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ONERA, a central player in aeronautical and space research, employs over 2,000 people.
Operating under the authority of the French Ministry of Armed Forces, it has a budget
of €234 million, over half of which comes from commercial contracts.
As the government expert in aerospace, ONERA strives to prepare tomorrow's defenses, address
the aerospace challenges of the future, and boost the competitiveness of the aerospace industry.
It boasts skills in all disciplines and technologies used in aerospace applications.
All the major civil and military aerospace programmes in France and Europe are rooted in
ONERA’s DNA, including Ariane, Airbus, Falcon, Rafale, missiles, helicopters, engines, radars, etc.
Its world-renowned, prize-winning research scientists mentor many doctoral students.

ONERA: the French aerospace center

O N E R A  A T  A  G L A N C E
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In my introduction to the 2019 annual report,
I raised the health crisis that was just starting
and how the energy sparked by the recognition

from our partners inspired ONERA personnel to
face adversity, as well as their exemplary conduct
in these circumstances. We must acknowledge
that most of our initial observations made last
spring were confirmed over the course of the year.
This annual report aims to support and goes beyond
these observations.

In the field of science, the basis of our legitimacy, we
were again privileged to receive multiple awards:
adaptive optics, the jewel in ONERA's crown, was
again recognized by the Institut de France and 3AF.
One of our doctoral students was granted an Amelia
Earhart research award; three ONERA researchers
received a medal from the Academy of aeronautics
and aerospace; yet other ONERA researchers won
two of the three awards presented by EREA; one of
our youngsters received the Caseau award from the
Académie des Technologies; and a DGA thesis
award too. Alongside our senior research scientists,
these awards recognize the efforts of our doctoral
students and young researchers, demonstrating the
quality of our training through research.

Last year I also spoke about the support from
members of Parliament through their reports. This
also confirmed in 2020. On these pages you will
read testimonials from Françoise Dumas, Chair of
the National Assembly defense and armed forces
committee, Pascal Allizard, senator and reviewer
of budget P144 for the International affairs and
armed forces committee, and Christophe Grudler,
Member of the European Parliament.

Our financial situation also reflects the trust shown
by our partners. Reflected as an exceptional subsidy
of €4.4 million from the Ministry of Armed forces,
which alongside €110 million in grants for public
service duties (up €4 million compared to COP
forecasts) and the constant efforts of ONERA to
reduce its operating costs, results in slightly positive
net earnings of €237 K. This result is all the more

remarkable given how severely the financial crisis
caused by the Covid-19 pandemic has hit the
aviation community. Despite operating limitations
resulting from the health crisis, we successfully
signed three all-new agreements for ONERA,
bringing a significant boost to its career attractiveness
and the modernisation of the workplace, for a
total full-year budget of over €10 million. These
agreements are a further motivational driver for all
ONERA employees and boost our attractiveness. 

Our order book is also on track, with almost €120 million,
slightly down from 2019 (€124 million), but with a
much higher portion from DGA (a 20-year record at
€56 million) and DGAC (€14.5 million); this allows
for offsetting the decline of industrial orders, while
wind tunnel income remains almost unchanged
(€13.5 million in 2020 vs. €14 million in 2019).
These figures illustrate the significant role that
ONERA intends to play in defense systems (notably
deterrence), but also in reviving the civil aviation
industry, which is very likely to result in major orders
from the DGAC in 2021. 

Lastly, our international reputation, supported by
our scientific excellence, has generated orders
outside France to the amount of €22.9 million, of
which €15.8 million from European institutions.

We have learned to live with this virus that has hit
the whole population so severely, and here I wish
to express my gratitude for the continued efforts
and commitment from ONERA personnel to maintain
our center at the peak of excellence in aerospace.
I hope you can appreciate this excellence more fully
as you read this annual report.

I N T R O D U C T I O N

B R U N O  S A I N J O N ,
C H A I R M A N  A N D  C E O  O F  O N E R A

I
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ONERA joins forces with the Nouvelle-Aquitaine
regional authority 
In December 2019, ONERA signed a partnership agreement with the Nouvelle-Aquitaine
regional authority to develop and intensify collaborative digital transformation projects
for the aerospace-defense industry in the region.

Paris Air Forum: 
the challenges of hydrogen 
Bruno Sainjon was invited to this event hosted by La Tribune, and took
the opportunity to showcase the skills that enable ONERA to meet the
challenges of green aviation alongside its partners. ONERA's mission is
to prepare for the future and explore all possible aircraft configurations,
including hydrogen-fuelled aircraft. 

Renewal of the ISO 9001 certification
The inspectors appreciated the continuous improvement momentum demonstrated by ONERA over the past
three years and reported no obstacles to recertification. Genuine recognition of the exemplary conduct of
ONERA during the Covid-19 crisis.
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Defense Innovation Digital Forum:
strong presence of ONERA 
Franck Lefèvre, Director of technical programmes at ONERA,
participated in the "Anticipate success with new disruptive
technologies" round table to highlight the skills of ONERA in
disruptive technologies. He notably spoke of the cold-atom quantum
gravimeter project intended for use by SHOM, the French navy's
hydrography and oceanography department (GIRAFE2 system),
and the BLAST (Boost and Leverage Aerospace and Defense
Technologies) technology transfer programme.

Despite turbulent times, ONERA remains steady
through the confidence of its parent administration

ONERA on the COVID front line

A t the Board of Directors meeting of October 2020, a hugely important milestone
was reached with the signing of three unprecedented agreements. These aim to
reinforce the career attractiveness and modernise the workplace at ONERA, with

a budget exceeding €10 million. This vote represents a further step in the approach we
adopted in 2014 to ensure appropriate recognition of the excellence of ONERA employees.
In a context that remains uncertain for the aeronautical industry, this expression of trust
is exceptional. The board meeting also proposed that Bruno Sainjon's role as CEO of
ONERA be renewed, confirmed by the Council of Ministers on 16 December 2020.

Aviation recovery plan and zero-carbon aviation
The French government's recovery plan represents a powerful lever to speed up the actions
already engaged by ONERA to reduce the environmental impacts of aviation. In 2020,
amongst other projects we can point out ENERGIA (joint project on alternative fuels along-
side Airbus, Safran and Dassault), E2IM (wind tunnel tests and numerical simulations of an
aircraft configuration with different engine positions), and IMOTHEP (analysis of electrical
technologies for hybrid electric propulsion), selected by the European Commission and
coordinated by ONERA.

Alongside the generosity of ONERA in donating personal
protective equipment, our personnel stepped up to deal
with the situation, providing resources and scientific
expertise.

Solidarity 
Mask donations

The Toulouse and Fauga-Mauzac centres responded to the
appeal from the Occitanie Ouest regional delegation of the
CNRS, by producing 3D-printed visors for the region's
caregivers. Elsewhere, the three centres in Île-de-France
donated 11,000 masks and 2,200 pairs of nitrile and latex
gloves to the Île-de-France regional health authority.

Science to face the crisis 

ONERA contributed to wide-scale mobilisation, providing
resources and expertise to test filter materials used to
manufacture face coverings for the general public. In under
a month, ONERA adapted the subsonic wind tunnel. One
of the primary difficulties was to create and measure a
stable airflow to enable fine particle seeding representing
a virus-laden aerosol. To do this, ONERA installed a laser
tomography air flow visualisation system to verify the
quality of the seeding.

ONERA in the front line of the climate change
observatory 
The Space Climate Observatory (SCO) was officially launched by the
French President in June 2019 at the Salon du Bourget trade convention.
It comprises 27 space agencies and international organisations. By virtue
of its acknowledged expertise in spatial observation, ONERA is a permanent
member of this committee.
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Space will undoubtedly be a theatre for confrontation.
What do you expect from military space research? 

Today, space is central to our military operations, especially
for telecommunications, intelligence activities, drone use,
and geographical information. In 2021, no military operation
is undertaken without using space assets; it is one of the
characteristics of the operational superiority of western
armed forces.
But our military dependence on space is also a potential
vulnerability, which opens up a new field for conflict. We are
also observing the emergence of military space commands on
all continents. 
To preserve our assets and our strategic autonomy, France
must therefore continue to invest in accessing and operating in
space, while protecting its space vehicles. 
In this field, aerospace research plays a fundamental role.
Firstly, to work on the design of future launch vehicles to ensure
autonomous access to space for Europe, bypassing the unfair
limitations imposed by certain New Space players. Then, to
develop new, more accurate space surveillance systems.
Lastly, research is essential to ensure France has the active
means to protect and operate around our satellites and prevent
their seizure, ransom, or other threats. Here, ONERA plays a
central role in developing technology solutions aimed at
replacing the GRAVES system, working on power lasers,
or imagining near-Earth orbit space operations against
hostile objects. We are aware that the success of the ARES
programme will undoubtedly be due to the excellence of
ONERA's work.

What do you expect from the FCAS programme?

The Future Combat Air System (FCAS) is the major programme
for the aeronautics industry in France and Europe for the next
fifteen years. It is preparing what European military aircraft
fleets will look like until 2080. 
The challenges are technical ones: the aim is to develop
solutions for stealth, connectivity, drones, sensors, and engines,
which will all involve significant technological advances.
In most of these fields, our research programmes have
important targets to meet: Europe is notably lacking fifth
generation fighters since it will transit directly from the
Rafale and the Eurofighter to a sixth-generation fighter.
Some challenges are also industrial, as cooperation between
major European prime contractors and leading research
bodies is a core factor in the success of the FCAS. As just
one example, the success of ONERA's contribution to the

development of new-generation high-temperature turbojets
is an essential condition for the success of the Next Generation
Fighter.
But the challenges are above all political, because the FCAS
marks a major milestone in the convergence of the strategic
interests of France, Germany, and Spain, in terms of Europe's
technological autonomy and military requirements. It is a
decisive step for defense in Europe, which is primarily based
on our capacity to identify innovative technological solutions.

Strategic autonomy is a major issue. What can ONERA
contribute?

In our industrial and digital world, freedom also requires
technological expertise, alongside a unilaterally deployable
defense system and assets. These are just some of the
singularly new and technologically far-reaching strategic
autonomy questions we face. 
In 2021, our democratic model, our political freedoms and the
upholding of our values would not be possible without
scientific excellence, which cannot be limited to military
capabilities alone. Even though the autonomous use of
latest-generation fighters and missiles are fundamental rights,
France must also be able to protect its mobile phone network
systems, satellite communication systems and surface
observation assets without depending on another State, which
could demand financial consideration for its support. 
It is clear therefore how important research is, and our
political programmes since the end of the Second World War
have integrated research into a European destiny that we
constantly seek to strengthen. 
By working on drones, counter-drone technologies, hypervelocity,
ballistic missiles, early warning systems, hybrid electric
propulsion, future space launch vehicles, adaptive optics or
optical communications, ONERA is confidently preparing the
essential components of strategic autonomy we require for the
future. 

Françoise Dumas
MEMBER OF PARLIAMENT FOR FIRST CONSTITUENCY OF GARD,
CHAIR OF THE NATIONAL DEFENSE AND ARMED FORCES COMMITTEE 

“ONERA is firmly preparing essential
components of the strategic autonomy

required in the future”
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What is your role in the relationship
between the Senate and ONERA? 

They say that money is the lifeblood of war, but first it must be
used to fund research and innovation. There is no doubt that
the aerospace research that has been ONERA's core activity
since it was established in 1946 has enabled France to build
a defense industry to protect its national sovereignty.
Aerospace represents a major field of excellence for France.
The sector generates jobs across the nation's regions and must
be protected in its entirety. The role of the Senate, and mine as
the budget reviewer for the Senate committee on international
affairs, defense and armed forces, is to secure funding for
upstream studies on large capability programmes. Although
we can be happy that awareness levels have risen, resulting in
the growth in funding for these preliminary studies from
€720 million to €1 billion under the 2019-2025 defense
spending programme, we must remain vigilant. The Senate has
supported ONERA throughout the 2017-2021 contract of
objectives and performance (COP) period. And although
2021 is marked by a slight rise in State funding from
€106 million to €110 million, the effort needs to be intensified
over the coming years. I will therefore continue to support
ONERA so that the negotiations for the upcoming 2022-2026
contract of objectives and performance will be at the same
level of scientific excellence.

How do you consider ONERA as a player in preparing
military armament programmes?

Our armed forces are amongst the few in the world to cover a
full spectrum of military operations, and certainly the only in
Europe to cover the strategic field, from nuclear deterrence to
satellite intelligence. We are entering a period of upgrades for
major arms programmes - Future Combat Air System (FCAS),
third-generation nuclear-powered ballistic-missile submarines
(SNLE 3G), observation satellites, etc. - for which research into
advanced technologies and disruptive innovations will be
essential.
In this respect, ONERA's skills in deterrents, defense systems,
intelligence and anticipation, and air combat systems are a
considerable asset for the strategic autonomy of our country.
The development of a space defense strategy for 2030
will make ONERA a key player in future partnerships.
Its personnel boast highly specialised qualifications
and experience in these essential areas of our future work.
Consequently, it is just as important to be attentive to the issues
of human resources and career prospects.

What concerns do you have about defense
technology trends?

The 2021 update to the 2017 strategic review clearly highlights
the risk of arms reductions in light of new powers emerging in
certain regions (Eastern Mediterranean, Middle East, etc.) and
the global competition observed between China and the USA.
It has also identified new issues such as cyber defense,
artificial intelligence, drones, intelligence and space. It is what
I would call "top down" competition, which requires high
funding and a real vision, even on a European level. I hope
that the health crisis and the budget cuts affecting the
European Defense Fund (EDF) will not have overly damaging
consequences. Furthermore, we should not miss any future
technology, as for the regrettable case for drones, where
Europe is having to pay dearly to catch up. But there are also
all the issues surrounding "levelling-up technologies" from
the civil sector, accessible to all - government bodies or not -
and at low cost. We need to be able to counter them, but with
a firm rein on costs, and continue our efforts to absorb civil
technologies and move closer to short development cycles.

Our capacity to adapt to this new environment raises at least
two questions, namely how to:

• better identify, budget and finance research on disruptive
technologies and open innovation;

• better secure the economic, financial and legal environment
of the European Defense Technological and Industrial Base
(EDTIB).

We must ensure that players outside the defense community
understand the benefit of a virtuous circle in which ONERA has
a central role to play between defense technology trends and
EDTIB contractors, to serve national interests. 

In conclusion, from recent observations of the Court of Auditors
about defense innovation, I noted the need to make efforts
to prepare for the future and strengthen the development
of strategic French influence in Europe, to benefit from all
opportunities offered by the EDF. 

Pascal Allizard
SENATOR FOR CALVADOS,
VICE-PRESIDENT OF INTERNATIONAL AFFAIRS,
DEFENSE AND ARMED FORCES COMMITTEE

“Research into advanced
technologies and disruptive

innovations will be essential”
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What is your vision of the challenges facing European
research and innovation with the new Horizon Europe
and European Defense Fund projects? 

We are facing huge challenges such as climate change, the
digital transition, protecting our values, and developing our
strategic autonomy. Research and innovation are essential to
meet these challenges in preparing for the future. Without
them, there can be no industrial momentum! This is why I am
pleased, for example, with the improved budget we obtained
from the European Parliament for the European research
programme Horizon Europe.
We are also at a pivotal time for European defense, in particular
our industrial defense capabilities. Europe needs to invest more
in defense research and above all, move forward together.
We can't continue having 27 different types of military
equipment across the EU.
On this point, I convey my immense gratitude to ONERA for its
contribution over the past two years, to eight projects submitted
to the EDIDP (European Defense Industrial Development
Program) and to three PADR (Preparatory Action on Defense
Research) projects. These two calls for projects preceded
the new European Defense Fund created in 2021, which is a
major step forward for European defense.
More than ever, European R&I needs institutions like ONERA
with a long-term vision and capable of engaging in co-
constructing programmes alongside the European Commission.
I am also very happy that France plays a leading role in this
field, both in civil aviation and space research, and also in new
defense systems, mainly through ONERA. 

As a member of the European parliament,
how do you see the concept of strategic autonomy, 
and what role do you see for a research center
such as ONERA in such a concept?

The primary aim of strategic autonomy is to reduce our
dependence on third-party countries in strategic fields, but also
to produce more in Europe, even relocating certain production
assets on very specific segments necessary to our autonomy.
Defending Europe's strategic autonomy also enables the
European Union to remain at the leading edge of technology
development, whether for civil or military applications. If we
depend on third-party country technologies for our security,
there is always a risk of our access to that technology being
prevented in a crisis situation, therefore putting our security
at risk. I consider that the scientific and technological expertise
of ONERA, alongside its world-class facilities, enable it to

contribute effectively to Europe's sovereignty and strategic
autonomy. As an example, I could cite the GRAVES system,
which is used to track low-altitude orbiting objects, and which
has made France and Europe leading players in space
surveillance systems.

One of the major issues of our time is climate change.
What is your perception and what contribution
can ONERA make? 

It is fundamental to consider the climate crisis and biodiversity
in all public policies, which we do across Europe through the
European Green Deal. 
I think that ONERA has a key role to play in the implementation
of this Green Deal. Thanks in particular to the aeronautical and
space resources it has already developed, ONERA has made a
vital contribution since the outset. For example, I'm thinking of
Earth observation from space, an area where ONERA is highly
active, bearing in mind that 26 of the 50 variables defined by
the Intergovernmental Panel on Climate Change (IPCC) can only
be effectively observed from space. 
Furthermore, I feel that ONERA has an essential role to play
in the development of zero-carbon aircraft, whether electric or
hydrogen-propelled. Europe is already a leader in aeronautics
and it must not 'miss the boat' on the issue of green aircraft.
Here, ONERA can significantly stand out through substantial
European cooperation. 

Christophe Grudler
FRENCH MEP, MEMBER AND VICE-COORDINATOR OF THE RENEW EUROPE GROUP,
MEMBER OF THE INDUSTRY, RESEARCH AND ENERGY COMMITTEE (ITRE),
DEPUTY MEMBER OF THE NATIONAL SECURITY AND DEFENSE SUB-COMMITTEE (SEDE),
VICE-PRESIDENT OF SKY & SPACE INTERGROUP. 

“I want to congratulate
ONERA”



Internal resources: 
€120M

Grant from public
service charges:
€114M

Order book value: 
€120M

Net income: 
€237K

49%51%

1716
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PROCUREMENT
ONERA works mainly with SMEs in all its centres, across all regions. 

In 2020, ONERA did business with 1,620 SMEs (vs. 1,776 in 2019).

Breakdown of contractual activities by purpose:
Regional breakdown of purchasing volumes
with SME partners:

Breakdown of purchasing volumes by size of business, 2020:

SMEs
< 250 employees 

49,6%

Medium-sized
companies

250-500
employees 

2,4%

Public sector
institutions 

1,2%

36%

2%

28%10%

21% 3%

European
Union 

7,2%

Third-party
countries 

0,5%

Large
companies 

39,1%

split between: 

• €25.9 million for current operations;

• €7.5 million for the ATP programme to upgrade wind tunnels, following the
grant of a loan from the European Investment Bank (EIB);

• exceptional grants: €1.6 million from the DGA for work to reinforce the large
wind tunnel in Modane and €1.2 million for the PRISME project to
consolidate the three Île-de-France centres.

BUDGET
€234M

I N V E S T M E N T

€36.2M
(2019: €33.1M)

Key figures 2020

€
€

DEFENSE SPACE COMMERCIALIzATIONAERONAUTICS

38% 13% 7%42%
Hauts-de-France

Île-de-France

Auvergne-Rhône-Alpes

Occitanie

Provence-Alpes-Côte d'Azur

Other regions
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I n the midst of a crisis, when research reminds us of how essential it is to innovation,
ONERA has kept an even keel. To further its scientific and technical ambitions, it not only

continued to recruit in 2020, but aims to do likewise in 2021. Objective: prepare for the green
aviation of the future, supported by the government as part of France's recovery plan.

Including engineers, technicians, management and employees, almost
160 people joined ONERA in 2020! Moreover, for ONERA to fulfil its
mission of research-led education, over 300 doctoral students worked
with it in 2020, and a high number of internships were offered, with
more than 240 students taking them up. For ONERA, this is the result
of a proactive recruitment policy, intended to bolster its capacity to
design and develop technologies capable of handling the aerospace
challenges of the future. ONERA has successfully faced up to the health
crisis without altering its ambitions. To adapt to the context, the HR
team and management modified their recruitment methods. In addi-
tion to participating in a dozen e-forums, ONERA held its own virtual
forum for technicians in October 2020, offering greater visibility for its
experimental activities.

Sami Taïeb, test bench technician in the multi-
physics department for energy, joined ONERA
in 2020. He says "there's never a dull moment.
My job ranges from assembly to building
mock-ups, from installing instrumentation to
even running tests. In fact, I prepare everything
from A to Z, to make sure there are no hiccups.
You need to be rigorous, because the test
resources are very demanding tools. But for
anyone interested in advanced technologies
and environmental issues, this job is for them."
A testimonial that underlines the varied and
technical nature of experimental activities at
ONERA, and also the contribution of techni-
cians in how they support research conducted
in scientific and technical departments.

Recruitment: ONERA maintains the pace

H U M A N  R E S O U R C E S

18

ONERA people

1,568 engineers and management
281 doctoral students • 27 post-doctoral researchers
241 technicians • 189 employees • 1 worker
32 work/study placement students • 244 interns
25% women
Gender equality index: 89/100

2,031 employees

7,302 hours of teaching per year in higher education
establishments (Grandes Écoles and universities)

315 peer-reviewed conference papers
243 peer-reviewed journal articles
1,068 technical reports

79 doctoral theses defended
8 “habilitations” (HDR) defended
110 “habilitations” (certifications to conduct research)

159 recruitments
including 87 engineers,
40 office employees/management,
30 technicians and 2 directors 

Hiring figures by region:
Hauts-de-France: 7
Île-de-France: 97 
Auvergne-Rhône-Alpes: 
17 Provence-Alpes-Côte d’Azur: 4 
Occitanie: 34

106 permanent and
43 fixed-term contracts

10 work/study placement students 
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you joined us in August 2020 after
working at Thales, Harvard University,

and the Kastler Brossel lab. Why did you choose ONERA? 

I was highly influenced by Emmanuel Rosencher, former
scientific director at ONERA, who was my professor at the
École Polytechnique, and whose passion for creating new
applications from the most fundamental research was very
infectious! Throughout my career, I have remained in touch
with ONERA research scientists, especially the team working
on cold-atom inertial sensors, whose areas of research were
similar to mine. ONERA is working at the cutting edge of
mobile cold-atom gravimeter technology and was recently
asked by the Ministry of Armed Forces to provide several of
these sensors for the SHOM*. This is a remarkable example of
developing a new operational instrument from quantum
technologies! 
But it is not the only quantum technology studied at ONERA:
other research is conducted on varied applications such as
space communications, detection, and high-performance
computing. 
Finally, my desire to join ONERA resonated with the scientific
department's strategy to structure current programmes
concerning quantum technologies.

Could you tell us more about these famous
"quantum technologies"?

govern the behaviour of particles at a microscopic scale.
The theory was developed in the 20th century by big names in
physics, such as Einstein, Heisenberg, Schrodinger and
De Broglie. It enabled a certain number of major innovations
that transformed society, such as lasers and semi-conductors
(sometimes referred to as the "first quantum revolution").
In return, certain of these applications have opened up new
avenues for researchers, especially the control of elementary
particles and their interactions. These interactions are in
turn opening up further applications, until now unimagined,

concerning computers, sensors and secure communications
systems. This is the "second quantum revolution" supported by
the French government, as shown by the President's recent
announcement of the "national quantum plan" at the Plateau
de Saclay.

What are your missions and how does ONERA
enable you to fulfil them?

I have two primary missions. The first is to develop a new
research activity aiming to study a new type of electromagnetic
field sensor, using individually controlled atoms placed in
extremely excited states, or Rydberg states. These mechanisms
could be used to map electromagnetic fields with unrivalled
levels of accuracy, and such a platform could be used in
applications for quantum computations or simulation.
My second mission is to consolidate current research efforts on
quantum technologies within ONERA and to assist in their
development. To achieve this, we are going to create a cross-
disciplinary quantum physics lab at ONERA, based on the
LMA2S applied mathematics lab model, to strengthen
interaction within ONERA and our external visibility. I am
convinced that thanks to the ONERA research professionals
I have met and their passion for these subjects, there is fertile
ground for the development of quantum technologies, which
enables me to tackle this new challenge with optimism!

*French Navy's hydrography and oceanography department

Preparing jobs of TomorrowsONERA supported and transformed

D espite the health crisis, we achieved the objective of boosting ONERA's attractiveness, both
in terms of pay package and quality of life at work! 

Funding for these measures depends both on a €4 million per year increase in grants to ONERA,
and on its good financial health. This performance differs from the rest of the aeronautics
sector under the current situation and offers a positive outlook to ONERA and its 2,000 people.

Throughout 2020, in parallel to intense discussions enabling
us to integrate staff representatives in the decisions to ensure
continuity of activity, three unprecedented agreements were
reached with the labour unions.

• The first agreement concerns the pay policy, which has
significantly raised the attractiveness of careers and loyalty
within the organisation.

• The second agreement sets out the criteria for a first profit-
sharing programme to enable all employees to benefit from
our performance.

• The third agreement follows on from the efforts to improve
and modernise the work environment in a variety of aspects:
remote working, business travel, commuting expenses,
donation of days, right to disconnect, etc. 

This exceptional modernisation of ONERA's work environment
supports the collective efforts made throughout the health
crisis and throughout 2020 to ensure continuity of activity in
observance of sanitary requirements.

H U M A N  R E S O U R C E S

Towards the second
quantum revolution!

Questions to Sylvain Schwartz, research engineer in the physics department

iS
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Other notable awards
R&T Expertise award from Safran Aircraft Engines to the whole multi-physics for energy department at ONERA 

Prize for best presentation of doctoral work, awarded by Safran Aircraft Engines to Thomas Berthelon

Thesis prize awarded by the Isae-Supaero foundation to Erwal Lecarpentier

The Grand Prix Scientifique award created by the Fondation Charles Defforey was
given to a team of scientists including Thierry Fusco, director of optics research at
ONERA. The award recognized the project "Imaging new worlds, preparing the next
generation of exoplanet imaging systems". Thierry Fusco coordinates joint scientific
work on adaptive optics, and as part of an integrated team linking ONERA with
Marseille-based astrophysics lab LAM, the new generations of very high-resolution
instruments for astronomy.

A plethora of scientific awards:  let’s maintain our momentum!

OPTICS - INSTITUT DE FRANCE
SCIENTIFIC AWARD

Beatrice Fragge is the 2020 winner of the Amelia Earhart prize awarded by ZONTA.
She is currently in her second year of a PhD at ONERA (co-funded by ONERA /
aeronautical-astronautical doctoral school) and conducting research on the
development of an ignition system based on microwave circuitry, suitable for time
reversal and capable of igniting an aeronautical combustion chamber. Objective:
optimize the ignition of an aircraft engine under critical conditions, such as altitude or
low temperatures.

COMBUSTION - AMELIA EARHART AWARD
FOR ONERA FEMALE DOCTORAL STUDENT

One of France's academy of air and space AAE 2020 medals went to three former
ONERA researchers: Frédéric Feyel, director of Modelling and Simulation at Safran
Tech, Georges Cailletaud, professor at Mines-Paris Tech, and Jean-Louis Chaboche,
honorary director of research at ONERA, for their contribution to the mathematical
modelling of aeronautical materials. They all worked on developing the computer code
fully dedicated to the numerical simulation of material behaviours, Zset-Zebulon, which
has become the go-to software package.

NUMERICAL SIMULATION AND MATERIALS
ACADEMY OF AIR AND SPACE MEDAL

Baptiste Fix was a doctoral student at ONERA from 2015 to 2018, funded by a DGA grant. He received one of
the three thesis awards presented by the Defense Innovation Agency for his work on nano-photonics applied to
infra-red detection. His thesis analysed "infra-red photo-detection by dual-photon absorption in nano-structured
diodes". It opens extensive perspectives for the development of more compact and less expensive infra-red
detection systems, given their operation at ambient temperature in civil and military fields (air analysis, gas
detection, night vision, etc.). Baptiste Fix is now head of the ONDA lab (optoelectronics of nanomaterials and
related devices) at ONERA.

PHOTONICS AND NANOMATERIALS
DGA THESIS AWARD ON FUTURE SENSORS

Majd Daroukh and Cyril Polacsek won first prize, as did Alain Chelius, who recently
left ONERA. Their paper entitled "Shock Wave Generation and Radiation from a
Turbofan Engine Under Flow Distortion" studies the aerodynamic phenomena
generated in new-generation aircraft engines.

Étienne Terrenoire achieved third place for his paper on "The contribution of carbon
dioxide emissions from the aviation sector to future climate change", which also
studies the complex phenomena of aircraft engines, and more specifically the impact
of polluting emissions on climate change.

AERODyNAMICS AND COMBUSTION
EREA BEST PAPER AWARDS:
ONERA IN FIRST
AND THIRD PLACES

Fabio Naddei was presented with the prestigious Paul Caseau award from the Académie des Technologies,
sponsored by EDF, for the quality of his thesis work at ONERA: "Adaptive simulation of large-scale turbulent air
flows based on a discontinuous Galerkin method." The original nature of the work is that it simultaneously
considers and finely adapts to the architectures of these network adaptation techniques. Such progress is essential
to enrich the classic finite volume methods for certain types of industrially important simulations, such as the limits
of an aircraft's flight envelope. 

NUMERICAL SIMULATION AND AERODyNAMICS
CASEAU PRIZE AWARDED TO ONERA DOCTORAL STUDENT 

Pierre Cordesse won the 3AF thesis award: co-funded by ONERA and French Space
Agency CNES, in close cooperation with the Centre for Applied Mathematics of the
École Polytechnique, the work of Pierre Cordesse concerned combustion instabilities in
cryotechnical rocket engines. 

Thierry Fusco received the "Success" award from 3AF, his third award of the year and
justly deserved for his exceptional work. Between 2004 and 2014, under the leadership of Thierry Fusco, ONERA,
a world leader in adaptive optics, developed the SAXO system integrated into the SPHERE instrument. For the past
five years, the system has been used on one of the four 8-metre diameter mirrors on the European Southern
Observatory's Very Large Telescope in Chile. 

ONERA's contribution to the 2020 Nobel prize for physics was also recognised: optical instruments designed by
ONERA were used by one of the winners of the 2020 Nobel prize for physics.

Dimitri Goutaudier won the 2020 "young active" prize awarded by 3AF for work presented in his article
"Detecting impacts by vibration monitoring: a strategy to improve the maintenance of engineering structures".
Dimitri graduated from École Centrale in Nantes, and worked on a thesis at ONERA and CNAM, sponsored by
Airbus. Currently he holds a post-doctoral position at CNRS, with the aim of developing a numerical method to
simulate damage to composite materials by laser impact.

These three award winners are members of the ALUMNI-ONERA association.

COMBUSTION AND OPTICS - 3AF AWARD 2020:
TWO OUT OF THREE WINNERS ARE FROM ONERA

A W A R D S
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Adaptive optics l
A world first in retinal imaging 

Adaptive optics (AO) raises the quality of
medical imaging by offering real-time
compensation of optical aberrations
(deformations) introduced by the eye.
Image resolution remains limited
nonetheless: to compensate for defects
and achieve a super-resolution with optical
sectioning (isolating focal planes of the object
observed), ONERA adapted the structured illumi-
nation technique, initially developed for microscopes, to
an OA retinal imaging system installed in the Quinze-Vingts eye hospital in
Paris. The results obtained represent the first demonstration in the world.
This technique will soon enable ONERA to obtain retinal image resolution
beyond the theoretical diffraction limit. 

Additive
manufacturing I
First production of
highly complex large
metal parts 

Two projects - PROMIS (Carnot)
and MATRIS3D (ONERA funds) -
have enabled the validation of
additive manufacturing of wind
tunnel mock-ups, with notable
benefits: simplified design,
reduced costs and manufacturing
times, improved surface quality,

etc. Validated on the case of a winglet, this technique is now applied in
S1MA wind tunnels. ONERA built large-scale parts, i.e. the wing of an aircraft
mock-up, in a single piece with no possibilities of disassembly. A test
programme on fatigue behaviour indicates that additive manufacturing is
indeed compatible with the mechanical stresses caused by aerodynamic
forces in wind tunnels.

Refractometry | A high temperature measurement
bench for aerospace applications

Windows are often subject to severe conditions (such as high temperatures).
If they protect a sensor such as a missile seeking unit or a position
adjustment system, the error tolerance is extremely small. With the aim of
learning the amplitude of these disturbances, a measurement bench for
refractive indexes at high temperature was developed as part of an ONERA
project. It enables measurements up to 1200°C or even more, in visible light
and infra-red, with accuracy to the order of 10-4. This will aid in selecting
appropriate materials..

Impacts on structures I A new multi-instrument
air launcher bench

This new equipment was designed to increase the experimental capacities
for structural impact tests (debris, ice, birds, etc.). The launch system is
motorised and three different barrel diameters are available. The axis of the
barrel can be finely adjusted in relation to the test structure. It now enables
test missile speeds of up to 240 m/s. The bench will soon be used for
debris impact tests on composite panels, as part of the Cleansky 2 ADEC
programme. It meets the new requirements expressed by clients and ONERA
research engineers.

Materials I Monitoring
composite damage 

As part of an ONERA thesis, micro-mechanical
bending and tensile tests were carried out on
oxide/oxide composite materials in a scanning
electron microscope. These tests produced
resolution levels that reveal defects which are

impossible to detect using conventional optical techniques, and enable better
understanding of the mechanisms of damage for the design of new-
generation aircraft engine afterbody systems. Analysis of their local variations
highlighted separations and cracks approximately 250 nm across.

Materials l
New capabilities
for the ONERA
atomisation tower

ONERA has acquired a new
asset to extend the capa-
bilities of its atomisation
tower: a new induction
heater to spray larger metal
alloy bars (up to 75 mm
diameter), which increases
the range of cases handled
and offers an improved re-
sponse to client needs. Observations reveal time savings and greater accu-
racy. Comparisons with other facilities of the same type to better
understand scale factors between an R&D tower and an industrial produc-
tion tower are made easier.
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Numerical
simulation I
Expertise in
geometrical
complexity of
rocket afterbody
system

Under a contract with French Space Agency CNES, ONERA conducted
massive ZDES numerical simulations (Zone Detached Eddy Simulation) on the
PPH prototype for the Ariane 6 launcher. To integrate the geometrical
complexity of the prototype, ONERA successfully implemented the
numerical strategy developed for Ariane 5. The supplementary results of the
computations and tests revealed unexpected changes in phenomenology.
The ZIBC strategy, which turns out to be an efficient method of predicting
unsteady forces and dynamic loads on space launch vehicles, will be
used for reusable vehicles such as CALLISTO, THEMIS, ARIANE, NEXT
and ARIANE ULTIMATE.

Aerodynamics I Wind tunnel test on distributed
electric propulsion systems 

The BLISARD (Boundary Layer Ingestion and Aerodynamic Design) research
project is working on various distributed propulsion configurations with
ingestion of the boundary layer (therefore potentially concealed). The tests
conducted in the L1 wind tunnel at ONERA Lille aimed to quantify the
potential gains and losses related to this architecture and to highlight the
phenomena and key parameters required to integrate it into an aircraft.
The engineers analysed the aerodynamic coefficients of the wing
(lift, drag and moment) relating to low-speed stall, but also beyond stall, to
see if such a configuration were possible. The complexity of integrating all
the constituent elements of the mock-up and onboard instrumentation is a
genuine technical achievement.

Metrology
in wind tunnels I
Advances in
pressure
measurement 

Measurement using PSP (pressure sensitive paints) is used to identify surface
pressure distribution on wind tunnel mock-ups. Using recent developments
in optics (LED illumination and low-noise camera), a new method has been
developed: it offers the dual benefits of using a paint with a simpler
formulation and requiring less complex image processing. Applied to a test
case of interaction between shock wave and transonic boundary layer at
Mach 1.2, this technique will progressively be more widely adopted.

High-speed communication I
Enhanced experimentation platform 

Industrial developments in smart or autonomous vehicles will entail much
greater needs for high-speed communication. To achieve this, it is essential
to characterise the mobile propagation channel, and ONERA has fully refitted
the PROMOLAB (Propagation Mobile Lab) platform accordingly. With a new
broadband channel scanning system, it can now capture a signal between
9 kHz and 6 GHz. With the participation of CNES deploying its own SIMO
receiver system onboard PROMOLAB, ONERA achieved several minutes of
signal acquisition over a journey comprising urban installations (buildings,
sign boards, street lamps) and trees. After the data are analysed, the results
will be compared with the models developed by ONERA.

Drones I Completion of the ERA study on the
standardisation of European drones 

The ERA (Enhanced
ERPAS Automation) proj-
ect run by the European
Defense Agency (EDA)
initiated in 2016 was
discontinued in Septem-
ber 2020. It contributed

to creating industrial standards forming the technical and procedural
benchmarks for the certification of certain drone functions in Europe. These
include automatic take-off and landing, auto-taxi, automation and emer-
gency recovery of drones as per the EUROCAE (European Organisation for
Civil Aviation) standardisation process. It also involved a wider community
of stakeholders, for example EASA (the European Union Aviation Safety
Agency). ONERA directly contributed to creating the standards and to the
demonstrations, supplying data fusion and steering-guidance software.Chemistry I Analysis of air pollution emissions 

Tests conducted for the ANR UNREAL project simulated the ageing
processes of different fuel emissions in atmospheric air. The main aims: to
study the formation of volatile particles in engine exhaust gases and their
possible relationship with the composition of the fuel, establish a sampling
protocol for their measurements that can be used in certification processes,
and determine the impact of the chemical composition of the fuel on their
physical and chemical properties. ONERA's CAST generator was used, as
well as the CESAR measurement chain, to enable the characterisation of the
ultra-fine particles.

Aéroélasticité I Advanced simulations
of an engine component 

For the first time, ONERA was able to
analyse the aeroelastic behaviour of a
SAFRAN HE centrifugal compresso
in a 360° model across all channels,
with integration of the multi-stage envi-
ronment. These aeroelastic simulations
using the elsA CFD solver evaluated the critical aerodynamic absorption for
a set of compressor vibration modes and highlighted the sensitivity of this
absorption to external temperatures (observed during tests).

Aerodynamics I Designing a new aircraft shape 

In the European U-HARWARD project, the expertise of ONERA acquired over
ten years was put to good use: in 2010 ONERA initiated an internal project
called ALBATROS (French acronym for ''laminar strut braced wing with
reduced drag by multidisciplinary optimization''), the aim being not only to
assess and quantify the potential benefits of the braced high-aspect ratio
wing, but also identify its critical points. High-fidelity studies on structural
aerodynamics were conducted using aeroelastic analyses and simulations to
assess flight properties. Macro analysis identified a potential reduction of
7% in fuel consumption versus a conventional architecture. 

Turbojets I Better resistance of intermetallic
materials to oxidation 

In a backdrop of reducing the weight of turbojet engine structures and higher
engine internal operating temperatures, the POTENTIEL project aimed to
improve the oxidation resistance of titanium aluminide alloys. These materials
are increasingly in demand for the 650-850°C temperature range, but they
oxidise at these very high temperatures and become corrosive. In response,
ONERA has designed and defined more efficient protective coatings, using
powder technology to adjust the composition.

Aerodynamics I Better analysis of stalls 

A test programme with the aim of creating a database on experimental stall
data to validate the abilities of numerical methods to predict this
phenomenon has just been completed at the F2 wind tunnel in Fauga
Mauzac. The database for each type of stall will provide better understanding
of the stall phenomenon on aircraft wings. This experimental programme
was conducted as part of the PANDA (prediction and analysis of wing stall)
and ARENE (collation of data in the reconstruction of numerical and
experimental air flows) research projects.

Aeroacoustics I Improved quality of measurements
yet again at CEPRA19 

To meet industrial demands, ONERA opted to capitalise on CEPRA19 and
improve the quality of its measurements. The improvements made to the
facility, such as the anechoic properties of the measuring chamber, the reduc-
tion in the noise generated by the jet simulator or the wing position in rela-
tion to the exhaust pipe, will enable us to reproduce flight conditions for the
UHBR ((Ultra High Bypass Ratio) engines of future aircraft generations.
Currently CEPRA19 is capable of measuring low levels of jet noise. In 2020,
tests conducted for Airbus and Safran Aircraft Engines offered the following
observation: the air jet / wing interaction noise is characterised by a localised
component on the flap trailing edge and which very largely dominates the
other low and even medium-frequency sources

Drone I A new, lighter and more agile
drone-compatible SAR system 

SARLight, a drone-mounted, light-payload SAR radar imaging system for
research is now part of the CARACAS internal project (compact radar sensors
for light drone applications). An initial version of SARLight was evaluated
during a test programme in late September 2020. These flights identified
improvements required to achieve a genuine measurement system. Its small
size and light weight enable this resolutely innovative sensor to offer new
types of trajectories and measurements, opening new possibilities firstly for
research, with a potential for future civil and military applications. The main
benefit will be the cost of implementing the sensor, which will open up new
markets for this remote detection technology.
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Future defense
systems

D E F E N S E

Today, ONERA is a major player in paving the
way for greener civil aviation. It remains
fully devoted to its original mission of
preparing defense and aerospace systems
for the French armed forces.
As a government expert body, ONERA is
supported by its parent administration to
conduct the research and design work
required to maintain our operationa
military superiority.

Revamped ASMPA
On 9 December 2020, the first test launch of the ASMPA enhanced air-
to-ground medium range missile (renovated version - ASMPA-R) was
conducted successfully. ONERA made a significant contribution
alongside the DGA, France's Defense Procurement Agency, and
industrial operators. Indeed, since the creation of the airborne
component, ONERA has participated in studies on high-speed
vectors, with a view to improving performance and proposing new
compromises between speed and stealth. Through its research
programmes, it supports industrial operators in ground and flight
demonstration phases, preparing the renewal of the defense
component: bench tests at Palaiseau and wind tunnel tests in the
Modane facilities, which are constantly maintained in their best
conditions. ONERA's specialist skills also lie in the development of
computer code. These codes are used to finely predict all the
operational conditions for air propulsion systems that will need to operate
in an increasingly wide flight envelope. 

Ballistic expertise 

On 12 June 2020, the successful launch of the M51 strategic missile
(with no nuclear payload) again highlighted French expertise.
On this occasion, ONERA's contribution was spotlighted by the DGA.
ONERA has a long-term commitment to upstream research, to develop
and sustain its skills in parallel to industrial developments, to support
operators in such programmes. This work covers multiple subjects
such as aerodynamics, energy, electromagnetic factors, materials, etc.,
with a particularly extensive focus on solid-fuel propulsion and the
development / validation of the CEDRE code.
During the launch tests, ONERA is regularly involved in lightning safety.
For the last launch, it took part in measurements using the very long
range ground radar demonstrator (DR LTP) developed jointly with
Thales. Lastly, ONERA is preparing a new airborne resource to make
even finer observations of flight tests.

Deterrence: the outcome of upstream research to support
governmental stakeholders and industrial operators
Whether ballistic or airborne, whatever the components, ONERA delivers deterrent systems built
using its research potential developed over several decades. 

Forty years of research on ramjets
In the 1980s, ONERA was already developing ramjet technology to propel the ASMP, France's first strategic air-to-
ground cruise missile. This system, which was replaced by the ASMPA enhanced version, is currently being revamped.
Throughout this period, ONERA has supported the industrial operator with its research work to evaluate new technology
options, then as a government expert during the development phases. Today, ONERA continues to prepare for the future,
with ground test benches simulating the propulsion of vehicles up to Mach 8 (scramjets), and of course, increasingly
predictive numerical simulations. 

DGA flight tests
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Optronics: spectral signature measurements
for the DGA 
As part of the DIMHS project concerning multi/hyperspectral imaging demonstra-
tors, in July 2020 ONERA performed a series of spectral signature measurements
on different types of military vehicle at the aeronautical research and test centre
CEAM, and the Saumur armoured vehicle museum. This project is co-contracted
by ONERA and OPTROLEAD SAFRAN Electronics & Defense et Thales Land & Air
Systems), with the aim of defining the most efficient multispectral configurations
for various military scenarios, quantifying the contribution of multi/spectral imag-
ing in relation to conventional techniques, and building demonstrators.

Gas detection: participation to a
measurement campaign with
the French Army
In October 2020, ONERA participated in a French
Army programme to acquire data on gases of
interest and to showcase the performance of
multi-spectral sensors in meeting the require-
ments of NBG detection. This programme was the per-
fect opportunity to showcase ONERA instrumentation.
ONERA used its expertise in gas detection gained on civil sector projects to
deploy five instruments. One of the cameras showed the ease of use, reliabili-
ty and detection performance of the resources developed by the center (prod-
ucts were dispersed in small amounts). To make the tools easier to use, ONERA
developed quick-look systems for fast observation of gas plume signatures in
camera spectral bands.

Aerodynamics: breakthroughs in the
study of supersonic air intakes
The OPOSSUM research project dedicated to the aerody-
namics of air inlets on combat aircraft has produced
some key results of undeniable utility to the FCAS (Future
Combat Air System) programme, which ONERA has been
involved in from the outset. Beyond the increasing tech-
nology readiness level of the experimental and numerical
methods, we should remember the importance of model-
ling: a more precise ZDES model, immense time savings
in computation time, and an innovation in terms of airflow
control and metrology techniques. Not forgetting also
that stability analysis has become essential to predict
the surge limit of supersonic air inlets. It provides key
information on the frequencies and spatial structures of
unsteady modes in the air flow.

SAR imaging:
successful detection
campaign to support
military intelligence 
ONERA completed several successful
test programmes to assess the capabil-
ities of a low-frequency airborne SAR

imaging system used to detect buried objects and underground cavities.
Data collected were used to model the scene and extrapolate operational
scenarios. These programmes are part of the DHSS study to detect under-
ground abnormalities on behalf of the DGA, and are of interest to military
intelligence organisations. The tests were carried out on their site where
the soil was similar to that of southern Sahel (fine sand) and in an under-
ground space. Using ONERA's SETHI SAR platform, especially its full-polar-
isation low and high frequency sensors, images of the target area were
taken from various angles. An ONERA team was also present during the
flight tests to calibrate instruments, manage the test with the DGA, meas-
ure soil humidity, dielectric constants, etc. The same measurements were
taken in different seasons to assess the impact of climate variations. These
test programmes are essential to specify the required detection perform-
ance of future operational systems.

Artificial intelligence: an action plan
manager for combat aviation
In late September 2020, ONERA presented a summary of
the work and results of the "Action plan manager"
project to the DGA and Dassault Aviation. As part of the
upstream design programme Man Machine Teaming,
this project enabled ONERA to design and implement
an Action Plan Manager module for combat aviation. This
module determines the actions to be taken by the system
to meet tactical objectives. For each action, it also selects
the type of resources to use and their specific parame-
ters. The module will be integrated into a decision tree
architecture that will assign actions to different platforms
and compute their trajectories.

Quantum technology for the Ministry of Armed Forces
On 29 September 2020, the DGA awarded ONERA a €13 million contract to develop and supply
cold-atom research gravimeters using interferometry (GIRAFE), for use on ships by the French
Navy's hydrography and oceanography department (SHOM). 
Using the subsidy granted by the Ministry of Armed Forces over 15 years ago, ONERA invested
in atomic gravimetry and has been awarded DGA preliminary research contracts since 2006.
This investment has helped to develop a cold-atom absolute marine gravimeter, the main
interest of which is to enable ships to operate autonomously without having to regularly
calibrate their navigation system at dockside or at sea, as is the case for conventional relative
systems.
Its innovative quantum technology also makes this equipment much more accurate than
conventional systems currently in service. The GIRAFE demonstrator was presented at the
2016 DGA Innovation Forum. 

In October 2020, as part of the ongoing
renovation of the GRAVES system, the DGA
validated the first renovated emissions shelter.
After the receiver site was renovated in 2019,
this validation marks the achievement of

an important stage in the modernisation of the French space
surveillance system. The DGA opted for the most ambitious
renovation option. This modernisation will enable it to detect
the growing number of increasingly small satellites in low orbit. 
Once the overhaul is complete, GRAVES will be able to detect
micro-satellites up to an altitude of 1,000 km. Furthermore,
investigations into an innovative method of improving the
accuracy of orbits computed by GRAVES are also under way.
The modernisation work is being done incrementally to ensure
the GRAVES system remains in continuous operation throughout
for air and space defense requirements.

What is GRAVES?

GRAVES is a French abbreviation (grand réseau adapté à la
veille spatiale) meaning large network for space surveillance.

It is a low-orbit space monitoring system with the primary
mission of monitoring the space environment for

military intelligence purposes. It is unique in
Europe and the only operational system

capable of autonomously detecting
and cataloguing space objects

up to an altitude of 1,000 km.

Multi-disciplinary ONERA teams serving Defense needs
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Space surveillance: enhanced performance
by the GRAVES system
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ONERA
a key player
in developing
zero-carbon
aviation 

A E R O N A U T I C S

France's aviation recovery plan provides
ONERA with the essential resources to prepare
the transition to green aviation by 2035.
This announcement represents a big boost for
ONERA, which is already fully committed to
zero-carbon efforts.
Modernisation of experimental resources for
combustion and metrology, upgrades to wind
tunnel capacities, research on the
environmental impact of aviation, development
of new modelling methods: these are just some
of the inter-disciplinary fields that make
ONERA a key player in the environmental
transition.

zero-carbon fuel: the ENERGIA project
The ENERGIA project aims to assess the current production of
alternative fuels such as biofuels, power-to-liquid fuels, and
hydrogen. The project is managed by ONERA in partnership
with Airbus, Safran and Dassault. It will investigate the future
prospects for production, sustainability and economic as-
pects. ONERA's experience in sustainable power-to-liquid
fuels is based on the characterisation of their physical and
chemical properties, to ensure that they are compatible in
100% blends without alterations being required to current air-
craft. Today, the JETSCREEN project funded by Europe and
initiated in 2017 is justly tasked with identifying a link be-
tween the chemical composition of a fuel and its behaviour.
Elsewhere, in terms of certification, ONERA is participating in
the 2020-2022 European ALTERNATE joint project with China. 

E2IM project: wind tunnel tests are also essential

E2IM project - study of innovative concepts for engine integra-
tion - consisting of wind tunnel testing and numerical simulation
of an aircraft design with different engine positions in relation
to the rest of the structure. The principal aim: better engine inte-
gration in the wings or the fuselage. What will the airflow be
like around the aircraft? Will air inlets be adapted for optimum
engine operation? What is the resulting reduction in drag?
Experimentation is essential to provide answers to these ques-
tions. In 2020, the large wind tunnel in Modane hosted the first
series of experiments.

Proof by strategy
France's aviation recovery plan has not altered ONERA's
main strategic priorities: around 40% of research in
the 2020 programme was associated to some degree
with environmental matters. The three main priorities of
ONERA's scientific and technological roadmap published
in 2019 set out this ambition.

Priority 1: Build new generations of civil transport aircraft

Priority 2: Reduce the environmental footprint of air
transport

Priority 3: Ensure the efficiency, safety and certification
of the air transport system

Suitable test resources
To deliver appropriate responses to engine designers and con-
duct research key to understanding combustion in aircraft
engines, ONERA operates highly specialised experimental
resources and extremely advanced measurement techniques.
These include the M1 and MICADO benches in Île-de-France
for injector and chamber sector tests, the MERCATO and LACOM
benches in Occitanie for ignition and atomisation tests. The
combination of computations and experiments will also be an
essential factor in securing new capabilities to predict the
behaviour of new synthetic fuels based on their composition.

IMOTHEP European project:
ONERA named leader
In January 2020, for its Horizon 2020 programme, the
European Commission selected the IMOTHEP hybrid electric
propulsion design project coordinated by ONERA. The consor-
tium comprises 33 key players who will conduct an in-depth
investigation of electrical technologies for the hybrid electric
propulsion of commercial aircraft, closely connected to the
design of innovative configurations that develop new syner-
gies between airframe and propulsion. An issue common
to all these projects is the management of risks involving
the substantial new wiring required to carry high-power
current. Through research conventions funded by the DGAC,
ONERA covers topics such as electromagnetic compatibility
phenomena or cable overheating. 
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Airships: tests for flight safety in case
of severe turbulence 
ONERA is conducting research on a sensitive point for
airships: flights in turbulent air. This work aims to build
models, validate numerical simulation tools and improve
flight simulators. It is based on free-flight tests in wind
tunnels. New test: use a small-scale dirigible (5 m long
mock-up) in calibrated wind gusts and measure its flight
parameters (trajectory, changes of altitude). The test
equipment is completed by an optical tracking system.
The work is conducted with Flying Whales as part of the
development of the LCA60T heavy-load airship.

Drones: tests to improve safety 
The aim of the drone drop test programme at the Lille crash
test tower was to measure the speed of drones in free fall. Two
drones were dropped from different altitudes and at different
angles. The results provided observations that the first order
criterion for measuring speed is mass, and the angle is less
influential. The study shows that it is necessary to consider
the variability of drone speed due to its orientation, to charac-
terise the possible damage it could cause in an accident. This
campaign is part of the DGAC Ground Impact Study (GIS) con-
vention, the aim of which is to propose new methods to raise
the severity criteria of drone impacts on people on the ground.

Aerodynamics: electroactive actuators
for improved aerodynamics

For the European H2020 Smart Morphing and Sensing project,
wind tunnel tests showed a significant improvement in the
aerodynamic performance of a wing-flap assembly, through
the deformation of the flap using innovative electroactive
actuators (increased lift, reduced noise and drag). After
analysing the pressure field, ONERA synthesised controls to
optimise the characteristics of these vibrations. The external
forces were modelled. ONERA also synthesised a control for
the optimal wing camber to counter external forces. The results
of the wind tunnel tests showed improved aerodynamics for
the aircraft.

Autonomous
technology:
a world first in
civil aviation
ONERA took part in the
ATTOL (Autonomous Taxi,
Take-off and Landing) project,
where the first vision-based
take-off tests were conducted using
the AIRBUS A350-1000. Neither the ILS
nor the GPS were used for several autonomous take-offs.
ONERA helped develop the data fusion algorithm used to create
the runway axis deviation control signal required to control the
aircraft in take-off, using visual information from the camera
and inertial data from the systems onboard the aircraft.
Therefore, in contrast to current systems where the control
signals are external to the aircraft, these are onboard, hence
the system is considered "autonomous".

Green aviation is on the way, through
research projects essential to the

readiness of technologies in support of
aircraft manufacturers. In 2020, ONERA
made a strong contribution through its
upstream or applied research in favour
of the environment, safety and
performance.

Transonic
phenomena: better
understanding of
buffeting 

ONERA has just finalised tests on the BOEING (Buffet On swEpt
wING) project in the S3Ch wind tunnel in Meudon.
Aim: understand transonic buffeting, an unsteady aerodynam-
ic phenomenon, which can cause shaking and limit the flight
envelope of an aircraft.
In metrology, the PSP (pressure-sensitive paint) optical meas-
urement technique was implemented to measure the unsteady
pressure field by the use of high-speed cameras. The data-
base produced will serve to explain the more complex aspects
of buffeting, especially on industrial configurations.

Emergency landing: analysing the abrasion of materials in contact with the runway
As part of the DGAC PHYSAFE convention and more specifically a thesis in cooperation with research unit LaMcube, experiments
to learn about the behaviour of materials when coming into contact with a landing runway, a subject never before addressed in the
world. One of the aims is to better understand wear and heating caused by friction between the material and the runway during
forced landing scenarios, to prevent catastrophic structural disintegration (massive shearing) or fire (fuel tank areas).

ONERA and hydrogen
The benefits of hydrogen as a fuel are numerous: it is widely
available (produced from the electrolysis of water or oxidation
of biomass), it has a low density by mass (reduced fuel pay-
load mass to carry), extremely low carbon footprint (water
vapour ejected from engine exhaust), etc. But it also exhibits
a certain number of drawbacks, the main one being its very
low calorific energy density, which means that it must be
used in the form of a cryogenic liquid (at -252.85°C). This
generates multiple obstacles, the first being the design of an
aircraft with fuel tanks that are four times larger and therefore
more difficult to house. This means re-thinking aircraft con-
figurations; an area in which the multi-disciplinary teams of
ONERA have a worldwide reputation.

Innovative aircraft configurations:
efforts in progress for many years
The flying wing or blended wing body configuration was
already studied by ONERA in its CICAV project (French
abbreviation for integrated design of a flying wing
configuration). It could be a very interesting alternative to
tube & wings configurations for a future hydrogen-fuelled
aircraft. Cryogenic storage requires new research on the
constituent materials of tanks, which must combine light
weight, resistance to thermal and mechanical stresses
(accentuated in the case of structural tanks), impact resistance
and service lifetime compatible with their use in aviation. These
are all topics where ONERA has solid skills.
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Closer
cooperation
between ONERA
and CNES

S P A C E

The framework agreement covers the "Space environment" field and several common interest
projects (CIP). The PERF2 CIP signed in January 2020 follows on from the PERF CIP (radio-

frequency electromagnetic propagation) and structures joint R&D for five years (series of
experiments, modelling the ground-satellite propagation channel). PERF2 follows on from the
MATEO CIP on optical communications and the C3PO CIP on oxygen / methane cryotechnical
combustion. It precedes the signing of two new CIPs in 2021, concerning orbital system controls
and the re-entry of space debris into Earth's atmosphere.

Signing of PERF2 CIP
by Jean-Claude Souyris,
Deputy Director of DIA at CNES,
and Franck Lefèvre, Director of
technical programmes at ONERA

Ariane 6: innovative method for numerical
simulation of complex phenomena 
Under a CNES agreement, ONERA conducted numerical simulations
on the PPH prototype of the Ariane 6 launcher, which was
also tested in experiments in ONERA's S2MA wind tunnel.
To integrate the geometrical complexity of the prototype, related to
the protuberances from the afterbody and connecting rods, ONERA
successfully implemented the innovative ZIBC (Zonal Immersed
Boundary Conditions) numerical strategy that it developed for
Ariane 5. In-depth analysis identified the unsteady aerodynamic
properties.
This effective numerical strategy will be applied for reusable launch
vehicles such as CALLISTO, THEMIS, ARIANE NEXT and ARIANE
ULTIMATE.

Space environment
Radiation belts impose restrictive and costly design rules for space vehicles. In a context of cost cutting, increasingly precise
specification models for radiation belts are required. With support from CNES, ONERA is developing the GREEN (Global Radiation
Earth Environment) model to replace the existing NASA models dating from the 1970s and 80s. It integrates an annual variation in
the space environment following the 11-year solar cycle. 
The GREEN-V4 2020 version calculates the mean radiative environment along a satellite in all solar cycles, and the most damaging
radiative environment along a satellite orbit during a very active solar cycle. A crucial point to assess margins and ensure the correct
operation of space systems. 

As historical partners, they often pool skills to
work on the new issues for the sector - launch
vehicles, satellites and uses of space data - by
integrating recent developments in the field
(space defense strategy of the French Ministry
of Armed Forces, European space policy, etc.).
The new framework agreement signed in
October 2020 by CEOs Jean-yves Le Gall and
Bruno Sainjon reinforces this cooperation,
through the creation of an executive committee.
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Rocket propulsion: successful third test for Propilex
Following on from the two Propilex tests conducted under a DGA contract in 2018-2019, the rocket propulsion
lab successfully completed the third and fourth launches in 2020, thanks to funding from ONERA. The aim of
these tests was to validate the feasibility of a radar signature measurement in S and UHF band in the air jet at
the thruster nozzle outlet. Validation was carried out with a specific recipe of solid propellant. The measurements
were a real success, producing values in line with predictions. Moreover, the experiment produced several optical
diagnostics, including high-speed camera in visible light, high-speed camera in UV, and infra-red camera to
provide advanced characterisation of the flame. 

Reusable launch vehicles: validation of an SHM
(Structural Health Monitoring) system 
To enable the reuse of launch vehicles, ONERA explores their instrumentation using
structural health monitoring (SHM) systems. As part of the ESA's Themis project and of the
ArianeWorks innovation platform, ONERA proposed to install a network of fibre Bragg
grating sensors in the fuel tank of a first-stage launch vehicle demonstrator, to better
understand the flight environments and structural responses, and to detect any damage.
Tests on instrumented specimens firstly aimed to test how well the sensors withstand a
cryogenic environment. Then, data acquired by strain gauges and thermocouples were
used to validate the SHM protocol.
The last tests were carried out jointly with ArianeGroup. The ArianeWorks SHM system is
now ready for installation on the full-scale demonstrator of the first stage of the Themis
reusable launch vehicle. 

Ground-satellite communication: H2020 VERTIGO project
The H2020 VERTIGO (Very High Throughput Satellite-Ground Optical link) project was initiated in June 2019 for three years under
the supervision of Thales Alenia Space. Its aims are to develop and demonstrate concepts to increase the capacity of feeder links
(high capacity / very high-speed data transfer links between the ground and satellites in geostationary orbits. ONERA is part of a
European consortium, delivering its expertise in the propagation channel: in 2020 it published typical disturbance models.
The VERTIGO project will come to completion in 2022 with an ambitious experiment for optical links in representative environments.
ONERA will validate the FELIN adaptive optics system, the core of the future French optical feeder ground station FEELINGS.

Satellites: success
for ONERA's ECRA electric
propulsion technology
The latest test programme for the H2020 MINOTOR
project was completed on a satisfactory note. This
European project was coordinated by ONERA. Its aim
was to develop a new electric propulsion technology for
satellites, namely ECRA (Electron Cyclotron Resonance
Accelerator), patented by ONERA. The simplicity of this
thruster offers significant benefits due to its reliability
and cost, but the complexity of the physics at play
makes them complex to model. The main obstacles
were its efficiency and lifetime. A 200 W prototype was
designed and tested by ONERA in 2020. The results
exceeded all expectations: thruster efficiency above
40%, exceeding the performance of the current best in
class, lifetime multiplied by four. This enables us to
envisage uses over several thousand hours of flight, and
therefore a bright future for this technology. 
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W I N D  T U N N E L S

Tests for Aerion supersonic business jet

Aerion entrusted ONERA with the wind tunnel tests for its future AS2
supersonic business jet. The SM2A wind tunnel in Modane is
especially well suited, because it enables us to explore the whole
operational flight envelope of the aircraft, therefore up to its cruise
Mach number. This wind tunnel offers a test section with dimensions
of around 1.80 m x 1.80 m, which makes it possible to use mock-
ups with interesting and representative dimensions.
The tests entrusted to ONERA concerned the performance and flight
qualities of the aircraft, and more specifically force measurements,
the six components of which are lift, drag, and side force, along with
pitch, yaw, and roll moments.
The precise determination of drag in all flight conditions is a major
objective: it is what will ultimately enable us to calculate fuel
consumption and achievable distance for the aircraft in the whole
range of speeds.
Aircraft manoeuvrability was also evaluated, testing the effect of
rudders on the values measured. These are "weighted" tests: a force
gauge is used inside the aircraft mock-up.

S2MA wind tunnel: a facility suited to supersonic testing

Validating the signature of a supersonic aircraft
with reduced sonic boom 

As part of the H2020 RUMBLE project, on which ONERA is the lead
contributor, tests were conducted in December 2020 to characterise
the pressure waves and disturbances generated by an aircraft at
supersonic speed (phenomena resulting in the sonic boom felt on the
ground). These tests are highly specific and use very small-scale
mock-ups (20 cm long) to measure pressure disturbances as far
from the aircraft as possible, without being hampered by interactions
between the shock waves and the wind tunnel walls. A specific
measurement system has been developed, consisting of a long, slim
rail fixed to the side wall of the wind tunnel, on which around fifty
unsteady pressure sensors are mounted, and used to measure
disturbances when the mock-up is placed in the test section (using
a motorised robot). Moving and rotating the mock-up serves to
characterise the pressure signature, essential information to predict
the sonic boom on the ground after propagation through the air.
The mock-up tested is a supersonic aircraft demonstrator with a
reduced sonic boom, developed entirely as part of the RUMBLE project.

S1MA wind tunnel; testing future
engine configurations
As part of the facility upgrade project half-funded by the ATP
programme and half by the FUTUR S1 DGAC convention, the S1MA
wind tunnel now has new capabilities. Aim: test the "greener" engines
of the future. It is true that environmental restrictions are pushing
industrial operators to rethink the architecture of aircraft and engine-
body integration. ONERA is therefore preparing to conduct aeroacoustic
experiments required to evaluate new engine designs, including
UHBR type engines. These improvements will enable us to test rotary
machines across a very wide range of Mach numbers, in particular
thanks to its extremely high-power output (approx. 5 MW). Due to
the immediate proximity of the engine test bench to the test section,
they will also enable us to adjust the machines rapidly and perform
various tests (at very low speed and up to cruise Mach number).
Funding for these upgrades by institutional bodies confirms the essential
contribution of ONERA facilities to what our future skies will look like.

ONERA mock-up department in Lille:
an essential component of
large wind tunnels
In 2020, the design of the "reference mock-up" for the F1 wind
tunnel was started in its high-lift version. There are three of
these mock-ups in "cruise" configuration, the result of highly
productive discussions with Boeing and NASA. Their design
required all the expertise of the mock-up department, including
mechanical computations and very precise adjustments. The
geometric shape of the object must comply with the theoretical
shapes, even more so than on the usual mock-ups, since the
aim is to take measurements that will be used as benchmarks,
and which must also be evaluated in relation to other
specimens around the world. 
Installing motors on these mock-ups represents a challenge
but generates productivity gains in the tests. Here also,
precision will make the tests repeatable and will ensure the
results are consistent. These improvements in experimental
capabilities are funded under the ATP plan.

Wind tunnels: a vital resource for innovation in aeronautics

Upgrade work continues
In addition to facility upgrades, the ATP plan also includes the maintenance of certain wind
tunnels. The upstream section of the F1 wind tunnel test section was fully overhauled in
autumn 2020, repairing all the leaks. The upgrade was designed, and installation work
carried out internally by ONERA teams. This project also improved the flatness of tunnel
walls and easier access to section seals for maintenance purposes.

ONERA's wind tunnels are design resources that a country with ambitions in aerospace cannot
do without: the €20 million funding from the Ministry of Armed Forces to resolve the issue of the

S1MA ground foundations and the exceptional €47 million loan to fund the partial retrofit of large wind
tunnels demonstrate the strategic importance of these facilities.
Some projects supported by the aviation recovery plan will make extensive use of the unique
capabilities of ONERA's wind tunnels, because to innovate, you need to run tests. 
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C O M M E R C I A L I z A T I O N

ONERA regularly develops scientific advances,
which are the basis for our success in the aerospace sector,
and which can be applied in other sectors.

Opening our knowledge capital and test resources
to all industrial sectors

ONERA and the
BLAST programme:
dedicated support to
help develop a new
generation of French
start-ups 

In late 2020, Starburst, ONERA, SATT Paris-Saclay and the
École Polytechnique pooled their skills and respective
ecosystems with the introduction of BLAST, the first French
incubator programme dedicated to deep tech start-ups in the
aerospace sector.
BLAST (Boost and Leverage Aerospace and Defense Technologies)
aims to support around 20 start-ups every year. It will also
bring together all players in the Aerospace & Defense
ecosystem, from major industrial clients to investment
funds. Aim: consolidate a talent pool of deep tech start-ups
capable of participating in the large aerospace and defense
programmes of the future - both national and European - and
to respond to the encouragement of the aviation sector support
plan announced by the French government in June 2020.

Amongst the main topics addressed by the BLAST programme:

• zero-carbon aviation (electric, hybrid, hydrogen, etc.);

• new urban and regional air mobility platforms;

• autonomous control (sensors, data fusion, etc.);

• artificial intelligence;

• secure cloud communication;

• space in broad terms.

Railway line surveillance: new
opportunities in the partnership with
SNCF Réseau and Altametris 
In March 2020, the industrial research partnership
PRI DROSO-FILES between SNCF Réseau, Altametris and
ONERA was completed with a successful demonstration of
indoor flight.
The aim was to use a realistic environment to demonstrate the
assisted remote-control functions of a multi-rotor drone for
GPS-free inspection missions.
Several scenarios were analysed by ONERA teams, enabling
users with different profiles to take the controls - experienced
pilots and engineers with little drone piloting experience.
The system introduced serves to control the yaw angle of the
drone and its movement on a virtual planar surface (possibly
with incline), perhaps a cylinder or tunnel, for the assisted
inspection of tunnels, bridges, poles, vehicles (e.g. trains). The
system is based on vision-based localisation (no GPS), with
environment modelling and control functions developed and
validated over the five years of the partnership.
Currently, Altametris and ONERA are seeking to commercialize
the results of this partnership to offer the drone sector a remote
inspection method that can be used by inexperienced operators
and which guarantees flight safety.

Below: the 3D texture model rebuilt in line form by the drone and the
drone trajectory constrained by the virtual surface (three planes).
Above: the scene inspected. 

On the occasion of UAV Day at the Sainte-Hélène aerodrome
organised by Bordeaux Technowest, ONERA showcased its
technical expertise to the DGAC and flew the SIMAGAZ
multi-spectral camera drone. This drone was developed
as part of the 2014-2019 NAOMI project, in collaboration
with TOTAL and the FUI Inter-ministry fund IMAGAZ
LYNRED/NOXANT/BERTIN/TOTAL/ONERA).
This is the first compact multi-spectral camera (1 kg, 1 L)
to offer quantitative vision of a methane plume and its evolution
over time. The results of the demonstration were meaningful:
real-time remote transmission of physical analysis results
using the high-speed images acquired. The calculation of
detection maps and gas quantification in real time incorporated
in the drone's onboard computer provided the audience
with a quantified view of the methane plume at a refresh rate
of 10 images per second.
The success of this operation again demonstrates the reliability
and robustness of using SIMAGAZ and should generate new
industrial partnerships to commercialize the results.

Venture capital of €2 to €3M raised 
The BLAST programme will enable suitable positioning of the
projects supported in relation to the needs of the aerospace &
defense industry, and sustainable commercial contracts,
collaboration with industrial or institutional clients, and secure
venture capital of €2 to €3 million.
The skills of the four other consortium members will complement
each other to support the projects selected. ONERA will support
a large number of innovative projects and deliver technical
support to all sponsored projects, providing test resources, and
the technical expertise of its research labs.

Nicolas Guérineau, director of
commercialization at ONERA:

"Research in aerospace and defense is
our core business, and transferring our
research results to the benefit of industry is
a sensitive national issue. For us, BLAST

represents a new opportunity to commercialize
our expertise and accelerate our innovations

through a winning strategy of supporting deep tech start-ups."

Remote detection of methane leaks:
real-time demonstration

11 new patent applications 
20 new software solutions registered
8 new Soleau envelopes

18 new invention disclosures
76 new licensing agreements in place
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ONERA signs the zero-Emission Aviation
declaration (zEMA)
Aviation research bodies from 13 different countries have joined forces to form
the Zero Emission Aviation (ZEMA) group, a pioneering research initiative to
promote sustainable aviation. ONERA is a signatory member.

Space: ONERA presents its vision of space research in Singapore 
In February 2020, ONERA's director of international affairs was invited to the
Singapore Global Space and Technology Convention (GSTC) to speak about
space research at ONERA in a presentation entitled "Space research at
ONERA, a European vision."

This was an opportunity to talk about ONERA's
skills and its research with other European
partners into new technologies for launch
vehicles and orbital systems. These systems
contribute to missions tasked with observing
the Earth and its environment. ONERA and
Singapore have close links, especially since

the 2004 creation of the joint lab SONDRA, which combines the skills of ONERA, the electrical
engineering school Centrale Supélec, the national university of Singapore (NUS) and Singapore's
national defense R&D centre, DSO. Singapore recently decided to increase its investment in space
interests. The GSTC was a event not to be missed, bringing together agencies and players in research
and innovation.

45

ONERA makes significant contribution to
EREA vision study 
ONERA contributed to the "EREA Vision Study - The Future of Aviation in
2050", which looks at four possible scenarios for the future of the air
transport system in 2050.
It describes the challenges and related technological choices, alongside
recommendations for fields where aviation research is necessary.
This new EREA study (an update to the previous "EREA vision for the
future - Towards the Future Generation of Air Transport System",
published in 2010), aims to share the vision of EREA with external
stakeholders, to reinforce cooperation, support political decision-
makers nationally and in Europe, to encourage EREA and its members
to collaborate on shared, ambitious objectives and make commitments
to the general public, especially in relation to societal needs and the
sustainability of the aviation sector.

Presidency of ESRE 
Since July 2020, ONERA has held the presidency of ESRE,
following in the footsteps of the Netherlands (2016-2017) and
Germany (2018-2019). The members of this association of
European Space Research Establishments conduct space
research with the aim of promoting the common interests of its
members, boosting cooperation with European third-parties,
defense and competitiveness of the European space sector, as
well as consulting to relevant institutions.

ONERA creates European defense network EDRIN
ONERA is behind the creation of EDRIN, the European Defense Research and Innovation
Network. It comprises six European research centres: CEA (France), FOI (Sweden),
Fraunhofer (Germany), TNO (Netherlands), VTT (Finland) and ONERA. The network aims
to enhance the visibility of the research centres and their recognised skills in defense
fields, so that their participation in the European Defense Fund (EDF) is supported and
properly funded.

New technologies and innovations in
aeronautics: ONERA supports the movement
In November 2020, the ICAO and the international forum for aviation research
(IFAR) signed a new agreement to accelerate and improve the evaluation of new
technologies and innovations in aviation. As a member of the IFAR, ONERA is a
party to this agreement.

It provides for the creation of two groups of ICAO-IFAR experts, who will examine
the newest innovations in urban air mobility and artificial intelligence applied to
aviation. After their first year of work, each group will report on its work to the ICAO
and the IFAR, who will use the results produced to optimise and structure future
contributions by the IFAR to the ICAO and international aviation.

I N T E R N A T I O N A L

ONERA delivers revolutions in methodology 
In continuity of the fruitful cooperation between France and Germany and to face the
challenges of the development of Franco-German cooperation in artificial intelligence sought
by both countries (agreement of the 21st combined French and German ministerial council of
Toulouse, 16 October 2019), ONERA and the DLR launched a joint project on "AI and
applications in aerospace engineering", by establishing a virtual research centre. The centre
will contribute to the digital transformation of the aerospace industry.

International
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All major civil and military aerospace programs in France and Europe 
have some of ONERA’s DNA: Ariane, Airbus, Falcon, Rafale,

missiles, helicopters, engines, radars, etc.

A i r c r a f t

H e l i c o p t e r s

A i r c r a f t  p r o p u l s i o n

S p a c e  t r a n s p o r t

O r b i t a l  s y s t e m s

M i s s i l e s

D r o n e s

D e f e n s e  s y s t e m s

S e c u r i t y

w w w . o n e r a . f r O
N
ER

A 
- 
Co

m
m
un

ic
at
io
ns

 d
ep

ar
tm

en
t 
- 
M
ay
 2
02

1 
• 
Im

ag
e 
cr
ed

its
: D

GA
 -
 iS

to
ck

- 
Fr
en

ch
N
av
y
- 
O
N
ER

A 
- 
Si
rp
a 
Ai
r 
• 
Pr
in
te
d 
at

O
N
ER

A

ONERA - BP 80100 - 91123 PALAISEAU CEDEX - FRANCE - Tel: +33(0)180 386 060 - Fax: +33(0)180 386 510

2020
ANNUAL
REPORT




