

be certified beforehand. ONERA uses its expertise in energetics and chemistry to understand the impact of these new
fuels on all aircraft.
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Two Carnot projects
dedicated to future aviationE2IM

The Carnot project E2IM (Étude de Concepts Innovants
d'Intégration Motrice) consists in studying, mainly from the
point of view of aerodynamics, some new high bypass ratio jet
engine integration possibilities. The intended application of
these designs is a medium-haul transport aircraft with a
capacity of 150 to 200 passengers, which could emerge
toward the end of 2025-2030.
In the near future, it is likely that the overall aircraft architec-
ture (fuselage and wing) will change little, contrary to the
engines. Reducing turbojet consumption implies an increase
in the bypass ratio, resulting in an increase in the diameter of
the propulsion system. Therefore, the engine installation is
more difficult and often results in engines closer to the cell.
The innovative aspects of the Carnot project arise from the
type of configuration being studied: it proposes very large
engines under the wing or at the rear end of the fuse-
lage. The benefits of engine thrust vectoring
are also being studied. The E2IM study has
already increased aerodynamic know-how in the design of
new aircraft configurations, as well as in the development of
new methods for determining the propulsive balance of an air-
craft equipped with high bypass ratio engines.

ALBATROS
The ALBATROSS project (Aile Laminaire hauBAnée à Traînée
Réduite par OptimiSation multidiSciplinaire) is studying an
aerodynamic solution that will enable a direct reduction in the
aerodynamic drag by using a high and long strut-braced wing
configuration, which could concern some aircraft in the future.
This strut-braced wing architecture allows an increase in the
elongation of the wing, while the mass of the aircraft remains
constant, resulting in a direct gain in relation to the induced
drag. The result is fuel saving. It also enables the chord of the
wing to be reduced, thus facilitating the preservation of
a laminar flow. The struts may also be used effectively to
store a portion of the fuel, thus relaxing the constraint relat-
ing to the volume of fuel to be stored in the wing itself.
With the Carnot project ALBATROSS, ONERA has a good qual-
ity reference configuration with an elongation of 16. This
configuration provides a basis for further consideration of com-
ponents such as lift devices.

A E R O N A U T I C S

O N E R A ,
M E M B E R
O F  T H E  N E T W O R K  
O F  3 4  C A R N O T  
I N S T I T U T E S

ONERA's mission is the preparation of the future. How? By being able to solve its customers' complex problems through
its fundamental research work, which confers it high expertise in the necessary fields. The Carnot studies are aimed

in this direction. The two projects initiated by ONERA in 2014 were aimed at finding innovative aerodynamic solutions for
reducing the environmental impact of civil transportation aircraft. Prospective work that deviates from the relatively con-
servative current solutions.
Almost all current commercial aircraft favor a cylindrical fuselage equipped with a low and swept wing, with the engines
mounted under the wings and the balancing and control surfaces arranged at the rear end of the fuselage. Does this mean
that this configuration is definitely optimal? Probably not, considering the urgent need to drastically reduce the environ-
mental impact of air transport. The specifications for the design of future transport aircraft, hitherto dominated by the op-
erational cost criterion, will be automatically upset.
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A E R O N A U T I C S

Innovation
assessor

In 20 years, the number of flightswill have doubled, leading the
players of the aeronautics sector to
seek innovating solutions to
address challenges related to the
environment and air traffic
management. Organized to address
cross-functional issues, ONERA has
a tool for the simulation and
assessment of future designs called
IESTA (Infrastructure d'Évaluation
de Systèmes de Transport Aérien).

AIR TRAFFIC MANAGEMENT
In Europe, even today, each country manages its own airspace.
As part of the SESAR program (Single European Sky ATM
Research), the IESTA platform allows new dynamic configuration
designs to be assessed. This is the “Dynamic Airspace
Configurations” project, which ONERA has been developing since
January 2014. The platform can model the various systems with
the needs of all of the players involved (air traffic controllers, “free
route” aircraft, military aircraft, etc.).

NOISE PREDICTION 
As regards noise, ONERA in particular developed the acoustic module
CARMEN on the IESTA simulator. It not only allows the modeling of
passing aircraft noise sources (from installation effects up to acoustic
propagation in the atmosphere), but it also simulates the noise that
would be made by future propulsion systems, such as CROR systems.
It may even tackle flying wing designs. CARMEN was evaluated by
comparison with the results of flight tests, such as those from the
European project Awiator measurement campaign on an A340.

These two examples reveal IESTA as a “super simulator” that enables ONERA to test designs beforehand, and thereby prepare the future of
aviation. It thus fits perfectly in the PIA (Future Investment Program) since it will enable at ONERA to assess its achievements and therefore
to play the part that the state has entrusted to it.
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S P A C ES P A C E

As part of the Myriade microsatellite program of the CNES, ONERA
designed and built the T-SAGE instrument, the true core of the MICRO-
SCOPE (MICROSatellite à traînée Compensée pour l'Observation du
Principe d’Équivalence) satellite.
T-SAGE (Twin Space Accelerometer for Space Gravity Experiments) is a
double differential accelerometer designed and developed by ONERA. It
will allow Einstein’s general relativity theory to be tested: thanks to its sen-
sitivity, which is unique in the world, it will test the equivalence principle
(EP) or universality of free fall at 10-15, that is, 100 times better than all
experiments performed on earth.
If a control acceleration difference is detected between the two masses,
this will reveal a violation of the EP, offering new possibilities for gravita-
tion theories.

MICROSCOPE is being developed by an international consortium steered
by the CNES together with ONERA, the Côte d’Azur observatory, the German
microgravity application center (ZARM), the DLR, the National Metrology
Agency of the Federal Republic of Germany (PTB) and thee ESA.

MICROSCOPE will be launched by a Soyouz launcher in 2016 from Kourou.

ONERA has designed and developed ul-
tra-sensitive accelerometers that will

constitute the payload of the space mission
MICROSCOPE. Its objective: to test in space
the principle of equivalence of mass with a
precision that will be a hundred times
greater than before. The slightest deviation
would be an indication that there is a new
theory beyond general relativity.

The Sphere instrument's main purpose is the detection and characteriza-
tion, using direct imaging, of the giant exoplanets orbiting stars close to
the solar system. A major challenge, since such planets are close to their
host star and have a very low light.
SPHERE is able to detect the signal from a planet up to a million times
fainter than that of its host star, a gain of more than one order of magni-
tude compared to existing instruments.
ONERA is a major player in the international consortium* that designed
and built SPHERE: it was in charge of the sizing, the integration and the
testing of the adaptive optics module. ONERA scientists also travelled to
Chile together with the Grenoble Institute of Planetology and Astrophysics,
which is steering the project, to participate in the development of the
image processing process, and the final integration of the instrument on
the Very Large Telescope (VLT) of the ESO.

The European Instrument SPHERE obtained its first light in June 2014 and
will be made available to the astronomical community in 2015.

* Members of the SPHERE consortium

On the French level: 
- Institute for Astrophysics and Planetology of Grenoble (CNRS/
Université Joseph Fourier) at the Observatory of Sciences of
the Universe of Grenoble

- The French Aerospace Research Centre (ONERA)
- The Marseille Astrophysics Laboratory (AML, CNRS/AMU) at

the Pythéas Observatory of Sciences of the Universe 
- The Laboratory for Space Studies and Astrophysics

Instrumentation (LESIA, Paris Observatory/CNRS/UPMC/
Université Paris Diderot)

- Lagrange Laboratory (CNRS/Côte d'Azur
Observatory/University of Nice Sophia-Antipolis)

On the European level: 
- The Max Planck Institute for Astronomy in Heidelberg
- Geneva Observatory
- The Italian National Institute for Astrophysics (INAF),

coordinated by the Astronomical Observatory of Padua
- The Astronomical Institute of the ETH Zurich
- The Astronomical Institute of the University of Amsterdam
- The Federation of Astronomical Institutes of the Netherlands

(NOVA)
- The Netherlands Institute for Radio Astronomy ASTRON

(Netherlands)
- ESO

Imagine that you were able to distinguish the light of a 50 cm candlein a lighthouse located in Marseille from Paris! This is the resolution
of the European SPHERE instrument (Spectro-Polarimètre à Haut con-
trastE dédié à la Recherche d'Exoplanètes), which ONERA has largely
contributed to by designing and implementing all of the adaptive optics.

SPHERE
Exoplanet hunter

Galileo, Newton and Einstein
put to the test of the space
technology of the XXI century
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E urope must maintain the competitiveness of its launchers. This is the result of the Ministerial Conference of the ESA*
in December 2014. The next European space launcher will be Ariane 6, which is low-cost and will be operational by

2020. ONERA is ready for the R&T work to be done on the future launcher, continuing its support for Ariane.

S P A C E

ONERA, currently involved in the
preparation of Ariane 6 for 2020

ONERA actively contributed, through its R&T and its experi-
mental tests, to the preparation of the European launchers, in
particular to the reliability of Ariane 5 and the comfort of its pay-
loads. Its expertise is indeed very strong in understanding the
complex phenomena involved in solid and liquid propulsion,
aerodynamics, aerothermics, acoustics and flight mechanics.

Given that the ESA opted for a modular PHH configuration (three
stages with "Powder", "Hydrogen" and "Hydrogen" propulsion
methods), all that was left for the historic collaborators ONERA
and CNES to do was to sign the partnership agreement that
provides for the following ONERA-CNES programs of common
interest (PCI).

• high frequency instabilities;
• flow in nozzles;
• heat transfer in engines;

• simulation of the launcher jet noise;
• design of composite structures;
• steering of launchers.

A new PIC is also being prepared on thrust oscillations (ODP).
The technical assistance work on blast waves (a critical phe-
nomena for the launchers) will also continue. The performance
of these PIC will be a second batch of work from 2016-2018.

The CNES-ONERA bilateral meeting in October 2014 helped to
strengthen cooperation in various fields of space research. In
that of launchers, a proposed study topic for after Ariane 6 is
that reusable launchers

* European Space Agency
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N U M E R I C A L  S I M U L A T I O N

The ONERA codes

SPACE
CEDRE is involved in space studies,
especially in the design of devices to
reduce the Ariane 6 takeoff blast
wave, to avoid damaging the satel-
lites under the fairing with the gen-
erated acoustic waves (facing image).

The ELSA code (Ensemble Logiciel de Simulation en Aérodynamique) is an
ONERA software application that enables the simulation of complex flows
involving aerodynamics, for multi-disciplinary applications (aircraft, helicop-
ters, turbomachines, missiles, launchers, wind farms, etc.).

Since December 2014, ELSA Version V3.5 enables simulations that are:
• more precise: ability to model turbulence and widening in discretization

schemes;
• More flexible: increasing capacity in unstructured meshes and overlapping

meshes.

In October 2014, the success of the 7th
Edition of the ELSA software user work-
shop, gathering all users of the code
(industrialists, research centers, academ-
ics), highlight its increasingly essential
character in the field. The presence of
Airbus, Andheo, Bertin Technologie, Safran,
Cerfacs, Cenaero, EDF R&D, LMFA
(Centrale Lyon), MBDA, Secapem, Snecma
and Turbomeca bear testimony to its per-
formance.

Simulation of flow in a turbine

ZDES simulation of a
corporate aircraft stall

ENVIRONMENT
The code is used to meet societal challenges such as redu-
cing noise around airports (combustion or landing gear
noise). In 2014, for example, the code was used to simu-
late jet engine control to reduce combustion noise.
Changes in the position of the jet front are remarkably
well reproduced (image above).

The code also enables the environmental impact of
contrails to be studied, as shown by this numerical simu-
lation of the wake vortices of a B737 (facing image).

ONERA develops world-class software platforms. In the upstream phase, they enable designs to be tested, and in the
industrial design phase, they enable the final product to be optimized. All fields are involved: aerodynamics, aeroa-

coustics, structures, materials, thermochemistry, electromagnetism, etc. Both for civil and military applications.

CEDRE enables the energetic understanding of the phys-
ical phenomena. Its specialty is, on the one hand, to repro-
duce any type of object with unlimited number of faces,
which represents a significant advantage for the design
phases of complex objects (taking into account techno-
logical realities). On the other hand, CEDRE enables the
processing of multi-physics phenomena, that is to say,
involving all of the processes induced by combustion or
propulsion.

38



41

E X P E R I M E N T A L  S I M U L A T I O N

CEDRE© permet de comprendre les phénomènes physiques en énergétique.
Sa spécificité est, d’une part, de reproduire tout type d’objet sans limite de
nombre de faces, ce qui représente un avantage important pour les phases
de conception des objets complexes (prise en compte des effets technolo-
giques). Par ailleurs, CEDRE permet de traiter des phénomènes multi phy-
siques, c’est-à-dire mettant en jeu toutes les réactions induites par une
combustion ou une propulsion.

Maintaining the level of excellence
ONERA has a complete and varied range of experimental resources, suitable for each stage of the research process.

These systems require a constant renewal and maintenance effort for ONERA to maintain its level of excellence. To
this end, financial support from regional authorities and the ERDF (European Regional Development Fund) enables it to
support its investment strategy.

WIND TUNNELS
MODERNIZATION
OF WIND TUNNEL L2
IN LILLE

The L2 wind tunnel, in addition to
testing for the aerospace industry,
is used in the naval, industrial,
urban and environmental fields.

Through ONERA and CISIT* invest-
ments initiated under the State -
Nord-Pas-de-Calais region project
contract, this wind tunnel has
undergone a spectacular modern-
ization: a new settling chamber
and diffuser design. Key benefits:
better performance and less tur-
bulence to extend the field of activ-
ity (for drones, etc.) and improve
the usual performance.

OPTICS
CONTRIBUTIONS

OF NANOTECHNOLOGY

Located in Palaiseau, ONERA’s ONDA laborato-
ry is the result of a collaboration with the CNRS
and the Optics Institute to bring together skills
in opto-electronic microsystems based on nan-
otechnology. The equipment, gathered together
on platforms, is made available to industrialists
to foster the technological maturity of compo-
nents derived from nanotechnology in the
infrared domain. In particular, the MUSEON plat-
form, which has benefited from an ASTRE sup-
port from the General Council of Essonne, helped
in the development of new hyper spectral cam-
era prototypes (the RAPID financing of the DGA,
with the company FASTLITE).

* International Campus on Safety and
Intermodality in Transportation

MATERIALS
INAUGURATION OF THE PALAISEAU
ATOMIZATION TOWER
ONERA’s Materials and Structures Branch (MAS), which
is one of the most important solid mechanics laborato-
ries on the Saclay campus, steers the MATMECA project,
an Equipex project co-financed by the General
Commission for Investment. Within the framework of this
Equipex project, ONERA invested in an atomization tower,
inaugurated in Palaiseau in April 2014, for the develop-
ment of new metal alloys with applications in a variety of
industrial sectors.
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Electrical aircraft:
daring to make a breakthrough

to meet the challenge

The electric aircraft is an aircraft in which all onboard systems
operate on electric power, including propulsion. It offers clear
advantages, such as modularity, flexible control, no pollutant
emissions, silent engines, easy maintenance, etc. Today, only
prototypes of electric aircraft such as the Airbus Group's EFAN
or the Solar Impulse aircraft exist. Is it possible to go further
and consider future transport aircraft on this basis?
ONERA, whose outlook department's mission is to identify the
most promising avenues of research for the future, even if it
means "doing everything from scratch", is considering a com-
pletely different aircraft from the current configuration. Indeed,
it is not enough to replace the existing combustion engines
with electric engines. Everything must be reviewed to imag-
ine breakthrough technologies in aerodynamics, propulsion,
architecture, etc.
It is also necessary to consider new ways to fly: slower, less
high, over shorter distances and with fewer passengers at a

time. ONERA's recommendation is based on several key tech-
nologies: electric power generation by hybridization of batter-
ies and hydrogen fuel cells (power and energy needs according
to flight conditions), distributed electric propulsion (distribu-
tion and integration of many small engines over much of the
surface of the aircraft), very automated piloting aids (sophis-
ticated algorithms, smart sensors, etc.), acoustic design to limit
the noise heard on the ground and hybrid or mixed structural
architectures (metal/composite materials) to lighten the air-
craft as much as possible, while protecting its onboard sys-
tems against intense electric and magnetic fields
While all remains to be seen, one thing is certain: the aero-
nautical sector must turn towards research today, to counter
competition from emerging countries. ONERA, multidiscipli-
nary and focused on the future, is ready to develop a synergy
between the players concerned, such as industrialists, institu-
tions and operators (airlines, airports).

Averitable technological breakthrough, the electric aircraft would make
it possible to meet the new challenges of future air transportation.

However, it requires profound changes in the way in which aircraft are designed and
has yet to prove itself in the technological, economic and environmental aspects.

P R O S P E C T I V E
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Technology transfer 
D eveloped for aerospace research programs, ONERA’s scientific and

technological excellence is offered to industrialists seeking innovation,
whatever their industry.
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V A L O R I Z A T I O N

ONERA, a European leader in remote sensing, has opened up to TOTAL its
hyperspectral imaging, radar and lidar (laser) knowledge portfolio, in order
to enable it to meet the major challenges of hydrocarbon exploration, secu-
rity and respect for the environment. 

In March 2014, the two companies signed a research and industry partnership
contract (PRI) for 30 million euros, for a period of five years, aimed at adapting

the technologies developed by ONERA, improving data matching, optimizing data management
and determining the best vehicles to obtain them: balloon, drone aircraft or satellite. 

This collaboration should enable the improvement of the knowledge on optical and electro-
magnetic properties of surfaces, in order to trace the geophysical properties of soils and near-
surfaces. It also enables the development of specific innovative gas detection and
quantification systems, in connection with leaks or operating management. It facilitates 3D
geological modeling of the near subsoil, or even optimizes the detection of hydrocarbon gases
or gases associated with production.

In December 2014, ONERA and SNCF signed a Research and Industry
Partnership (PRI) dedicated to designing UAV solutions for the surveilance
of the railway network
For a period of 5 years and totaling over 4 million euros, this research con-
tract is aimed at developing innovative technologies and designing custom
drone systems for specific applications to meet the needs of the SNCF. Two

priority research areas have been identified:

• linear tracking: network surveilance (railway tracks, overhead lines and surroundings,
etc.) over long distances;

• inspection: indoor architecture inspection (railway stations and technicenters, skylights,
metal structures, etc.) and outdoor architecture inspection (bridges, trains, etc.).

ONERA will provide SNCF with all of its expertise on "UAV systems" gained over more than
15 years, particularly in the areas of sensors and associated image processing. The SNCF
will also benefit from ONERA’s efficient resources for the simulation or design of innovative
platforms that comply with regulations.

SNCF AND ONERA:
DRONES AND RAIL

NETWORK

TOTAL AND ONERA:
AIRBORNE REMOTE

SENSING
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W O R L D

ONERA is recognized worldwide for
its scientific excellence, which

many countries want to draw inspira-
tion from. Supported by its partners, it
wishes to establish sustainable bilater-
al structures to promote co-creativity
and the development of technological
innovations. "Win-win" initiatives,
based on the new international eco-
nomic countenance.

Successful collaboration
in Singapore
The French-Singaporean research laboratory on radar
observations celebrated its 10th anniversary in 2014, gath-
ering all of the players concerned in Singapore and then in
France. This was the opportunity to highlight the very pos-
itive results of this virtuous circle of co-creativity, between
shared scientific competition and economic opening to a
growing market. 

SONDRA is a French-Singaporean laboratory, gathering
ONERA, Central-Supelec, the NUS University of Singapore
and DSO, which carries out technological research activi-
ties on radar observation, combining wave physics and sig-
nal processing.

For 10 years now, this permanent structure has allowed
ONERA to benefit from a new creative impetus thanks to
Singaporean research methods, which start with a need
and then develop a technological innovation. In 2004,
France signed a Memorandum of Understanding, pledging
the strong desire to be closer to one of the major hubs for
defense technologies, capable of eventually revitalizing the
French economy.

This partnership research model, already used, is based on
a controlled and balanced transfer of know-how, particu-
larly in terms of intellectual property.

The balance therefore proves to be positive in the scientif-
ic and economic, as well as human aspects. Many
researcher exchanges between the two countries have
made it possible, despite the 10,000 km that separate them,
to develop a veritable research without borders. By gath-
ering colleges, universities, research organizations and
businesses on the same campus on the French side, SON-
DRA offers the Paris-Saclay University, France's future
"Silicon Valley", an opening on the international market.

Offset
in Brazil
Since 2012, ONERA has been one of the French aerospace
industry partners (Airbus Helicopters) to fulfill its offset obli-
gations in Brazil. It transfers highly structured know-how
to Brazilian official agencies: on many topics, all steps of
the research process are addressed, from code transfer to
the application, and then to the interpretation of results.
ONERA thus fulfills its role of supporting the French indus-
try and cooperating internationally. Today, the situation is
already very positive, since the French and Brazilian teams
collaborate easily and the results are becoming significant.
The first Brazilian interns will arrive in early 2015. 

In 2014, ONERA broadened its scope in Brazil by partici-
pating in the launch of the work group on the aerospace
complex in the State of Minas Gerais. A cooperation agree-
ment with this State, signed in 2013, committed ONERA to
actively participating in the installation of aerospace R&D
centers. This involved universities, industries and research
laboratories in the fields of turbomachinery, helicopters,
computational fluid dynamics and aircraft technology (short
haul, general aviation). Other topics in which ONERA will
use its experience with the relations between the various
R&D players and its technical expertise in aeronautics may
be addressed. ONERA has already been present since 2012
in partnership with Airbus Helicopters to fulfill obligations
of technology and knowledge transfer to Brazil.

OPENING ON
THE INTERNATIONAL
MARKET



48 49

Creation of the “Paris-Saclay University”

F R A N C E F R A N C E

The decree establishing the ComuE “Paris-Saclay University” was published in the
journal officiel of the 31st of December 2014. It formalizes the birth of the Paris-
Saclay University, an entity that brings together higher education and research insti-
tutions according to a readable and internationally competitive model.

Since 1948, ONERA has a research center in Palaiseau on the “Saclay plateau”. With
the CNRS since 1945, the CEA since 1952, or even the École polytechnique since
1976, ONERA has contributed to the emergence of a scientific center of excellence.
The Paris-Saclay University (uPS) gathers 19 independent higher education and re-
search institutions and research organizations that coordinate their actions, while
maintaining their identities and resources.

For ONERA, enrolling in this great university is an opportunity to increase its cooper-
ation with the research community and drive aerospace research on the Saclay
plateau.

This is also an opportunity to become better known worldwide.

In the Midi-Pyrénées region, ONERA is also involved in the development of scientific
centers. It is closely related to the founders of the future "Federal University of
Toulouse Midi-Pyrénées".

A director for the Aquitaine and
Midi-Pyrénées Region

Dominique Le Quéau, Director for South-West France, has the mission
of facilitating and expanding ONERA’s actions towards the scientific, in-
dustrial and institutional players of the Aquitaine & Midi-Pyrénées region.
He communicates ONERA's skill set to policymakers in the regions, rep-
resents it in the Southwest as regards scientific, industrial and institu-
tional aspects, before all local players, institutions and research agencies
(IRT, competitivity clusters, etc.), research and educational institutions,
local authorities, government departments, companies, etc.
It thus ensures the liaison with all stakeholders in the region, both to en-
sure their proper understanding of ONERA's missions, skills and objec-
tives, and to listen to their requests and relay them to the scientific
departments and the General Director.

In 2014, a new unit was created at ONERA's Lille center, with the aim of enhancing experiments through the re-
lationship between vehicle aerodynamics (in particular new designs) and their behavior in flight (especially the
impact of the wind's effect).
Known as Experimentation and Flight Limit, it capitalizes on coupling its engineers' expertise in aerodynam-
ics and flight mechanics:

• the large L2 wind tunnel, used among others for aerodynamic tests outside of
the aviation industry, such as for construction, rail transport or energy, in-
deed makes it possible to reproduce the atmospheric boundary layer;

• the L1 wind tunnel, smaller but faster and highly reconfigurable,
enables the aerodynamics of emerging technologies (those of
the next decade) to be evaluated;

• flight mechanics installations – gust generator and vertical
wind tunnel – which will provide the necessary information
to address the problems of flight dynamics and behavior at
the domain limits.

This new organization emphasizes the willingness and abil-
ity of ONERA to consolidate its regional presence and better
meet the main challenges of its sector, in particular through
ONERA/CISIT* investments made as part of the previous
State-Nord-Pas-de-Calais region project contract (for example,
modernization of the L2 wind tunnel with a new settling cham-
ber and rearrangement of the diffuser).

* International Campus on Safety and Intermodality in Transportation

ONERA is one of the founders of
the world-class university in

Ile-de-France: “Paris-Saclay
University”

It is one of ONERA’s most important
centers in terms of the number of
people, laboratories and testing
means. ONERA’s 4 scientific branches
are represented there (Physics, Fluid
Mechanics, Information Processing
and Systems, Materials). Since 2011,
it houses the offices of the General
Directorate.
The center in figures:
• 19 hectares • 50 buildings
• 571 people
• 25 test benches and laboratories,
including 2 wind tunnels (anechoic
chambers for stealth technology and
noise), an electric propulsion labora-
tory for satellites, several combus-
tion test benches and optronic sensor
laboratories, and an EquipEx Mat-
Meca (material atomization tower)

ONERA’S PALAISEAU CENTER

Simulation of the free flight of a UAV model using the SACSO
active suspension system in the SV4 vertical wind tunnel

Lille: a new unit to assess new aircraft
designs and wind effects 





ONERA provides basic and applied research and services
for major aerospace and defense programs.
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