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1. Introduction

Dear reader,

The year 2020 will be remembered as the year we as humanity learned a valuable lesson. The
role aviation played in global travel and the resulting rapid spreading of a small viral organism
will with no doubt be theubjectof future studies. No other event since the collection of data

on this topic has hathis impacton aviation, tourism, trade and economy.

During taking over as chair begin 2020 we had different plans. Emerging technologies like Al
hypersonic and growing envirormtal concerns to name a few topics.

Quickly after the first locklowns and travel restrictions we had to anticipate. As chair | have

to state that I'm impressed by the work accomplished past year in these conditions by the XC
and GoRs. Despite the resttions on physical meetings we still managed to produce
interesting research. | have to thank Kees Wijnberg as Chairman XC and our Secretary Ligeia
Paletti for their continud effort to keep business within GARTEUR going.

GARTEUR was established with treagto facilitate cooperation on aviation research and
that means whave tokeep looking forwardOpportunities like the European Defence Fund
lay aheadWe proved that working in a virtual setting is possible, but human interaction
profits if it's not byverbal communication alone.

This all reflects in our Annual Report of 2020, | wish that we can meet soon in physical form
and wish you good reading.

LCOL Etiénne Nijenhuis
Chair GARTEUR20202021

Annual Report 2020
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Dear GARTEUR Friends,

When taking over the GARTEWhairmanship at the end of 2019, who could have thought
that 2020 would have been so much different than we anticipated?

We made plans, had some ideas about what to bring to GARTEUR during our Chairmanship...

COVID-19 hit all of us hard and also GARTEURsimpacted strongly by this. All of a sudden,
physical meetings were not possible anymore and with an Organization that partly thrives on
these meetings to boost activities, we found ourselves discussing how to keep the GARTEUR
family together.

All of uswere able to use online tools to reach out more and more, but it needed time and it
was (and still is) not easy to do everything online. Nonetheless, we did our XC and Council
meetings efficiently and, as XC, we supported the Council meetings the bestdve c

As XC, we realized that we needed to support and push the Council more on open actions that
were needed by the GoRsd thanks to Ligeia Paletti, GARTEUR Secretary, we even
introduced, at the end of 2020, monthly meetings with the GoR heads and the XC to keep in
touch.

When writing this, we are far in 2021 and things slowly seem to get better. Whether we can
meet in rson shortly, | do not know. | hope very soon, because GARTEUR needs that!

No, 2020 was not a year with optimal results, but certainly not a lost year either. So, enjoy
reading this Annual Report which includes a lot of interesting research work dome GpRs
in 2020.

Kees Wijnberg
Chair XCGARTEUR 2022021
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2. Executive summary

The GARTEUR Annual Report 2020 provides a summary of the main managerial actions of the Council,
and the scientific and technological progress made by the five GrouBgsfonsables (GoRs). The
GoRs constitute the main bodies for establishing research priorities in the technology areas covered
by GARTEUR: aerodynamics, structures and materials, helicopters, flight mechanics and systems
integration, and security.

Section3 of this report provides a summary of the Council activities, including the changes in
chairmanship and membership.

Section 4reports on the European aeronautical R&T environment by highlighting the importance of
European Collaborative Programs such aszgn 2020 and Clean Aviation to civil aviation. Great steps
have been taken to streamline aeronautical research in Europe, making use of several bodies within
the European R&environment (e.g. EREA and ACARE).

Developments in military aeronautical stegy within Europe are also discussed with information
provided on the European Defence Action Plan and Fund, the military perspective on the Single
European Sky programme and the benefits that may be available to aeronautic development from EU
funded defence research. The close involvement of GARTEUR members with ACARE is also described.

The GARTEUR scientific and technical activities are reporsedtion 5, with each of the five GoRs
presenting a summary of their work during 2020.

Annual Report 2020
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3. GARTEUR Councill

3.1 Chairmanship and membership
On the 1st of January 2020, the Netherlands succeeded Spain as chair of GARTEUR for a period of two
years, ending on the 31st of December 2021.

During 2020 th&hairman of the Council was Lt. Col. EtieNignhuis from Directorate Operational
Policy and Plans of the Dutch Ministryéfenceg A 1 K YSS&a 2 A2y 06SNH>X KSIFR 2°
and Loads Department, &hairman of the Executive Committee. Ligeia Paletti from NLR served as
GARTEUR secretary during 2020

3.2 GARTEUR council meetings

GARTEUR Council meetings occur twice a year, with the main Council meeting being preceded by a
meeting of the Executive Committee (XC). During the XC the GoR Chairs and XC members meet to
discuss the agenda for the Council meeting, reviewing and proposistanding actions, shaping the
discussion topics in detail, and preparing proposals to the Council.

The Council meetings consist of representatives from the national delegations with the GoR chairs.
These meetings provide a vital opportunity for the GibRirs to inform the Council on the research
being undertaken by their Action Groups and Exploratory Groups and to introduce potential new areas
of interest.

The Council meetings also offer the member states an opportunity to provide updates and
developnents at national level in R&T activities and investments in civil and defence aeronautics. The
multidisciplinary nature of the Council meetings provides excellent opportunities for dynamic

collaboration and exchange of expertise and varied perspectives.

Meetings:

- XC164 London (UK)
- C68¢ Online

- XC16% Online

- C69¢ Online

3.2.1 XC1l64

The first XC meeting of 2020 was held in UK, hosted by ATI in its facilities in London on the 6th
February. The primary purpose of the meeting was to make an overall revibe sthtus of GARTEUR
considering both technical and administrative / organization matter.

During November 2019 the handover for tlthairmarship from Spain to the Netherlands was
performed. The handover was performed successfully, explaining main opebdiod administrative
Annual Report 2020
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aspects. The annual reports and the launch of the new website were the only actions still open to the
Spain delegation.

The main topics discussed during this meeting were:

1 The Netherlands approach towards a plan to develop a vididheorole of GARTEUR in the
next 5 years and to implement concrete actions towards the GARTEUR Mission and Values, as
defined in the Basic Documents;

9 Progresses on the selection of research topics related to UAV for joint projects acrass GoR

1 Implementaton of GoR teamsites.

3.2.2 C68

The first Council meeting of 2020, C68, took place digitally, as consequence of travelling restrictions
in place due to the COUI® pandemic, on Aprilfl In that meeting Etienne Nijenhuis introduced the
main themes of thehairmanship of the Netherlands for the period 262021:

 Mission and vision of GARTEUR;
1 Improve the visibility of GARTEUR and of its activities;
1 Boost the engagement of academic and industrial partners.

During this meeting, the mission and vision of GARRIfeldthe coming 5 years is being discussed.

Mario Verhagen presented the current status of the UAV overarching thematic. Possible topics and
possible associations to the GARTEUR GoRs are discussed.

3.2.3 XC165
The XC165 meeting took place digitally ofi*Zeptember 2020. The topics for discussion of XC165
were focused on three aspects:

1 Impact of COVH29 on GARTEUR,;
1 GARTEUR Vision and Action Plan;
1 Improvements in the communication between Council, XC and GoRs.

The impact of the (national) measures to lirtlie spread of the COVIID pandemic on GARTEUR
activities was topic of discussion.

Regarding the GARTEUR Vision and Action Plan, the XC members discussed about the GARTEUR Vision
20202025. The GARTEUR Vision is attached in Appendix A.

Regarding the neetb improve the communication between Council, XC and GoRs, and the overall
visibility of GARTEUR, it is discussed the need to shift the content of the communication from mainly
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technical to more related to impact of the research performed by the GoRswBhisl enhance the
communication potential towards external, industrial or government, research partners.

3.2.4 C69

The Council meeting C69 took place digitally on NovemBearad 3. During that meeting, the
GARTEUR Vision was approved @aion3.3.1) and, building on that vision, the positioning of
GARTEUR with respect to the various European organisations was discussed. Another topic of
discussion was the impact of COMI®on GARTEURti&ities and how to ensure the functioning and
communication of the GARTEUR patrticipants.

lfa2 GKS LINBaSyidlidAazy 2F (GKS D!w¢9! w BASEDNR 27F !
D[h.![ hte¢LaL%!' ¢Lhb a9¢l h5{ Lb tw9][ L ey Bsthev, ' 9wh
Andres. The GARTEUR Award was delivered remotely by the Spain delegation.

3.3 Council initiatives
Following the Council initiatives detailed in 2019, the Netherlacdairmanship focused on
developing the GARTEUR mission, vision and action plan.

A revision of the GARTEUR mission was deemed not necessary; the GARTEUR mission as detailed in
the GARTEUR Basic Documents is still valid. Based on this mission and the GARTEUR principles, also
included in the Basic Documents, the Netherlands delegation dpgdland presented a vision for

the future of GARTEUR. Following discussions with the entire GARTEUR members, the GARTEUR vision
was approved at C69 meeting. The full version of the GARTEUR vision is included ir3 Sttion

The next step is to develop an Action Plan to support the GARTEUR mission and vision.

3.3.1 GARTEUR Vision 2022025

The European aviation and technology sector is currently confronted with various urgent internal and
external mainstreams.

w 2S5 4SS RS@PSt2LIYSyita Ay (KS FASER 2F 9YODBANRYYS
challenge on the aeronautical world.

w 28 488 RSPSt2LYSyida Ay (KS FASER 2F 58F8y0S I
activities of different states undermining security demand a strong and coordinated answer.

w 'YR ¢S aSS RS@OSt2LIYSyda A ynhodél kr&hspdthabdf URban2Af a2 0 A |
Mobility are rising topics as possible answers to Urban Congestion.




GEARTEUR —rmee —comr ~ ras— voe ersLass— soam— swebes — onres koo
These mainstreams are showing related challenges that can only be solved in a joint effort by multiple
stakeholders from Academia, Research Institutes, Bafeand Industry.
GARTEUR is the only collaboration platform that we as partners have and that:
w O2@SNH 020K /ABATAlLY FYR aAfAdGFINE G2LAOCAZI |
w AyOfdzZRSa LIS2LX S FNRY ! OF RSnfastryz wSa Sl NOK Ly

And considering GARTEUR Mission:

6. ..to mobili se, for t he mut ual benefit of tr
technical skills, human resources and facilities in the field of aeronautical research and
technol ogy. .. 0

we see that GARTEUR can provide added value for all partners, both in a coordinating role for
collaborative research and at a technical level to jointly execute research not (yet) covered in other
ways. And in terms of technical research, we see addedevialiuhe work done by the GoRs (our
backbone) covering the above challenges in Environment, Defence and Security, and Mobility in a
more and more integrated way (muldiisciplinary, integrated and mulgiartner). With this integrated

and collaborative apmrach, and focused on the mainstreams, GARTEUR provides additional
knowledge to its partners that cannot be done by each partner individually.

In short, our Vision is that, for the next 5 years, GARTEUR will continue to actively focus on bringing
added vale to its network in a coordinating role for its research, as well as in executing technical
research that adds value to all partners aiming at Environmental, Defence and Security, and Mobility
topics

3.4 GARTEUR website

The GARTEUR website is accessiblevat.garteur.org and provides information on the mission,
principles and background of GARTEUR, along with access to information and reports from the five
GoRs. Contact details and information on how to be involved in GARTEUR research are also provided,
along with links to the national strategic documents of the GARTEUR countries.

During 2020 the website was regularly updated by the secretary.

For the use of the GoRs, DLR has arranged TeaniBSitesused as a repository for minutes and other
documents. Those TeamSites are managed directly by the GoRs.

3.5 GARTEUR Certificates
In 2020 no certificates were issued.
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4 The European aeronautics RTD environment

This section provides a brief overviewtoke European aeronautics RTD environment in both civil
aeronautics and military aeronautics.

4.1 Civil aeronautics

Civil aeronautics research and technology development (RTD) in Europe is centred around
collaborative research calls performed within the Frawek Programmes for Research and
Innovation. The current Framework Programme, Horizon 2020, is the biggest research and innovation
LINEINF YYS Ay 9dz2NRPLIS FyR 2FFSNE |fy2ald eyn oO0Aff A
(20132020) for researchey; engineers and entrepreneurs in addition to private investments the
programme attracts.

Horizon 2020 is funding a considerable number of initiatives that will have a positive impact on Europe

by unlocking innovation, providing the funds necessary to arage and enable scientific and
technological breakthroughs. Seen as a key driver of economic growth and job creation, Horizon 2020
KFa GKS LRtAGAOI oFrOlAYy3 2F 9dzNRBLISQAa fSIFRSNHA
Aeronautical RTD is funded througtspecific Aviation programme within the Transport theme as a
Societal Challenge and sets out to tackle some of the main environmental challenges attributed to the
aeronautical industry including designing and producing cleaner and quieter aircraft, gingrttie

impact of transport on the environment. Another key focus of Horizon 2020 is aimed at creating better
mobility, less congestion and more safety and security.

2AGKAY | 2NRT 2y HnunX [ €£SHY {1@ nH Aa 9 dNPLIEMN3 YRSF
budget. Clean Sky 2 represents a Joint Technology Initiative (JTI), aHPwhlie Partnership (PPP)

that brings together industry (including SMESs), academia and research institutions with the European
Commission. Its aim is to develop and derstwate breakthrough technologies for the civil aircraft

YIEN] SG G2 Odzi FANONI TGO SYraairzya YR y2AasS KA
aeronautics industry.

4.1.1 Strategic direction of European R&

{AYOS HAaMMZI 9 dzNP LIS lthy2050 @ovuMéné cutinasyladgirm Gokld asgodiatatl

gAGK YSSUAYy3 a20ASGéQa ySSRa F2NJ Y2NBE STFTAOASyl
maintaining global leadership for the European aerospace industry. It is therefore a crucial ceferen
document for organisations in Europe and served as the basis for the research calls within Horizon
2020 and the research projects that GARTEUR chose to undertake over the last years.

In 2020 the development of the Clean Aviation JU bégan

1 Clean Aviation (cleaaviation.eu)
Annual Report 2020
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Europe needs to accelerate and enhance its efforts to achieve the ambitious goals set out in the Paris
Agreement. The European Green Deal has been established as a cornerstone policy of the European
Union, including the first European Climate law, whickhgmes the 2050 climate neutrality objective

in legislation. At the same time, the newly launched Industrial Strategy for Europe lays out in clear

terms the importance of industrial leadership in making the transformation to a green and digital
Europe fitfor the future.

The aviation sector will need to contribute to these priorities and transform. Together with the
European Union, European aviation has the power to lead the way toward a climate neutral aviation
system and set new global standards $afe, reliable, affordable and clean air transport

¢tKS 22dNySe G2 | OftAYIFGS ySdziNIt FFT@ALFGA2y &aeais
capacity to invest alone. Equally, no single country in Europe has the financial, technological and
industrial capability to affect the transformation. The European additionality is evident. An
Institutionalised European Partnership for Clean Aviation under Horizon Europe constitutes the only
approach that can pull together the resources and commitment and aaledy reduce the industrial

risk for transformative research and innovation. This approach will secure thedamgindustrial
commitments needed for long innovation cycles. It will ensure that research activities of industry are
FfAIYSR gAGKRIKSGe ' WMNRYNIEIASED LG oAff odzA f R 9d
technology, and deliver jobs and economic growth throughout the transition to a climate neutral

Europe by 2050. It can offer future generations the promise of continued, affordablecarad access

G2 FANJGNI @St FyR AGa a20A1Lt YR SO2y2YA0 o0SyST¥
Goals.

The new Partnership will build upon the important technological progress that has been made under

the Clean Sky and Clean Sky Zgpammes. Support from the EU Institutions and European Member

States will be essential in creating the conditions for impact, and in enabling synergies with other EU,
national and regional research and innovation programmes.

¢KS [/ tSty | @AdSirdteig Resehrthlant hNdakion Bienda [SRIA] sets out the way to
achieve the overall vision, in terms of timescales and magnitude of impact. This integrated research
NEIFRYILI AyOft dzZRS&a GKS NBIljdzA NBR dzLJa G WRA YI WS ZE VYR RNE 4
pathways to mature technologies, ready to be incorporated into further new and disruptive
innovations.

The Clean Aviation trajectory definigo clear horizongsowards climate neutrality by 2050:

2030:demonstrating and introducing lowmissions aircraft concepts exploiting the research results

2F /fSIY ! @ALGA2Y S YF{Ay3a | OOStSNIriSR dzaS 2F ad:
these innovations can be offered to airlines and operators by 2030 for an entry into servicetfielS]

20302035 timeframe;

2050:climate neutral aviation, by exploiting future technologies matured beyond the Clean Aviation
phase coupled with full deployment of sustainable aviation fuels and alternative energy carriers.
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4.1.2 GARTEUR and ACARE

In additionto its responsibility for developing the SRIA, ACARE plays an integral role in advancing
aviation innovation within Europe by developing policy positions on European aviation initiatives and
working closely with European Commission officials to ensureHbéazon 2020 funding calss well

as calls associated with the Clean Sky 2 and SESAR Joint Undertaténgssely aligned with the
SRIA.

Members of the GARTEUR Council are also heavily involved with ACARE and this ensures that

D! w¢ 9! wQ antekeBtsiagelsthdddically aligned with the SRIA, ensuring that GARTEUR remains
focused and committed to the major challenges being addressed b¥pespean aerospace research

FYR Ayy2@8FiA2yd D! we¢e9! wQa NBLINBaASYy dihndvatigrSite ¢ A G KA
cycle needs to have the right mix of projects at all levels; covering the early, critical part of the
AYYy20FGA2y LALISEtAYS a 6Stf a GKS WYFN] SO NBI RA

4.1.3 GARTEUR and EREA
EREA is the Association of @agan Research Establishments in Aeronautics, whose members are
9dzNR LISQa Yzail 2dziadl yRAYy3I NBaSFNOK OSyidaNBa Ay (K

EREA proposed a Joint Research Initiative, named Future Sky, in which development and integration
of aviation technologies is taken to the European level. Future Sky is based on the alignment of
national institutional research for aviation by setting up joint research programmes. Future Sky is
structured in six themes: Safety, Quiet Air Transport, Enéfdyan Air Mobility, Security for Aviation

and Circular Aviation.

There are many members of the GARTEUR Council that also are members of EREA, and therefore the
synergies and complementarities are taken into account in a continuous basis.

4.2 Military aeronautics

The European defence industry represents a large collaborative effort from EU members, as well as
non-member states, progressing defence technologies and solutions across a variety of industrial
fields, such as aeronautics, land and naval systems &wrenics. The defence sector is highly
innovative and centred on hignd engineering and technologies, with important cross application
that extends into the civil market.

4.2.1 European Defence Agency

The European Defence Agency (EDA) is an intergovernmental agency of the Council of the European
Union, comprising all EU members with the exception of Denmark and also including freElJnon
member states, Norway, Switzerland, the Republic of Serbia, amdingk through special
administrative arrangements. Through close cooperation the EDA seeks to improve European defence
by supporting the development of capabilities, and nurturing technology and research to meet future
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defence requirements, and to promotgefence interests in wider EU policies. The EDA operates at
ministerial level and connects over 4000 nationally based experts collaborating on defence projects.

4.2.2 European Unionfunded defence research

The European Defence Fund (EDF) supports the-brarder cooperation between EU countries and
between enterprises, research centres, national administrations, international organisations and
universities. This applies to the research phase and in the development phase of defence products
and technologies. hhas 2 strands. Under the research strand, the EU budget will provide funding for
collaborative defence research projects. Under the capability strand, the EU will create incentives for
companies and EU countries to collaborate on the joint developmendedénce products and
technologies through cfinancing from the EU budget.

The European defence fund supports collaborative defence research and development through
consecutivelyprogrammes with limited duration and budget:

9 The preparatory action odefence research (PADR0172019 The preparatory action on
defence research provideA N} yGa& F2NJ O2tfl 02Nl 0ABS RSTSyOS
million.

1 The European defence industrial development programme (ERMM™2020) The European
defence ndustrial development programme offed co-financing for collaborative defence
RSOSt 2LIYSy i LINP2B@Emiliong A K | 06dzZRISG 2F ¢

1 The European Defence Fur{@DF, 2022027) has been rewardeda total of 7 Bl
programme funding by the European Committee.

EDF - COMPLETE CAPABILITY

DEVELOPMENT CYCLE
Research Window Capability Window

‘ v Development feg
Research R* Acquisition  Hpm-
» Pooling of national '
» EU funding \ contributions L » Practical support by
- ' » EU co-financing [ European Commission

73 /
Ev’("‘f‘w::s / trmemn

+ Preparatory Action on Defence -

Research European Defence
+ European Defence Research Industrial Development Financial Toolbox
Programme Programme
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5 Summary of GARTEUR technical activities

During 2020 the five GARTEUR Groups of Responsables (GoRs) continued to facilitate and deliver vital
research in the field of aeronautics. The GalRs responsible for monitoring and encouraging the
progress of Action Groups (AGs) and Exploratory Groups (EGs). These groups are collaborations of
researchers from national aerospace institutes, universities and industry. Although GARTEUR is not a
source of funding, the GoRs constitute a powerful network and provide a unique forum for
aeronautical research in Europe. The GoRs aid potential research consortia by critically reviewing their
proposed research objectives and methodologies.

Without the constrants of financial accountability, the GoRs guide early stage research projects
consistent with the GARTEUR roadmap, which in turn is in line with European aeronautical strategy,
while also allowing scope for innovative research and the development of Rl disruptive
technologies. The GoR chairs also encourage multidisciplinary research across the GoRs, with the
biannual Council meetings providing excellent opportunities for the exchange of ideas and
identification of dynamic partnerships.

The primary task of the GoR is to monitor Action Groups, encourage Exploratory Groups and instigate
new ideas. The secondary task of each GoR is interaction with the other GoRs to promote
interdisciplinary topics.

New ideas for research may be formulateg GoR members or arise within GARTEUR organisations.
As GARTEUR does not offer funding, it is essential that the research is supported by the organisations
themselves. Therefore, the GoR critically reviews the research objectives and methodology, but does
not select particular topics over others.

Annual Report 2020
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5.1 Group of Responsableg Aerodynamics (AD)

5.1.1 GoRAD Overview
The GoR AD initiates and organises basic and applied aerodynamic research in the field of aeronautics.
The current scope of activities covers floowing areas:

- Aerodynamics;

- Aerothermodynamics;

- Aeroc-acoustics;

- Aero(servo)elasticity;

- Aerodynamic shape optimization;

- Aerodynamics coupled to flight mechanics;
- Aerodynamics systems integration.

The activities aim to advance the collaborative aerayic research in Europe, combining both
numerical and experimental research. Dedicated experiments are carried out using advanced
experimental techniques and measurements methods in order to generate valuable data needed for
the further understanding of d&sic flow physics, for the investigation of specific aerodynamic
problems, and for the validation of numerical simulation tools in a number of areas. The
computational activities comprise the further development of simulation and prediction tools of
different classes of fidelity, the tool validation using experimental data, and also the application of
these tools for the investigation of specific problems arising in aeronautical applications. The close
collaboration of experimental and numerical activitissof great benefit and enables enhanced
progress in aeronautical research.

Whilst the majority of the research activities focusses on mdisgiplinary aerodynamics, some of
the work also has a significant amount of nudligciplinary content. This trend driven by industrial
interests, and is likely tamncreasen the future.

Funding for GARTEUR activities is relatively small and, in general, is insufficient to fully support new
research. In most cases therefore the AG activities are combinedauetithities funded through other

routes, such as EU, NATO STO (Science and Technology Organisation) or national aeronautical
research programmes.

Research initiated in GeRD programmes sometimes leads to an EU proposal or compliments
concurrent EU prograrmmontent. In addition, the content of GeRD activities can be cross sectorial in
covering both civil and military interests.

5.1.2 GoORAD Activities

In 2020, one Action Group (AD/A3) was completed and fowtherswere active (AD/AG6, AD/AG
57, AD/AGE8, ADAG59). Two Exploratory Groups (ADHG AD/E&/8) were active. AD/EEB was
transformed into an Action Group (AD/ASB). Details about these groups can be found below.
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Regarding the interaction with the other GgRs1 example are the aergervoelastic simulations
conducted in AD/AGG6. The chairs of the different GoRs interact during the Council meetings or meet
in specific sessions dedicated to mudisciplinary topics.

In 2020, several ideas for possible n@roups were on the table. Among those that have not yet
resulted in an EG are: Natural Laminar Flow Monitoring, Morphing for Load Control, Convective Heat
Transfer, Immersed Boundary Simulations, Hypersonic Flows, Thermal Management for Electric
Propulsion Corner Flows, Human Droplet Dispersion.

Activities in 2020 were affected by the worldwide COY®pandemic and the progress of most AGs
and EGs has slowed down due to these circumstances. Since the pandemic continues in 2021, further
delays can be expted and extensions of AGs and EGs may be necessary.

Five Action Groups and two Exploratory Groups were active in 2020. One new AGs started at the end
of 2020.

AD/AG54 RANS.ES Interfacing for Hybrid and Embedded
Approaches

The overall objective of AD/A®A has been to explor
and further to develop and improve RANES couplin
for embedded LES (ELES) and hybrid RAS
YSGUK2R&AZ LI NI A Odz || NE-ENDS
problem present in zonal and neaonal hybrid models
for aerodynamic applications. Both zonal and n
zonal approaches are considered. Three fundame
flow test cases have been selected to investigate
different methods. The AG started in April 2014 and
final meeting took place in Nov. 2018. The firgport
will be ready in the beginning of 2021.

The chairperson is Shkdui Peng (FOI).

AD/AG56 Coupled Fluid Dynamics and Flight Mecha
Simulation of Very Flexible Aircraft Configurations

Very flexible aircraft are lighweight constructionshat
require multidisciplinary design tools. Main objectiv
of ADIAGpc I NB (2 SyKIyOS

in aeroelastic simulations to more accurately preg
aerodynamic loads and structural deformations
manoeuvre and disturbance conditispnand to allow
for the benchmarking of inhouse tools amongst t
partners through the use of a common research mo
In 2020, limited progress has been made, in
because of a change in chairmanship.

The chairperson is Richard van Enkhuizen (NLR).

Dhilbooaanm
o o o oo a N

o
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AD/AG57 Secondary Inlets and Outlets for Ventilation

Aircraft require a variety of secondary air inlets g
outlets mostly for environmental control systems, A
operation, ventilation and cooling purposes. Mg
objectives of AD/AG7 are to analyse and improve tH
efficiency of conventional secondary airlets for
different applications on fuselage and wing, and
explore the feasibility of new lowbservable concept
hidden within the main engine intakén 2020, most
activities had to be suspended because of
COVIBEL9 pandemic.

The chairperson is JosAngel HernanManrique
(Airbus Operations).

AD/AG58 Supersonic Air Intakes

Supersonic air intakes are of foremost importance
the design of supersonic direathing vehicles. Maii
objectives of AD/AGS8 are to gather a database
relevant flow features on representative test cases ¢
to validate CFD codes on these specifipids.
Investigations include the control of cowl oblique shg
/ boundary layer interactions, internal bleed flows, a
effects of intake diffusers and scramijet isolatohs.
2020, geometries have been selected and exchan
The first ZDES computationsveabeen launched an
compared to RANS approaches. Nevertheless, ac
has been delayed and a ofyear extension is needed
The chairperson is Christophe Nottin (MBDA).

AD/AG59 Improving the Simulation of Laminar Separat
Bubbles

Laminar separatin bubbles are one of the main critic
aspects of flows at low Reynolds nhumber, of ordel
magnitude 10 to 1C°, which are relevant for sma
- aircraft such as UAV. Main objectives of ADB9zare
advancements in the understanding of the evolution
laminar separation bubbles and their effect on airf
flows, and the improvement of the numeric
prediction of flows with laminar separation bubbles.
o 2020, activities comprised two wind tunn
RN MR R experiments in WP 1 and numerical investigations

the different test cases in WP 1 to WP 4.

The chairperson is Pietro Catalano (CIRA).
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AD/EG77A AD/AG60 Machine Learning and Dafariven Approaches fo
Aerodynamic Analysis and Uncertainty Quantificatig

Aerodynamic analysis and uncertainty quantificat
are key capabilities used in aircraft design. M
objectives of AD/AGO are the improvement o
machine learning capabilities and valuable knowle
of the selected datalriven techniques in aerodynam
analysis and uncertainty quantification. Througte t
proposed activities it is expected that best pract
guidelines will be concluded and the use of mach
learning methods is facilitated in the aeronautiq
industry. In 2020, the AG proposal has been finali
and was approved by Council.

The chairpergn is Esther Andrés (INTA).

AD/EG78 Hybrid RANS/LES methods for WMLES
Embedded LES

Task 1: Aerodynamic analysis and
prediction of aerodynamic features

ML4AEROD Task 2: Data fusion and multi-fidelity

heterogeneous data management

Task 3: Uncertainty quantification
and management

Task 4: Best
practices guidelines

For future aircraft design and certification, wa
bounded turbulenceesolving hybrid RANS/LE
methodsare of particular interest for the prediction ¢
flow phenomena related to aeroacoustics, unsteg
loads, mild flow separations or boundary laye
undergoing strong adverse pressure gradients. A w
programme is developed in order to enhance f
capabilites of walimodelled LES and embedded LES
2020, the AG proposal has been prepared as a fel
on of AD/AGE4 and will be finalized in 2021.

The chairperson is Nicolas Renard (ONERA).
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5.1.3 GoRAD Membership

The membership of GeRD in 2020 is presentdad the table below.

Chairperson
Kai Richter

Members

Giuseppe Mingione
Eric Coustols
Fernando Monge
Bruno Stefes
Magnus Tormalm
Harmen van der Ven
Per Weinerfelt

Industrial Points of Contact
Nicola Ceresola

Michel Mallet

Didier Pagan

Luis P. Rui€alavera

Annual Report 2020

DLR

CIRA

ONERA

INTA

Airbus Operations
FOI

NLR

SAAB

Leonardo Company
Dassault Aviation
MBDA

AIRBUS D&S

Germany

Italy

France
Spain
Germany
Sweden
Netherlands
Sweden

Italy
France
France
Spain
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5.2 Group of Responsableg Aviation Security (AS)

5.2.1 GoRAS Overview

The GoRAS supports the advancement of civil and defence related security technology in European
research establishments, universities and industries through collaborative research activities, and
through identificaton of future projects for collaborative research.

The GoRAS initiates, organises and performs computational and experimental multidisciplinary
research in the following areas: on board software, artificial intelligence, risk assessment,
cybersecurity, aport operations, image recognition, Data analytics, decision making tools, RAMS
analysis, FMECA, Fault Tree, event tree analysis, HMI, CONOPS.

The main aim is to increase security, safety and operation performance for critical assets in the
aviation domain

5.2.2 GORAS Activities
The approach in 2020 aimed at keeping links with other running initiatives like ES4AWG, Optics2
project, ACARE WGA4.

Furthermore the chairperson started to attend the SAGAS Stakeholders' Advisory Group on Aviation
Security meetings. The role of this group is to advise the Commission in the preparation of legislative
proposals and policy initiatives as well as in relation to thdémentation of existing legislation. The
Group shall be kept informed by the Regulatory Committee on Aviation Security during the entire
regulatory process. The Group meets back to back with the Committee approximately six times a year
and is open to Eura@an representative organisations engaged in, or directly affected by, aviation
security.

Efforts have been dedicated to analyse other external sources of information and assess current
initiatives on aviation security with the aim to get awareness on tatesof the art and build within
GARTEUR a coherent harmonised approach with the external initiatives. This trend is driven by
industrial interests, which have been properly analysed and the importance ofdisdiplinary work

is likely to increase in thfuture.

In Italy contacts with the following stakeholders increased awareness about their interests

Leonardo Hostile Drone Interception, Drone Identification, Drone Localization and Tracking,
and related challenges.

A common knowledge on such a topicthe AS area has been developed and the A8Rore team
is continuously monitoring other initiatives and involving other European key stakeholders.

¢KS OdzNNByid a021LI)S 2F (GKS aSOdNRARGe OGABGAGASA Ay
idea to launch such a topic as an action, has brought increase in competence to start applying for
collaboration opportunities.
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The main actions in 2020 were:

1.

To further develop and share ideasiong theactive members (CIRA, ONERA, INTA) to identify
researchchallenges and collaboration approaches involving ONERA and DLR in a project
proposal to set up an experimental network;

To support existing initiatives in aviation security at European level in order to promote
harmonization among them and with GARTEUR,;

Toinvolve theindustries interested in the chosen topics Eurocontrol, AENA (the first airport
operator company in the world by number of passengers), ENAIRE (the Spanish air navigation
service provider), Soulsoftware, ALISCARL, Leonardo;

To contact the Hlian Armed Forces Italian JoirHUAS Centre of Excellence and currently
defining a MoU to collaborate with them;

To involve ENAC (The Italian aviation Authority) and EASA which are in ASPRID advisory board
to keep them informed about the approach and ¢t relevant information from their
domains;

To write a paper for ESREL 2020 conference;

To monitor current funded initiatives to apply for with a collaborative approach involving
other key players.

The actions are summarized in the following table:

Id
1

2

Action Responsible Due Date Deliverable

Finalize the choice of thr GORAS chairperson  May Contribution to pilot
common topic paper

Definition of a researct GORAS chairperson - July Pilot paper

concept for QUAS ONERA, NLR, DLR

Identify the objectives and GORAS chairperson - September Pilot Paper

involve partners All

Prepare and finalize thc CIRA, ONERA, INTA October
Consortium agreement ani  other partners

Grant Agreement

Start of ASPRID project INTA, CIRA, ONERA November Plan for GoRAS
other partners activities

Monitor ~ progress and GoORAS chairperson  November, Scheduling and agenda

organize digital meetings December

Present the paper at ESR  GORAS chairperson  November

2020

During 2020 work has been done by the activembers (CIRA, ONERA, INTA) on the research theme

27

Gal ft S@2tSyid dzaS 2F wt! {¢®

In 2020, workingowards amaction group, by developing approaches to protect critical infrastructures
by A y (i NHzR S NX) &-AS| hésiials@®rhonitredDiise vexternal fundediatives on the topics of
interest. The action group was dedicated to start the work in the funded project and to work on a
proposal preparation. The investigated topics have blespt:
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A in line with FlightPath 2050;

A further dealt in the ACARE SRIA update isdedicated Challenge on Aviation Safety and
Security;

A fitting with the PADRPreparatory Action for defence research) in Horizon 2020 and FP9;
A aligned with EREA Security for Aviation initiative;
A a priority for Europe.

A survey among GeRSparticipants was performedo assess the interest to participate in a proposal

which seemed relevant to the Go&S perimeter of topicsThe callwas underH2026Funding
SchemelSFPAG to enhance European coordination in the testing of different UAS countermeasures
solutions in order to provide Member States with a generic methodology and baseline understanding

of the effectiveness of commercially availableUBS solutions for the detection, tracking and
identification (DTI) of drones that may be a security threat.eXploratory group, partially outside
GARTEUR, made by ONERA, NLR, CIRA and DLR, dedicated focus to such theme and a project proposal
led by NLR has been submitted, though the instrument was not specifically oriented to research
establishments. The propakwas not funded.

Neverthelesssuch a topic can be partially integrated in EREA Security for aviation working group and
represents hints for exploratory and future action groups, provided the-G&8Rwvill receive the
necessary commitment by the represedterganizations.

The project ASPRIBirport System Protection from Intruding Droneselongs to Horizon 2020 Call:
H2020SESAR0192 (SESAR 2020 EXPLORATORY RESEARCH) TofRR4SEIAED Type of
action: SESARIA. ASPRID project has started in Maver 2020.

ONERA, INTA and CIRA started the activities within ASPRID Project together with the industrial
stakeholders to plan tasks and activities. The industrial partners are:

1 ENAIRE, the Spanish Air Navigation Service Provider;
1 Aena, the first airporbperator company in the world by number of passengers
9 Two ltalian companies, providers of counter drone solutions:
0 SoulSoftware SRL;
0 Aerospace Laboratory for Innovative components (ALl Scarl).
It represents a good chance for GARB as it matches the theme identified as interesting for a possible
AS action group.

The dissemination events during 2020 are represented by the following:

1 A meeting (WebEx) was held among the &@&n May 2020 betwedDIRA, INTA and ONERA.
During this meeting information was shared to assess the interest to participate in a
Conference ESREL 2020 to introduce the work done within the action group.
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91 Publication appeared in ESRED20 PSAM 15 The 30th European Safety Rntiability
Conference Proceeding3 4509 Solution SeUp For Airport Protection From Intruder Drones
Angela Vozella, Francisco Munoz Sanz, Mario Antonio Solazzo, Pierre Bieber, Giancarlo
Ferrara, Edgar Martinavarro Armengol. This paper collects theepbmieveloped in GoRRS
in 20182019 by CIRA, INTA, and ONERA.

5.2.3 GORAS Membership
The membership of GeRS in2020 ispresented in the table below.

Chairperson

Angela Vozella CIRA Italy

Members

Francisco Munoz Sanz INTA Spain

Pierre Bieber ONERA France

Rene Wiegers NLR The Netherlands
Andreas Bierig DLR Germany
HansAlbert Eckel DLR Germany

Industrial Points of Contact
Clive Goodchild BAE Systems UK

Annual Report 2020
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5.3 Group of Responsableg Flight Mechanics, Systems and Integration (FM)

5.3.1 GoRFMOverview
The Group of Responsables for Flight Mechanics, Systems and Integration is active in the field of flight
systems technology in general.

The GoFF-M is responsible for all research and development subjects concerning a chain starting from
the air venicles and their flight mechanics, concerning embedded sensors, actuators, systems and
information technology, cockpits, ground control and human integration issues, with reference to
automation for both inhabited and uninhabited aircraft, including, bat limited to:

Aircraft multidisciplinary design aspects;

Flight performance, stability, control and guidance;

Aircraft navigation and mission management;

Air traffic management and control;

Integration of remotely piloted systems in the air spaces;

Safetycritical avionics functions and embedded systems;

Scientific and technical expertise for air systems certification and regulatory aspects.

=4 =4 =4 4 -4 -4

Noticeably, GoffM is not active in the rotary wing domain, where the GARTEUR HelsGu&
leads.

5.3.2 GoRFMActivities
The activities in 2020 have been limited to exploring new opportunities for joint approach and
obtaining members from all countries.

In 2020, two topics have been down selected from the discussed new topics. These two topics are
Fault detectiofrecovery and distributed propulsion and positioning of the control surfaces. On both
topics a pilot paper is initiated. Based on these pilot papers it will be decided in 2021 if the topics are
viable for Exploratory Groups.

Furthermore, the following twdopics are under consideration for a pilot paper:

9 Flexible aircraft control
9 Guidelines on certification

Annual Report 2020
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5.3.3 GoRFM Membership
The membership of GeRM in 2020 is presented in the table below.

Chairperson

Marinus Johannus va NLR The Netherlands
Enkhuizen

Members

Bernd Korn DLR Germany
Antonio Vitale CIRA Italy

Carsten Doll ONERA France

Jaime Cabezas Carrasco INTA Spain

Martin Hagstrom FOI Sweden
Andrew Rae University of the Highlands an UK

Islands in Scotland
Industrial Points ofContact

Laurent Goerig Dassault France
Philippe Goupll Airbus France
Martin Hanel Airbus Defence and Space  Germany
Peter Rosander Saab Sweden
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26




== GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @@WE@M@ FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

5.4 Group of Responsableg Helicopters (HC)

5.4.1 GoRHC Overview

The GoRHC supports the advancementa¥il and defence related rotorcraft technology in European
research establishments, universities and industries through collaborative research activities, and
through identification of future projects for collaborative research.

The GoRHC initiates, orgaises and monitors basic and applied, computational and experimental
multidisciplinary research in the following areas and in the context of application to rotorcraft vehicles
(helicopters and VTOL aircraft, such as tilt rotors, compounds and multico@as)systems
technology.

The field for exploration, analysis and defining requirements is wide. It covers knowledge of basic
phenomena of the whole rotorcraft platform in order to:

91 Decrease costs (development and operation) through Virtual Engineering naimerical
tools based on lovorder (analytical, BEM) to higirder (CFD) methods, validated with
relevant test campaigns;
91 Increase operational efficiency (improve speed, range, payload, all weather capability, highly
efficient engines, more electric rotcraft ...);
1 Increase security, safety
0 Security studies, UAVs, advanced technologies for surveillance, rescue and recovery;
o Flight mechanics, flight procedures, human factors, new commands and control
technologies;
0 Increase crashworthiness, ballistiopection, etc.
1 Integrate rotorcraft better into the traffic (ATM, external noise, flight procedures,
requirements/regulations)
9 Tackle environmental issues:
o Greening, pollution
o Noise (external, internal)
1 Progress in pioneering: breakthrough capabilities

Technical disciplines include, but are not limited to, aerodynamics, aeroelasticity including stability,
structural dynamics and vibration, flight mechanics, control and handling qualities, vehicle design
synthesis and optimisation, crew station and humantdas, internal and external acoustics and
environmental impact, flight testing, and simulation techniques and facilities for grbasdd testing

and simulation specific to rotorcraft.

A characteristic of helicopter, tilt rotor, compound and multicoptmatters is the need for a
multidisciplinary approach due to the high level of interaction between the various technical
disciplines for tackling the various issues for rotorcraft improvement.

27




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ RW@U |_||T‘% FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

PreIiminarteStof isolated rotor in Xn Generic Main Rotor/Propeller Configuration (ONE
tunnel at DLRG6ttingen (HC/A@5) (HC/AG25)

5.4.2 GORHC Activities
In 2020, GoRIC monitored the following action groups:

HC/AG21 Rotorcraft Simulation Fidelity Assessment. Predicted and Perceived Meast
Fidelity
Main goal of the project is the development of new simulation assessment criteri
both openloop predictive fidelity and closeldop perceived fidelity. Final simulatic
trials were done in 2016 and analysed in 2017. All technical activities arel clise
final report was delivered on®10ct. 2020.

HC/AG25 RotorRotorInteraction
The main objective is to investigate, both numerically and experimentally the €
of rotor / rotor and rotor / propeller wakes interactions on high speed rotorct
operating in low speed conditions with the aim to establish low order models t
usedin pre-design phases of advanced rotorcraft vehicles or in comprehensive ¢
The AG started in October 2019.
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The following Exploratory Groups were active or decided to start in January 2021:

HC/EG38

Verification & Validation: Metrics for thgualification of Simulation Quality

To define metrics for the qualification of the quality of rotorcraft simulations, ¢
contribution to the Verification and Validation (V&V) process of numerical codes
progress in this EG was limited and the wbidgs in 2019 did not bring the expecte
clarity for the next steps. As the topic is very relevant Gi6Ris still supporting th
key ideas of this EG. It is to be considered that the EU CS2 Project RoCS (R«
Certification by Simulation) is coveringry similar topics. Due to limited resources
the relevant organizations it was decided to put this EG on hold friéduly 2020
until the end of the RoCS project. Due to effects of tl@@V@D19 pandemic ar
extension of RoCS until the end of 2022 cameXxgected. With the end of RoCS G
HC will try a restart of HC/EEB in order to produce meaningful Terms of Referel
for possible AGs.

HC/EG39

Testing and modelling procedures for Turbulent Boundary layer noise

To identify ways how to reduce thfv induced noise in rotorcraft. The chadérson
was in 2020 a visiting scientist at NASA working on other topics and took up tt
lead after his return in September 2020. The first meeting took place in Dece
2020.

HC/E&40

Gust Resilience of VT@lrcraft

The objective is to saip a team of researchers able to investigate and test
different approaches that might be employed to achieve gust resilience of-notdii
vehicles. This EG was identified in 2019 and was expected to be activln
P YVF2NIdzyiStex / NYFASERQA | LILIX AOLK
successful therefore Cranfield had to withdraw from chairing this EG. The
chaimpersonis Prof. Lovera from Politecnico di Milano who will restart this EG in.Z

HC/E&A1

Noise Radiation and Propagation for Multirotor System Configurations

The obijective is to investigate noise radiation and propagation (installation effe
multirotor systems. Compared to conventional helicopters the importance of
various noise sources and the influence of noise scattering can be totally differe
multi rotor configurations. The list of interested parties was established in 202C
this EG will get active in 2021.
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New topics under consideration are:

Modellingof electric systems foréTOLS (prdesign)

To provide simple relations for considering the electric system of eVTOLS in predesign.
Drone impact on Helicopters (rotating parts)

To gain insight in the severity level of drone rotor blade interactions.

Ice accretion and performance prediction on rotary wings

To improve the assessment of performance degradation when flying with rotorcraft in
conditions.

Human Factors issues and Training methods for complex automation in cockpit

To improve the werall performance of the pilot / rotorcraft system in accomplishing missions
PSP/TSP for rotors/propellers (droe¥TOLS...)

To assess the potential and the limitations of pressure and temperature sensitive paint in rotc
wind tunnel tests.

Analysis and Decomposition of the Aerodynamic Force Acting on Rotary Wings

To study the application to rotary wings of aerodynamic force analysis and decompaosition me

5.4.3 GoRHC Membership
The membership of GeRC in 2020 is presented in the tabledoel

Chairperson

Klausdieter Pahlke DLR Germany
Members

Joost Hakkaart NLR The Netherlands
Mark White Uni. of Liverpool United Kingdom
Arnaud Le Pape ONERA France

Antonio Visingardi CIRA Italy

Industrial Points of Contact

Rainer Heger Airbus Helicopters Germany
Observer

Richard Markiewicz Dstl United Kingdom
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5.5 Group of Responsableg Structures and Materials (SM)

5.5.1 GoORSM Overview

The GoRSM is active in initiating and organizimgronauticsoriented research on structures,
structural dynamics and materials in general. Materials oriented research is related to material
systems primarily for the airframe; it includes specific aspects of polymers, metals and various
composite systems. Structural reselars devoted to computational mechanics, loads and design
methodology. Research on structural dynamics involves more especially response to shock and impact
loading.

The group is active in theoretical and experimental fields of structures and materisieetaythen
development and improvement of methods and procedures. Of great importance is the mutual
simulation of the diverse scientific approaches. Experiments give new insights into the mechanisms of
structural behaviourthat can be included in improvetheoretical models. Finally, the theoretical
results must be verified and validated by comparison with results from suitable experiments or trials.

Although the specific topics vary over the years, the scientific basis remains largely unchanged. The
work is looked upon as an upstream research intended to discover valuable areas of future activity; in
this context many new ideas were proposed and explored during the year 2020.

Activities within the Exploratory and Action Groups cover several aspects ofviethomnventional
and new technologies, new structural concepts and new design and verification criteria. Recent,
current and upcoming work is devoted to:

i Fatigue and damage tolerance assessment of hybrid structures
1 Damage repair with composites @omposite and metallic structures

1 Characterization and modelling of Composites with Ceramic Matrix submitted to severe
thermo-mechanical loading

1 Characterization of composites with polymer matrix at high temperatures
1 Characterization and optimization of@tk absorbers for civil aircraft fuselages

1 Additive Layer Manufacturing

Annual Report 2020

31




== GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @@WE@M@ FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

5.5.2 GORSM Activities
In 2020, GoFSM monitored the following Action Groups:

SM/AG34 Damage repair with composites

This Action Group started in the second half of 2012 and originated from SME
The main objective of the work consisis the definition of effective repair
techniques both for civil and military aircraft structures through the developmer
numerical/experimental methodologies.

There has been no activity in the past two years. However, the work is alr
completed and a draft report is under validation. A final version of the report wi
issued beginning of 2021.

SM/AG35  Fatigue and Damage Tolerance Assessment of Hybrid Structures

This Action Group started in March 2012 and is a result from SM&Ghe final
report is ready and should be sent beginning of 2021.

The following Exploratory Group was still open in 2020:

SM/EGA43 Development of additive layer manufacturing for aerospace applications

This Exploratory Group started in the second half of 2014 and only met on
February 2015. At that time, it was proposed to launch a benchmark to comr
three different machines (2 SLM machines by NLR and DLR) and an ARCAM |
by CIRA.

Given the evolution of techniques and following the departure of most
participants, itwas decided to close the group.
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The following Exploratory Groups were launched in October 2020:

SM/EG44 Characterization of composites with polymer matrix at high temperatures

The main objective consists in the characterization of the mechapiopkrties of
Composites with Polymer Matrix submitted to high thermal conditions. The v
will be mainly experimental with the definition and improvement of experimer
methods. The final objective would be to provide a test stand for the testin
classical coupons.

SM/EGAS  Characterization and modelling of CMC submitted to severe thermechanical
loading

The main objective consists in the characterization of the mechanical propertie

modelling of Composites with Ceramic Matrix (CMC) submitidnigh mechanica
loadings and extreme thermal conditiors1000°C)

SM/EGA46 Characterization and optimization of shock absorbers for civil aircraft fuselage

The main objective consists in the design and verification of composite/metal h
structures capable of reducing passenger cabin acceleration peaks during a fu
crash event.

SM/EGA7 Additive Layer Manufacturing

Two topics are under consideration for this HGey consist in:
1 Novel aluminium alloys with the objective to explorew aluminium alloys
suitable for processing via metal additive manufacturing techniques ;

1 Preidentified development of intermetallics with the objective -
investigate the metal 3D printing process for a commercidiAj alloy.

Several otherinteresting and promising topics were discussed by the GoR members, and their
potential for possible GARTEUR collaborative programmes has been thoroughly examined. Topics
included:

1 Additive Layer Manufacturing for polymers
1 Bolted joints
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5.5.3 GOoRSM Membership

The membership of GeBM in 2020 is presented in the table below.

Chairperson
Florence Roudolff

Members

Bert Thuis
Aniello Riccio
Javier San Millan
Peter Wierach
Thomas Ireman
Mats Dalenbring

Industrial Points of Contact
Roland Lang

Mathias Jessrang

Robin Olsson
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ONERA

NLR
SUN
INTA
DLR
SAAB
FOI

Airbus Defence and Space
Airbus Operations
RISE

France

Netherlands
Italy

Spain
Germany
Sweden
Sweden

Germany
Germany
Sweden
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6 List of abbreviations
ACARE: Advisory Council Auiation Research and Innovation in Europe

AG: Action Group
ATI: Aerospace Technology Institute (UK)
CIRA: ltalian Aerospace Research Centre
DLR: German Aerospace Centre
DNS: Direct Numerical Simulation
DSTL: Defence and Science Technology Laboratory (UK)
EASA: European Union Aviation Safety Agency
EDA: European Defence Agency
EG: Exploratory Group
EREA: Association of European Research Establishments in Aeronautics
EU: European Union
FOI: Swedish Defence Research Agency
FP: Framework Programme
GARTEUREroup for Aeronautical Research and Technology in Europe
GoR: Group of Responsables
AD: Aerodynamics
AS: Aviation Security
FM: Flight Mechanics, Systems & Integration
HC: Helicopters
SM: Structures & Materials
RC: Rotorcraft
IPoC: Industrial Points of Caict

INTA: National Institute of Aerospace Technology (Spain)
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JTI: Joint Technology Initiative
JU: Joint Undertaking
LES: Large Eddy Simulation
NATO North Atlantic Treaty Organization
NLR: Netherlands Aerospace Centre
ONERA: Office National d'EtudesRetcherches Aérospatiales (France)
PADR: Preparatory Action on Defence Research
PPP: PubliPrivate Partnership
RANS: Reynoldsverage NavieBtokes
RPAS: Remotely Piloted Aircraft System
R&T: Research & Technology
RTD: Research & Technology Development
SESR: Single European Sky Air Traffic Management Research
SME: Small and Mediusized Enterprise
SRIA: Strategic Research & Innovation Agenda
STOScience and Technology Organisation
TRL: Technology Readiness Level
UAV: Unmanned Air Vehicle

XC: Executive Committee
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8 Appendix A: AnnexGoRAD

ANNUAL REPORT FROM THE GROUP OF RESPONSABLES
A"AERODYNAMI CSo

Remit

The GoRAD initiates and organises basic and applied aerodynamic research in the field of aeronautics.
The current scope of activities covers the following areas:

Aerodynamics;

Aerothermodynamics;

Aero-acoustics;

Aero-(serve)elasticity;

Aerodynamic shapeptimization;
Aerodynamics coupled to flight mechanics;
Aerodynamics systems integration.

O O O O o o o

The activities aim to advance the collaborative aerodynamic research in Europe, combining both
numerical and experimental research. Dedicated experiments are caaigdusing advanced
experimental techniques and measurements methods in order to generate valuable data needed for
the further understanding of basic flow physics, for the investigation of specific aerodynamic
problems, and for the validation of numericaimulation tools in a number of areas. The
computational activities comprise the further development of simulation and prediction tools of
different classes of fidelity, the tool validation using experimental data, and also the application of
these tools ér the investigation of specific problems arising in aeronautical applications. The close
collaboration of experimental and numerical activities is of great benefit and enables enhanced
progress in aeronautical research.

Whilst the majority of the researchctivities focusses on mordisciplinary aerodynamics, some of
the work also has a significant amount of mudligciplinary content. This trend is driven by industrial
interests, and is likely tamncreasen the future.

Funding for GARTEUR activitiesiatively small and, in general, is insufficient to fully support new
research. In most cases therefore the AG activities are combined with activities funded through other
routes, such as EU, NATO STO (Science and Technology Organisation) or nationaticGeron
research programmes.

Research initiated in Ge®RD programmes sometimes leads to an EU proposal or compliments
concurrent EU program content. In addition, the content of @dRactivities can be cross sectorial in
covering both civil and militarypterests.
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GoRAD Overview

GoR Activities

The primary task of the GoR is to monitor Action Groups, encourage Exploratory Groups, and stimulate
new ideas. In 2020, one Action Group (AD/M} was completed and fousthers were active
(AD/AG56, AD/AGE7, AD/IAG58, AD/AGBY). Two Exploratory Groups (ADHEG AD/EG/8) were

active. AD/EE&'8 was transformed into an Action Group (AD/#@. Details about these groups can

be found below.

Another task of the GoR is the interaction with the other GoRs by progpatierdisciplinary topics.

An example of such a topic are the aa@rvoelastic simulations conducted in AD/AB. The chairs

of the different GoRs interact during the Council meetings or meet in specific sessions dedicated to
new multidisciplinary topis.

New ideas for research may be formulated by GoR members or arise within the GARTEUR
organisations. As GARTEUR does not offer funding, it is essential that the research is supported by the
organisations themselves. Therefore, the GoR critically revi¢he research objectives and
methodology, but does not select particular topics over others.

In 2020, several ideas for possible new Groups were on the table. Among those that have not yet
resulted in an EG are: Natural Laminar Flow Monitoring, Morphing for Load Control, Convective Heat
Transfer, Immersed Boundary Simulations, Hypersonic Flowermah Management for Electric
Propulsion, Corner Flows, Human Droplet Dispersion.

Activities in 2020 were affected by the worldwide CO¥®pandemic and the progress of most AGs
and EGs has slowed down due to these circumstances. Since the pandenmrine®imi2021, further
delays can be expected and extensions of AGs and EGs may be necessatry.

Management

Two meetings have been held in 2020. Due to the CQ9Ipandemic, only the first meeting could
be held as a physical meeting. Meeting AR took place at NLR in Amsterdam on thHézhd 4"
of March 2020. Meeting AD/AQO5 was established as an online meeting on thefSeptember 2020.

Five members were able to physically attended the meeting in Amsterdam and four members joined
by Webex. ie online meeting in September was attended by nine members. In average, three of
them from Industry. Lack of funding and time were the reasons for the members who could not attend
the Amsterdam meeting in person.

There is still no British representatiomthe GoR. This is a point of concern, as British input in both the
GoR and the Action Groups is valuable and has always been much appreciated.

Due to the COVHD9 pandemic, future meetings in 2021 are planned as online meetings for the time
being. Instad of two physical onday meetings, four haiflay online meetings are envisaged:
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1) AD/A107 Meeting on 2% of January 2021, online
2) AD/A-108 Meeting on T of April 2021, online

3) AD/A109 Meeting on Tof July 2021, online

4) AD/A110 Meeting in Octobe2021, online

For the period 202@ 2021 the chairs are:

Chair: Kai Richter, DLR
ViceChair: Giuseppe Mingione, CIRA

Dissemination of GARTEUR activities and results

No final reports were published in 2020.

Status of Action Groups and Explorat@soups

Five Action Groups and two Exploratory Groups were active in 2020. One new AGs started at the end

of 2020.
AD/AG54 RANS_ES Interfacing for Hybrid and Embedded LE
Approaches
vor The overall objective of AD/A®4 has been to explor
T - -
00 200 400 600 800 1000 1200 and further to develop and improve RAINBS COUplIn

for embedded LES (ELES) and hybrid RAS
YSGK2R&AEZ LI NI A Odzf | NFH-ENDS
problem present in zonal and nezonal hybrid models
for aerodynamic applications. Both zonal and n
zonal approaches are considered. Three fundame)
flow test cases have been selected to investigate
different methods. The AG started in April 2014 and
final meeting took place in Nov. 2018. The firgport
will be ready in the beginning of 2021.

The chairperson is Shidui Peng (FOI).
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AD/AG56 Coupled Fluid Dynamics and Flight Mechanics
Simulation of Very Flexible Aircraft Configurations

Very flexible aircraft are lighweight constructionshat

require multidisciplinary design tools. Main objectiv
of AD/AGpc | NB (G2 SyKIFyOS
in aeroelastic simulations to more accurately preg
aerodynamic loads and structural deformations

manoeuvre and disturbance conditispand to allow
for the benchmarking of inhouse tools amongst t
partners through the use of a common research moc
In 2020, limited progress has been made, in g
because of a change in chairmanship.

The chaimanis Richard van Enkhuizen (NLR).

AD/AG57 Secondary Inlets and Outlets for Ventilation

Aircraft require a variety of secondary air inlets g
outlets mostly for environmental control systems, A
operation, ventilation and cooling purposes. Mg
objectives of AD/AG7 are to analyse and improve th
efficiency of conventional secondary airlets for
different applications on fuselage and wing, and
explore the feasibility of new lovwwbservable concept
hidden within the main engine intakén 2020, most
activities had to be suspended because of

COVIBL9 pandemic.

The chairperson is Jos@ngel HernanManrique
(Airbus Operations).

AD/AG58 Supersonic Air Intakes

Supersonic air intakes are of foremost importance
the design of supersonic dreathing vehicles. Maif
objectives of AD/AGS are to gather a database
relevant flow features on representative test cases @
to validate CFD codes on these specifigids.
Investigations include the control of cowl oblique shc
/ boundary layer interactions, internal bleed flows, a
effects of intake diffusers and scramjet isolatohs.
2020, geometries have been selected and exchan
The first ZDES computationsveabeen launched an
compared to RANS approaches. Nevertheless, ac
has been delayed and a ofear extension is needed
The chairperson is Christophe Nottin (MBDA).
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AD/AG59 Improving the Simulation of Laminar Separation
Bubbles

Laminarseparation bubbles are one of the main criti
aspects of flows at low Reynolds number, of ordel
magnitude 10 to 10°, which are relevant for sma
aircraft such as UAV. Main objectives of ADB%zare
advancements in the understanding of the evolutafn
laminar separation bubbles and their effect on airf
flows, and the improvement of the numeric
prediction of flows with laminar separation bubbles.
— ; 2020, activites comprised two wind tunn
esamsmoran i omomon i : L  @xperiments in WP 1 and numerical investigations

the different test cases in WP 1 to WP 4.

The chairperson is Pietro Catalano (CIRA).

AD/EG77A AD/AG60 Machine Learning and Dafariven Approaches for

Aerodynamic Analysis and Uncertainty Quantificatig
Task 1: Aerodynamic analysis and
prediction of aerodynamic features

MLAAERO Task 2: Data fusion and multi-fidelity
heterogeneous data management

Aerodynamic analysis and uncertaingyantification
are key capabilities used in aircraft design. M
objectives of AD/AGO are the improvement o
machine learning capabilities and valuable knowle
of the selected datalriven techniques in aerodynam
analysis and uncertainty quantificati. Through the
proposed activities it is expected that best pract
guidelines will be concluded and the use of mach
learning methods is facilitated in the aeronauti
industry. In 2020, the AG proposal has been finali
and was approved by Council.

The chairperson is Esther Andrés (INTA).

AD/EG78 Hybrid RANS/LES methods for WMLES and
Embedded LES

For future aircraft design and certification, wa
bounded turbulenceaesolving hybrid RANS/LE
methods are of particular interest for the prediction
flow phenomena related to aeroacoustics, unstes
loads, mild flow separations or boundary laye
undergoing strong adverse pressure gradients. A w
programme is developed in order to eni@e the
capabilities of walmodelled LES and embedded LES
2020, the AG proposal has been prepared as a fel
on of AD/AGE4 and will be finalized in 2021.

The chairperson is Nicolas Renard (ONERA).

Task 3: Uncertainty quant|f|cat|on
and management

Task 4: Best
practices guidelines

wu_=08 | o025

L R75
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Rolling plan

No. Topic 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

RANS-LES Interfacing Hyb|
AD/AG-54|RANS-LES and Embedded
Approaches

Coupled Fluid Dynamics af
AD/AG-56|Flight Mechanics Simulatio EG-72-
for Very Flexible Aircraft

Secondary Inlets and Outlg

o EG-73-
for Ventilation

AD/AG-57

AD/AG-58|Supersonic Air Intakes EG-75

Improving the Simulation o

. . EG-76-
Laminar Separation Bubble

AD/AG-59

Machine Learning and Datg
Driven Approaches for AO
and UQ

Hybrid RANS/LES methodg
AD/EG-78|for WMLES and Embedded
LES

AD/EG-77
AD/AG-60

GoR membership

Chaiperson

Kai Richter DLR Germany
ViceChaiperson

Giuseppe Mingione CIRA Italy

Members

Eric Coustols ONERA France
Fernando Monge INTA Spain
Bruno Stefes Airbus Operations Germany
Magnus Tormalm FOI Sweden
Harmen van der Ven NLR Netherlands
PerWeinerfelt SAAB Sweden

Industrial Points of Contact

Nicola Ceresola Leonardo Company Italy
Michel Mallet Dassault Aviation France
Didier Pagan MBDA France
Luis P. RuiCalavera AIRBUS D&S Spain
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Table of participatingrganizations

AG | AG | AG | AG | AG | AG | AG | EG | EG
54 55 56 57 58 59 60 77 78

Research Establishments
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Airbus Operations GmbH
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EADS

LACROIX
MBDAF
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== GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @@WE@M@ FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

AG | AG | AG | AG | AG | AG | AG | EG | EG
54 55 56 57 58 59 60 77 78

IRT Saint Exupéry |

Univ. of Strasbourg T

Univ. of Southampton T

Institute of Marine 1
Engineering (INMCNR)

Nat. Institute for Research in
Digit. Science and Technolog

—

—

University of Twente

Total yearly costs of AG research programmes

2015 2016 2017 2018 2019 2020
pmilel/pm leipm|le/pm lejpmile pm|lc¢
54 22 [140|18 |80 |20 |100|12 |50

AG

56 14 |7 12 |14 |12 |14
57 21 |29 |22 |29 |22 |29
58 13 13

59 16 |9 21 |13

TOTAY 74 | 251 |61 | 17940 | 124 |55 |94 |63 |53 |69 |56

Action Group Reports

Annual Report 2020
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