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1. Introduction

Dear reader,

In 2023 both the civil and defence sectors of the aeronautics industry have continued to
experience a pogiandemic economic resurgence. Likewise, rapidly advancing climate change
and the war unleashed by Russia against Ukraine pose new challenges to our community and
require to address new paradigms.

The challenges ahead necessarily need to involve the whole aeronautical community, at
platform and operations level, in close cooperation with climate scientistsnérgy indusir
and regulatory agencies.

The development and introduction into service of advanced and disruptive technologies to
drastically reduce the environmental and climate impact of aviation will need to be doae whil
maintaining Europe’s leadership as a global player in aeronautics. There is a clear need to
accelerate decarbonisation while maintaining industrial competitiveness amidstingy
international competition.

Aeronautical platforms, both in the civil (transport and emergency services) ditarymi
domans will have to operate in more extreme conditions than in the past, with the rapid
evolution of climate change. Operational safety will have to be guaranteed in challenging
environments.

2023 has been a very exciting year for GARTEUR. Whilst continuingnegoing research
activities, our community has had a chance to reminisce on the success stagethe
creation of GARTEUR in 1973 and to chart the future ahead.

The 50th Anniversary celebration that was held at the Italian Air Force AcadeRoznoli

on 56 October 2023 brought together the GARTEUR community and representatives of major
civil and defence stakeholders. It confirmed the effectisermésr s, RTWEL TR
GARTEUR's lean operational model with its genuinely «cooperati. & & '
approach: minimum burocracy, operational flexibility, own objectivg. -,1
own funding, bottorup research, own review. It's particular natur?-' b
(governmento—government civil, defence, dual use) among | '

party funding.

Nonetheless, it was recognised that there is need to review the m@
and to effectively communicate it to the aeronautics commug
increasing the cooperation with other organisations, in particularf
order to bring new talents to GARTEUR'’s researahatives

As we pass on the chairmanship to Germany for 2024-2025, we
sure that GARTEUR will increase its ambition, strong of its 50- Chairman (2022 - 2023)
years’ experience, and reaffirm that innovation is at the base of GARTEUR Council
GARTEUR's raisons d'étre.

Piergiovanni Renzoni

Annual Report 2023
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Dear GARTEUR Friends,

2022 was a year of trargn from the pandemic towards a sort of «normality»: Ithéan
delegation tried to continue the very good job initiated byDbé&ch delegation, during the
hardest period of the loetown, by keeping the GARTEUR community adind kicking
Meeting in presencestarted againand the Executive Committee wéasoking forward
organising the event celebrating the 50th anniversary of the Group.

2023 was a very committing year in order to orgarisés besthe above mentionedvent,

and the associated conference, at the Italian Air Force Academy in PozalplgritOctober

5th — 6th.Speakers, coming from academia and industry, also belonging to our Group from a
very long timedecided to be part of such conference and also reptatees of the military
gave their contribution. During those days, the Italian Air Force premiseshadsted meetings

of Group of Responsables and Action Groups,bbatingheart of the work performeith
GARTEUR. So,at onlythe eventvasthe opportunity to have the whole GARTEUR community
joined in one place in one moment or to meet a wider research comniugétye the chance

to have a shared vision of the results achieved by the Group in the past 50 yeararchrese
activities in theaeronautical field and the possibility to chart the future of aeronautical
research inhe next decade

Speeches and roustdbles provided various observations and suggestloat were welconte
and will be subject of deep discussions to improve the research activities @foup in the
near future!

Vittorio Puoti

Chair XC GARTEUR 2022023
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2. Executive summary

The GARTEUR Annual Report3@®dvides a summary of the main managerial actiofihe Council,

and the scientific and technological progress magehe five Groups of Responsables (GoRs). The
GoRs constitute the main bodies for establishingegech priorities in the technology aaovered

by GARTEUR: aerodynamics, structures and matera@lsrcraft, flight mechanics and systems
integration, andaviation security.

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

2023wasa very special year for the GARTEUR: inGARTEUR celebraltits 50" anniversary!in the
Council meeting held in November 2021, it was deditb organise a special event, in conjunction
with the Fall Council meeting in 2023, to prepahe future of GARTEUR and to attract people to
prepare the future all together.hie event is described iBectioré.

Section5 reports on the European aeronautical R&T environtrignhighlighting the importance of
European Collaborative Programsch as Horizo&kuropeand Clean Aviation to civil aviation. Great
steps have been taken to streamline aeronauticale@ch in Europe, making use of several bodies
within the European R&environment €.9g.EREA and ACARE).

Developments in military aer@utical strategy within Europe are also discusseth wnformation
provided on the European Defence Action Plan anmtlFand the benefits that may be available to
aeronautic development from EU funded defence resha The close involvement of GARTEUR
members with ACARE is also described.

The GARTEUR scientific and technical activitiesepated insection 6, with each of the five GoRs
presenting a summary of their work during 202

Annual Report 2023
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3. GARTEUR Council

3.1 Chairmanship and membership

On the 1st oflanuary 202, Italy succeededhe Netherlandsas chair of GARTEUR for a period of two
years, ending on the 31st of December 202

During the second year of the Italian chairmanshigGARTEUMYr. Piergiovanni Renzgrifom the
Italian Aerospace ResearClente (CIRAgontinued to serve aShairman of the Coun@kMr. Vittorio
Puoti alsofrom CIRAserved aghairman of the Executive Committeed GARTEUR secretary.

A change occurred in the French delegati@arting I*' of June 2023JeanSébastienMartinez De
Castilldrom DirectionGénérale de’Armement(DGA), will serve as Head of Delegation, replatitig
L'Ebraly which provided strong leadership to GARTEURh®Iast four and a half years

3.2 GARTEURCouncilMeetings

GARTEUR Council meetings occur twice a year, dtimain Council meeting being preceded by a
meeting of the Executive Committee (XC). During Xiiethe GoR Chairs and XC members meet to
discuss the agenda for the Council meeting, revigvaind proposing outstanding actions, shaping the
discussion topics in detail, and preparing propssalthe Council.

The Council meetings consist of representativesnfitbe national delegations with the GoR chairs.
These meetings provide a vital opportunity for tB@Rchairs to inform the Council on the research
being undertaken by their Action Groups and ExpglmaGroups and to introduce potential new areas
of interest.

The Council meetings also offer the member states apportunity to provide updates and
developnents at national level in R&T activities and invests in civil and defence aeronautics. The
multidisciplinary nature of the Council meetingsopides excellent opportunities for dynamic
collaboration and exchange of expertise and vapedspectives.

Meetings:
- XCT0-19"—20" January 2023oth online and in presenc@NERA, Glillon, Paris;

- C7% - 8 — dg" March 2023, NLR site and National Military Museum, Amsterdarhe T
Netherlands

- XC¥1-29th June 20230nline;

- C75- 8" Octdber 2023, Italian Air Force Academy, Pozzuoli, Itadygonnection with thesO"
anniversary GARTERent

Annual Report 2023
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3.2.1 XCI170

This XC meeting was held at ONERAtil@im, Parison the 19" —20" January 2023It was organised
both in presence and online for some XC membhbkesda were not able to get to Paris. The AS GoR
chairman, Angela Vozella, invited to participatettie meetingwas present via Teams connection
during the morning of the second day, due to prexsicommitments that could not be cancelled

This XC meetingsted over two days since it hosted the first dission about the organisation of the
50" anniversary GARTEUR Confereimtéact, during the Fall 2022 Council in Braunsdgw€&ouncil
membershad agreel on devoting a full day of the XC meeting to thscdssion about th@bove
mentioned event whose organisation has gained the highest priorBp, the first day of this XC
meeting was entirely devoted to the discussion k¢ tmain items related to the event: date of the
event, location, agenda, focus of the event, pap@nts to beinvited and to be involved, etdRResults

of the discussion are contained in a document skarg the Council and XC members and subject to
a monthly updatingOn the second day, some issues concerning AS Giffanship weraliscussed
with the current chairman, Angela Vozeltaen,proposals, provided by the GoRs, for the award were
presented andsome news concerning the organisation of the UAMrkshop were givenThe
discussion related to the award helped XC membensridestand that someupdatingin the related
section of the current version Basic Documentsild becrucial

A very important update concerned the interactioritivthe PEGASUS consortium: the Council
chairman, P. Renzoni, is going to invite PEGA&d8hairman, Prof. Emmanuel Zenou, to give a
speech duringhe Council meeting in Amsterdam in March. This shdaddhe first step towards a
tighter interaction between théwo organisations

3.22 C/A

C7 took place ong8" — 9" March 2023 in Amsterdam, precisely at NLR, the first dayd ahthe
National Military Museumlocated inSoesterbergon the second dayThe main topics discussed
during this meeting were the updates from the G@lRd theorganisation of the event celebrating the
50" GARTEUR anniversasgeFigurel.
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Figure 1: Council members portrayed duritige C74 meetingt NLRin Amsterdam

Theltalian delegation, charged of the main part of thiyanisation of the event, informed the Council
members that the 59 anniversary would be held in Pozzuoli, at the AircE Academy on the'5—
6" of October.

One of the main foclesof the meeting wa the presentation of PEGASP&rtnership of a European

Group of Aeronautics and Space Universjtgggen by Prof. Emmanuel Zenou, vad®irman of the
PEGASUS network, deigure2.

Figure 2: Council members portrayeat NLRduring video conf with PEGASUW&e-chairman, Prof. Emmanuel Zenan
Amstedam

Annual Report 2023
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During the first day meeting, Council members wgieen theopportunity to visit several research
labs hosted at NLRyratitude and acknowledgement for the time spent goes to all tleseachers
involved in the visit.

On the second day, the meeting movem the National Military Museum, located iBoesterberg
where the Councilgranted the Award for Research for the period 202023to the action group
AD/AGbH4, entitled “RaLESin: RANBS Interfacing for Hybrid RANSS and Embedded LES"the

period 2®2-2023. The awardwould be delivered to the chairman of the AD/A2& during next
Councilto be held in Italy in the Fall, in conjunction withetevent celebrahg the 50th anniversary
of GARTEURhe UAM workshopthat would have been held in Amsterdam the day befdhe

Council, wagancelledas deemed not yet mature.

At the end of the meeting, Council members had ar @l aroundthe museum, se€&igure3.

id

i

e

Figure 3: Council members portrayed at the National Miligdviuseum in SoesterbenyL.

3.23 XCI1i

The XC11 meetingtook place on th&9th of June 202&nd was onlie. XC members decided to have

the meeting earlier than usual due to the upcomigent, planned in Pozzuoli at the early beginning
of October. Since there were many topics to discaissut and the agenda of the event had to be
completed, both in terms of sessions and in termparticipants, XC members agreed that having the
meeting in September, as usual, would have beenlabe.

So, the main topic of the agenda of the meeting wlas progress on therganisation of the event
related to the 50" GARTEURNniversary Anyway, some issues were not solved during mhéting,
soseveralextraordinary meetings were held online in July &aptember.

Annual Report 2023
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As far as the collaboration with PEGASUS is coedeRrof. Zenowice-chairman of the consortium,
informed us that hecould not be present in Pozzuoli, due to previous comneitits, andwould be

replaced by the local representative, Prof. FramoeSrano, from the University of Naples “Federico
.

A slight modification to the Basic Documenigsalso proposed in order to avoid misunderstandings
in the award process. The modification would be rqwedat the C75 meeting.

The members agreed to have the next Council meetm&ozzuoli, compressed in the morning of the
5" of October,dropping alsahe Re-Council sessiorso that the rest of the day will be available for
the event.

3.2.4 C75

The Council meeting75 took placein the morning of Thursda§" October2023, as decided in the
last XC meeting held online, hosted, as the upcgreivent, by thetalian Air Force Academy. Actually,
the premises of the Italian Air Force Academy hdsitso other GARTEUR meetings in the same days,
such as

% GoR Rotorcraf88" Meeting: October4™ — 8", 2023
¥ GoR Arodynamicsl 13" Meeting, October # — 8", 2023

% GoR Rotorcraft: AG2'/Analysis & Decomposition of the Aerodynamic Footm@\on Rotary
Wings, 15'Technical Meeting, Octobe'42023

% GoR Rotorcraft AG26 “Noise Radiation and Propagation for Multirotor $yst
Configurationy, 3rd Technical Meeting'Qctober4™, 2023

For three days, the Italian Air Force premises édsine of the main European groups workittg
chart the future directions of GARTEUR!

The C75 meeting started withe welcome of theCommander of the Italian Air Force AcadeMsgjor
General Luigi Casg@dieeFigure 4 and thepresentation given by the responsible of the Safety Group
in the Air Force Academy: in that period, unfortteig, small earthquakes were very frequent in this
areadue to thephenomenon of bradyseispso people had to be informed about the emergency
procedures in case of an earthquake. Anyway, thenCib meeting and the following event were not
bothered by this type of natural problems.

10
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One of the main results of the meeting was theldlignodification b the Basic Documents: in order

to avoid misunderstandings in the future and clgadentify eligible AGs for the award, the section
GARTEUR award and Certificates, paragraph 2 \ga#ystthanged.

As already decided, the delivery of thaditional Avard of Excellence was moved to the evening
during the Galdinnerin conjunction with the delivery of the special GARIR award assigned for
the 50" anniversary.

C75 also fixed the changeover of the GARTEUR arahp between Italy and Germar@ermany
will chair GARTEUR for the period 2@D25.

Figure 4: Council members portrayed during the welcomemyiwg Major General Luigi Casali, Commander of thediin
Air Force Academylocated in Pozzuoli, IT

3.3 GARTEURNebsite

The GARTEUR website is accessiblevat.garteur.organd provides information on the mission,
principles and background of GARTEUR, along withsado information and reports from the five
GoRs. Contact details and information on how tarb®lved in GARTEUR research are also provided,
along with links to the national strategic documentf the GARTEUR countri€uring 203 the
website was updated by the secretaposting information about the meetings and abotetevent
celebrating the 59 anniversary of GARTEUR

Annual Report 2023
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Due to the huge amount of documents produced andthie importance of theabove mentioned
event, abrand new section of the website was created by the séanein order to archive material
produced anddistributed during the conference for the BOanniversary of GARTEUR. Agenda,

presentations are downloadable as well@sriculaof the speakers. Many pictures taken during the
conference, the dinner and awasderemonywere uploaded to the website.

Forthe use of the GoRs, DLR has arrangd@amSite, to be used as a repository for minuted an
other documents. Tat TeamSitas accessibldirectly by the GoRand its members

3.4 GARTEUR Certificates

In 2023 certificates weredeliveredduring C# to the following GARTEUR membdfsat ended their
service in GARTEUR

x Eric CoustolfONERRA-Aerodynamics GgR

x Etiénne NijenhuigDutch MoD)-Council Chairman 2022021

Annual Report 2023
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4. Theevent: 50" GARTEUR anniversary

In 2023 GARTEUR celebrhits 50" birthday: inthe Council meeting held in November 2021, it was
decided to organise a special event, in conjunctidth the Fall Council meeting in 2023, to prepare
the future of GARTEUR and to attract people to pregghe future all together.

The discussion among patrticipants in the Councéting held in November 2022 in Braunschweig, in
the XC meeting held in Paris and in many othernentneetings provided many idedlsat were
summarised in a singlocument depidnga scenario of the everand then implemented in the event
itself.

4.1 Description of the event

The event was hosted in the premises of the Italin Force Academy which has been training its
pilots and engineers there for more than 60 yearke Academy is located in Pozzuolsnaall city
very close to the north of Naples with an ancieatlhourand theFlavian Amphitheatréhat date back

to the Roman empire, sdeigureb.

In accordance with the Italian Air Force Academy imrorder to take advantage of the last part oéth
summer period, it was decided to hold both tRall Council meetingnd the evenhon the5" and 8"
of October.

Duringall of 2023 the Council asked to GoR and AG chairmen, \pbenible, to plan to havineir
technical meetingst the Italian Air Force premises; doing s#,and 6" of October 2023vould be
devoted to charting théuture directions of GARTEUR!

Annual Report 2023

13




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ @WE LUJ I_“_-% FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

Figure 5: Aerial view of the Italian Air Force Acadentyostingthe50th GARTEUR anniversaripcated in Pozzuoli, [T

The main aim of the event consstin spreading across Europe the awareness on GARaEWR
preparing the future of research in aeronautic&uarope. In order to pursue this objective, the even
had an agenda customised for this target. Them®uld be presentations given by GARTEUR
researtiers chosen by each Group of Responsables andaat, Itwo keynote speakers thatould

give presentations about the most relevant techrgiks resulting from GARTEUR studies and a very
innovative topics in the research world at the momenBoth presentaibns would push further
GARTEUR knowledge across Europe but have a diffanen the first onewas needed to give
GARTEUR strong roots in the past whereas the sesoagrovidedhe GARTEUR community a solid
topic usefulto demonstrate how GARTEUR cantdbute to advance aeronautics developments in
the future.

4.2 Schedule of the event

This special event, split ovewo days,united in one place researchers, scientists, managersef t
GARTEUR community and other stakeholders that etahe future of Aermautical Research in
Europel!

Annual Report 2023
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GARTEUR

Figure 6: GARTEUR Logo for the 50th anniversary

In order to have as less modifications as posgibltbe classical GARTEUR agenda, where the Council
meeting is split over two days, the event and theu@cil meetingook place in two different days, so

that:

Vi.

on the morning of the first day, the Counstiérted in the morning and finiskd with lunch;

in the afternoon of the first day, the event sted and finisted on the second day at
lunchtime;

the morning of the first day asdevoted to the classical GARTEUR Council buompressed
form: the agenda of the meetingtbkinto account the participants’ requirements;

the afternoon of the first dayasdevoted to the presentations of each Group of Resables
with an audience consisting of students and reskars coming fromas manyGARTEUR
countriesas possible, including also cadets of tadian Air Force Academy

the evening of the first day hostl a GalaDinner with two lectures given by higlevel
managers of the aerospa sector (public and private, civil and defendegling with the most
relevant technologies resulting from GARTEUR ssudie

during the Galdinner, the traditional GARTEUR award, assigned during elaimanship,
and the special GARTEUR award for tia &nniversary wre delivered

4.3 Delivery of the awards

Due to the decision of assigning a special GARa®aif for the 5" anniversary, the Council decided
to deliver both awards during the Galzinner, held in the evening of the first day of the event
Unfortunately,due to the absence ahe chairman of theAD/AG54, entitled ‘RaLESin: RANES
Interfacing for Hybrid RANSES and Embedded I'Edvarded withthe GARTEUR Aand of Excellence

for the Italianchairmanship period 2022023, the presentation of the work carried out by the Action
Group was given by one of its marembers Dr. Pietro Catalansom CIRAseeFigure 7
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Figure 7: RepresentativefdAD/AG-54 givingthe presentation of the results of the awarded Actiooup.

For the same reason, theARTEUR Award of Excellensas physically deliveredt the eventto
Tomas Martenssarrepresentative of FOI, ségégure 8

Figure 8: The representative of FOTlomas Martenssgron behalf of the chairman of AD/A&3,
receives the award from tl@ARTEURCouncil Chairman Piergiovanni Renzoni.
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The Councilalso decided to assign a special award for celebrattegh" anniversaryto “honour
researchers who provided an outstanding contributim aeronautical science and technology
development To this aim, a special Committ@@mprisedof Council members and experts coming
from civil and defence sector was nominated to seleamongstfull-time researchers in research
organisations and academia who have contributegast or current GARTEURRGactivitiesOn the
basis of criteria well identified and shared by #@uncil membersthe special Committee decided to

assign the special award to the Professor Mark Whitthe Mechanical and Aerospace Engineering
Department at theUniversity of Liverpool, UK.

Unfortunately, due to previous commitments, ProfaM White was unable to be ghically present
in the eventbut joined the celebrations in remotdhe Italian Head of Delegati@ndchairman of the
Counci] Piergiovanni Renzonpresentedthe Special &vard and expressed the gratitude of the
GARTEUR community for the significant dbations provided by Prof. WhiteseeFigure9.

Figure9: The GARTEUR Council Chairman, Piergiovanni Renzoresentshe Special GARTEU&ward to Prof. Mark
White

At the end of thegaladinner, the Council Chairman, Piergiovanni Renzzmmounced that he had
decided ‘motu proprid, as the closing act of his twgear chairmanship, to assign an award based on
his personaknowledge to a research scientist that over the igehas best embodied the spirit of
GARTEUR.
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He presented the “Chairman’s Award” to D
Klausdieter PahlkgDLR, Head of Rotorcraf
Branch) and driving force of the Rotorcraft
Group ofResponable. The avard was a scaled

model of Leonardo da Vinci's concept known
the “vite aerea’(aerial screw)

]

s Ry e gl ‘*TJE
that was later assembled by Dr. Pahllsee i

FigurelO! FiguraQ Klaijsdieter Pahlke in his office with the assem
LeonardoetiaScreypersonal award of the Council Chairman,
Piergiovanni Renzoni.

A special thanks went to the local organising cotteriof the event, sedigure 11

Iy Nl

Figure 11: Local organising committee of the GARTEUR evion{ right Piergiovanni Renzoni, Maria Chiara Nole
and Vitorio Puoti).
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Figurel2 contains the group picture, taken at the end of thiest day, of the participants to the event.

AT e L

Figure 12 Participants in the event helat the Italian Air Force Academiyn Pozzuoli, IT,n front of the iconic FLO4
Starfighter

4.4 The event and the GARTEUR website

The GARTEUR webs#ecessible atvww.garteur.orghas a new section, named the5Qhat collects
the most relevant information related to the evemigenda, presentations given to the conference
and curricula of the speakers can be downloaded/taur convenience. Pictures taken during the two
day event are available as well.
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5. European aeronautics RTD envinoment

As a unique forum of aeronautical experts from Acaie, Research Establishments and Industry
fostering research initiatives for the benefitsalf the member countries, GARTEUR actions are aimed
to support the European aeronautical community, bt the civil and in the defence domain. Hence,
GARTEUR directly or indirectly interacts with otéetities or fora, such as theuropean Uniorthe
Association of European Research EstablishmeAeronauticfEREA), thEuropean Defense Agency
(EDA)the Advisory Council for Aviation Research and Innowati EuropgACARE).

This section provides a brief overview of the Ewap aeronautics RTD environment in both civil
aeronautics and military aeronautics.

5.1 GARTEUR antlCAS

GARTEUR was invited to participate in thé® Iongress of the International Council of the
Aeronautical Sciences (ICAS 2022) that was hedtloickholm, Sweden on Septembe® 42022and
contributed with two dedicated sessions

At the early beginning of 2024ust after the changecer, former GARTEUR secretary was contacted
by Axel Probst, ICAS Executive Secretary, in ordey to setup a cooperation between GARTEUR and
ICASsince many fields of work of the groups overlap gsmmetimestheyinclude the same persons.
Since, at that time, the GARTEUR chairmanship lebed from Italy to Germany, the former Italian
secretaryVittorio Puotiforwarded the information to the newsermanGARTEUR secretary Jutta
Frohling in order to stimulate the psible collaboration, provided thanother ICAS conference is
going to be organised in Italy in September 2024

5.2 GARTEUR and PEGASUS

The Partnership of a European Group of Aeronawatics Space UniversitieBEGASUBis a network

of aeronautical universities in Europe created indey to facilitate student exchanges and
collaborative research between universities. It Haen originally created by the groupement des
écoles aéronautiques francaises (group of Frendoraautical grandes écoles) (ENAC, ENSMA and
ISAE) in 1998 EGASUS currently hdsm8embers and 3 associate partneiig, 13 different European
countriesand has a organisationalstructure quite similar to GARTEUR, both charasteriby a
Council and a rotating Chairman.

In 2023GARTEUR has contacted Chairman of PEGASUS in order to $taving some interactions
to understand whether a collaboration between thevd entitieswas possible or not. GARTEUR
Council Chairman, Dr. Piergiovanni Renzimwited the PEGASWAceChairman, Prof. Emmanuel

1 https://www.icas.org/
2 https://www.pegasuseurope.org/
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Zenou, to the Coundih Amsterdam Therea presentatiorof the PEGASUS Consortiw@s giverto
the Council members and a very interesting andfinldiscussion started.

The PEGASUS representative in Jhpf. Francesco Franco from the University ofléafFederico
II”, was then invited to participate in the eveim Pozzuoli in order tdhave a closer look at the
GARTEUR research activities.

Dott. Michele Mazzola, Director of Office Il (Imationaliation of Research) of the Italian Ministry
of University and Research, during the"Shniversary event pointed out how thmembership of
Italian universities in PEGASUS is crucial bectusepartnership aims to offer highly relevant
educational and remarch programmes, thereby attracting the best state and scientistsHe
emphasigdhow achieving these goals will require coordinated chesigstaff and student exchanges
and innovation.

Contacts with PEGASWAI continue in 2024in order to check the anditions for a more stable
collaborationon themesof mutual interest.

5.3 Civil aeronautics

Civil aeronautics research and technology developméRTD) in Europe is centred around
collaborative research calls performed within theamework Programmes for Resrch and
Innovation. The current Framework Programri@rizon Europgis the EU’s key funding programme
for research and innovation with a budget of €9bilion until 2027. It tackles climate change, t®lp
to achieve the UN’s Sustainable Developmentl&aad boosts the EU’s competitiveness and growth.

The tools availablen Horizon Europare of various types and cover the entire scalesskearch and
the associated degree of technological maturatibhe most interesting ones for basic research in the
field of aviation are the dedicated calls in PiRaand in particular the specific part of Clusteriented
towards Energy, Climate and Mobility. The refereifoe the twoyear period 2023 2024 will be
Cluster 5 of the Work Program 202824, made dfcial in December 2022. Although relevant topics
for aeronautics can be found in all topics, the mioseresting is D5Clean and competitive solutions
for all transport modes* and in particular the spiécsection for Aviation.

Dedicated aviation reseeh programmes have been carried out through leegn PublicPrivate
Partnerships, such as Clean Sky, Clean Sky 2, SHEESMR 2, culminating in the Clean Aviation 8U, an
SESAR 3 JU, launched at the end of 2021. Thesatived will accelerate the delopment,
integration, and validation of mainly disruptive Réblutions, for deployment as soon as possible, so
as to lead the way toward a climateutral aviation system and set new global standafor safe,
reliable, affordable and clean air transport

5.3.1 Strategic direction of European R&

Since 2011, European Commission’s Flightpath 2080rdent outlines longerm goals associated
with meeting society’s needs for more efficient aexvironmentally friendly air transport, as well as
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maintaining global leadership for the European agrace industry. It is therefore a crucial reference

document for organisations in Europe and servedhasbasis for the research calls within Horizon
2020 and the research projects that GARTEUR cloasedertake over the kst years.

In 2020 the development of the Clean Aviatiomd Undertaking(CAJUj began enteringinto force
on 30 November 202andwith the first call being launched in 2022.

Europe needs to accelerate and enhance its effarigchieve the ambitious goals set out in the Paris
Agreement. The European Green Deal has been esti@olias a cornerstone policy of the European
Union, including the first European Climate lawjahhershrines the 2050 climate neutrality objective
in legislation. At the same time, the newly laundh@dustrial Strategy for Europe lays out in clear
terms the importance of industrial leadership in kireg the transformation to a green and digital
Europe fitfor the future.

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

The journey to a climate neutral aviation systenwisll beyond the private sector’s capability and
capacity to invest alone. Equally, no single coyritr Europe has the financial, technological and
industrial capability to affect the transformation. The rBpean additionality is evident. An
Institutionalised European Partnership for Cleaimafion under Horizon Europe constitutes the only
approach that can pull together the resources andthmitment and adegately reduce the industrial
risk for transformative research and innovation.iSTapproach will secure the lofigrm industrial
commitments needed for long innovation cycles. il ensure that research activities of industry are
aligned with the Union’policy priorities. It will build Europe’s leadenglm innovation andechnology
anddeliver jobs and economic growth throughout thensition to a climate neutral Europe by 2050.
It can offer future generations the promise of conted, affordable and equal access to air travat a
its social and economic benefits, and contributdfie UN’s Sustainable Development Goals.

The new Partnershiwasbuilt upon the important technological progress that Haeen made under
the Clean Sky and Clean Sky 2 programmes. Supporttfie EU Institutions and European Member
Statesare essential in creating the conditions for impact,daim enabling synergies with other EU,
national and regional research and innovation pexgmes.

The Clean Aviation Partnership’s $gic Research and Innovation Agenda [SRIA], ellisn
December 2021sets out the way to achieve the overall visiontdrms of timescales and magnitude
of impact. This integrated research roadmap inckidee required upstream ‘exploratory’ research
that is essential to finding tomorrow’s pathways teature technologies, ready to be incorporated
into further new and disruptive innovations.

3 https://www.clean-aviation.eu/
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The Clean Aviation trajectory defingo clear horizongsowards climate neutrality by 2050:

2030:demonstratingand introducing lowemissions aircraft concepts exploiting the research
results of Clean Aviation, making accelerated ussustainable fuels and optimised ‘green’
operations, so these innovations can be offeredittnes and operators by 2030 for antsn
into service [EIS] in the 202035 timeframe;

2050:climate neutral aviation, by exploiting future teadlogies matured beyond the Clean
Aviation phase coupled with full deployment of sirgible aviation fuels and alternative energy
carriers.

Followingthe launch of thdirst call for proposals in 202%ith an announced value of €654 million in
EU grant fundingwork began on 20 projects to steer aviation towaalsustainable futureThe 20
‘daring new projects’ that have been selected emsarbroad coverage of the programme’s three
‘thrusts’ and constitute a flying start to the pn@mnme:

x Hydrogenpowered aircraft

x Hybridelectric regional aircraft

x Ultra-efficient short and mediunnange aircraft

In 2023eight innovative projectarere addedo the portfolio through a second call for proposatsith

an overall amount of activities for €380 millionciuding €152 million in EU funding. The projects
target novel aircraft concepts, innovative propolsiarchitectures, and new fuselage and wing
designs, complementing those funded under Cleaatfon’s first call for proposals and preparing all
the necessary elements for ground and flight testivaties starting in 2026.

Work onthe 20 projectsselected in the first cai$ advancing well to delop cuttingedge innovations
including electric propulsion systems, hydrogen amgbrid gas turbine designs and the next
generation of higkpower fuel cells. Funded with €806 million, the @®jects in total bring together
close to 300 entities from 24ifferent countries.It is expected thahew aircraft integrating Clean
Aviation’s technologiewill be introducedwithin the programme’s lifetime for an entiiypto-service
by 2035.

Achieving climate neutral aviation by 2050 is a siaschallenge and camly be achieved by joining
forces at EU, national and regional levels. Thamfmaximising synergies with programmes and
initiatives across Europe contributing to sustaileasviation remains a core priority of Clean Awaati

In September 2022, Clean iaton became a founding member of thdliance for Zerdemission
Aviation (AZEA). This new EU group, formed byEoeopean Commission’s Director&eneral for
Defence Industry and Spa@G DEFIS) brings together public and private btakers from aanss
the aeronautical sector to support the rallit of hydrogempowered and electric aircraft.

Clean Aviation also signed a Memorandum of Cooj@mnavith the European Union Aviation Safety
Agency(EASA) in October 2022. This collaboration wilb el setnew global standards for safe,
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reliable, affordable and clean air transport, whédasuring a regulatory framework that can support
accelerated transformation.

On March 2023 #Memorandum ofUnderstanding was signed between the Clean Aviatind the
CleanHydrogen JU to establish a strategic cooperationresearch and innovation in hydrogen
powered aviation, with the objective to maximisengygies, strengthen cooperation and align the
activities of the two Joint Undertakings. The a@to better supporthe hydrogenraviation ecosystem
to develop technologies for hydroggrowered commercial aviation compatible with an gninto
service by 2035.

Clean Aviation joined forces with the Occitanieioegn France, as well as the Campania and Piedmont
regionsin Italy, renowned for their considerable initia¢is in sustainable aviation.

5.3.2 GARTEUR and ACARE

In addition to its responsibility for developingglbRIAthe Advisory Council for Aviation Research and
Innovation in EuropACARE plays an integral rolén advancing aviation innovation within Europe
by developing policy positions on European aviatimitiatives and working closely with European
Commission officials to ensure that Horizon 2020ding calls as well as calls associated with the
Clean Sk 2 and SESAR Joint Undertakingse closely aligned with the SRIFhis approach is
continuing within the Horizon Europe programme.

In June 2022ACARFon behalf of all aviation stakeholders throughouirépe, presented the new
European aviation visiotly the Green De&l which succeeds the 2011 vision document Flightpat
2050. The new visiorpresentsa single global vision, addressing the three mdifectives of the
sector: achieving climateeutral aviation in 2050, putting the citizen atetltcener and improving
leadership and global competitivene3® ensure that this vision will deliver impact taws its goals,

it goes beyond research and includes also topiasesty product development, deployment, energy,
fuel, infrastructures, digitalisation and the impientation framework and synergie$he Vision and
its goals were structured as depicted below.

4 https://www.acare4europe.org/
5 https://www.acare4europe.orfnews/fly-the-greendeal/
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VISION
The European Green Deal in Aviation:
C

limate neutral, seamless, competitive, safe,
secure, resilient & affordable air maobility

Achieving climate neutral aviation

GOALS

Putting the citizen at the centre

Extending global leadership & improving competitiveness

Education, training & research

Digital transfarmation
Development, demanstration & deployment

Safety, security & resilience

ACTIONS AND ACTORS
1 1 1 |
Aviation in the European
mability system
. 19 | |
Vehicles & propulsion
Infrastructure, operations
& services
1 1 | |
Aviation in the European
energy & fuel system
I D N

Instruments (policy enablers, regulation & incentives)

Measuring and monitoring impacts

IMPLEMENTATION
FRAMEWORK

Members of the GARTEUR Council are also heavibyvéaads with ACARE and this ensures that
GARTEUR's research interests are strategicalhedligith theACARRisionand goalsensuring that
GARTEUR remains focused and committed to the nchmienges being addressed by ganropean
aerospace research and innovation. GARTEUR’s mpagives within ACARE have emphasised that
the innovation lifecycle needs to have the right mix of projects &talels; covering the early, critical
part of the innovatia pipeline as well as the ‘market readiness’ assted with high TRL projects.

5.3.3 GARTEUR and EREA

EREAIs the Association of European Research Establishmemgrnionautics whose members are
Europe’s most outstanding research centres in ik&lfof aeronautics and air transport.

In 2012EREA proposed a Joint Research Initiative, namede=8ky, in which development and
integration of aviation technologies is taken toetlEuropean level. Future Sky is based on the
alignment of national institutional research foriation by setting up joint research programmes.
Future Sky is structured in six themes: SafetyetQir Transport, Energy, Urban Air Mobility, Ségur
for Aviation and Circular Aviation.

6 https://erea.org/

7 https://futuresky.eu/
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In June 2021 the “EREA Vision Studye Future ofAviation in 2050° was published, updatinthe
previously released “EREA vision for the futufieowards the future generation of Air Transport
System” published in 2010. This new study, desagiiREA’s own vision, has as objectives:

1. to share EREA’s \asi with external stakeholders to help enhance co@tion;

2. to form the basis for EREA to support policy malensational and European level,

3. to motivate EREA and its members to work togetleecémmon and ambitious goals; and
4

to engage with the generalublic, particularly on societal needs and sustaihigbfor the
aviation sector.

In July 2022 EREA welcontbe European sustainable aviation vision prepargdACARE “Fly the
Green Deal’observing how the strength of the vision is thedd, sector widsupport and the holistic
approach, taking the full spectrum of stakeholden® considerationwherededicated research and
innovation are keyo achieving the goals.

This renewed way of thinking, among other aspestalso recommended by tHEREA-Point plarf”,
one of the key inputs to the new ACARE vision:
1. Climate: reducing the impact towards zero
2. Quality of life: serving society by means of seas]accessible and affordable mobility with
the least impact on environment and people
3. Serving society: special missions required undéaexdinary circumstances
4. Digitalization: an enabler for making society greeand part of artificial intelligence and
cloud computing (GaiX)
5. Competitiveness: be most innovative on the worldevgtale
6. Prosperiy: guaranteeing the workforce, research and infrastures through European
industrial and operational leadership
7. Implementation: from the 6 points stated above tanaw concept for sustainable aviation in
Europe

In February2023 ERE£ontributed to thepublic consultatiorof the European Union with theEREA
position on the past, present & future of the Eusgm Framework Programmes for Research and
Innovation 20142027'. This position paper highlighted that it is ofmost importance that the
Framework Programme for Research and Innovation funds andpettp the entire R&I chain,
increasing R&l investmentfrom basic research, applicatimriented research, technology
demonstration and validation up to innovation, tongure European leadership and Eurape
competitiveness in the worldEREA emphasidethe need to consider and support Technology
Infrastructures (TIs) in an appropriate WBREA has advocated for action on European levbkas

are clear gaps in the test and validation capablbindscap.

8 hitps://erea.org/ereavisionstudies/
9 https://erea.org/news/ereapublishesthe-erea 7-point-planfor-sustainablecivilaviationin-europe
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There are many members of the GARTEUR Councélwmare members of EREA, and therefore the
synergies and complementarities are taken into actan a continuous basis.

5.4 Military aeronautics

The European defence industry represents a lardiloorative effort from EU members, as well as
non-member states, progressing defence technologies aallitions across a variety of industrial
fields, such as aeronautics, land and naval systant electronics. The defence sector is highly
innovative and centre@n highend engineering and technologies, with importanbss application
that extends into the civil market.

5.4.1 European Defence Agency

TheEuropean Defence Agen®DAY is an intergovernmental agency of the Council & Buropean
Union, comprising all EU members with the exceptidrDenmark and also including from nat
member states, Norway, Switzerland, the Republic SHrbia, and Ukraine, through special
administrative arrangements. Through close cooperathe EDA seeks to improve European deéenc
by supporting the development of capabilities, amatturing technology and research to meet future
defence requirements, and to promote defence intst®in wider EU policies. The EDA operates at
ministerial level and connects over 4000 nationalgedexperts collaborating on defence projects.

Defence must continue to innovate as technologjmalgress reshapes warfare. EDA offers ways to
bring together expertise, drawing on staups, universities, industry, and national expeEBA serves
as the hubfor European defence innovation, known as HEDI.

As of 2022 GARTEUR has carried out regular disnasgiith EDA, in particulathe Capability
Technology GrougcapTech Air, witlthe objective to identify where GARTEUR can coutigilon
research in theDefence domain without duplicating other initiatiweThis is fully in line with the
strategy of EDA which seekgnergies with various communitiés carry out research focused on
responding to cabability/operational gaps/needs thie MoD and to assess a@hvarious projects
contributing to the CapTech Air Strategic Rese&gbnda and associated TBB roadmaps on the basis
of their attractiveness (mainly from MoD), achieildyp (mainly from industry) and detailed analysis
of shortlisted projects (MoD, induiy, academia).

Research & Technology (R&T) continues to be otigeofgency's top prioritiéd. At the end of 2023,
48 new R&T projects were under negotiation at ED#h & value of €260 million. Added to EDA's
existing R&T portfolio of 53 ad hoc R&T projedts, total number of projects will have an overall
value of €518 million. CapTech Aerial Systems &k&ls)the development of the aitomain Capability
Development Priorities in areas such as: Air conihatforms and weapons; Airborne Command and

10 https://eda.europa.eu/
1 hitps://eda.europa.eu/newsand-events/news/2024/04/2/filling-gapsin-eu-defencesedapublishesits-2023annuat
report
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Information Capabilities; and Air Transport and tdily Mobility. In 2023, a new project on Enhanced

RPAS Autonomy (ERA2.1) was launched. Furthernmoee thew projects with a total value of €15
million were under preparation.

Recent data on defence R&T spending indicates #iy®srend over the past few years Following

a period of underspending evident between 2008 2046, there has been a notable increase in R&T
expenditures, reflecting a growing focus on thisegary. In 2023, total defence R&Kkpenditure
reached €4 billion. This corresponds to an increlagd&% in real terms compared to 2022. In 2024,
data indicates that defence R&T expenditure max pip speed and could reach €5 billion. Yet, the
expected 31% increase in defence R&T spendilidikely not be sufficient for MS to achieve tBéo
benchmark, with expenditure expected to amount t&% of total defence expenditure, with respect
to the 1.4% achieved in 2023.

Despite increased spending dedicated to defenceaesh and technologyWember States are still
failing to reach the 2% benchmark of defence expemd dedicated to R&T activities with two
countries accounting for more than 80% of R&T spegdt EU level. EU collaborative endeavours
such as EDA’s ad hoc frameworks and fumdia the EDF can collectively bring the EU cluser
achieving the benchmark for defence spending alieddo R&T activities.

GARTEUR intends to strengthen its cooperation WA, harmonising its activities in the defence
domain with the CapTech Air Strategic Research d@y¢8RA). This cooperation is facilitated by the
very nature of GARTEUR, an MoU between GovernnagnisEuropean countriesand will lead to
research efforts on new disruptive technologiessdrni by the operational needs

5.4.2 European Unionfunded defence research

The European Defence Fund (EDF) supports the-boyder cooperation between EU countries and
between enterprises, research centres, national @ustrations, international organisations and
universities. This appleto the research phase and in the development ghatdefence products
and technologies. It has 2 strands. Under the resleatrand, the EU budget will provide funding for
collaborative defence research projects. Under tapability strand, the EU wilteate incentives for
companies and EU countries to collaborate on thmtjalevelopment of defence products and
technologies through cinancing from the EU budget.

The European defence fund supports collaborative detenesearch and development throlig
consecutivelyprogrammes with limited duration and budget:

X The preparatory action on defence research (PABIR %2019 The preparatory action on
defence research providegrants for collaborative defence research with adbet of €90
million;

12 https:/leda.europa.eu/newsand-events/news/2024/12/04/eudefence spendinghits-new-recordsin-2023-2024
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X The European defence industrial development progreer(EDIDF20192020) The European
defence industrial development programme oféerco-financing for collaborative defence
development projects with a budget oB&€5million;

x The European Defence Fu(EDF, 2022027)hasa budget of close to €8 billion for 2021
2027, of which€2.7 billion to fund collaborative defence research

TAILORED SUPPORT TO ENTIRE CYCLE OF R&D PROJECTS

Research

-

-

Development !ﬁ

-

b
Research ! T T Acquisition 3=
EU co-financing with Member States
€5.3 hillion
for 2021-2027
EU budget European Financial
toolb
€27 billion Defence Fund oolbox

for 2021-2027 {Member States budget)

€8 billion
for 2021-2027

The first EDF call was launched in 2021 with al totalget of almost 1.2 billion euros. Of this the
largest share went to the military aircraft sectdoyr an amount ofhearly 200 million euros divided
between three major projects: 40 millicgurosfor research on technologies for the new generation
of the rotary wing, and 150 millioeurosdivided development of “enhanced pilot environmédat air
combat” and “European interoperability standard fawllaborative air combat”, always with a view to
increasng interoperability.

The 2022 EDF calls for proposals, covering 33 tppits a total budget of about €924 milligclosed

in November 2022. In June 2023, the Commission amoed the results of the 2022 calls for proposals
amounting to €832 million of & funding in support of 41 joint defence researcidalevelopment
projects across the EU.

The 2023 EDF calls for proposals closed in Nove2@23.The Commission is intending to fund 61
additional EDF projects worth €1 billion, whichliing the totalEU budgetary investments to more
than €3 billion in collaborative defence R&D prdgesince the start of the EDF Regulation in May
2021. The selected proposals respond to the fundingrities of the 2023 EDF work programme,
addressing 34 topics strucien along four thematic calls for proposals, plusttwm-up calls focused
on SMEs.
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2023 marked the first year that the EDF had suchefiactive and visible financial impact on the
European defence landscape. In 2023, total fundiimgollaborative R&T pjects launched under the
EDF calls 2021 and 2022 amounted to around €10@mflor projects. Eunded research actions
are projected to grow to almost €320 million in ZDZombined with other financial instruments and

national funding by MS, the tot&uropean collaborative R&T spending is estimateithi¢toease from
€359 million in 2023 to more than €600 million 25 (current prices).

E700mil €61 mil
€568 mll
€600 mil - —em P
€4s4amil P
€500 mil [
e
f'"
e3samn .
€400 mil e
i
€ 260 mil €259 mil
€300 mil |
€156 mil e162mil
€200 mil ! L
€ 100 mil
comil
2019 2020 2021 2022 2023 2024 2025 2026
EDF research projects not managed by EDA [l EDA DB-Studies (incl, HEDI as of 2023) — Total (incl, national and EU funding)
B EDF research projects managed by EDA M EDA ad-hoc projects
B PADR B European bi-/multilateral R&T cooperation

Source: EDA, DEFENCE DATA 20238
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6. Summary of GARTEUR technical activities

During 203 the five GARTEUR Groups of Responsables (GoRisijuednfacilitating and delivering
vital research in the field of aeronautics. The 6a@Re responsible for monitoring and encouraging
the progress of Action Groups (AGs) and Exploraisoups (EGs). Theegroups are collaborations of
researchers from national aerospace institutes vensities and industry. Although GARTEUR is not a
source of funding, the GoRs constitute a powerfe@twork and provide a unique forum for
aeronautical research in Europe. The GoRs aid pateesearch consortia by critically reviewingithe
proposed research objectives and methodologies.

Without the constraints of financial accountabilitthe GoRs guidearly-stage research projects
consistent with the GARTEUR roadmapicivhn turn is in line with European aeronautichiegy,
while also allowing scope for innovative researahid @ahe development of low TRL disruptive
technologies. The GoR chairs also encourage nsdifinary research across the GoRs, with the
biannud Council meetings providing excellent opporturstidor the exchange of ideas and
identification of dynamic partnerships.

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

New ideas for research may be formulated by GoR bemor arise within GARTEUR organisations.
As GARTEUR does not offer funding, it is esséimdibihe research is supptad by the organisations
themselves. Therefore, the GoR critically revielesiesearch objectives and methodology, but does
not select particular topics over others.
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6.1 Group of Responsables Aerodynamics (AD)

6.1.1 GoRAD Overview

The GoRAD initiates and organises basic and applied aaragyc research in the field of aeronautics.
The current scope of activities covers the follogvareas:

X aerodynamics;

X aerothermodynamics;

X aeroacoustics;

X aero-(serve)elasticity;

X aerodynamic shape optimizan;

X aerodynamics coupled to flight mechanics;
X aerodynamics systems integration.

The activities aim to advance the collaborative calymamic research in Europe, combining both
numerical and experimental research. Dedicated expents are carried out usgn advanced
experimental techniques and measurements methodsrier to generate valuable data needed for
the further understanding of basic flow physicsy fihe investigation of specific aerodynamic
problems, and for the validation of numerical si@midn tools in a number of areas. The
computational activities comprise the further despment of simulation and prediction tools of
different classes of fidelity, the tool validatiarsing experimental data, and also the applicatidn o
these tools for the imestigation of specific problems arising in aerot@al applications. The close
collaboration of experimental and numerical actizst is of great benefit and enables enhanced
progress in aeronautical research.

Whilst the majority of the research activa focusses on morndisciplinary aerodynamics, some of
the work also has a significant amount of mudligciplinary content. This trend is driven by inulizd
interests ands likely toincreasein the future.

Funding for GARTEUR activities is relatively smdllin general, is insufficient to fully suppogwn
research. In most cases therefore the AG activiiescombined with activities funded through other
routes, such as EU, NATO STO (Science and Techriggnisation) or national aeronautical
research programmes.

Research initiated in GoR AD programmes sometiraadsl to an EU proposal or compliments
concurrent EU program content. In addition, the temt of GoR AD activities can be cross sectorial in
covering both civil and military interests.
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6.1.2 GoR-AD Activities

Four Action Groupand five Exploratory Grouggave been running throughout 2023. In this period
no new AGs have been launched, but there has baeridunch of four new Exploratory Groups.

Action groups (AG)

The following Action Grogmwere active throughout 202:

AD/AG56 Coupled Fluid Dynamics and Flight Mechal
Simulation of Very Flexible Aircre
Configurations

The goals of AG6 are twofold: firstly, this
endeavour aims to enhance each partner’s
capabilities in aeroelastic simulations
pertaining to very flexible aircraft. A second
aim of AG56 is to derive a common test case
in terms of aircraft and manoeuvrehib will
allow the various partners to benchmark
their solvers and tools.

The CAD geometry of thelXRF

This topic poses a challenge due to various
requirements inherent to such analyses:

9 A flight mechanics model for flexible
structures,

9 CFD methods with robust gri
handling techrque capable of
modelling a combination of larg
rigid body motion and flexiblaircraft
structure,

9 Fluidstructure interaction
procedures that are capable ¢
modelling large translations an
finite rotations.

The chairperson is Richard van Enkhui
(NLR).

AD/AG58 Supersonic Air Intakes

The main objective for the ABSB is to gather
a database of relevant flow features on
representative test cases and validate CFD
codes on these specific topics. The following
investigation themes are proposed:
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9 Cowl oblique shock / boundary lay:
/ mixinglayer interactions
9 Internal bleed flows
9 Supersonic air intake diffusers ar

scramjet isolators including corne
flows description.

CEEEFREGEEEES

DLR experiments on the scramjet intakésenmitgi@phy. Effect . .
of sidewalls compression on heat fluxéiewand corner It IS expected to support each theme wi

recent and detailed experimental data as well
as CFD modelling and/or validarti

The chairperson is Christophe Nottin (MBDA).

AD/AG60 Machine  Learning and  Dafariven
Approaches for Aerodynamic Analysis ¢
Uncertainty Quantification

The objectives of théction Group are:

9 Objective 1: Extensive comparison
deep learning, surrogate models ar
machine learning techniques  fc
aerodynamic analysis and prediction;

9 Objective 2: Exploitation of the potential

Test case used for Machine Learning trizicied e sases ~ Of data fusion (Multfidelity) within
surrogate  moelling by efficient
management of heterogeneous dai
from different sources (CFD wit
different precision, winegunnel, flight
test data, etc.);

9 Objective 3: Exploration of the potential
of machinelearning and datalriven
techniques for uncertainty quariitation
and management.

The chairperson is Esther Andrés (INTA).

AD/AG61 WMLES and Embedded LES

RANS CFD has shown many merits but fails to
model turbulence in adverspressure
gradient boundary layers and in separat
flows. Turbulent scaleesolving simulations
are needed, but DNS and wall resolved LES
are not affordable yet for industrial dail
needs.
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z/d . . .
0 10 20 30 400 50 60 70 Thus, this group investigates the hybi
A ' =T RANSES strategies. In order to extel
e previous activities family Il strategies are of
8- o ColesFerabisls || interest (where only the inner part of th

attached boundary layer is modelled in RANS
whereas the outer region of the bodary
layer is resolved by LES). Such strate
belong to the more general Weallodeled
LES approaches. A substantial cost reduction
is gained (over wall resolved LES) ¢

4
3000 4000 5000 6001

Rey improved turbulent dynamics is simulate
(over DESike, or family | simulations kere
Test case 4: flat plate (SAAB) the attached boundary layer is treated fully in

RANS). The use of LES can thus be restricted
to the regions of interest in a so calle
embedded LES strategy.

The activities of the group aim at facilitating
the introduction of family Il in industry. €h
several turbulent relative topics ar
investigated through 4 test cases.

The chairperson isibblasRenard (ONERA).

Exploratory Groups (EG)

The followingexploratoryGroups were active throughout 2032:

AD/EGT79 Hypersonis

EG79Hypersonic flows was active since 2022. Partr

of the EG are: DLR, CIRA, NLR, FOI, VKI, MBD& Franc
and University of Munich. The EG has started v
email communication and online meetings in order to
discuss the potential topics for a future AG. Tepic
currently under discussion are ablation, radiatioeat

flux measurements, thermal fluid structure interaat,

and shock wave boundary layer interaction. Eachidop

is discussed both with respect to numerical a
experimental activities.

AD/EG80 Morphing for load control of high aspect ratio wing

Partners of the EG ar€IRA, DLR, NLR, ONER®%
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objective of EEO0 will be to investigate bott
aerodynamic efficiency and load control & allevoati
capabilities of aHigh Aspect Ratio wingoncept
equipped with morphing devices while limiting weigh
increase and mechanical complications due
morphingtechnology.

The proposal research will focus on the strut biice
wing aircraft, referred to as BIARWARD referenc
model, that will be made available by ONERA

AD/EG81

Virtual certification

For new civil transport aircraft program, tF
certification phase is critical in terms of plangiand
costs. In 2019, a common paper by Airbus and Boeing
indicated how CFD could contribute to the certifioa

of civil transport aircraft for offlesign flight
characteristics.

The purposeof this EGs to have more physidsased
analysis tools, less empirical and/or sstale methods,
fully-integrated multiphysics and mukscale aircraft
modelling and minimize usage of ground test rigs.

The objective of the proposed activity is to fosl
scientific a&tivities in collaboration with industrig
leaders and EASA towards a larger usage of CHie in t
certification process.

AD/EG82

Corner flows for turbulence model develppe

The understanding and the prediction of tt
development of flows at thgunction of two orthogonal
surfaces is still an important topic in the diffete
aspects of aircraft design, e.g. in the desigrhefwing
fuselage junction, the intersection of horizontahch
vertical tail planes or the pylefuselage junction which
exids in a rear engine aircraft configuration.

The idea of this GARTEUR initiative is to form ikiwg
group dealing with the investigation of aircrafta&ed
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junction flows (both civil and military applicatis) the
comparison and validation of statd-the-art
transition and/or turbulence modelling approaches f
such flows as well as the improvement of the phgkic
modelling. For this purpose, experimental data
needed for comparison and potential partners &
encouraged to share WT data if availallarthermore,
potential partners are equally encouraged to bring
their expertise in transition and turbulence modedj
as well as in the application of different CFD $oahd
modelling approaches.

AD/EGS83 Hydrogen combustion

The exploratory group will address use of hydrogen
aeronautic combustion engin@hree different lines of
activities have been identified:

1. To create a validated software tool suitable
for use in design of future aefengines
employing hydrogen combustion. The work
will proceed by conducting a series of
simulations on a set of flames and comparing
the numerical results with experiment.

2. To moeel heat fluxes associated with
hydrogen leakage within a future aircraft
hydrogen powered propulsion system

3. To explore potential alternative of hydrogen
combustion aereengine turbine technology:
The Rotating Detonation Engine

A very strong consortium kabeen formed, partners
are:CIRA, CERFACS, CRANFILD Un., ENEA, FOI, IMFT,
INTA, Piaggio, Tu Darmstadt, UnBeira Interior,
Politecnico di Bari

New topics under consideration are:

Cartesian methods / Immersed boundary methods

Use ofnon-conventional CFD methods such as immersed bouridaty
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Thermal management for electric propulsion

Electrical hybrid aircraft cooling simulation

6.1.3 GoRAD Membership

The membership of GeRD in 202 is presented in the table below.

Chairperson
Giuseppe Mingione

Vice-Chairperson
JeanLuc Hantraisservois

Members

Kai Richter
Fernando Monge
Bruno Stefes
Magnus Tormalm
Harmen van der Ven
Peter Eliasson

Industrial Points of Contact
Riccardo Gemma

Michel Mallet

Didier Pagan

Luz P. RuizCalavera
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FOI

NLR
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Leonardo
Dassault Aviation
MBDA
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6.2 Group of Responsables Aviation Security (AS)

6.2.1 GoRAS Overview

The GoRAS supports the advancement of civil and defendateel security technology in European
research establishments, universitiésdustries and other relevant European Entitiegy(eéNational
Civil Aviation Authority, MoD, Military entities,.) involved in security for aviation through
collaborative research activities, and through itdécation of future projects for collaborate
research.

The GoORAS initiates, organises and performs research otea®mn and mitigation of unlawful
interferences against aviation. Both physical aigitdl interferences are considered. Topics such as
Cybersecurity, Unauthorized drones, Laser Dazzldgmical, Biological & Explosive detection are
addressed by the GoR.

6.2.2 GORAS Activities

Two high priority research topics were establislzeféw years ago following discussions with various
industrial, institutional and academic stakeholde@oRAS $ focusing on the investigation of these
two topics: detection and mitigation of unauthorizelrones, assessment of security risks caused by
Al in Aviation.

Unauthorized Drones

ONERA, INTA and CIRA have completed by the end2aftRe activities within ASPRID Project
Airport System Protection from Intruding Drondselonging to Horizon 2020 Call: H262BSAR019

2 (SESAR 2020 EXPLORATORY RESEARCH). In 2023eseifexaublications were written in order
to disseminate the results of the project. Furthesra, the final report for the associated Action Gpo
1 was prepared.

In 2023, several meetings explored folloyy activities of this Action Group. The group irtigeged

the detection and protection of coordinated dronétacks in a large geographical area managed by a
U-space service provider. Thedgace set of services that deal with the managem&nauthorized
drone trafic should be extended with services tdatect and manage cyberattacks involving drones.
Several emerging threats were identified by the upo largescale GNSS disruption, traffic data
spoofing attacks where a large number of fake aiftcor drone positions are emitted in order to
saturate the ATMr the Uspace service provider capabilities.

This topic was discussed by researchers of CIRA, ®NERA and ZHAW (CH) as well as members of
EurocontrolCivilian/Military coordination team (EU), ENAC KigJogarde (F), Thalesdpace (F). A
SESAR Exploratory Research proposal on this t@sicubmitted in 2023 but it was not funded.
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Al and Aviation Security

Al Assistant cybersecurity is another topiattlGoRAS started to explore in 2023. Members of the
GoR as well as members of other GoR are invesig#tie use of digital assistant based on Machine
Learning in various domains of aviation. Due totthle played by Al assistants in safety criticaksa
their safety and certification are extensively istigated by EASA as well as the industrial and
academic community. EASA Al Roadmap recognizés fftetant role of cybersecurity but it provides
by now limited guidance on this topic. Researclmégded on the identification of the threats
applicable to Al assistants developed for Aviation.

The group identified other research themes relateith Al and cybersecurity. Several Partners have
ongoing projects on Al for Aviation Security. Theye investigated the use of Machine Learning
algorithms in order to detect or mitigate illegatérferences. For instance, they developed Al tools
for detection of anomalous ABBEmessages or GPS measures, detection of fakelayed Air Traffic
Controller voice mgsages. A final area of research investigates tindeption of aviation against
attackers using Al techniques. In that case, Allccde used in order to help attackers learn
vulnerabilities about the system that has to proted. Al can also be used tatamate the attack and
improve its efficiency.

The Al Assistant cybersecurity topic was discubyaesearchers of CIRA, DLR, ONERA, U of Porto (P),
U of Bremen (D) and industrial partners Collinaifty Leonardo (1). A proposal on this topic intiela
with Horizon Europe was discussed but not submitiee to the lack of maturity of the proposal.

Research and Innovation Roadmaps

The ASGoR has also monitored the main research and innovaoadmaps applicable to Aviation
Security. EASA Roadmaps were mainly used for thigtitn of past and future topics: Count&rone
TaskForce, Al Certification Roadmap, and more generidiéy European Plan for Aviation Safety
(EPAS). In 2023, an update of SESAR JU ATM Miastas Being produced, the current wawn
includes a Cybersecurity vision for the years 2@28030. This Cybersecurity vision will be analysed
by the group in 2024.

In the future, the group will also monitor militarpadmaps established by European Defence Agency
and NATO.
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6.2.3 GORAS Membergip

The membership of this GOR in 202 presented in the table below:

Chairperson

Pierre Bieber ONERA France
Vice-Chairperson

Tim Stelkeng<obsch DLR Germany
Members

Angela Vozella CIRA Italy

Rene Wiegers NLR TheNetherlands
Jaime Cabezas INTA Spain
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6.3 Group of Responsables Flight Mechanics, Systems and Integration (FM)

6.3.1 GoRFM Overview

The Group of Responsables for Flight Mechanicte@gsand Integration is active in the field of lflig
systemdechnology in general.

The GoFFM is responsible for all research and developnseijects concerning a chain starting from
the air vehicles and their flight mechanics, comieg embedded sensors, actuators, systems and
information technology, cockpits, ground controldahuman integration issues, with reference to
automation for both inhabited and uninhabited aiedt, including, but not limited to:

x aircraft multidisciplinary design aspects;

x flight performance, stability, control and guidance;

X aircraft navigation and mission management;

X air traffic management and control;

X integration of remotely piloted systems in the apages;

x safety critical avionics functions and embedded syss;

x sdentific and technical expertise for air systemstifieation and regulatory aspects.

Noticeably, GofEM is not active in the rotary wing domain, whereetGARTEUR Helico&3oR
leads.

6.3.2 GoORFM Activities

The activities in 202 have been focused to establishing the EG30 “"Alfdoit detection”, and
contributing to the50" anniversary evenin Italy, reporting particularly on GofeM key themes and
highlight within the last 50 years: More than 80pogts about many aspects have already been
published by GolRM, covering a variety of the researttpics mentioned above, fromilandling
Quiality research, fault tolerant control up to regeh towards greater autonomy for multiple
Unmanned Air Vehicles. These reports are availabtte GARTEUR website, but many results have
been published in conference proceedings or asrdifie books like publication about Nonlinear
Analysis and / Synthesis Techniques for Aircrafit©b(Springer Verlag)n addition future research
fieldsand activities like actually planned in EG30 haserbaddressed.

Exploratory Groups (EG)

Thefollowing Exploratory Group was kickeff in 2023:

FMEG30 Al for fault detection
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The idea is to investigate the feasibil&y technics for
fault detection onboard aerospace vehicles. TI
current state of practice generally impliesladicated
algorithm (a.k.a. monitoring) to detect a specitailt,
and does not rely on Al technics. A more prec
objective of the PP is to investigate Al technikcatt
allow to identify the nominal domain of a speci
sensor and so to detect any abmeal behaviour once
the sensor measurement goes outside its nomi
region.The GoHFM members are currently looking for
experts in their organisations to work on this togind
serve as POC for the chairman of this Explora
Group.

6.3.3 GoRFM Membership

The membership of GeRM in 203 is presented in the table below.

Chairperson

Bernd Korn DLR Germany
Members

Marinus Johannus var NLR The Netherlands
Enkhuizen

Antonio Vitale CIRA Italy

Carsten Doll ONERA France

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

Islands in Scotland
Industrial Points of Contact

Laurent Goerig Dassault France
Philippe Goupll Airbus France
Martin Hanel Airbus Defence and Space  Germany
Peter Rosander Saab Sweden
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6.4 Group of Responsables Rotorcraft (RC)

6.4.1 GoRRC Overview

The GoRRC supports the advancement of civil and defentated rotorcraft technology in European
research establishments, universities and industrierough collaborative research activities, and
through identification of future projects for colbarative research.

The GoRRC initiates, organises and monitors basic andiegptomputational and experimental
multidisciplinary research in the context of applion to rotorcraft vehicles (helicopters and VTOL
aircraft such as: tilt rotors; compounds and muatipters) and systems technology.

The field for exploration, analysis and definitimguirements is wide. It covers knowledge of basic
phenomena of the whole rotorcraft platform in ordéw:

X decrease costs (development and operation) throughudl Engineering using numerical
tools based on low/mediurorder (analytical, BEM) to higirder (CFD) methods, validated
with relevant tests campaigns

X increase operational effiency (improve speed, range, payload;vedlather capability, highly
efficient engines, more electric rotorcratft, ;..)

X increase security, safety

0 security studies, UAVs, UAM e VTOLs, advanced témdies for surveillance, rescue
and recovery

o flight mechanics, flight procedures, human factongw commands and control
technologies

0 increase crashworthiness, ballistic protection, ...

X better integrate rotorcraft into the air traffic (AW, external noise, flight procedures,
requirements/regulations)

x tackle environmental issues:
0 greening, pollution
o visual pollution (for UAM applications)
0 noise (external, internaj)
X progress in pioneering: breakthrough capabilities

Technical disciplines include, but are not limitegd aerodynamics, aeroelasticity includinglsility,
structural dynamics and vibration, flight mechanicentrol and handling qualities, vehicle design
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synthesis and optimisation, crew station and hunfactors, internal and external acoustics and

environmental impact, flight testing, and simulatitechniques and facilities for grousidhsed testing
and simulation specific to rotorcraft.

A characteristic of helicopter, tilt rotor, compodnand multicopter aircraft is the need for a
multidisciplinary approach due to the high level ioteraction between the various technical
disciplines for tackling the various issues foorotaft improvement

Multicopter experiment in RTG at DLI Main rotor/Propellers configuration in Generic Main Rotor/Propellel
Gottingen (HC/A&5) PoliMi wind tunnel (HC/A&5) Configuration (ONERA) (HC/A@5)

Overview of experimental activities in RC/26

6.4.2 GORRC Activities

ThreeAction Groups andne EploratoryGroup have been running throughout 282
Actiongroups (AG)

The following Action Grogwere active throughout 202:
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HC/AG25 RotorRotorInteraction

The main objective is to investigate, both numeltic:
and experimentally the effect of rotor / rotor andtor

/ propeller wakes interactions on high speed rot@it
operating in low speed conditions with the aim
establish low order models to be usénl pre-design
phases of advanced rotorcraft vehicles or
comprehensive codes. The AG started in October 2019
and was concluded in May 2023.

RC/A&26 Noise Radiation and Propagation for Multirotor &yst
Configurations

The objective is tanvestigate, both numerically an
experimentally, the noise radiation and propagation
(installation effect) of multirotor systems and tgain
knowledge in the physics of noise generation andrne
field noise propagation of multirotor systems under
the influence of the installation effects and to establish
tools for the noise prediction. Compared
conventional helicopters, the importance of tt
various noise sources and the influence of nc
scattering can be totally different for multi rotc
configuratins. The AG started in February 2022. Both,
a common validation study and a common experiment
are foreseen. The common validation study aims at
evaluating and improving the prediction accuracy of
different simulation methods.

RC/AGR27 Analysis and Decompitisn of the Aerodynamic Forc
Acting on Rotary Wings

The technology for drag analysis of CFD solutidn
fixed wing configurations has reached a mature stag
Conversely, applications in rotary wing aerodynamic
are still very limited, if not absent.awever, recent
progresses obtained in unsteady flow analysis
promising for both parasite force calculatiormsd
thrust extraction. The objective of this AG is tady
the application to rotary wings of aerodynamic ferc
analysis and decomposition mettls. The Kkicloff
meeting of this AG was held on April 2023.
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The following Exploratory Groups were active orided to start in January 232

RCEG40

Gust Resilience of VTOL Aircraft

The objective is to saip a team of researchers able
investigate and test the different approaches th
might be employed to achieve gust resilience oftrul
rotor vehicles. This EG was identified in 2019 wad
expected to be active in 2020. Unfortaiely,
Cranfield’'s application for UK funding, to suppibris
activity, was not successful, and for this reas
Cranfield had to withdraw from chairing this EGofPr
Lovera from Politecnico di Milano accepted to take
over the chairmanship from Cranfieldniv. with the
aim to restart this EG in 2021. Nevertheless, dyithre
years 2021, 2022 and 2023 no meeting was osgahi
and no updates were received from Prof. Lovera. In
2023 the R@GoOR decided to keep this EG actr
standing its utmost importance, amly for UAM
applications, and tried to identify another chairma
willing to lead this EG.

New topics under consideration are:

Drone impact on Helicopters (rotating parts)

To gain insight in the severity level of drone/rotolade interactions. This topic is important f

both civil and military applications.

Helicopter Icing & D&ing

To improve the assessment of performance degradatichen flying with rotorcraft in iag
conditions, and to identify suitable deing systems for rotary wing applications.

Human Factors issues and Training methods for aaguitomation in cockpit

To improve the overall performance of the pilototorcraft system in accomplishing misss

PSP/TSP for rotors/propellers (droe&/TOLS...)
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To assess the potential and the limitations of th@sessure and temperature sensitive pab#sed
measurement techniques in rotorcraft wind tunnekte applications.

Perception and public acceptance of UAM and Naigpgmation in urban environment (high RF
with high frequency noise)

These two NIs have much in common. These topicsamently having the biggest attention from
the rotorcraft community and investigations aboletm are ofutmost importance.

Installation effect of propeller noise (wing, dycts

The development of eVTOL architectures require gpge understanding of the noise generated by
propellers when ducted or installed in close proiinto wings or airframe.

Verificaton & Validation: defining metrics for the qualdfsimulations.

There is an international interest about this topaspecially related to VTOL applications.

Vortex Ring State for eVTOL configurations.

To investigate the potential impact of the VortRingState (VRS) phenomenon on the safety and
operational characteristics of new eVTOL aircrathdectures integrating multirotor/propeller
systems as well as fixed wings.

6.4.3 GoRRC Membership

The membership of GeRGn 2023 is presented in the table below. Aliciadfeca Barrios Alfonso of
INTA resigned from her position of Spanish &ifnember. No substitute was indicated by INTA
during the year

Chairperson

Antonio Visingardi CIRA Italy
Vice-Chairperson

Mark White Univ. Liverpool United Kingdom
Members

KlausDieter Pahlke DLR Germany
Barbara Ohlenforst NLR The Netherlands
Arnaud Le Pape ONERA France
Industrial Points of Contact

Rainer Heger AirbusHelicoptergD&F) Germany
Observer

Richard Markiewicz Dstl United Kingdom
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6.5 Group of Responsables Structures and Materials (SM)

6.5.1 GoRSM Overview

The GoRSM is active in initiating and organizi@gronauticsoriented research on structures,
structural dynamics and materials in general. Maks oriented research is related to material
systems primarily for the airframe; it includes sfie aspects of polymers, metals and various
composite systems. Structural reselars devoted to computational mechanics, loads aasign
methodology. Research on structural dynamics ire®iwnore especially response to shock and impact
loading.

The group is active in theoretical and experimerftalds of structures and materials &irengthen
development and improvement of methods and proceelir Of great importance is the mutual
simulation of the diverse scientific approacheg&iments give new insights into the mechanisms of
structural behaviar that can be included in improveitheoretical models. Finally, the theoretical
results must be verified and validated by companisath results from suitable experiments or trials.

Although the specific topics vary over the yeah® scientific basis remains largely unchanged. The
work is looked upon aspstream researclintended to discover valuable areas of future aityivin
this context, many new ideas were proposed and ergdl during the year 2020.

Activities within the Exploratory and Action Grougsver several aspects of impraleonventional
and new technologies, new structural concepts aralvndesign and verification criteria. Recent,
current and upcoming work is devoted to:

X additive Layer Manufacturing

X characterization and modelling of Composites withradeic Matrix submittedto severe
thermo-mechanical loading

X characterization of composites with polymer matrixrdgh temperatures
X characterization and optimization of shock absorbfmnscivil aircraft fuselages
X structural health monitoring for hydrogen aircratmks.
6.5.2 GORSM Activities
In 2023, GoRSM monitoredwo Action Groups and three Exploratory Groups
Action groups (AG)

The following Action Grogwere active throughout 202:
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SM/AG36 Additive layer Manufacturing

This Action Group started in March 2022 asd result
from SM/EGA7. AG36 deals with new Nove
aluminium alloys (ScanCromal al
AIMg1Crl1.5M00.55¢0.5Zr0.25) suitable for processing
via metal additive manufacturing techniques. There
an increasing need for high strength aluminium ylo
that can be processed with AM for production
applications that require low weight combined with
high specific strength. The selected alloys will
investigated in Laser Powder Bed Fusioi®BE) and
Directed Energy Deposition (DED).

SMAG-37 Characterization and optimization of shock absosh
for civil aircraft fuselages

Commonly adopted shock absorbers and, in gene
crashworthy structural components, based
sandwich structural concepts and/or complex dumping
mechanisms, are, generallycharacterized by higl
volumes and significant additional mass. The Ir
objective of the proposed work consists in tl
investigation of the feasibility and effectivenes$
novel thin  additve  manufactured  hybri
metal/composite lattice structures as Hiveight
shock absorbing devices for application to struatur
key components in impact events.

The topics of this AG7 are:

X Investigation on the key components which
require the integration with shock absorher

x identification and classification of thehack
absorbers (material and geometry)

X material investigation (Alternative materials,
Hybridization)

X integration strategies

X analytical methods for designing hybrid shock
absorber
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X numerical analysis and design

X unit cell optimization (weightminimization
and/or shock absorbing capabilil
maximization)

x thermal stress analysis
X experimental tests and validation;
X certification issues

x definition of guidelines for an effectiv
integration in each scenario.

Exploratory Groups (EG)

The followingexploratoryGroups were active throughout 2032:

SM/EG44 Characterization of composites with polymer maitix
high temperatures

The main objective consists in the characterizatidr
the mechanical properties of Composites with Polyme
Matrix submitted to high thermal conditions. The work
will be mainly experimental with the definition and
improvement of experimental methods. The fin
objective would be to provide a test stand for the
testing of classical coupons. The topic of h
temperaure polymer matrix composites was al
submitted in a Clean Aviation proposal. The outcome
of the Clean Aviation call (expected in Septem
2022) will determine whether this EG/AG will |
continued.

SM/EGA5 Characterization and modelling of CMC submittec
severe thermanechanical loading

The main objectives of the EG consist in:

x understanding of the damage and failu
mechanisms under static and fatigue loading
at very high temperatures;
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X definition of standard tests to measur

mechanical proprties (behaviour, damage
failure) at very high temperatures

X proposition of damage and failure models to
predict behaviour damage, failure and fatigue
lifetime of composite materials

X testing and simulating CMC compos
structures under static orfatigue loading
(evaluation of predictive capabilities «
models)

SM/EGA8 Structural health Monitoring for hydrogen aircre
tanks

In order to drastically reduce CO2 emissions, hgdro
is an alternative solution for the production ar
storage ofenergy. Regarding the storage, the be
option consists in liquefying the hydrogen at
temperature below-253°C. Composite materials are
being considered for the cryogenic tank but theusss
related to the development of a composite tank liet
ability to detect initiation of any damage. Structural
Health Monitoring (SHM) methods, consisting
integrating sensors in or on the structure, are ithe
used. However, few studies are dedicated to S
methods under such temperatures. The objective of
the group woud be to work on the design of SHM
systems dedicated to composite parts under cryogeni
temperatures, including the study of the durability
such systems.
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6.5.3 GORSM Membership

The membership of Ge8M in 203 is presented in the table below.

Chairperson

Bert Thuis NLR Netherlands
ViceChairperson

Javier San Millan INTA Spain

Members

Aniello Riccio udC Italy

Robin Olsson RISE Sweden

Peter Wierach DLR Germany
Andrew Foreman QinetiQ United Kingdom
Mats Dalenbring FOI Sweden
Florence Roudolff ONERA France

Industrial Points of Contact

Thomas Kérwien Airbus Defence and Space  Germany
Christian Weimer Airbus Operations Germany
Thomas Ireman SAAB Sweden
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7. List of abbreviations
ACARE: Advisory Council Amiation Research and Innovation in Europe
AG: Action Group
ATI: Aerospace Technology Institute (UK)
CIRA: Italian Aerospace Research Centre
DLR: German Aerospace Centre
DNS: Direct Numerical Simulation
DSTL: Defence and Science Techndlagppratory (UK)
EASA: European Union Aviation Safety Agency
EDA: European Defence Agency
EG: Exploratory Group
EREA: Association of European Research EstablishmeXkeronautics
EU: European Union
FOI: Swedish Defence Research Agency
FP: Framework Prograne
GARTEUR: Group for Aeronautical Research and Tliegkrio Europe
GoR: Group of Responsables
AD: Aerodynamics
AS: Aviation Security
FM: Flight Mechanics, Systems & Integration
SM: Structures & Materials
RC: Rotorcraft
ICAS: International Council of tAeronautical Sciences
IPoC: Industrial Points of Contact

INTA: National Institute of Aerospace Technologgaif9
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JTI: Joint Technology Initiative
JU: Joint Undertaking
LES: Large Eddy Simulation
NATO: North Atlantic Treaty Organization
NLR: Netherland&erospace Centre
ONERA: Office National d'Etudes et Recherches patiakes (France)
PADR: Preparatory Action on Defence Research
PEGASUBS®artnership of a European Group of Aeronautics @pdce Universities
PPP: PubliPrivate Partnership
RANS: Reynoldsverage NavieBtokes
RPAS: Remotely Piloted Aircraft System
R&T: Research & Technology
RTD: Research & Technology Development
SESAR: Single European Sky Air Traffic Managesszargh
SME: Small and Mediusized Enterprise
SRIA: StrategResearch & Innovation Agenda
STO: Science and Technology Organisation
TRL: Technology Readiness Level
UAV: Unmanned Air Vehicle

XC: Executive Committee
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APPENDICES

AND GO TO https://qgarteur.org/annuatreports/

Annual Report 2023

57




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ @-—IW@ U I_“_-% FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

PAGE INTENTIONALLY LEFT BLANK

Annual Report 2023

58




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ @WE Lw I_“_?]% FRANCE GERMANY  ITALY THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

Appendix A: Annex GoRerodynamics (AD)

ANNUAL REPORT FROM THE GROUP OF RESPONSABLES
“‘“AERODYNAMICS”

Remit

The GoRAD is active in initiating and organising basic apglied research in aerodynamics and
aerothermodynamics. Aerothermodynamics is closelgted to space operations and flight through
the earth’s atmosphere at very high speeds.

Aerodynamics is eornerstone of aeronautics and one of the primassin disciplines to determine
the shape of the aircraft. Environmental issues afrgreat concern in aeronautics for civil aircrafid
advanced aerodynamic design will have a significgantact on fuelconsumption and the noise of
aircraft. For military aircraft, the requirements stealthy operation require new aircraft shapesiie
considered and these shapes must be aerodynamiedlctive. The GORD area of activity covers
aerodynamics, aeroacoustics, and aeroelasticitye BoRAD is supporting a multisciplinary
cooperation with the other GARTEUR Groups in avdasre a monedisciplinary approach is not
meaningful.

The Group is active in experimental, theoreticahalgtical, as well as in merical fields of
aerodynamics to support the development of methad®d procedures. Work in experimental areas
is performed mainly to obtain valuable data for thalidation of methods. Measurement techniques
are developed and refined to increase accurang efficiency of experimental investigations. Qthe
numerical studies give insight in the mechanismbaxfic flow phenomena.

GoRAD Overview

GoR Activities

Four Action Groups have been running throughout 20 this period no new AGs have been
launched, but there has been the launch of four new Exatory Groups. The active Action groups
are:

Management
Two meetings have been held:
AD/A- 112 MeetingINTA, Madrid (Spain) March?23" 2023

AD/A- 113 Meeting at Pozzuoli (Italy), Octobédl, &" 2023
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GoRAD has contributed to the event organized in ocoasof 50" anniversary of GARTEUR by
providing a presentation illustrating an overview the GoRAD activities along these 50 years of
GARTEUR.

Along AD/A 113 meeting it has been officialised thange of chairman. From 2024 chairman will be
JeanLuc HantraisGervois from ONERA, and vidgairman will be Magnus Tormalm from FOI.

Next GoRAD meeting is planned on march &nd 6" at FOI (Sweden).

Dissemination of GARTEUR activities and results

‘The Group of Responsables “Aerodynamics (GoR ADDVArview of activities and Success Stories’,
G. Mingione, E. Coustols, F. Monge, H. van der KeRjchter, M. Tormalm, L. R. Calavera, B. Stefes,
D. Pagan, P. Eliasson, M. Mallet, R. Gemma 335122ACAS2022 0915

Status of Action Groups and Exploratory Groups
Five Action Groups and oilploratoryGroup have been running throughout 282
Action groups (AG)

The following Action Grogmwere active throughout 2032:

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

The goals of AG6 are twofold: firstly, this endeavoL
aims to enhance each partner's capabilities
aeroelastic simulations pertaining to very flexit
aircraft. A secod aim of AGb6 is to derive a common
test case in terms of aircraft and manoeuvre. il
allow the various partners to benchmark their sakve
and tools. This topic poses a challenge due toousri
requirements inherent to such analyses:

. A flight nechanics model for flexibl
structures
. CFD methods with robust grid handli

technique capable of modelling a combination oflar
rigid body motion and large flexible motip
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. Fluidstructure interaction procedures that ar
capable of modelling largdranslations and finite
rotations.

The chairperson is Richard van Enkhuizen (NLR).

AD/AG58 Supersonic Air Intakes

The main objective for the ABB is to gather &
database of relevant flow features on representativ
test cases and validate CFD codes on these specific
topics. The following investigation themes a
proposed:

. cowl oblique shock / boundary layer / migin
layer interactions

. internal bleed flows

. supersonic air intake diffusers and scram
isolators including corner flows description.

It is expected to support each theme with recentdan
detailed experimental data as well as CFD modelling
and/or valdation.

Due to COVID crisis that complicated organisatimh a
prioritesin 2020 for many companies, the collaborative
work planned last year has been postponed for aryea
Some other priorities in 2022 have lead to othefayes.

It has been proposed to retart the collaboration by
summer 2023 and to prepare the final report in
December 2024. An updated list of milestones
proposed.

The chairperson is Christophe Nottin (MBDA).

AD/AG59 ) Improving the Simulation of Laminar Separati
~ Bubbles

The main objective is to improve the modelling bét
numerical methods used in theeproduction of the
laminar separation bubbles and the consequent effec
wm | ON flow instability. The main issues to be addreksee:

03 914 D02 018 034 05 065 082 088 114 13
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. the determination of the transition locatior
and of transition region

. the enhancement of the production of th
turbulent kinetic energy in the separated flow idsi
the recirculation region

. evolution of the bubble with the incidence and
with turbulence level

. possible burst of the bubble at high incidence
and consequences on the stall characteristics

. critical evaluation of the laminar boundary
layer instability analysis methods treatment of lizwar
separation bubbles.

The chairperson is Pietro Catalano (CIRA).

AD/AG60 Machine Learning and Dafariven Approaches fc
Aerodynamic Analysis and Uncertainty Qtifégation

The objectives of the Action Group are:

X extensive comparison of deep learnin
surrogate models and machine learni
techniques for aerodynamic analysis a

Task 1: Aerodynamic analysis and prediction;

prediction of aerodynamic features

X exploitation of the potential of data fusiol
(Multi-fidelity) within surrogate modelling by
efficient management of heterogenes data
from different sources (CFD with differe
precision, windtunnel, flight test data, etc.);

Task 2: Data fusion and multi-fidelity
heterogeneous data management
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Task3: Uncertainty quantification

and management

X exploration of the potential of machine
learning and datalriven techniques for
uncertainty quantification and management.

The chairperson is Esther And(@NTA).

AD/AG61 WMLES and Embedded LES

RANS CFD has shown many merits but fails to m
turbulence in advers@ressuregradient boundary
layers and in separated flows. Turbulent seasolving
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simulations are needed, but DNS and wall resohied
are not affordable yet for industrial daily eds.

Thus, this group investigates the hybrid RANS
strategies. In order to extend previous activitigee
AD/AG54 for instance), family Il strategies are
interest (where only the inner part of the attache
boundary layer is modelled in RANS wizer¢he outer
region of the boundary layer is resolved by LES)h S
strategies belong to the more general Wislbdeled
LES approaches. A substantial cost reduction reedai
(over wall resolved LES) and improved turbul
dynamics is simulated (over DH&, or family |
simulations where the attached boundary layer
treated fully in RANS). The use of LES can thu
restricted to the regions of interest in a so cdll
embedded LES strategy.

The activities of the group aim at facilitating tt
introduction of family Il in industry. The sever
turbulent relative topics are investigated throughest
cases.

ExploratoryGroups (B)

The followingexploratoryGroups were active throughout 2032:

AD/EGT79 Hypersonics

Partners of the EG are: DLR, University of Mui@tRA,
DLR, TU Munich, NLR, FOI, VKI. After some prefimina
meetings there have been no additional activities.

Even if only one Exploratory group is active, thare
several topics under discussion thebuld generate
new Exploratory goups in the next future: Morphing,
thermal management, corner flows, virtu
certification, corner flows...

Annual Report 2023

63




— GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ @WE LUJ I_“_:% FRANCE GERMANY ITALY THE NETHERLANDS SPAIN SWEDEN UNITED KINGDOM
Rolling plan

N° Topic 2019 2020 2021 2022 2023 2024

AG56 Coupled fluid dynamics and flight mechanicy
AG58 Supersonicair intakes

AG59 Improving the modelling of laminar separati LT[ ]
AG60 Machine learning and datliven approaches
AG61 WMLES and Embedded LES

I closed I Active Status Dece
N° Topic 2019 2020 2021 2022 2023 2024
1 1 1 1 1
EG79 Hypersonidlows | | | EEEEEEEE
I Ciosed . Active Status Dece

GoR membership

This year Italy has chairmanship and ONERAchiaie. From 2024 France will be GAR chairman
and Sweden vicehairman.

After years of active contribution in the G#&® and in European Union research programme, Eric
Coustols has retired. The Gé® membes thank him for everything he brought to the groumth

on the scientific and personal levels. Eric Cogsésl ONERA representative has be replaced by Jean
LucHantraisGervois.

At present time we still do not have an UK memlmgrthe aerodynamics GoReverthless during last
Gouncil it has been announced that UK GBIR member will be Drewan Sanders, from the Unitgrsi
of Cranfield.
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Chairperson
Giuseppe Mingione

Vice-Chairperson
Mr. JeanLuc HantraisGervois

Members

Kai Richter
Fernando Monge
Bruno Stefes
Magnus Tormalm
Harmen van der Ven
Peter Eliasson

Industrial Points of Contact
Riccardo Gemma

Michel Mallet

Didier Pagan

Luz P. Ruizalavera
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Table of participating organizations

AG-56 | AG-58 AG-60 AG-61

Research Establishments
CIRA ‘ ‘ ‘
DLR ‘ ¢ ‘ ‘
FOI ¢ ‘ ‘
INTA VvV
NLR \V/ ‘ ‘
ONERA
Industry

<

Airbus Defence & Space

Airbus Operations GmbH
Airbus Operations S.A.S.

Leonardo

Dassault Aviation
MBDAF V
MBDAD
SAAB ¢ ¢

OPTIMAD ¢
Academic Institutions

Imperial College

Technical Univ. Munich

University of Manchester

Zurich  Univ. of Appliec
Sciences

Univ. of Napoli “Federico II”

Marche Polytechnic Universit

Univ. of Strasbourg

Univ. of Southampton

Institute of Marine
Engineering (INMCNR)

Nat. Institute for Research i ¢
Digit. Science and Technolog

University of Twente
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Action Group Reports

AD/AG56 Coupled fluid dynamics and
flight mechanics simulation of
very flexible aircraft
configurations

Monitoring H. Van der Ven

Responsable: NLR

M.J. van Enkhuizen
NLR

Chairman:

X Background
With the increasing importance of environmental
issues, various technologies are being developed to
create more efficient aircraft designs, reducing fu
burn. In terms of airframe enhancements, these
include utilizing lighter structures and higher esp
ratio wings, leading to very flexible configuratmn
By more actively accounting for the large strucktura
deformations in very flexible configurations, grerat
weight savings and larger aspect ratios can be
realized.
To allow for better optimization of such flexible
configurations, studies are carried out in bringing
closer the various disciplines supporting aircraft
design, especially taking into account the large
structural deflections in flight mechanics analyses
Building upon GARTEUR (FM) AGL9 where use
has been made of simplified aerodynamic models,
AG-56 makes use of higlidelity aerodynamic
models coupled with structural models for such very
flexible aircraft. Within AG56, capabilities will be
developed to perform aeroelastic simulations o ver
flexible aircraft. These capabilities will be assed
and benchmarked by performing simulations with
varying degrees of fidelity.

X Obijectives
The goals of AGb6 are twofold: firstly, this
endeavour aims to enhance each partner's
capabilities in aeroelastic simulations pertainiag
very flexible aircraft. This entails more accurgtel
predicting aerodynamic loads and structural
deformations for ranoeuvre and disturbance
conditions. A second aim of AG6 is to define and
develop a common test case in terms of aircraft and
manoeuvre. This will allow the various partners to
benchmark their solvers and tools.

This topic poses a challenge due to ®asi
requirements inherent to such analyses:
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x A flight mechanics model for flexible
structures,

x CFD methods with robust grid handling
technique capable of modelling a
combination of large rigid body motion and
large flexible motion,

X Fluid-structure interetion procedures that
are capable of modelling large translations
and finite rotations.

X Approach
Analyses will be performed using the Airbus XRF
1 benchmark model which has been modified to
accommodate for more wing flexibility. The
baseline XRFL modelhas been made available by
Al-O.
Four scenarios will be considered; two gust
disturbance conditions and two manoeuvres. The
manoeuvre conditions are a 2.5g pyd and an
elevator deflection. Aeroelastic simulations witk s
degrees of freedom will be perfned in a CFD
environment. To achieve this, the complexity of the
simulations will be increased stéy-step, starting
with a purely aerodynamic (assuming a rigid
aircraft) simulation, subsequently followed by an
aeroelastic simulation without motion, afidally
the 6DOF aeroelastic simulation. Results will be
compared to lower fidelity aeroelastic simulations
that do not consider a CFD environment. This is
done in the NASTRAN and ZAERO environments
by means of aeropanels. As stated earlier, the
underlyng goal of more accurate aeroelastic
analyses for very flexible aircraft is to impossde
stringent stiffness criteria, allowing for fuel lour
reductions with lighter structures and higher aspec
ratios. As such, a final analysis will consider an
MDO optimized aircraft. This will provide insight in
the potential gains and aeroelastic behaviour when
optimizing very flexible aircraft wings.

X Main achievements
Due to challenges in obtaining the XRF-EM and
CAD models, work in the first year was limited. The
main achievement was to obtain the model from
Airbus with all associated legal requirements.
Additionally, the disturbance and manoeuvre
conditions have an defined. In the second year, the
generic FEM and CAD models have been modified
for AG-56 purposes. For the CAD geometry,
modifications included geometry cleap for CFD
(un)structured mesh generation and the inclusion of
an elevator surface (sdégure 12). For the FEM
model, wing elasticity has been modified for
increased tip deflections; aiming for 10 percept ti
deflection in 1g flight (seBigure 13. This has been
done for a worstase mass condition. The front and
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rear spar have been tuned to attain the desired tip
deflection; iterating for the gust condition ofénst

in a panel code environment (deigure 14).

Due to the worlewide pandemic in 2020, Cowito,

very limited progress is achieved in 2020. Some
progress is achieved to setup first simulations, bu
simulation results have not been achieved in tlae ye
2020.

In the year 2021, partners have run trim simulaion
using their methods with either rigid models or the
flexible model. As shown iffable landTable 2 the
results are reasonably close together even though
there are known differences between the models of
the partners.Some of these differences are
investigated further at the beginning of 2022. DLR
decided to run the simulation only with the very
flexible aeroplane and has reported issues witin the
approach to run the very flexible model of AB.
Hence, no trim results of this model are available
yet.

Tablel: Preliminary trim results for rigid aeroplane with
engine thrust unless stated otherwise

Case M 0.5 Case M 0.86

AOA | HTP AoA | HTP
angle angle
-2.74 -2.65

Zaero- 1.30 0.21
Nastran
NLR

No engine
thrust
CFD based
NLR

No engine
thrust
Zaero- - - - -
Nastran
NLR

CFD based
NLR
CIRA 1.75 | -2.44 0.43
DLR - - - -
Onera - - - -

Airbus - - - -

1.67 | -2.18 0.16 | -2.05

139 | -1.62 0.22

Table 2: Preliminary trim results for flexible aeroplane
with engine thrust unless stated otherwise

Case M 0.5 Case M 0.86

AoA HTP AoA HTP
angle angle
Zaero-Nastran 2.69 -2.96 1.77 -2.96

NLR

No engine thrust
CFD based NLR - - = -
No engine thrust
CFD based CIRA | - - - -
CFD based DLR - - - -
CFD based | - - - -
Onera
Airbus - - - -
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In 2022, partners have finished their work to
calculate trimmed 1g flight using the flexible
aeroplane for the two flight conditions bfterest.
Subsequently partners have analysed two
disturbance conditions and two manoeuvre
conditions. Due to remaining issues with the chosen
approach of DLR, the group has decided at the
beginning of 2023 that DLR will not contribute to
the end reporttis decided to write the end report of
AG-56 in the year 2023, using the simulation results
available.

Figure 13 CAD geometry of the XRE.

Figure 14: Depiction of the wing structure in the FEI
model. The elasticity of the front and rear spatuised
for 10 percent tip deflection in 19 flight.

[ T Y PRy

Figure 15: Panel model used to tune the wing struct
for 10% tip deflection for worstase gust.
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X  Project management
It has been decided to have alternating physiaél an
teleconference meetings every 3 months. The-kick
off meeting took place on the 9th of March 2018 in
Amsterdam, hosted by NLR. Two teleconference
progress meetings have been held on the 25th of
October 2@8 and the 25th of March 2019, as well
as a physical meeting in Manching, hosted by Airbus
Defence and Space on January 24th, 2019. July 4th
2019, a teleconference meeting pertaining to model
updates, while various teleconferences have been
held between ptners pertaining to model
generation.
In autumn 2020 the chairmanship has been
transferred to M.J. van Enkhuizen.
During the year 2021, preliminary results of thmtr
simulations are discussed on the four meetings that
were organised by NLR on Januanti25April 9th,
June 18th, October 27th. Additionally, during the
fall 2021 meeting the manoeuvre and disturbance
conditions are discussed to further specify the
required input to perform the simulations.
During the year 2022, preliminary results of the
disturbance and manoeuvre conditions are discussed
on the four meetings that were organised by NLR on
January 12th, June 21th, October 24th, November
29th.

X Expected results/benefits
The various simulations in this project are expeécte
to enhance the understanding, tools and capasilitie
of partners in the nonlinear aeroelastic domain.
Secondly, this project will allow for benchmarking
of inhouse tools amongst the partners through the
use of a common research model.

x AD/AG-56 membership

Member Organisation  E-mail

K. Elssel Airbus D&S kolja.elssel@airbus.com

H. Bleecke Airbus O hans.bleecke@airbus.com
P. Vitagliano CIRA p.vitagliano@cira.it

M. Ritter DLR markus.ritter@dlr.de

MJ. van

Enkhuizen NLR richard.van.enkhuizen@nilr.nl
Cédric Liauzin ONERA cedric.liauzun@onera.fr
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AD/AG58 Supersonic Air Intakes
Aerodynamics
Monitoring D. Pagan
Responsable: MBDA
Chairman: C. Nottin
MBDA

X Background
Supersonic air intakes are of foremost importance i
the design of a supersonic -direathing vehicle,
whether the propulsion system is a turbojet, aeamj
or a scramjet. They are critical in the performance
(thrust, drag, consumption) but also in the snas
budget, the general architecture and the radar
signature. They need to be accurately designed very
early in the development phase. Currently their
design heavily relies on numerical simulations
(CFD).
An Action Group on supersonic air intakes was
compldged in 2007 (AG34). It was focused on shock
/ boundary layer interactions and the modelling of
porous walls and bumps. It is proposed to build on
the results of this AG and to launch a new research
activity in this domain which is of primary intetes
for military aircrafts and missiles.

x Objectives
The main objective for the AG8 is to gather a
database of relevant flow features on represesetativ
test cases and validate CFD codes on these specific
topics. The following investigation themes are
proposed:
X Cowl oblique shock / boundary layer /
mixing layer interactions
X Internal bleed flows
X Supersonic air intake diffusers and
scramjet isolators including corner flows
description.
It is expected to support each theme with recedt an
detailed experimental data as well as CFD modelling
and/or validation

The main conclusions of the activities carried out
during the proposed Action Group should cover the
following specific issues:

x Clarify the benefit of new CFD methods
(unsteady ZDES approach) and HPC
capacities in comparison with the last
AG34 for exanple,

X Assess RANS methodology (including
turbulence  modelling, grid mesh
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refinement) to tackle the proposed research
topic, and

x Estimate the CPU cost of the comparative

methodologies.

X Main achievements
WP1 . Management
Due to COVID crisis that complicated organisation
and priorites in 2020 for many companies, the
collaborative work planned last year has been
postponed for a year. Some other priorities in 2022
have lead to other delays. It is proposed to rettar
collaboration by summer 2023 and to prepare the
final report in December 2024. An updated list of
milestones is proposed.

WP2 : Supersonic diffusers flows
The case proposed in WP2 involves shock trains
prediction.
The main challenges are:
X prediction of shock / boundary layer
interactions
X prediction of corner flow separations which

distort the flow and affect the aerodynamic

losses in a diffusor
The classical turbulence models based on linear
closures generally fail to reproduce accuratelge¢he
flows. More avanced models may be required
based on RANS with non linear closures or
LES/DES techniques.
A 3D test case with thick BLs4 A (B DQG
strong effect of corner flows from Fiévet al
(AIAA J, 2017) was identified by ONERA but the
paper seems not selfifficient to be used as a test
case.
ONERA proposed to design a testse similar for
AG58 but with wellknown flow conditions at
boundaries, seligure15.
Several RANS computations were performed by
ONERA. Inlet flow profiles are now available to all
partners, seeFigure 16 Outlet condition is a
prescribed back pressure. ONERA will perform a
DES mode 3 calculation that can be used as a
reference to compare with RANS models. Members
will perform DES and/or RANS calculations
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Figure 16: shock train in a rectangular crossection
channel. ONERAestcase.
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léigure 17 common inlet flow field proposed kL
ONERA for shock train case computations

RANS computations were performed by ONERA
and also MBDA using Spalart Allamaras (SA) and a
noninear closure variant (S®CR).

QCR generic formulation are detailed below.

With the Quadratic Constitutive Relation (QCR) jon, instead of the traditi
relation, the following form for the turbulent stress is used:

| linear Bou:

Tioer =Ty = Cort [Oue Tpio + Ope T |

where 7y are the turbulent siresses computed from the Boussinesq relation, and Oy is an antisyr
normalized rotation tensor, defined by:

ity Tty

0,-,‘:2Wi,=/ = :ZMk/JuE+u§+u§+u§+v}+v§+w}+w§+w
e

o 1oy du
v =3\5m 7%

Figure 18 principle of QCR nodinear closure for
turbulence models.

Results obtained with S®CR model are quite
different compared to those obtained with the
standard SA model. The prediction of the corner
flows is strongly modified resulting in a non
symmetric development of the shock train inside the
duct for the SA and a symmetric one for the-SA
QCR (eeFigure 18.
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SA-QCR T
Figure 19 effects of QCR closure with the Spale
Allmaras model on corner flows and shock tre
development for WP2 tesase (ONERA).

Comparisons of CFD predictions with available
pressure measurements and published DNS results
show local improvements witithe nonlinear
closure of the turbulence modekegFigure 19 and
Figure 20.

Exp, Kiomparens et al,
DHS Figvet et o
| — SA-qCh

-4 -2 U 2 4 6 8
(x-x0)/2h

Figure 2Q effects of QCR closure with the Spale

Allmaras model and comparison with wall pressure

measurements (ONERA).
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Figure 21 effects of QCR closure with the Spale
Allmaras model and comparison with axial pressure
computations from DNS published by Fiévet et al.
(ONERA).

Further investigations were performed by ONERA
and MBDA on QCR correction applied tedega
SST model.
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Qualitative analysis (k-w SST with/without QCR)

Results consistent with SA: QCR improves dramatically the res!

k-o SST-QCR

Figure 22 effects of QCR closure with theoknega

SST model on corner flows and shock tr
development for WP2 tesase

These resultsHigure 2) confirm the trends from
previous results obtained with SA model. QCR
correction leads to stronignprovement regarding
corner flow effectsKigure 22.

- Quantitative analysis
X. = normal shock location
X, = separation location

Wall cen

Duct c¢

ST T o 7 )
x(m) (x-xc)/2h

Figure 23: Effects of QCR closure with theoknega
SST model and comparison with wall press
measurements and SA/RLR results.

Further investigadns will be made on Reynolds
Stress Model (RSM) and final issue regarding ZDES
computations are egoing work at ONERA (see
Figure 23.

2 s i e e S ™
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Figure 24 ongoing ZDES simulations on WP2.

WP3 : Mach 3ramjet intake

DLR has described in detail experimental results
obtained in several existing wistdnnel test
campaigns for a ramjet intake design for Mach 8, se
Figure 24
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+ Two-dimensional ramjet inlet for use in air-to-air missile (similar to Meteor)

« Design point of baseline configuration: Mach 3

* Modular design for configurations from 3 < Ma < 4.5 in steps of AMa = 0.5
+ Achieved by ging ramp and cowl

- Self-startable, self-start Mach number Ma = 2.1
« Contraction limit at Ma = 3 is 21.8%
+ Contraction ratio about 10%

+ Angle of attack: -6° < « < +6° Mach 3 geometry

General dimensions F—— =
coaposeas

I 5 L 5 I & | & Lot xiwd | plow] | 4wy
1 | omes | 1 | fem) | ) | fwe | ()| (o | e Lot samp oo | oo | w3
0 2 50 | 9 | 151 | ms - - Jwe2 2od wn | s | mem
33 2 | 1o | s | 159 | ns | a8
10 3 | no | see | w1 | mo | 52 | ms

Lot wamsition cucle | 11931 | 267 | 15092

1959 2ud amsition cucle | 19991 | 3211 | 17732

ue [ s [ n2 | wa [ s 431 o w3 | sios | w0as

Motel bolder | Messurement pipe Throttle

=,
. = LE(L — |
o e e At (L s

éxperimental mad for the Mach 3

Figure 25: DLR
ramjet intake.

This large existing database includes several &ffec
X internal bleed geometry, open or closed
x flow conditions such as Mach number (on
and off design conditions) and angle of
attack
X geometry of the ramps and cowl
It was decided to focus GARTEUR activities on
bleed prediction effects in design and-désign
Mach number conditions.
The members agreed to select the following
experimental conditions:
X no bleed versus bleed 22/22 (bleed entrance
length/bleed exit length in mm
x effect of Mach number : Mach 3.0 (en
design condition, shocks on cowl lip) and
Mach 3.5 (offdesign conditions, shocks
from ramps interact inside the duct on the
internal cowl)
X Tt0 = 290 K, pt0 = 5.8 bar, Re= 40.8~
106 m1,
X no Angle of attack ando sideslip
x throttling effects at downstream sonic
throat condition (throat section can be
changed using a translating plug).
The available experimental data contaadfFigure
25):
X Schlieren images
x wall pressureneasurements
0 34 pressure ports along centreline
of ramp, cowl and diffuser
0 datic pressure measurements with
8400 PSI System by Pressure
Systems
0 instationary pressure
measurements with  XGILOO
Kulite sensors for frequency
analysis of inlet buzzing
X six Pitot rakes with different lengths
available

UNITED KINGDOM
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0 can be integrated in four different
axial locations in the diffuser
section

0 2 additional Pitot rakes for
exterior flow above and below the
model

X mass flow measurements by conical
throttle

X pressure measuremernisthrottle used for
determination of pressure recovery.
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Figure 26: DLR experiments with measurements &
rakes location.

Accuracy on the air intake performances provided
by DLR are presented below.

Table 4 Measurement uncertainties of throttle device

Alnis fring) f Alpsfpa)
My (msfrig). % Apgsfpas. % AAsfA3. % (pa/pm).
2.5 1.70 0.03 0.03 0.09
30 1.90 0.03 0.03 0.09
35 2.06 0.03 0.03 0.09

After a detailed investigation of the model and the
boundary conditions needed for the calculations,
DLR prepared and shared the CAD files with the
fixed modifications commonly agreed at last
teleconference meeting.

Regarding boundary conditions, DLR will assegs b
2D computations the potential effect of wihdhnel
walls on the bleed mass flow rate, as the internal
bleed has no sonic outlet as illustratedHyure26.

Machzahl [-]
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Figure 27: illustration of Mach number of the interne
flow inside the bleed (DLR).

The 3D CAD file, ready to mesh, has been provided
to all members (se&igure 27.
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Figure 28: CAD provided by DLR for the WP
computation (open bleed case)

The CAD extension down to the throttling device
(plug) has been provided as an option so that
throattling effect can be computed either usingkbac
pressure on short domain or by modifying the sonic
throat on the full domain in the computational
process. This could have an effect in case unsteady
computations of surging regime is planned (this is
not a priority of the WP3).

The experimental measurements will be provided
shortly by DLR to all members.

Computations efforts willbe focused on RANS
approach with same turbulence models effects as
those proposed in WP2 as well assessing adaptive
grid refinement improvements.

Py = 1.3 bar

Py = 2.0 bar

Figure 29 caracteristic curves at Mach 3.0 usin
CEDRE code.

Without Bleed

With Bleed

UNITED KINGDOM
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*+ Windtunnel model geometry

de Fentres d'air - 3.0 + Scale: 1.51
<= amveloppe sxperimertals 58 + Capture area: 0.1 x 0.1 m?=0.01 m2
b nar S * Throat height 15.5 mm = contraction ratio = §.45
s pre xperimertals 4F
- _imory Al 0 * Internal cantraction ratio Ay/Ay, = 1.18 in basic configuration
g = 4P = without hleed * Can be increased up to 1.88 for 2D-configuration
¥ AP with blead * Ramp angles 5, = 9.5°, &, = 20.5"(against x-axis)

T + Isolator bottom wall divergent by 1°
* Height at combustion chamber entry 18 mm
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. . e , Figure 32 DLR experimental model for the scram;
Figure 30: preliminary investigation of internal blee: Mach 7.5 intak

effect at Mach 3.0, using CEDRE code withnkega
SST turbulence model.

One topic for WP4 will be the aerothermal fluxes

prediction and effects of sidewalls compressioer, se
(ke — ST (k — @)parsm some examples of experimental resintEigure 32

It was decided to compute the closed bleed

configuration in supercritical condihs with a
downstream extension sufficient to include thetPito
rake available in the experiments.
The experimental conditions for CFD validation of
heat fluxes still need to be fixed for future
calculations as experimental tests were performed
with different conditions depending on area of
interest (pressure measurement inside the isadator
infrared measurements on the ramps for the heat
fluxes).

Caracteristique de l'entree d'air : AP-3.0-S5T_EARSM

sy

— - enveloppe expermentale AP
— Pi_may AP-3.0(k-w SST)
— Pi_muoy AP 3 0ik w EARSM)

Figure 33 DLR experiments on the scramjet intak
with IR thermography. Effedf sidewalls compression
on heat fluxes and corner flow.

0
8§70 o 580 e 550 a5 o 0 T10
epsilon

Figure 31 preliminary investigation of turbulence The CAD, ready to mesh, provided by DLR is
model effect at Mach 3.0, using CEDRE code with k presented on thieigure 33 The exit plan is located
omega SST turbulence model vs EARSM downstream the isolator Pitot rake.
Computations efforts will be focused on R&N
WP4 : Mach 7.5 scramijet intake approach with same turbulence models effects as
The proposed testase is illustrateth Figure 31 those proposed in WP2.
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Figure 34. CAD provided by DLR for the WP
computation (closed bleed case).
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Figure 35: preliminary computation using CEDRE
code

X Expected results/benefits
The project is expected to vyield

ITALY

THE NETHERLANDS

increased

understanding of turbulence modelling issues for
complex internal flows in supersonic and hypersonic
intakes as well as adaptive grid improvements. A
natural outcome is also that the partners obtain

improved best practices for intake
computations.
X AD/AG-58 membership
Member Organisation  e-mail
Patrick Gruhn DLR patrick.gruhn@dir.de
Oliver Hohn DLR Oliver.hohn@dIr.de
Laszlo Vimlati FOI laszlo.vimlati@foi.se
Ramin  Farid
Moghaddam FOI ramin.farid.moghaddam@foi.se
MBDA didier.pagan@mbda-
Didier Pagan  France systems.com
Christophe MBDA christophe.nottin@mbda-
Nottin France systems.com
scott.shaw@mbda-
Scott Schaw MBDA UK systems.com
Sébastien
Deck ONERA sebastien.deck@onera.fr
University of
Neil Sandham Southampton n.sandham@soton.ac.uk
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AD/AG59 Improving the simulation of x  critical evaluation of the laminar boundary
laminar separation bubbles layer instability analysis methods treatment
of laminar separation bubbles.
Monitoring G. Mingione
Responsable: CIRA X Approach
The focus is placed on the methods based on the
Chairman: P.Catalano Reynolds Averaged Navier Stokes (RANS)
CIRA equations and on the hybrid RANES methods.
Boundary layer instability analysis tools will alse
used and compared with the RANS results to
x Background ascertain deficiencies of the turbulent onset point
The laminar separation bubble is one of the main ~ MOreover, _the RANS embedded
critical aspects of flows at Reynolds number oford turbulene/transition models will also provide

of magnitude 104.05. However, the reproduction significant insight into the efficacy of the bounga
flows at higher Reynolds number. In fact, very tiny

laminar separation bubbles are present in airfoil used X Main achievements

for turbine applications operating at Reynolds A new model has been developed by CIRA and

number of the order of magnitude off10 UniverSity of NapO“ “Federico II". The model

An interest is growing towards the employment of ~ coupleV. WKH 0+H&QWHIG WKH %&UQDUGRYV
rotary wing aircraft as valid technological meaos f /677 PRGHOV 7KLV QHZ PRGHO HPS
a rapid and efficient exp|0rati0n of p|anet MarbkeT function to evaluate the transition and the fir

challenge of this new technological solution lies  function from Bernardos's model to enhance the

entirely in the specific environmental conditions ~ Production of the turbulent kinetic energy in the

these aircraft will be required to operate in. Mars  turbulent region of the buld Interesting results

atmosphere is 95% constituted by CO2 and the force have been achieved for the SD 7003 (TC O1la), and

of gravity is about 1/3 than the Earth’s. The restlic NACA 0015 aifoils (TC Olc).

atmospheric pressure and density, together with the

low temperatures, produce flight conditons  Some LES have been performed by CIRA for the SD
characterised by very low Reynolds numbers, about DLUIRLO DW 5H [ DQG . [ 18¢
2% of those on the Earth, in combination with high DLUIRLO DW G5H [ DQG . f DQG
Mach numbers, 1.5 times higher than the terrestrial  Eppler 387 &V 5H [ DQG . f &,5% KDV D
ones. The evaluation of the aerodynamic ultimate the test case TCM2b, the flow over a flat
characteristics of airfoils and wings in such  plate subject to an adverse pressure gradient. The

particular conditios, scarcely investigated so far,is ~ flow around the triangular airfoil placed in a wind
becoming increasingly more important for the  tunnel (TC M3a) has been simulated at M=0.50 and

understanding of the feasibility of such Re=3x103 by timeccurate URANS simulations.
technological solution
ONERA has reported on the wind tunnel campaign
X Objectives over the NACA 0012 airfoil (TC M1) and on the
The main objective is to improve the modelling of ~ Numerical simulations performed at some flow
the numerical methods used in the reproduction of ~ conditions. A disagreement between numerical and
the laminar separation bubbles and the consequent €xperimental data due to the influermfethe WT

effects on flow instability. walls has been highlighted. There is a clear imfoge
The main issues to be addressed are: of the WT walls on the results and there is no teay
X the determination of the transition &ion correct the experimental data. Therefore, this test
and of transition region, case has been cancelled because the numerical

reproduction of the flow in freair is very
problematic. The numerical activities planned for
the NACA 0012 test case have been replaced with
new simulations for the flow around the NACA
0015 airfoil.

x the enhancement of the production of the
turbulent kinetic energy in the separated
flow inside the recirculation region,

X evolution of the bubble with the incidence
and with turbulence level,

X possible burst of the bubble atigh
incidence and consequences on the stall
characteristics,

Technical University of Marche has computed the
flow around the NACA 0015 airfoil by apphg
different models.
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DLR has performed the stability analysis of the

laminar separation bubbles over the SD7003 airfoil

DW 5H [ DQG . f RYHU WKH 1%$&$
DLUIRLO DW 5H [ DQG . f f DQG f T7KH
analyses have been performed by consideang

geometry made of the actual airfoil where the flow

is attached and the dividing streamline of the beibb

where the flow is separated. Stability curves, ksimi

to those achieved for an attached boundary layer,

have been achieved

X Management issues
The technical activities are over. Some partners
declared to have finished the mpower even
before the scheduled end of the project.

The writing of the final report is in progress. Alst
all the required contributions have been sent ¢o th
coordinator

Imperial College has actually left the project.

x Expected results/benefits

The project is expected to vyield increased
understanding of modelling of laminar separation
bubbles. A natural outcome is also that the pastner
obtain improved simulation toolExperimental data
for the flow at low Reynolds number around the
NACA 0015 airfoil are available for the AG59
members.

X AD/AG-59 membership

Member Organisation E-mail

P.Catalano CIRA p.catalano@cira.it

D. de Rosa CIRA d.derosa@cira.it

ONERA gregory.delattre@

G. Delattre Toulouse onera.fr
luis.bernardos_

|. Bernardos ONERA Meudon barreda@onera.fr
pascal.molton@

P. Molton ONERA Meudon onera.fr
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AD/AG60 Machine learning andlata-
driven approaches for
aerodynamic analysis and
uncertainty quantification

(ML4AERO)

Monitoring
Responsable:

F. Monge
INTA

E. Andrés

INTA

D. Quagliarella
CIRA

Chairpersons:

X Background
In the field of aerodynamics, th&mulations of
complex steady flows have reached a sufficient
maturity. Nowadays, they are intensively used & th
industrial context and are wusually based on
Computational Fluid Dynamics (CFD). A specific
branch consists in the integration of the Navier
Stokes equations on meshes counting millions of
degrees of freedom with the help of high
performance computing. Therefore, the
aerodynamic simulations of systems such as wings
or even aircraft can be computationally expensive.
Moreover, several parameter@ncvary such as the
inflow conditions or the shape, leading to an
exploration of the input parameter space requiring
more than thousands of CFD evaluations and
becoming intractable. Taking benefit of the
regularity of the outputs of interest (forces and
moments) with respect to these numerous inputs, the
CFD solver can be substituted by a surrogate model,
in order to reduce the computational costs gengrate
by the predictions of the quantities of intereserov
the parameter space. This substitution is acueat
the expense of model precision and the principal
priority in surrogate modelling is the trad#
between the modelling fidelity and computational
costs.

X Obijectives
The objectives of the proposed Action Group are:

X Obijective 1 Extensivecomparison of deep
learning, surrogate models and machine
learning techniques for aerodynamic
analysis and prediction;

X Objective 2: Exploitation of the potential
of data fusion (Multfidelity) within
surrogate  modelling by  efficient
management of heterageous data from
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different sources (CFD with different
precision, winetunnel, flight test data,
etc.);

x  Obijective 3: Exploration of the potential of
machinelearning and datdriven
technigques for uncertainty quantification
and management.

X Approach
Current work focuses on the assessment of different
machine learning techniques for the predictiorhef t
Cp using the XRF1 aerodynamic data provided by
AIRBUS.

Two databases are used in this group:

x DB1l: XRF1 geometry + CFD + wind
tunnel data + Excel file witikonvergence
information.

x DB2: Large database of approx. 7000
aircraft points (simulated with RapidCFD,
including geometry variations). Design
parameters are: Span ratio, Thickness ratio,
Delta Sweep, Front fuselage extension,
Rear fuselage extension, Aiter position.

The methods that are tested by partners are desplay
in the following table:

Task 1: Task 2: Task 3:
Aerodynamic Data fusion Uncertainty
analysis guantification
INTA SVRs, MLP, | SVRs, MLP, | -
DecisionTrees DecisionTrees
CIRA KPLS, Additive and | PCA +
Surrogate multiplicative Kriging
models variable- surrogate for
Mixture of | fidelity model, | predicting
Experts (MOE) | multi-fidelity the statistical
to predictaero- | Kriging and | moments
data Co-Kriging and risk
measures of
the full model
outputs
NLR ML/DL Bayesian
autoencoders methods
with neural combined
networks with ML/DL
ONERA From basic Polynomial
machine- chaos &
learning compressed
surrogates to sensing to
deep learning efficiently
neural predict
networks  for statistical
approximation moments
of
aerodynamic
data
IRT Mixtures  Of Statistical
Experts based moments
on Kriging and risk
and/or measures
Polynomial estimated by
Chaos PCA +
Expansion Polynomial
Chaos
Expansion
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INRIA Geometric Ab initio
analysis of modeling for
high the
dimensional quantification
data: of
distributions. uncertainties
Metric, in direct and
topology, inverse
barycentre, models.
sampling,
interpolation
AIRBUS Generation of Generation
the DB2 of the DB2
database database
AIRBUS- Surrogate Research on | -
Military model based | HOSVD to
on HOSVD, | exploit and
POD, Kriging | manage
to predict | multifidelity,
aerodynamic Kriging and
features Co-Kriging
FOI Auto-encoder - PCE
+ GPR vs (Polynomial
POD+GPR for Chaos
aerodata Expansions)
prediction
OPTIMAD | sparse Multi-fidelity
sampling, data fusion by
geometrical geometrical
autoencoders, | correlations
POD
DLR Surrogates Kriging, Bayesian
based on GP, | hierarchical methods
POD, Kriging and | combined
ISOMAP, multifidelity with  ML/DL
Regression Kriging, and
techniques kernelized surrogate-
and NN-based | Gappy POD, | based UQ
approaches Bayesian
including regression
Autoencoders
and Deep GPs
for aero-data
prediction
X Main achievements / current

status
Different machine learning models have
been generated by each of the partners
(Isomap+DNN, GPR, HOSVD,
GappyPOD, GNSR, amongst others)
results show a good ability to predict the
Cp,
geometric parameters have been also
considered in the prediction, making these
model capable to be used within an
aerodynamic optimization loop
intermediate reports have been generated:
(GARTEUR_AD_AG60_Report DDBB_
1.pdf, GARTEUR_AD_AG60_Report_Val
idationCases_databe_1.pdf)
a template has been sent for sharing the
results of task 1 (April 2022).
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Figure 37 DLR results, cp prediction comparison
PODi, GNSR and DNNN methods

X Next steps

x Partners are now working on the group
tasks. Individual progress has been
achieved by each partner. However, there
are difficulties in providing a joint
approach (risk)

X comparative studies will be conductéat
machine learning models evaluation, and
proper error measurement

X a MS on this topic is being organised at
EUROGEN 2023.

X Expected results / benefits
This AG is expected to yield better understanding o
machine learing techniques and their application to
aerodynamic analysis and uncertainty
guantification. Through the proposed activitiess it
expected that some “best practice” guidelinestvdill
concluded and, consequently, facilitating the use o
machine learningnethods in aeronautic industries.
It is also foreseen that the AG will lead to
publications, either as conference or journal ksic
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X Management issues

x UC3M joined the project during 2022.
They will contribute to the application of
machine learning  techiques  and
dimensionality  reduction  approaches
together with INTA.

X NDAs to access the XRF1 data are signed
and must be extended by AIRBUS until the
end of D23 (the NDAs of some partners
(i.e. NLR finishes in March). The extension

FRANCE GERMANY ITALY THE NETHERLANDS SPAIN SWEDEN UNITED KINGDOM

is on going.
X Meetings

X Follow-up virtual meeting (overall
progress): 24th February, 2022

x Follow-up virtual meeting (overall

progress): 9th May, 2022
x Faceto-face followup meeting gverall
progress): 5&6 October 2022

x AD/AG-60 membership

Member Organisation E-mail

Robert Maas NLR

Jacques Peter ONERA

Matthias De

Lozzo IRT

Anne Gazaix IRT

Angelo lollo INRIA

Domenico

Quagliarella CIRA d.quagliarella@cira.it
Pietro Catalano CIRA p.catalano@cira.it
Mattia Barbarino CIRA m.barbarino@cira.it
Haysam Telib OPTIMAD

Alessandro Alaia OPTIMAD

Angela Scardigli OPTIMAD

Philipp

Bekemeyer DLR

Olivier Amoignon FOI

Boban Pavlovic FOI

Sergio de Lucas
Bodas

Airbus Military

Daniel Gonzélez  Airbus Miltary
Daniel Redondo  AIRBUS
Marta Gonzalez ~ AIRBUS
Blanca Martinez ~ AIRBUS
Esther Andrés INTA

Andrea laniro UCM3M
Stefano Discetti  UCM3M
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AD/AG61 Hybrid RANS/LES methods fol

WMLES and Embedded LES During its first active year, the group was able to
define all 4 cases and some partners could already

provide some simulations on the test cases.

Monitoring J.-L. Hantrais-

Responsable: Gervois
ONERA

Chairpersons: N. Renard Figure 38 TC1 mixing ceflow (C|RA)
ONERA

X Obijectives
RANS CFD has shown many merits but fails to
model turbulence in adverggessuregradient
boundary layers and in separated flows. Turbulent
scaleresolving simulations are needed, but DNS
and wall resolved LES are not affordable yet for
industrial daily neds.
Thus, this group investigates the hybrid RANSS
strategies. In order to extend previous activitsese
AD/AG-54 for instance), family Il strategies are of
interest (where only the inner part of the attached
boundary layer is modelled in RANShereas the
outer region of the boundary layer is resolved by
LES). Such strategies belong to the more general
Wall-Modeled LES approaches. A substantial cost
reduction is gained (over wall resolved LES) and
improved turbulent dynamics is simulated (over
DESlike, or family | simulations where the attached
boundary layer is treated fully in RANS). The u$e o
LES can thus be restricted to the regions of istere
in a so called embedded LES strategy.
The activities of the group aims at facilitatinge th
introduction of family Il in industry. The several
turbulent relative topics are investigated throdgh

ZDES mot
(2020)

Figure 4Q TC3 shallow separation (DLR)

test cases.
. . z/do
X Main achievements 0 10 20 30 40 50 60 70
The following four test cases serve the modelling A - - e
development and validation objectives: —SEM M2
—SEM M3
.. 35 o Coles-Fernholz
X Test case 1: Mixing clow of wakeand : s == 45

Boundary Layer;

X Test case 2: Shock WaBnundary Layer
Interaction;

X Test case 3: Shallow flow separation from
a smooth surface;

X Test case 4: Fundamental WMLES test

;
3 5
case- ZPG flatplate boundary layer. 2080 - e 6

The launch of the group has been delayed because Figure 41 TC4 flat plat (SAAB)
of the COVID crisis. Nevertheless, the activities
have been launched in April 2022.
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X Management issues
The group is active since April 2022 (kick off) and
a progress meeting has been held in February 2023.
Some initial results are already available and the
group is well organised to work actively.
Due to the COVID crisis, the kie&ff foreseen in
2021 has been delayed to 2022. A delay in the end
date is thus requested. The end date was initially
planned at the end of 2024 and-gelr extension to
end 2025 is requested (at constant budget).

x Expected results/benefits
Thanks to theimulations and comparisons between
the partners, the group aims at achieving progsesse
in:

X resolved turbulence injection Prediction of
mild flow separation;

x improved accuracy in shock wave /
boundary layer interaction (for supersonic
andtransonic flows);

x prediction of wall pressure fluctuations for
acoustics (RANS region permeable to
fluctuations);

X applicability (and robustness) to multi
domain and curvilinear geometries;

X interaction between modelled and resolved
turbulence;

X mitigation ofthe log layer mismatch.

X AD/AG-61 membership

Member Organisation  E-mail

Nicolas

Renard ONERA nicolas.renard@onera.fr
Sébastien

Deck ONERA sebastien.deck@onera.fr
Yannick Université de

Hoarau Strasbourg hoarau@unistra.fr
Shia-Hui

Peng (vc¢) FOI shia-hui.peng@foi.se
Sebastian

Arvidson SAAB Sebastian.Arvidson@saabgroup.com
Pietro

Catalano CIRA p.catalano@cira.it
Francesco

Capizzano CIRA f.capizzano@cira.it

Axel

Probst DLR axel.probst@dir.de
Silvia

Probst DLR silvia.Probst@dIr.de
Johan Kok NLR johan.kok@nlr.nl

Alistair University of

Revell Manchester alistair.revell@manchester.ac.uk
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Appendix B: Annex GoRviation Security (AS)

ANNUAL REPORT FROM THE GROUP OF RESPONSABLES
“AVIATION SECURITY”

Remit

The GoRAS supports the advancement of civil and defendateel securitytechnology in European

researchestablishments, universities, industries and othelevant European Entities (e.g. National
Civil Aviation Authority, MoD, Military entitieg,.involved in security for aviation through
collaborative research activities, and through it&cation of future projects for collaborative

research.

The GORAS initiates, organises and performs research otea®mn and mitigation of unlawful
interferences against aviation. Both physical aigitdl interferences are considered. Topics such as
Cybersecurity, Unauthorized drones, Laser Dazziifgmical, Biological & Explosive detection are
addressed by the GoR.

GoRAS Overview

GORAS Activities

Two high priority research topics were establislzeféw years ago following discussions with various
industrial, institutional and academic stakeholde®@oRAS is focusing on the investigation of these

two topics: detection and mitigation of unauthorizelrones, assessment of security risks caused by
Al in Aviation.

Unauthorized Drones

ONERA, INTA and CIRA heompleted by the end of 2022 the activities witth8PRID Projeet
Airport System Protection from Intruding Drondselonging to Horizon 2020 Call: H2e2BSAR019

2 (SESAR 2020 EXPLORATORY RESEARCH ). In 202 3egeifer publications were writtein order
to disseminate the results of the project:

x Domenico Pascarella, Gabriella Gigante, AngelalpMaurizio Sodano, Marco Ippolito,
Pierre Bieber, Thomas Dubot and Edgar Martinavéwaluation of a Resiliendgriven
Operational Concept to ManagDrone Intrusions in Airports, Information 20231, 239,
https://doi.org/10.3390/info14040239.

x D Pascarella, P Bieber, M Cioffi, T Dubot, M IppdktJ Jiménez Roncero, E Martinavarro
Armengo, P Pellegrino, A Remiro Bellostas, M Sodamb A VozellaDrone intrusion

Annual Report 2023

83




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
—
(@ @ “R:TWE @J “l_?]%{ FRANCE GERMANY ITALY THE NETHERLANDS SPAIN SWEDEN UNITED KINGDOM
management systems in airports: assessment of ABBBIUtion, 13th EASN International

Conference on: Innovation in Aviation & Space fperng New Horizons 05/09/2023
08/09/2023 Salerno, Italy

x D Pascarella, P Bieber, M Cioffi, T Dubot, M IppdhtJ Jiménez Roncero, E Martinavarro
Armengo, P Pellegrino, A Remiro Bellostas, M Sodamb A Vozella, Drone intrusion
management systems in airports: assessment of ABB8IUtion, 2024, J. Phys.: Conf. Ser.
2716 012070,

Furthermore, the finakeport for the associated Action Group 1 was pregshrSeveral meetings
explored followup activities of this Action Group. The group inigeged the detection and protection
of coordinated drone attacks in a large geograph&@a managed by a-§paceservice provider.
According to a recent studyfunded by the European Defense Agency,-splice service provider
could manage both the flights of authorized civilidrones and military missions such as training,
search and rescue flights and counter UAiSsions. The {dpace set of services that deal with the
management of authorized drone tféad should be extended with services that detect andnage
cyberattacks involving drones. Several emergingdts were identified by the group. Since the start
of the conflict in Ukraine, very larggcale GNSS disruption are observed all over Ea&iarape.
Researchers involved in the GAB have recently published a paffghat maps the level of GNSS
disruption reported using ABDS by commercial aircraft flying over Romania andg®ua. Such a
disruption has the potential to impact a large sétdrones managed by the-tpace service provider.

=

Map of GNSS disruption reported over Romania anid®&ia

13 https://eda.europa.eu/docs/defaulsource/documents/di--u-spaceevaluation.pdf
14B. Figuet et al, GNSS Jamming and Its Effect draffic in Eastern Europe, proceedings of 10thrig Symposium,
2022https://www.mdpi.com/2673-4591/28/1/12
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It was also reported that traffic data spoofiatfacks have been performed in the Korean peninsula

In that case, a large number of fake aircraft oorl positions are emitted in order to saturate the
ATM or the Uspace service provider capabilities.

Research on means to detect these emerging threat®ieeded. Detection means based on Al
algorithms analysing aircraft position, speed, itiferation data are currently investigated by
members of the GoR. Future promising detection apggh should combine datatensive Al
algorithm with models of flighperformance, signal propagation and traffic managemprocedure

in order to improve detection performance such aducing false alarms. Furthermore, the resilience
of U-space against such attacks should be measured.&lipert operation resilience fraeswork
developed by GoR members during ASPRID could baded in order to deal with operationiaking
place in Uspace zone.

This topic was discussed by researchers of CIRA, IBNERA ar#HAW (CH) as well as members of
Eurocontrol Civilian/Military cadlination team (EU), ENAC (1), Hologarde (F), Shaspace (F). A
SESAR Exploratory Research proposal on this t@gisubmitted in 2023 but it was not funded.

Al and Aviation Security

Al Assistant cybersecurity is another topic thatR2 started to explore in 2023. Members of the
GoR as well as members of other GoR are invesiig#tie use of digital assistant based on Machine
Learning in various domains of aviation. For ins&gnAl assistant could be used to help aircraft
maintenane by automating the inspection of structure in orde detect degradations. In the Air
Traffic Management domain, Al assistant were depetbto help controllers detect and correct
aircraft trajectory conflicts. Al assistant shoaldo be hosted ofboardthe aircraft to contribute to
the flight control. AG-M20 is investigating the use of Al techniquedflfght control fault detection.

Due to the role played by Al assistants in safeitical tasks, their safety and certification are
extensively inveigated by EASA as well as the industrial and atédecommunity. EASA Al
Roadmap® recognizes the important role of cybersecurity lityprovides by now limited guidance on
this topic. ENISA, the European agency in chargeyleérsecurity has investigategeneric cyber
threats against Machine Learnifidut the relevance of these threats to Al Assistantshe Aviation
remains to be established.

ISEASA Al Roadmap 2Mips://www.easa.europa.eu/en/downloads/137919/en
16 Al Cybersecurity Challengéstps://www.enisa.europa.eu/publications/artificishtelligencecybersecurity
challenges/@ @download/fullReport
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Main components of Al Assistants

The group identified other research themes relateith Al and cybersecurity. Several Partners have
ongoing projects on Al for Aviation Security. Theye investigated the use of Machine Learning
algorithms in order to detect or mitigate illegaltérferences. For instance, they developed Al tools
for detection of anomalous ABEEmessages or GPS measures, detection of fakelayed Air Traffic
Controller voice messages. A final area of rese@dhvestigates the protection of aviation against
attackers using Al techniques. In that case, Al could bedus order to help attackers learn
vulnerabilities about the system that has to proted. Al can also be used to automate the attack and
improve its efficiency.

The Al Assistant cybersecurity topic wigscussed by researchers of CIRA, DLR, ONERPRottoofP),
U of Bremen (D) and industrial partners Collinarij Leonardo (I). A proposal on this topic intieta
with Horizon Europe was discussed but not submitiee to the lack of maturity of thproposal.

Management
Monthly virtual meetings were organized to expldhe two research topics.

Dissemination of GARTEUR activities and results

The main dissemination event during 2023 was thespntation of the activities and future plan of
the ASGOR during GARTEUR 50th birthday event organiZzédzpuoli in October-6, 2023.

Documentation issued

Three scientific papers and the final report on #etivities of ASAG1 were prepared.
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Status of Action Group

One original aspect of Aviation sedyris that new threats are constantly emerging. Kirg threats
that are applicable to the Aviation domain is a @guisite for almost all the research performed in
the Aviation Security domain. GARTEUFRGAR is a good forum in order to identify and asstareats
to Aviation Security.

ASGOR plans to organize in 2028 several workshops about new threats to Aviat®ecurity. The
aim of this workshop is to produce an-tp-date threat landscape that could foster further essch
projects.

Prior to a wakshop, AS50R members will compile a list of potential geaghreats extracted from
the scientific literature. The workshop will gathexperts from A%0R as well as invited attendees
from industry and academia, they will assess theegienthreats. Inparticular, they will identify the
generic threats that are applicable to the Aviatidamain. They will also evaluate the impact of the
threats on the Aviation domain. The conclusiongha workshop will be published as a GARTEUR
paper in order to disseminate broadly the producHureat Landscape.
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Appendix C:Annex GoRRotorcraft (RC)

ANNUAL REPORT FROM THE GROUP OF RESPONSABL
‘ROTORCRAFT”

Experimental tests in Experimental tests in RC/APH
HC/AG25

Remit

The GoRRC supports the advancement of civil and defentaed rotorcraft technology in European
research establishments, universities and industrierough collaborative research activities, and
through identification of future projects for colbarative research.

The GoRRC initiates, organises and monitors basid applied, computational and experimental
multidisciplinary research in the context of applion to rotorcraft vehicles (helicopters and VTOL
aircraft, such as tilt rotors, compounds and muglbipters) and systems technology.

The field for exploration, analysis and definingjugements is wide. It covers knowledge of basic
phenomena of the whole rotorcraft platform in ordéw:

X decrease costs (development and operation) throughudl Engineering using numerical
tools based on lovorder (analytical, BEM) to highrder (CFD) methods, validated with
relevant tests campaigns

X increase operational efficiency (improve speed, nupyload, all weather capability, highly
efficient engines, more electric rotorcratft ;..)

X increase security, safety

0 security studies, UAVs, UAM eVTOLs, advanced temtjies! for surveillance, rescue
and recovery
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o flight mechanics, flight procedures, human factonew commands and control
technologies

0 increase crashworthiness, ballistic protection, ...

X integrate rotorcraft better into the traffic (ATM, external noisd]ight procedures,
requirements/regulations)

x tackle environmental and public acceptance issues:
0 greening, pollution
o visual pollution (for UAM applications)
0 noise (external, interna])

X progress in pionering: breakthrough capabilities

Technical disciplines include, but are not limiteg aerodynamics, aeroelasticity including stajlit
structural dynamics and vibration, flight mechanicentrol and handling qualities, vehicle design
synthesis and opmnisation, crew station and human factors, interreadd external acoustics and
environmental impact, flight testing, and simulatitechniques and facilities for grousdmhsed testing
and simulation specific to rotorcraft.

A characteristic of helicopter,lt rotor, compound and mulicopter matters is the need for a
multidisciplinary approach due to the high level witeraction between the various technical
disciplines for tackling the various issues foorotaft improvement.

The GoRRC, wherever pradable, informs, seeks specialist advice and padi@n where
appropriate, and interacts with activities in oth€l ARTEUR Groups of Responsables

GoRRC Overview

GoR Activities

The members of GoRr Rotorcraft represent the major national reselrcentres and helicopter
manufacturers in the European Union involved inilcand military rotorcraft related research.
Currently, it is noticeable that the two Europeaalicopter manufacturers represémore than 60%
of the civil helicopters delivered worldwide.

This membership enables the GoR to act as a higfigctive forum in its primary function of
promoting collaborative research through ExploratoGroups and Action Groups. It has been
successfl in establishing collaborative research progransmat a norcompetitive level, to the
benefit of the European rotorcraft community, inding both governmental and industrial interests.
In addition, the GoR represents a unique forum witEurope for tle interaction of the research
establishments and industry, for the exchange obwiedge and understanding in the field of
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rotorcraft research and technology. An increasingnioer of University teams are associated to the
activities of the action groupsirge 2011 the University of Liverpool is an activember of the GoR.

The Rotorcraft GoR is a kernel for ideas for neseaech projects and supports the preparation of
several EU proposals, despite in the last few yearproject dedicated to rotorcraftas been funded
by Clean Aviation. The RC GoR is concerned byt¢héhht rotorcraft topics are not included in the

working program for Clean Aviation and that oppaities of a European project dedicated to
rotorcraft in Horizon Europe are limited.

A particular area of success in past work has been dbeelopment and validation of modelling
capabilities for rotor aeromechanics, for rotorardight mechanics and simulation, for vibration
prediction and management and crashworthiness, &mdacoustics This modelling capability has
underpinned improvements across the field of rot@it performance, enhancing both military and
civil market competitiveness, as well as safetydbusers. There is no question that the availgbil
of high quality, welvalidated modelling tools is essential to the etfee design and development of
competitive rotorcraft and it may fairly be claimélat in supporting the creation of such tools over
many years, GARTEUR has significantly contribot@thte the Europaaindustry in the favourable
position that it holds in the world markeilace today.

In addition, as rotorcraft require multidisciplinastudies, the AGs discuss and exchange tools with
other AGs (for example from FM, AS, AD and SM dwshai

Finally, theGoRRCis used as a forum for briefings by members onrtbejanisations’ activities and
for discussion of new ideas which may be mature dollaboration. The GoR also considers other
collaborative initiatives within Europe, bringingutnal understandingand ceordination and hence
contributing to best use of scarce resources. Retance, the GoR is maintaining an awareness of the
range of EU Technology Programmes.

GoRROparticipation in the celebrations of the GARTEUR 2Mniversary

The year 2023 wsmthe year celebrating the 50th Anniversary of GRIRR. The celebrations were
organized on October'5and 6" 2023 at the Italian Air Force Academy in Pozzupliwith the
sponsorship of CIRAtalian Aerospace Research Centre and Leonardowatidthe support of the
Italian Air Force Academy. Civil and military auities, representatives of the European industry,
Research establishments and Academia met and discuthe main achievements of these first 50
years, the current situation and the futuperspectives of this Group.

The GoRRCparticipation in the event was very active and sssful. The GoRCmember Dr.
Klausdieter Pahlke tifie German Aerospace Center (DLR) (D) presented tautience an interesting
retrospective titled “50 years ofivil Rotorcraft Research in the context of GARTERRne
spotlights”. Subsequently, The G&&chairman Antonio Visingardi illustrated the structuthe
objectives and the main achievements of the Gd®&group through the presentation “Group of
Responsales session- Rotorcraft: Key themes and impact highlights”. Theure trends of the
European Rotorcraft research were then shown byiséast prof. Giulio Gori of Politecnico di Milano
(I) who gave his contribution in the joint presetiten of the five @RTEUR GoRs titled “GARTEUR high
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level plan on future GoR research”. In additiompl-up banner was prepared and displayed during
the event to the audience.

@mw?&wm Gt ‘DRQEDN&&:LD‘:..‘RE.S R’:H.ﬂ:"EIJ'ECFN[!.DEY|NEURﬂPE
VNS
THE ROTORCRAFT GROUP OF RESPONSABLES

2 The AC-GoR supperts the t of civil and deh latad retoreraft in Europsan
msearch pstablishments, universities and industries through coliaborative mesearch activitios, and through
Identification of future prajects for collaborative research,

The RC-GoR initiates, crganizes and monltors basic and applied, computational and experimeantal
multidisoplinary research.

u

2 The field for exploration, analysis and defming requirements s wide, # covers knowledge of base
phenormena of the whole rotorcraft platform in order to
- Decrease costs (developrrent and operation] - Increase security and safety;
theough Virtual Engineering using numerical tools - Better integrate rotoreraft into the taffic;
based on low-order (snalytical, BEM) to NIED- . e enviranemental issues: Noise and paliution
arder {CFD] methods, wiidated with relevant tests i e P

praniiiiiads: - Progress in pinneering: breakthrough capabilities

= Inprease operational efficiency;

RC-GoR membership [Oct. 23) RC-GoR Specifics
Participation of the majer national research certres an

@.. < # 42 SieRa helicopter manufacturers® i the EL with ma

s Q!lf) ——— cantrizutions of universities in the EGs/AGs For bath civil
e ardd military research
Thirk tank for new ideas and thair assessment (=
GARTEUR EG/AG, — other programmes]
RC-GoR = a forum for “soft” coordination of other
collaboratve initiatives in Europe e.g, EU Technology
Programmes o rotorcraft.
The RC-GoR Is a kernel for Meas for new research
prajects and supports the preparation of several EU
proposals
Most AiSs have multidisciplinary character
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Technical disciplines

Aeradynamics Simualation nigues and
feroelastics including stabillty, sructural gynamics and vibration facilites ‘orgroumt based testing
Flight mechanics = Simulation specific to rotorcraft
Canteal and Handiing qualities A5 unitlgated diiciplises + lcing

vehile design synthesis and = Extension of flight envelope
aptmiation . Operational Eficiency

Hurnan factors I I I 5 Saety, Survivability, Seeurity
Internal and external acoustics ' - o Passenger comlort
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Flight testing

‘What the future holds
The future of the RC-GoR activities i intimatedy linked to the al i the rotarcraft field.
Thres main areas of investigations can be identified:
Classical hellcopter configurations:
Ta reduce CO2 and NOX emisslions, notse and operating costs;
Ta increase performance, safety and refiabiliy, Integration in the air raffic system
Fast rotoseraft [tilt-rotors, compound helicopters and coantal rotors hellcopters).
Ta mitigate the main technological limits of the canventional hellcopter such as low flight speed, range and
nperating alttuds:
eVTOLS:
a disruptive electric and midti-rator technalogy for Urban Air Mobility

Action Group partners
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The last day of the event the G&EOmembers Dr. Barbar@hlenforst of NLRNetherlands Aerospace
Centre (NL), the Assistant prof. Barbara Re ofdenlico di Milano (l), the Assistant prof. GiuliorlG
and Antonio Visingardi presented a “UAM Explorat@mpup plan”, through which they showed to
the audience groposal for a multidisciplinary technical activitywolving as many GoRs as possible

on the extremely challenging topic of the Urban Kiobility (UAM). At the end of the presentation,
Eng. Luca Medici of Leonardo Helicopters (I) pexvitis positive @nsiderations about this initiative.

Management

The chairmanship in 2023 was held by Antonio Vistlig CIRA). Vice Chairman was Mark White (Univ.
Liverpool). In 2023, Mrs Alicia Verénica Barridensb from INTA resigned from her role of Spanish
representative in the GoRRC No substituting member was appointed by Spain.

Generally speaking, the rotorcraft community in &ue is rather small. Indeed, most GoR members
are at the same time deeply involved in the prepgam of proposals for EU projects sbat
automatically there are close relations between GERIR research activities and EU projects.

In the Clean Sky 2 Joint Technology Initiativeespecially for Fast Rotorcraft IADP, the GoR member
were active in Calls for Proposals. In the viewhaf GORRGC this aspect is advantageous for all,
GARTEUR and EU, industry and research establistntemractice, the Exploratory Groups are used
both for the generation of proposals for continu€RRTEUR activity within an Action Group, normally
at a relatvely low level of effort, to analyse the state dfetart for new topics and to define the
framework and specification of further common resefa programmes, including EU proposals. In
general, these activities are complementary, withime EU projects badeon earlier GARTEUR
research, and GARTEUR Action Groups benefiting thenoutcome of EU funded activities. This
applies in particular by using extensive wind tuhaed flight test databases, as well as any kind of
valuable validation data.

During the eporting period, the GoRCheld two meetings:
X 87" GoR Meeting: 14-15" February 2023, at NLR, Marknesse (NL);
x 88" GoR Meeting: & — 8" October 2023, at the Italian Airforce Academy, Pokz)

The main business of the meetings was to discudhidu topics and to implement the-3-year
planning process as well as to present the statuthe current AGs and EGs. The GoR meetings were
used to harmorse the views and the involvement of members regagdpreparations for proposals
EU calls, as wealk future issues to be considered. Furthermore, diesemination of GARTEUR results
on international conferences like the European Rotaft Forum (ERF) and the Annual Forum of the
Vertical Flight Society (VFS) and the Asian/AuatraRotorcraft Forum (ARF) was harnsedi and
supported.

In the year 2023 three Action Groups and one Exgity Group were active. One of them, the RG/AG
25 was concluded during the year.
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Dissemination of GARTEUR activities and results

Results coming from Action Groups are traditiongdipne to publication either in Journals or in
Conferences. In the field of Rotorcraft, the twonéerences having the greatest impact are the
European Rotorcraft Forum and the Annual ForunmhefVertical Flight Society.

Documentation issued

Reports
X Boisard, R., “RotorRotor Wakes Interactions, Final Report,” June 2QRE&/A@5);
X Boisard, R., “Experimental and numerical resultatesl to Onera test case Final Report,”
June 2023, (RC/APD);
x Colli, A., “Experimental and numerical results tedeto POLIMI test case Final Report,” June
2023, (RC/A@5);
x Kostek, A., “Experimental and numerical resultatesd to DLR test case Final Report,” June
2023, (RC/A@5);
x Description on AG2Blatrix-NumericalCommonSimulations2023 (Updated)
X Specifications on common simulation, 2023 (Updated)
Theses
X Technische Universitat Minchen: “Tonal Noise Ptadicfor the 2bladed Accid 13x7
Propeller,” 2023
Publications
x J.Yin, F. De Gregorio;¥X.Rossignol, L. Rottmann, G. Ceglia, G. Rebddhr&kos, G. Qiao,
M. Muth, M. Kessler, A. Visingardi, M. Barbarino,PEtrosino, A. Zanotti, N. Oberti, L.
Galimberti, G. Bernardini, C. Poggi, L. Aberg&;decia, A. Guardone, C. Testa, S. Zaghi,
“Acoustic and Aerodynamic Evaluation of DLR Ssoale Rtor Configurations within
GARTEUR AG26,” presented at 49th European RotoFanafm, Germany,-3th September,
2023 (RC/AG6);
x F. De Gregorio, 8. Rossignol, G. Ceglia, J. Yin, “Moitr Wake Interaction
Characterization,” presented at 49th Eur@reRotorcraft Forum, Germany,/h September,
2023 (RC/AG6);
x De Gregorio, F., Candeloro, P., Ceglia, G., Raglib;, “Flow Field and Acoustic Assessment

of Twin Rotors in Hover Condition, CIRA/UniCusak Xl AIVELA Annual National Meeting
2023, Deember 2023 (RC/AZD);
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x Geng Qiao, George N. Barakos, “CFD Validation Y3iOk Propeller Performance and

Acoustics,” presented at 49th European Rotorcraituif, Germany, &th September, 2023
(RC/AR6);

x Y. Beausse, B. Cotté, O. Doaré, C. Pascalalbd,dk. Chapoutot, “Effect of Roughness on the
Aeroacoustic Performance of Rotor Noise at Low BliegnNumber,” presented at Forum
Acusticum 2023, Politecnico di Torino (1), 218th September 2023 (RC/AZB);

X Anna Kostek, Felix Loessle, Robin Wickemshéanuel Kessler, Ronan Boisard, Gabriel
Reboul, Antonio Visingardi, Mattia Barbarino, Anijio D. Gardner, “Experimental
investigation of UAV rotor aeroacoustics and aermynics with computational
crossvalidation; CEAS Aeronautical Journal https://doi.org/10.1008/287202300680z,
Sept. 2023 (RC/ALD);

X Anna A. Kostek, Johannes N. Braukmann, Felix L®&bastian Miesner, Antonio Visingardi,
Ronan Boisard, Vasilis Riziotis, Manuel Keflerholwyt D. Gardner, “Berimental
Investigation of Quadrotor Aerodynamics with Congtignal Crosd/alidation,” presented at
the Vertical Flight Society’s 79th Annual Forumeghhology Display, West Palm Beach, FL,
USA, May 1618, 2023 (RC/AG5).

Status of Action Groups andioratory Groups
Action groups (AG)
The following Action Grogwere active throughout 202:

HC/AG25 RotorRotorInteraction

The main objective is to investigate, both numelfic:
and experimentally the effect of rotor / rotor andtor

/ propeller wakes interactions on high speed rot@it
operating in low speed conditions with the aim
establish low order models to be used in fesign
phases of advanced rotorcraft vehicles or
comprehensive code3he AG started in October 2019
and was concluded in May 2023.

RC/A&26 Noise Radiation and Propagation for Multirotor &yst
Configurations

The objective is to investigate, both numericallyda
experimentally, the noise radiation and propagati
(installation effect) of multirotor systems and gain

knowledge in the physics of noise generation andrne
field noise propagation of multirotor sfems under the
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influence of the installation effects and to esthi
tools for the noise prediction. Compared
conventional helicopters, the importance of tf
various noise sources and the influence of nc
scattering can be totally different for multrotor
configurations. The AG started in February 2022hBo
a common validation study and a common experiment
are foreseen. The common validation study aims at
evaluating and improving the prediction accuracy of
different simulation methods.

RC/AR27 Analysis and Decomposition of the Aerodynamic F
Acting on Rotary Wings

The technology for drag analysis of CFD solutidn
fixed wing configurations has reached a mature stag
Conversely, applications in rotary wing aerodynamic
are still very linted, if not absent. However, recent
progresses obtained in unsteady flow analysis
promising for both parasite force calculations, a
thrust extraction. The objective of this AG is tady
the application to rotary wings of aerodynamic ferc
analysisand decomposition methods. The kioK
meeting of this AG was held on April 2023.

Exploratory groups (EG)

The following Exploratory Groups were active thrioogt 2023:

RC/E&I0 Gust Resilience of VTOL Aircraft

The objective is to saip a team of researchers able
investigate and test the different approaches th
might be employed to achieve gust resilience of timul
rotor vehicles. This EG was identified in 2019 aad
expected to be active in 2020. Unforitely,
Cranfield’'s application for UK funding, to supptiis
activity, was not successful, and for this reas
Cranfield had to withdraw from chairing this EGofPr
Lovera from Politecnico di Milano accepted to ta
over the chairmanship from Cranfieldniv. with the
aim to restart this EG in 2021. Nevertheless, dythe
years 2021, 2022 and 2023 no meeting was organized
and no updates were received from Prof. Lovera.
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2023 the R&O0OR decided to keep this EG acti
standing its utmost importance, amly for UAM

applications, and tried to identify another chairmz
willing to lead this EG.

Rolling plan

The 3to-5 year planning will continue to be implemented otee years. This list is implemented with
new topics according to the GoR discussions.

During the 203 GoR meetings, several topics of mutual interestehéseen discussed and their
potential for GARTEUR collaborative programmes has been exantioede New Ideas were added,
some others were cancelled because of lack of ggeor manpower unavailability.

AGs EGs Rolling Plan
[

Topic ST 2021 2022 2023 2024
Methods for Impr. Of Struc. Modell. In-Flight Data HC/AG-19
[Testing for design of passive noise abgtion panels HC/AG-20
R ft Fidelity HC/AG-21
Forces on Obstacles in Rotor Wake HC/AG-22
Wind Turbine Wake and the effect on HC/AG-23
Helicopter Fuselage Scattering Effects for Noise Reduction HC/AG-24
Rotor-Rotor-Interaction HC/AG-25 EG36 = Extended to May 2023
Noise Radiation and Propagation for Multirotor Systh Configurations RC/AG-26 EG41 =
Analysis and decomposition of the aerodynamic foreeting on rotory wings RC/AG-27 EG42 =
HUMS HC/EG-29 X
Rotor Rotor Interactions HC/EG-36 =>AG2
Noise Annoyance Generated by Helicopters HC/EG-37| X
V&V: definine metrics for the quality of simulatian HC/EG-38 X
Testing and modelling procedures for TBL noise HC/EG-39| X
Gust Resilience of VTOL Aircraft HC/EG-40
Noise Radiation and Propagation for Multirotor Sysh Configurations HC/EG-41 => AG2!
Analysis and decomposition of the aerodynamic foraeting on rotory wings RC/EG-42 =>AG2Y|
VRS for eVTOL configurations RC/EG-43
ID
Drone impact on F (rotating parts) 1D
|HF issues and Training methods for complex autoroatin cockpit 1D
PSP/TSP for rotors/propellers (drone,e-VTOLS...) 1D
ID
1D
1 effect of propeller noise (wing, duc}sn early architecture phase 1D
|v&v: definine metrics for the quality of simulation 1D
A final report delivered I:‘ running . ended I:‘ on hold _

X EG closed without releasing a ToR for an AG.

Rolling Plan
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GoR membership

Chairperson

Antonio Visingardi CIRA Italy
ViceChairperson

Mark White Univ. Liverpool United Kingdom
Members

Klausdieter Pahlke DLR Germany
Barbara Ohlenforst NLR The Netherlands
Arnaud Le Pape ONERA France
Industrial Points of Contact

Rainer Heger AirbusHelicopters Germany
Observer

Richard Markiewicz Dstl United Kingdom

Total yearly costs of AG research programmes
2015 2016 2017 2018 2019 2020 2021 2022 2023

Person-Month 88.70 79.50 55.00 26.50 10.00 22.50 42.00 78.00 62.
Other Costs (k€) 103.1C  102.90 54.00 20.00 27.00 29 10 64.50 14460 135

Annual Report 2023

97




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ mwg LUJ |_||_-% FRANCE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

Table of participating organisations

AG25 AG26 AG27 EG4Q

RESEARCH ESTABLISHMENTS

u = Chair TI = Member
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HC/AG25 “ROTOR ROTOR Wake
INTERACTIONS”
Monitoring A. Le Pape
Responsable: ONERA
Chairman: R. Boisard
ONERA

X Obijectives
If rotor-rotor or rotor-propeller interactions can
nowadays be numerically addressed by high order
aerodynamic tools (CFD), such approaches are
extremely expensive in terms of CPU time due to the
difference in terms of rotating speed between the
main rotor and the propeller, and also to the thaat
the rotor and propeller wake have to be propagated
with high accuracy on long distances. Moreover, at
low speed, phenomena are highly unsteady and
therefore need to be averaged over a long period of
time. Therefore, there is dear need of low order
models to be used in poesign phases of advanced
rotorcraft vehicles or in comprehensive codes.
Developing such lovorder models requires
adequate experimental databases, which are
moreover mandatory to validate CFD or freake
models. However, the analysis of the previous work
clearly highlights the lack of such experimental
databases.
An exploratory group (E&6) was created with the
aim to promote activities which could contribute to
fill these gaps. For the purpose, EG36 proposed the
creation of the action groupC/AG-25 gathering a
team of researchers willing to investigate, both
numerically and experimentally the effect of rotor
propeller wakes interactions on high speed rotftrcra
operating in low speed conditions.
The time scale for the project is three years during
which the following activities are planned:

X application and possible improvement of
computational tools for the study of rotor /
propeller wakes interactions

X setting up some casfffective wind tunnel
test @mpaigns aiming at producing
experimental database for the validation of
numerical methodologies

x final validation of the
methodologies.

numerical

X Activities
The AG consists of 4 work packages:
WPO- Management & Dissemination:
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This work package aims did fulfilment of all the
obligations concerning the project management and
the dissemination of the results. Through it the
project interacts with the Group of Responsables
(GoR), by receiving inputs and providing the
information required, and the scientific community,
by collecting the results of the activities of thtber
three work packages and disseminating them.

WP1 - Preliminary Computations & Code
Enhancements:

The main goal here is literature review and
computational actions aimed at providing resegy
and useful inputs to the two following work
packages where experimental databases are
produced (WP2) and the modelling capabilities of
the applied numerical tools are validated (WP3). It
also provides WPO with all the information required
for managerant and dissemination.

WP2-Wind Tunnel Test Campaigns:

In this work package all the wind tunnel test
campaigns that have been identified by partners as
particularly meaningful for the phenomenological
understanding of the wake interactions will be
perfomed. The resulting experimental databases
will be delivered to WP3 for the final validatiorfi o
the numerical tools proposed by the partners. It wi
also provide WPO with all the information required
for management and dissemination.

WP3- Final Validationof Codes:

In this work package, the final validation of the
numerical tools proposed by partners will be
performed by comparing the numerical results of the
computational activity with the experimental data
produced during the wind tunnel test campaighs o
the project in the framework of WP2. The work
package also provides WPO with all the information
required for management and dissemination.

X Management Issues
This AG is planned to run for three years. The kick
off meeting was held at ONERA Lille, Franae
October 2019.
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X Results/benefits

) . - G. Gibertini POLIMI giuseppe.gibertini@polimi.it
The action group started its activities on 1st of
October 2019. All the foreseen wind tunnel test ~ ©:Barakos — UoG George.Barakos@glasgow.ac.uk
campaigns are in a preparation phase. The geometry  R.Green UoG Richard.Green@glasgow.ac.uk
of the ONERA wind tunnel test was shared and alll M. Kessler | IAG e SR

thepartners involved in the numerical activities have
started some prest computations. On $6June x Resources

2020 a web conference took place for progress  person month resources were confirmed during the
monitoring. A second web conference took place in  yick-off meeting and have been split tentatively in

November 2020. In 2020 the preparation of  years The table below provides these numbers and
experiments was continued. There was a clear ine final numbers for 2020.

negative effect of the Covid19 pandemic on the test

preparation. Due to the need of the physical prasen Year

of the technicians and scientists in the labs st te Resources 2019 2020 2021 2023 otal
facilities which was part_|aIIy not al_lowed becawse Person-  Actual/ 83 260 00 00 34,
lockdown reguldons in the different partner |

nations. Furthermore, the procurement of material SRIESESIENN ESIENEEN NN M S ) S
and sensors etc. was slowed down because many Oth.erCOSts Actual/ o 33'9 Ly Ly e
suppliers were also suffering from lockdown (ink€)  Planned 94 645 430 281 145
regulations. At ONERA, isolated propeller tests,

started during Summer 2020, were cloded in

2021 and the data were delivered to the partnats an

used for numerical methods and cddeode

comparisons as well as the comparison of

experimental and numerical results. Experimental

data were also produced by POLIMI and DLR and

related geomteical data were shared with the

partners for numerical simulation. DLR data were

made available in Fall 2021. POLIMI wirtdnnel

tests were delivered in 2023.

Most partners performed calculations of the three

different configurations (Onera and Polimi: tBo/

Propeller interactions, DLR: multicopter). All the

results (numerical and experimental) were gathered

and summarized within different reports, along with

some best practices for the humerical simulation of

wake interactions. The final reports were daa

available in June 2023, and the action group was

therefore concluded.

x HC/AG-25 members hip

Member Organisation  e-mail

R. Boisard

(Chair) ONERA ronan.boisard@onera.fr
Q. Gallas ONERA quentin.gallas@onera.fr
A. Le Pape ONERA Arnaud.Lepape@onera.fr
A. Visingardi CIRA A.Visingardi@cira.it

T. Gardner DLR Tony.Gardner@dlr.de

T. Schwarz DLR Thorsten.Schwarz@dlr.de
M. Raffel DLR markus.raffel@dlr.de

V. Riziotis NTUA vasilis@fluid.mech.ntua.gr
S. Voutsinas NTUA spyros@fluid.mech.ntua.gr
A. Zanotti POLIMI alex.zanotti@polimi.it

101




UNITED KINGDOM

SWEDEN

SPAIN

THE NETHERLANDS

ITALY

GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
GERMANY

FRANCE

GRARTEUR

SlWBUAQ SBE pUB SJNLEUAPOISY jo Binnsy|
ueiimg jo Aysiaapn

e,
“ORVIIN

wf"\q
e S

10 2lyed
:ajqesuodsay YNILUVD

=T ]

(a1ay paisy| aze suosiad 1oejuod Kjuo)
:a1e dnoib yz-9y/OH 2y1 Jo siaquiapy

‘uoneledaid jepun pue pspiwgns

2l YQ/vdlD Ussamaq 1Sa] UOLIWGD pUB UoNE|NWIS
uowwod 8y o} pedsel ymm sieded 43 Z 9

ONYSNI-UN PUe YHINO ‘sied

-gjsug'yq Buowe psuueid sie sicjol pue dnjes
ONVSNO-MN pun 1 Buisn Aq sisay uowuwioy g

*6ujob Japun ale ejep

1591 2yt Jo sishjeue L pue HIa/VHID 49 2202 AON

Ul papINpUEd SIS3l PUB HO/VHID o paysigelss
KHELEEa) BUE PtNISD FFRAEED 105 Tsa) Holtalon

‘Buiob sapun

ale pue pauysp weiboid 159) uowwod o} Buipioooe
ajepdn Buinunued UUM SUOHEINLWIS UOWWOD 97OV ¢

*SUONEPI[EA SPOD S Ul pasn
34 [ 1S8] UDWILOD SE [|3m SB Sased 153) Bungswg 7

‘7202 'OV Ul uopejnwis

[eouswnU  pue 1S} uowwo2 uo [esodoxd o)
sjoo] [euswnu pue epep jse) Bugsixs uo uogdusseg |

-pouad siy Buunp passiyae asem synsas Bumoljoy
ay] -dnoib uonoe ay) jo Bulwbaq sy aouis pajanpuod
asam sBunsaw maial [eauyaa) omy Buipnjou) sBugasws ¢

"T20T Aeriga 9dujs SOIAROE Bl pauels
oy 3y pue sieak ¢ s dnosb wopoe jo uoneinp ayj

s)nsay

(apujp@uiA-buldueir) wA buidue|r (uewaiey) dnoio Uogoy
suoneinbiyuon waisAg Jojoanpy
Joj uonebedoid pue uoneipey asioN :9Z-9V/OH

MOTSE[) f0 2
AJSIDAIUN

ONVSN) .
oy e

sisaquis ejeg 153101 3pog
uonanpay eled 2pod a3 3po)
oISl 153 | @s/ou pueqpeaigauoy

353, (U P, UBpE|AWIS [EISWNN

uoneuLIEsSIg

7
owadeuepy

ucneurUBSSIp oju g uojepojdxg .
Juswabeuey dnolb uogoy

uoleulwsssiq g Juswebeuep € M <

siskjeue ejepisa] -
uopnquisip g uope|idwod ejepisal -
JPNpuodIsa] -
UONEIUSLUNASUL P XLIEW 158 ]
uonejjelsul pue dmss [apojy
uonesedaidisa)
uopesedsid jspopy

SISAIUAS P SISBL JOUUNL PUIM T M <
uosyedwoa )sa} 0} 3poa } suopoipaid 1se11sod

PRt ustaip=id o idw 3 uohepyen 8paD)
uopaipaid g ueneidepe spoy

1o3ys Buusyess pue asjou pueqpecig/aLo)
J0SNOJE SU) U0 UOREINLIS [EDUSWINN 1L dM <

:sabexyoed
siom 3aiyl ul painongs si swwelboid yom Byl

RN TR AN SGEEa

e
4 n__..w‘_. L

“S[auUN} puIm [RJanas

ul spuswiuadxa swes ay) Buiwsopad Aq Aoeinaoe
[EUsWadxa SU) SEPIEA [|iM SLWH AWES 3U] JE pue
SUDNE|NLUIS BU) 10} 8SBY BIEP USHEPIEA 81 3A0IdL| 6]
sjauun puim s Jsupied syl Jo saniiqedes psjEsipap syl
Buisn 1 swie Juswyadxs uowwod ay| “sisuped suy)
Aq siuewuadxs mau Jo Bunsxa sauye Ag papinoid ag
{l1% UOHEPI[EA SBIPN)S [BUBLUNU BL 10} S}BS BJEP BY |

“SpOYIaLUI UoHB[NWIS
jusisyip jo Aoeinooe  uopoipesd ey Gumosdwy
pue Bugenjeas je swie Apms UOHEPIEA LOLWWOD
8] "UBesel0} BiE JusluLedx@ UCWIWCD B pue Apns
UONEP(EA UOLIWOD B “LI0F "SUORB|NLUIS [EDLSLUNU UM
SE j|am Se SluaLuuadxa [aUUN} PUM UM SINqLIUCD ([
siauped ay| ‘pasapisucd aq osje pjnoa suojeinfyuod
pue ssjejs Gugessdo 1o ng ybiy pieauoy pue ssnoy
Apeals u siojor uo Jnd si snaoj ay] -uondipaud asiou
aU) 10} 5|00} US|qEISS O} PUB S1034a UOHE|[Bjsul U JO
aouaNyul U J3pUn SwWajsAs Jojouynw jo uonebedosd
ssiou pjel-iesu pue uoneisusB ssiou Jo sasAyd
a1 uj aBpajmoun| ugeb o) aiofaiaw st dnoib ¥NI1YYD
pasodoid a3yl Jo sAnaslgo ay] -swalshs sojomynw
jo (joeys uoy uep puE uoney
asiou sjebnssaul |w iom youeasal jussaid sy

saanaslgo

saAndalqo/swwelbold

MO|juf 0J0s PRGINISID
Jo Jsquinu yoey di moj Upm SIClo) o) S2Inos
8s/0U JUBUIWIOp B 8Woosg ABW SSI0U puBgpECIq
‘uogippe  uj -uopebedosd sy Buunp  asiou
2y} Japess o peys Aew asbejasny sy Jo sBum
‘spnQ eubls ssiou (o} By up ejos juepoduy
ue Aeid few (gp =inbiy) suopoesslul eeMm
-10j01 3y} pue siojos Buowe suonoessiul adnjnuw
3y} ‘siojol [eixe-0d Jo ajfuis painguisip Buisn Aq
g 4By Jus0s3p U} (|AG) BSIoU UOROBISIU| XBHOA
apejq sjdwexa o} ‘umouy [jam aie sisjdodijay
[EUCHUSALICD JO] S32IN0S SSIOU UIBLW BU| ‘Jusisyip
Aoy aq ues Buuapess asiou Jo  ssudnYyul
3Y) puE S23IN0S 3SIOU SNoUEA 3 Jo dduepodul
sy dodjjay  feuoy o} dwog
-uonefedoid punos pjsy Jesu pue suopoEisUl
-nnw Aewadsa  ‘ssaunos  asiou o} palejal
sa1sfyd sy jo Buipuelsiapun ydsp uj ue saxnbel
yemiojol Jojaignu esjou mo| jo ubjssp syl

spiepuels
asiou juabuigs jeaw op Buwuwbag sy woy
paubissp aq isnw SspiusA Iy Ueqin ‘asopssy]
‘asiou  punoibyoeg sfuo ey op pssedwod
3|qipne AjIeq aq ISNW S3IYSA Iy UBqIN Jo 3siou
ay) ‘paydecse Apignd aq of Japio U] “UDISSIWLA
asiou Jiay s| ‘sejnoied Ul Ayjqopy iy ueqin
10} S3[DIysA PUE 'SSUOIP LM WSOUSD Jofew

“Jjaupo yoea o] Ajgale|al spun uoisindoid
sy} jo Bujuonisod sy se |jBm SE SPNP UM SIcjol
10 SI0j0) [Bixe-02 Jo 3|Buis s|dwexs Jo) ‘swa)shs
soomnw  BuwBisap ul 1se suondo juslsyIp
Auepy “Auiqopy 1y ueqin o} suoneinBuuca
Joine bukues uosied o) subisep (eaidfy Aepoy
2ie pue dn pejeds useq eney SWE]SAS Jojomnuw
siead jusoas u) “Aydeibojoyd pue Builenins [euse
‘yaseas ‘Bupojjuoly ‘aduEjjiaAINS 10} PaSN S3UCIP
sleas |jews o se ||am se suoneinbByuod (TOLA)
Bujpue pue yo-ejel jedmisp w03 peydde
ABuiseaioul s swa)sAs uoisindoid JoyoIninpy

punolibyoeg

L AN BN

WOOONIN OILNN  NICIMS NIvdS  SONVTMIHLIN FHL  ATvL

FONVHY " L
Id0uN3 NI ADOTONHOIL ANY HOUYISIH TWOLLNVYNOY3Y HO4 dNOXD @-@@F@_@@

Annual Report 2023

102




GRARTEUR

GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE

FRANCE GERMANY ITALY

RC/AG26 “Noise Radiation and
Propagation for Multirotor
System Configurations”
Monitoring K. Pahlke
Responsable: DLR
Chairman: J. Yin
DLR

X Obijectives
The present research workll investigate noise
radiation and propagation (installation effect) of
multirotor systems. The objective of the proposed
GARTEUR group is therefore to gain knowledge in
the physics of noise generation and riggd noise
propagation of multirotor systems under the
influence of the installation effects and to es&ibl
tools for the noise prediction. The focus is put on
rotors in steady hover and forward flight but other
operating states and configurations could also be
considered. The partners will cobute with wind
tunnel experiments as well as with numerical
simulations. Both, a common validation study and a
common experiment are foreseen. The common
validation study aims at evaluating and improving
the prediction accuracy of different simulation
methods
The data sets for the numerical studies validation
will be provided by either existing or new
experiments by the partners. The common
experiment aims at using the dedicated capabilities
of the partner's wind tunnels to improve the
validation data ase for the simulations and at the
same time will validate the experimental accuracy
by performing the same experiments in several wind
tunnels.
The main innovation of the AG comprises:

X An experimental data base for multirotor
acoustics based on experimedrdata from
the partners

X improved understanding on multirotor

noise emissions by analysis of
experimental data and  numerical
simulations  considering effects  of

interaction tone noise installation effects
and broadband noise

x validated prediction tools for multirotor
noise including Assessment of different
noise modelling approaches

x validation of the partner's wind tunnels for
experimental investigation of multirotor
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aerodynamics and acoustics by a common
experiment.

X Activities
The AGconsists of 3 work packages:
WP1: Numerical Simulation on the acoustic
tone/broadband noise and scattering effect:
This work package deals with the activities to
perform a literature survey for possible existing
databases for evaluating and improving iparts
numerical tools, to collect available test datarfrall
partners, to conduct pré& posttest predictions &
code to code comparison and to validate the
improved numerical tools against the experimental
data produced or collected during the projetdv
tunnel test campaigns.
WP2-Wind Tunnel Tests:
This work package deals with the performance of
individual tests done by each partners and common
tests where a common (or partly common) test setup
can run in a partner’s facility. The common tesyma
also include common test teams involving different
partners. The individual tests planned by each
partner. The resulting experimental databases are
used in WP1 for the final validation of the numatic
tools proposed by the partners.
WP2-Wind TunnelTest Campaigns:
In this work package all the wind tunnel test
campaigns that have been identified by partners as
particularly meaningful for the phenomenological
understanding of the wake interactions will be
performed. The resulting experimental databases
will be delivered to WP3 for the final validatiori o
the numerical tools proposed by the partners. It wi
also provide WPO with all the information required
for management and dissemination.
WP3- Management & Dissemination:
The nature of a GARTEUR praje requires a
limited, yet necessary effort for a good project
development and successful outcome. This work
package is focussed on the fulfilment of all the
management obligations and it is mainly performed
by DLR, with contributions from all participatin
partners.

X Results/benefits
The duration of action group is 3 years and the AG
started the activities since February 2022.
4 meetings including three technical review
meetings were conducted since the beginning of the
action group. The following resultsere achieved
during this period:

1. The description of the AG2Blatrix-
NumericatCommonSimulations was
updated;
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2. the specifications on common simulations Partners | WP1 = WP2  WP3 | Total
were updated; CIRA 6 5 3 14
3. common tests for CIRA/DLR test DLR 9 4 ) 15
campaign on DLR test rig defined, test Ensta-Paris 5 3 1 )
matrix establishedral tests conducted; NLR 5 5 1 11
4. common tests for CIRA/URCUSANO test TU Delft 4 6 2 12
campaign on CIRA/URCUSANO test rig ONERA 5 6 1 12
defined, test matrix established and tests Polimi 7 7 1 15
conducted; L . RomaTre 9 6 1 16
5. common tests for PoliMi test campaign on CNR-INM 9 0 1 10
PoliMi test rig defined, test matrix TUMLIAD 3 3 1 7
established and tests contla; TUM-SBA 4 4
6. 3 ERF papers with respect to the common TUS-IAG 6 1 0 7
simulation and common test between UniCusano 5 3 1 0
CIRA/DLR were produced UoG 5 2 1 8
7. 2 more papers were produced concerning Total @ 51 16 140

the: ENSTA database (Forum Acusticum
2023) and the CIRA/UniCusano database
(AIVELA 2023);

8. one thesis was produdeby Technical
University of Munich regarding DLR test

rg.

X RC/AG-26 membership
Only point of contact persons are listed here

Member Organisation e-mail

F. Petrosino CIRA f.petrosino@cira.it

J. Yin DLR Jianping.yin@dir.de

B. Cotté ENSTA Paris  Benjamin.cotte@ensta-paris.fr
H. Brouwer NLR Harry.brouwer@nlr.nl

G. Reboul ONERA Gabriel.reboul@onera.fr

A. Zanotti POLIMI alex.zanotti@polimi.it

gémardini RomaTRE Giovanni.bernardini@uniroma3.it
M. Schmahl TUMunich Michael.schmaehl@tum.de
E;]Iﬁtenbach TUMunich Hans-jakob.kaltenbach@tum.de
T. Pagliaroli  Unicusano Tiziano.pagliaroli@unicusano.it
M. Kessler IAG kessler@iag.uni-stuttgart.de

G. Barakos  UoG George.Barakos@glasgow.ac.uk
D. Ragni TU Delft d.ragni@tudelft.nl

C. Testa CNR-INM Claudio.testa@cnr.it

X Resources
Person month resources were confirmed during the
kick-off meeting and were tentatively splityears.
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RC/AG27  “Analysis and Decomposition
of the Aerodynamic Force
Acting on Rotary Wings”

Monitoring A. Visingardi

Responsable: CIRA

Chairman: D. Sanders

(Univ. Cranfield)

X Obijectives
Farfield methods have been shown to be highly
valuable in the performance assessment and design
of fixed wing aircraft, by relating phenomenolodica
wake decompositions to aircraft forces, thereby
enabling improved accuracy, mitigating uncertainty,
and emancing the understanding of relevant
mechanisms. A brief review into rotor aerodynamics
has also shown the sensitivity of rotor loadings to
wake properties, and much effort has gone into
improving the modelling accuracies of wake
structures. However, in rotor flows, the wake
mechanisms have only been related to the-fielar
loads implicitly and/or qualitatively. Adapting and
improving fixedwing farfield methods for
implementation to rotor aerodynamics, offers the
possibility to explicitly relate wake hgnomena
directly to neaffield loads. This would enable
enhanced understanding of rotor aerodynamics and
provide an aid in mitigating uncertainty and impzgov
modelling accuracy. However, due to the
complexities of rotor flows, the adaptation of-far
field methods requires incremental steps.
Subsequently, the aim of this project is to lay the
foundations for the development of rotor applicable
far-field methods, by fully developing the
generalised theory and showcasing its potential
based on strategic bermhrk test cases.
To this end, the AG aim at pursuing the following
objectives:

1. Develop and generalise the theoretical
formulations of thermodynamic, vortical
and energy/exergy fdreld decomposition
methods for unsteady flows and curvilinear
noninertial reference frames

2. produce standardised numerical and
experimental benchmarking cases for
testing, validation and comparison of the
methods

3. apply the methods to benchmark test cases
and provide a critical analysis along with a
projected roadmap and requirements for
future development and best practice
guidelines.
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To enable a stepped approach toward the
development and evaluation of the decomposition
methods, the consortium has identified the three
scenarios, which are deemed appropriate for
different levels of investigation:

x Pitching and Heaving Aerofoils

x 3D Rotors in Hover

x 3D Rotors in Advancing Flight

X Activities
The AG consists of 7 work packages:
WPO — Management & Dissemination: is aimed at
the fulfilment of all the obligations concerningeth
project management and the dissemination of the
results.
WP1- Theoretical Development of Decomposition
Methods: is aimed at identifying and providing
critical reviews of the statef-theart in
aerodynamic performance decompositions. The
primary oucomes will be to highlight the
advantages and disadvantages of each approach, as
well as to identifying opportunities for further
theoretical development and synergies / unification
The theoretical decomposition formulations need to
be developed in a siggnatic way to be able to
account for unsteady, inertial and rotational
reference frames.
WP2 — Experimental Datasets of Pitching and
Heaving Aerofoils: The first necessary steps to
developing decomposition methods appropriate for
rotary wings is to consat 2D pitching and heaving
aerofoils. This experimental work is required to
validate the unsteady CFD with respect to the
cartesian unsteady decomposition methods
developed in WP1, as well as evaluate the required
level of CFD modelling fidelity.
WP3-Numerical Datasets for Pitching and Heaving
Aerofoils: This WP is aimed at providing numerical
datasets so that the unsteady extensions to the
decomposition formulations (in an inertial referenc
frame) can be tested and further developed.
Different levels ofhumerical fidelity will be tested,
including RANS & DDES CFD.
WP4— Numerical Datasets for 3D Rotors in Hover:
The aim is to provide numerical datasets from
RANS, URANS and DES simulations, through
which the decomposition formulations may be tested
and eamined in WP6, to investigate the
implications of the decomposition extension to a
rotational reference frame.
WP5 — Numerical Datasets for 3D rotors in
Advancing Flight: This WP is concerned with
providing numerical datasets of 3D rotors in
advancing flight and follows closely the format of
WP4. This tests the combined development of the
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methods to accommodate complex unsteady X Resources
aerodynamics and rotating reference frames Person month resources were confirmed during the
WP6 - Application & Evaluation of Decomposition kick-off meeting and were tentatively split in years.
Methods: This WP will review, investigate and trial vear1 vear2 Year3 Tota
various posprocessing techniques that will enable Pariner PM |FO|TC| PM | FC |TC|PM (FOTC| PM | PO
the implementation of the decomposition e S T A L e B L

. . - . ONERA 3 2 2 3 2 2 3 2 2 9 6
Formulations applied to the test cases of (i) jpitgh crnomn | 35 T3 25 a5 T2 Tas a5 2 25 (05 | s
heaving aerofoils, (i) rotor in hover, and (iiptors ol s 202 7 | 2|2 |es |2 |mws| 1
in advancing flight. The focus will ben utilising the PoiiTo 2 4 15 3 6 15 25 4 15 15 1
methods to improve the understanding of Toul EH G B Wm A B W5 W8 @

fundamental rotary wing aerodynamics.

X Results/benefits
The duration of action group is 3 years and the AG
has started the activities since April 2023.
The first technical review meeting of the AG sva
held on October#2023. A revision of the WBS was
made. In particular:

1. the partners agreed that WP5 is too
ambitious, and presents risk in spreading
resources too thin.

2. Focus on propellers in axial flight was
included as a necessamevelopmental
step.

3. 3D Rotors in advancing flight were
discarded while the 3D Hover case was
retained.

X RC/AG-27 membership

Member Organisation  e-mail
Cranfield
Drewan Sanders University d.s.sanders@cranfield.ac.uk
Mauro Minervino CIRA m.minervino@cira.it
Cranfield
Simon Prince University
Cranfield
Abdelaziz Gamil  University
Cranfield
David Rajendran  University
Cranfield
Panos Laskaridis  University
Anderson Cranfield
Proenca University
Karthik Depuru- Cranfield
Mohan university

Camille Fournis  ONERA
Didier Bailly ONERA

llias Petropoulos ONERA
Politecnico di
Luigi Vigevano Milano

Guiseppe Politecnico di

Quaranta Milano

Giuseppe Politecnico di

Gibertini Milano

Domenic Politecnico di

D’Ambrosio, Torino

Manuel Carreno Politecnico di

Ruiz Torino

Renato

Tognaccini UNINA rtogna@unina.it
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Appendix D: Annex GoR5tructures and Materials (SM)

ANNUAL REPORT FROM THE GROUP OF RESPONSABLES
“STRUCTURES AND MATERIALS”

Remit

Structural and material research in aeronauticévets to reduce structural weight, improve safetydan
reliability, keep operation cost low, reduce envirnental impact and improve passenger comfort. In
many cases, the research tasks are strongly intamecoted so that an optimum design can only be
reached through balanced improvements in all fields

The GORSM is active in initiating and orgaing aeronauticsoriented research on structures,
structural dynamics and materials in general. M&ikss oriented research is related to material
systems primarily for the airframe but also for thkending gear and the engines; it includes specific
aspets of polymers, metals and various composite systerispecially the integration of new
functionalities is the key to further enhance therfprmance of materials. Structural research is
devoted to computational mechanics, loads and desigethodology. Re=arch on structural
dynamics more especially involves response to slamckimpact loading.

The group is active in theoretical and experimerialds of structures and materials to strengthen
development and improvement of methods and proceshir Of greatimportance is the mutual
stimulation of the diverse scientific approachegp&riments give new insights into the mechanisms
of structural behaviour that can be included in iraped theoretical models. Finally, the theoretical
results must be verified andalidated by comparison with results from suitabbgperiments or trials.

Although the specific topics vary over the yeat® scientific basis remains largely unchanged. The
work is looked upon aspstream researclintended to discover valuable areasfafure activity; in
this context many new ideas were proposed and esgaaduring the year 2020.

Activities within the Exploratory and Action Grougsver several aspects of improved conventional
and new technologies, new structural concepts arandesign and verification criteria. Recent,
current and upcoming work is devoted to:

X Additive Layer Manufacturing;

X Characterization and modelling of Composites witdrathic Matrix submitted to severe
thermo-mechanical loading;
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x Characterization of composites wigolymer matrix at high temperatures;

x Characterization and optimization of shock absogbier civil aircraft fuselages;

x  Structural health monitoring for hydrogen aircradinks.

GoRSM Overview

GoR Activities

The activities within the Action Groups cover seveaxspects of new technologies, new structural
concepts and new design and verification criteha2022 two AG’s were active and were devoted to
the following topics:

* Additive layer Manufacturing SM/AG36

Additive Manufacturing (AM) with metals is an emiagy technology that finds more and more
applications in different markets such as orthopaeichplants, dentistry and higénd industry. There
is also a lot of interest coming from the Aerospaudustry.

Metal AM technology can provide great advantagethwespect to conventional metal working
techniques, such as significantly lower waste otaemals, a larger freedom of design, high potential
for weight reduction and the possibility to integesadditional functionality. Specific design delines
must be taken into account and currently availaBlAD design tools are considered inadequate for
designing for AM. Currently it still is difficulorf AM technologies to compete with traditional
techniques on reliability and reproducibility besauthe quality of final products depends very
strongly on material and process parameters. Mefsil material qualification and process
certification methods are not available yet. Quahfion and Certification is essential for high
demanding applicationfor example in aerospace. The goal of SMZ85(which was launched in
2022) is to build up knowledge and skills in thedfiof metal AM processes and materials in order to
support the manufacturing industry and increasedmmpetitiveness. The work will more especially
focus on novel Aluminium alloy like Scalmaloy aceh€romal.

Although the specific topics vary over the yeals scientific basis remains largely unchanged. The
work is looked upon agpstream researcimtended to discover valuable areas future activities.

x Characterization and optimization of shock absorlsdior civil aircraft fuselages SM/AG7

Commonly adopted shock absorbers and, in generakhworthy structural components, based on
sandwich structural concepts and/or complex dungpmechanisms, are, generally, characterized by
high volumes and significant additional mass. Tlannobjective of the proposed work consists in the
investigation of the feasibility and effectivenesd novel thin additive manufactured hybrid
metal/compasite lattice structures as lightweight shock absongbdevices for application to structural
key components in impact events.
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The ppicsof this AG37 are
x Investigation on the key components which requine integration withshock absorber
x identification and classification of the shock absorbers (mateand geometry;)
X material investigation (Alternative materials, Hybzation)
X integration strategies
X analytical methods for designing hybrid shock absorb
X numerical analysis and design
X unit cell optimization (weight minimization and/or shoaksorbing capability maximizatign)
X thermal stress analysis
X experimental tests and validation;
X certification issues

x definition of guidelines for an effective integration eachscenario.

Management
In 2023, two meetings were held by video conferenced8rof June and on the 29of September.

The measures taken in the past years to revitalizeStructures and Materials group were confirmed.
Action Group SM/A@G6 was started in the beginning of 2022 and congidwiccording to plan with
the proposed research activities. EG46 finalizeebek program and the Action Group was launched
in December 2022 and as a result they started thesearch program as SM/AZT.

For SM/EGI4, SM/EGA5 and SM/EGA48 serad meetings were held however due to availabiliyues
little progress was made in bringing these EG'a pmtential AG’s.

Dissemination of GARTEUR activities and results

A presentation was given during the'58nniversary celebration of GARTEUR at faéian Air Force
Academyin Pozzuoli, Italyon the 8" of October 2023. In this paper an overview of dtitg and
success stories of ttBARTEURORSM were presented.

Reports issued

No reports werdssued in 2023.
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Status of Action Groups and Exploratory Groups

Two action groups were formally active in 202&tion groupSM/AG36 continued as planned their
AG which was launched in 2028537 started their activities at the beginning of2Z2

ThreeExploratory Groups (E®}, E&A5 and EGA8) were running in 202 However, during the GoR
S&M meeting in September 2023 it was decided tp 44 due to the lack of progress and interest

from potential participants.

Action Groups (AG)

The followingActionGroups were active throughout 282

SM/AG36

Al7075 - cracking
At bed "

Annual Report 2023

Additive layer manufacturing

Aluminumand its alloys are widely used in the aerosp:
sector due to their excellent mechanical performarin
combination with their light weight. Their strengténd
low density are the main advantages of these matieri
Fabricating components with complex ggetries from
high strength aluminum alloys by conventior
processing techniques is challenging due to thew |
formability. In contrast, metal Additive Manufactog
(AM) techniques allow the production of neaet-shape
and complex parts, adding value the use of aluminum
alloys in the aerospace sector. Even so, not athalum
alloys are easy to process by AM.

Currently, there are several novel aluminatioys being
investigated for application in AM. Great advancernse
are being achieved on laser powder bed fusio#RE)
and also on directed energy deposition (DED). Gitleeo
focus points is to broaden the materials paletteviards
higher performanceluminum alloys. On one hand, the
high-strength 7000 series has been investigated aiming
at avoiding solidification cracking during the AMgess.
Several works have focused on modifying
composition by additions of Zr, Sc or Si in ordeavoid
crackng and improve the mechanical properties. On the
other hand, casting aluminum alloys have been widel
investigated with addition of nanfmicron-sized
particles such as TiB2 or TiC aiming at increastgle
performance. Examples of these modificationavé
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resulted in commercially available aluminum allsysh
as A20X" developed by Aeromet with Cu and TiB2, or

Scalmalloy® developed by Airbus & commercialized by
APWorks.

Besides the advancements on alloy development fdr A
there is still a big gap w.r.t. commercialisationtioese
novel alloys. Therefore, great efforts should benedo
fully characterise these. In addition, aluminu
processing is still a big challenge due to theraskted
high reflectivity & unstable melting behaviour dfiet
alloy.

Update on technical progress in 2023:

WP1 about literature study and alloy design w
finished. A new aluminium alloy was selected &
purchased.

In WP2, the powder analysis (2.1) was carried gut b
INTA and Onera. In addition, the process parame
optimization (2.2) for laser powder bed fusion w
performed by NLR. The heat treatment optimizati
(2.3) were produced by NLR and the treatment ¢
characterization is ongoing by INTA andERA

For WP3, NLR produced all the test specimens {3at)
will be tested in this work package. Next tasks v
proceed after the selection of the heat treatments.

In WP4, the powder characterization (4.1) w
performed by INTA andNIERAThe parameter selection
for directed energy deposition process was carried
by NIR (4.2).

In 2023, there were four progress meetings with the
SM/AG36. Three of them were online and there was a
physical meeting planned by NLR on 22 September. In
addition, Maria Montero gave a keyote presentation at

the AAMS24 in September about th@mk performed in

the SM/AG36 project.

The chair is Maria Montero from NLR
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Characterization and optimization of shock absostfer
civil aircraft fuselages

Commonly adopted shock absorbers and, in gene
crashworthy structural components, based on sandiwic
structural concepts and/or complex dumpir
mechanisms, are, generally, characterized by [t
volumes and significant additional mass. This regea
activity is focused on the investigation of the feasipil
and effectiveness of novel thin additive manufaedr
hybrid metal/composite lattice structures as ligraight
shock absorbing devices for application to struatikey
components in impact events. These hybrid strucsure
would represent a real step beyond the state of te

of shock absorbers being characterized by an agliti
manufactured metal lattice core, able to maximizet
absorbed energy by plastic deformations and, at the
same time, by a composite skin/cohesive coatindy fu
integrated with the internal metal lattice structar able
to lower the global weight and increase the stifiseand
strength of the shock absorber.

The hybrid shock absorbers must be able to redume t
peak acceleratin transferred on the main structure,
ensuring the integrity of the core structure an

eventually, the safety of the passengers.

Starting from the above consideration®G37 was
launched at the beginning of 2023.

In 2023 the following activities were cad out:

In this initial phase of the research project,
comprehensive examination of sheaksorbing devices
and dynamic finite element models applied to ladtic
structures was undertaken. The primary objectivesw@
develop a detailed understanding dhese critical
elements within the broader context of the project.

The discussions focused on the use of skaizsorbing
devices, emphasizing their pivotal role within tl
project’'s framework. Various justifications behiride

utilization of these devicewere explored, highlighting
their adaptability —across different scenaric
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Additionally, hybrid shock absorbers were consider
which integrate metallic cores with composite skil

revealing the potential advantages and the appiicas
associated with such configurations.

Furthermore, dynamic finite element models for lat
structures were investigated, and impact test dataoss
various unit cells have been considered, with tim af
extracting invaluable insights into structural resges
under difiering environmental conditions. Additionally,
consideration was given to the implications of vagy
D/A (diameterto-section) ratios for beams within lattice
structures, underscoring the pivotal role of paratee
variations related to structural performae.

In 2023 the following progress meeting were held:

Kick off meeting, held on the 23rd of January 2628e
Department of Engineering (DI), University of Canigpa
“Luigi Vanvitelli”, via Roma n.29, Aversa (CELNTA

First progress meeting, held ordinon the 24th of
November 2023

The chair is Andrea Sellittlmom Universityof Campania
“Luigi Vanvitelli” italy).

Exploratory groups (EG)

The following Exploratory Groups were active thrioogt 2023:

SM/EG44 Characterization of composites wigolymer matrix
at high temperatures

This topic has first been proposed by ONERA and
Both partners participate to the SuCoH®020
project (Sustainable & Cost efficient High
performance  composite  Structures)  whic
emphasizes the industrial needs of experimer
characterization methods for composite properties
at high temperature (< 400°C). More detalils
objectives consist in:
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R x The definition of experimental methods fc

mechanical properties for the ply and tt
interface

X how take into account the thermas
degradation in the characterization process

x experimental methods and analysis of DMA
results in temperaturg

X characterization of the thermal expansic
coefficient

X analysis of the thermomechanical results by
taking into account the thermal strai
evolution

X providing a test stand for testing classic
coupons

The chair is Tobias Wille

Due to the lack of progres and potential
participation from it was decided by the G&R1to
stop EG44 during the September meeting of tr
GoRSM

SM/EGA45 Characterization and modelling of CMC submittec
severe thermanechanical loading

This topic has been proposed by ONERA and DLF
objective consists in the characterization of t
mechanical properties and modelling of Composites
with Ceramic Matrix (CMC) submitted to hi
mechanical loadings and extreme thermal conditions.
More detailed objectives corst in the:

x comprehension of the damage and failu
mechanisms under static and fatigue loading
at very high temperatures;

x definition of standard tests for the
measurement of mechanical propertie
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(behaviour, damage, failure) at very hi
temperatures

X proposition of damage and failure models to
predict behaviour damage, failure and fatigue
lifetime of composite materials

X testing and simulation of CMC compos
structures under static or fatigue loadir
(evaluation of predictive capabilities «
models)

The chair is Frédéric Laurin (ONERA)

SM/EGA8

Structural Health Monitoring for hydrogen aircre
tanks

In order to drastically reduce CO2 emissions, hgdro

is an alternative solution for the production ar
storage of energy. Regarding the storage, the best
option consists in liquefying the hydrogen at
temperature below-253°C. Composite materials are
being considered for the cryogentiank, but the issue
related to the development of a composite tankliget
ability to detect initiation of any damage. Strucall
Health Monitoring (SHM) methods, consisting
integrating sensors in or on the structure, aieen
used. However, few studies are dedicated to SI
methods under such temperatures. The objective of
the group would be to work on the design of SHM
systems dedicated to composite parts under cryogeni
temperatures, including the study of the durabiliy
such systems.

The expected chairman is Jelliichel Roche from
ONERA
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Rolling plans

Cat Topic 2019 2020 2021 2022 2023
Fatigue and damage tolerance
SM/AG-35 accesment of hybrid Structures
SM/AG-3§Additive Layer Manufacturing
Characterization and optimizatiorvi
of shock absorbers for civil aircra
SM/AG-3{fuselages
Development of additive layer
manufacturing for aerospace
SM/EG-43applications

Characterization of composites w|
polymer matrix at high
SM/EG-44temperatures

Characterization and modelling o
CMC

submitted to severe
SM/EG-43thermomechanical loading
Characterization and optimization|
of shock absorbers for civil aircraff
SM/EG-46fuselages

SM/EGA7|Additive Layer Manufacturing
Structural Health Monitoring for
SM/EG-48hydrogen aircraft tanks

Active
Extended
Inactive

Stopped
Finished
GoR membership

Chairperson
Bert Thuis NLR The Netherlands

Vice-Chairperson

Javier Sanmilan INTA Spain
Members

Florence Roudolff ONERA France
Aniello Riccio Universita della Campania Italy
Peter Wierach DLR Germany
Andrew Foreman QinetiQ United Kingdom
Robin Olsson RISE Sweden
Mats Dalenbring FOI Sweden
Industrial Points of Contact

Roland Lang Airbus Defence an8pace  Germany
Mathias Jessrang Airbus Operations Germany
Thomas Ireman SAAB Sweden
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Table of participating organisations

AG-35 | AG-36 | EG-44 | EG-45 | AG-37 | EG-48

Research Establishments, Closed | Started | Stopped| Under | Started | Under
Universities end of in in 2023 | definitio | in 2023 | definitio
2022 2022 n n

CIRA O
DLR O ] O O O
FOI O

INTA
NLR |
ONERA
CNR
ICAS
Industries
Airbus O
SAAB
Fokker O
GKN

Leonardo
RISE/Swerea SICOMP
QinetiQ

ALENIA

Dassault Aviation O
Academic Institutions
University of Campania [ |
Imperial College

Lulea University of Technology

Norvegian University of Science a
Technology (NTNU)

OO
m0O

On
O
|
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Action Group Reports

SM/AG36 Additive Layer Manufacturing

Monitoring B. Thuis

Responsable: NLR

Chairman: M. Montero
NLR

X Context and challenge:
Aluminium and its alloys are widely used in the
aerospace sector due to their excellent mechanical
performance in combination with their light weight.
Their strength and low density are the main
advantages of these materials. Fabricating
components with gaplex geometries from high
strength aluminium alloys by conventional
processing techniques is challenging due to tbair |
formability. In  contrast, Metal Additive
Manufacturing (AM) techniques allow the
production of neanetshape and complex parts,
adding value to the use of aluminium alloys in the
aerospace sector. Even so, not all aluminium alloys
are easy to process by AM.
Currently, there are several novel aluminium alloys
being investigated for application in AM. Great
advancements are being achigvan laser powder
bed fusion (LPBF) and also on directed energy
deposition (DED). One of the focus points is to
broaden the materials palette towards higher
performance aluminium alloys. On one hand, the
high-strength 7000 series has been investigated
aiming at avoiding solidification cracking during the
AM process. Several works have focused on
modifying the composition by additions of Zr, Sc or
Si in order to avoid cracking and improve the
mechanical properties. On the other hand, casting
aluminium alloys have been widely investigated
with addition of nangmicron-sized particles such
as TiB2 or TiC aiming at increased fatigue
performance. Examples of these modifications have
resulted in commercially available aluminium alloys
such as A20XTM developed byeromet with Cu
and TiB2, or Scalmalloy® developed by APWorks.

X Scope:
The main objective of this proposal is the
exploration of new aluminium alloys suitable for
processing via metal additive manufacturing
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techniques, i.e. IPBF and/or DED. This work will
focus on the following steps:

* Alloy selection

» Alloy production (powdeproduction)

* AM process optimisation

» Design values

*  Microstructure

performance
* Feasibility study: demonstrator
X Expected Impact:

Development of an AMprocess for high
performance novel aluminium alloys opening up the
advantages of additive manufacturing for this class
of materials, particularly for the aerospace indyst
but also elsewhere
Refinement of the AM process to achieve
mechanical performance (static and/or dynamic) for
the 3D printed parts that equals or exceeds the
current  highperformance aluminium alloys
allowing the initial steps to be taken towards
certification

and mechanical

X Main achievements:
AG-36 started its activities in the beginning of 2022.
In 2022 the alloy composition was selected:
AIMg1Cr1.5M00.5S¢0.5Z7r0.25
Airbus provided Scancromal powder to get familiar
with the characterisation techniques.
In 2023, the study of the new alloy started with
powder characterization and parameters
optimization.
In, September 2023, the first physica¢eting took
place.
University of Campania stopped being partner in the
project due to limited resources.
A key-note presentation was given with the results
obtained in SM/AG36 at the AAMS24.

X SM/AG-36 membership

Member Organisation  e-mail
M. Montero NLR

M. de Smit NLR

A. Pastor INTA

M. Thomas ONERA

A. Morel ONERA

F. Palm AIRBUS

UNITED KINGDOM



GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE

GRARTEUR

FRANCE GERMANY ITALY THE NETHERLANDS SPAIN SWEDEN UNITED KINGDOM
SM/AG37 Characterization and This objectiverequiresaddressing the following key
optimization of shock ISsues: o o
absorbers for industrial x ldentification and classification of shock
applications absor_ber_s I
Monitoring B. Thuis X material investigation
. . X integration strategies
Responsable: NLR . .
P x design of hybrid shock abgbers
Chairman: A. Sellitto x finite element analysjs
Universita della X unit cell optimization
Campania “Luigi X experimental tests and validation
Vanvitelli” The expectedutcomes include:
X Reduction of acceleration peaks in the
x Background: component o
The most important characteristicof any X integration with preexisting components

transportation system lies in its ability to ensure
passenger safety. To this end, considerable efforts
have been directed toward the advancement of
innovative shoclabsorbing devicescapable of
increasingsafety standards by reducing acceleration
peak and enhancing energy absorption during crash
scenarios. Beyond these safety requirements, shock
absorber devices must also follow severe weight
constraints aimed at cost reduction, fuel economy,
and consequent environmental sustainability

Hence, the proposal of developing hybrid
aluminum/composite shock absorbers with minimal
thickness and mass emerges as a strategic approach
to mitigate vehicle weight and fuel consumption
without compromising crash resistance. Tiseof
cuttingedge manufacturingethnologies facilitates
the creation of increasingly efficient shock
absorbers, balancing crashworthiness and weight
considerations. Among these, Additive
Manufacturing (AM) technologies offer notable
advantages, enabling the production aofimplex
microstuctures with superior impact energy
absorption  capabilities  impossible  through
traditional manufacturing processes. Consequently,
this production technique may be preferred for
crafting highly efficient shock absorber cores.
Indeed, he utilization of a m&&l core maximizes
energy absorption through plastic deformations,
while the integration of a composite skin reduces
weight while increasing the stiffness and strergfth
the shock absorber device.

X Scope:
In response to emerging neadtatedto theuseof
hybrid shock absorbers in aerospace applications,
the primaryscopeof this Action Group is as follows:
To design and verify composite/metal hybrid
structures for shock absorbers capable of enhancing
absabed energy and mitigating acceleration peaks
during crash events.
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X low weight characteristics

X compactvolume requirements
These expected outcomes collectively aim to
enhance the safety and efficiency of shock abssrber
in aerospace applications

X Expected Impact:
The development of hybrid shock absorbers aims to
mitigate peak acceleration transferred to the main
structure, ensuring the integrity of the core stie
and, ultimately, passenger safety. The designef th
developed shock absorber should facilitate
integration with preexisting structures in a
minimally intrusive manner.
Furthermore, the knowledge gained in this wwilk
enable Garteur to advance its exploration of the
energy absorption and crashworthiness capabilities
of aeronautical structures. This exploration will
consider technological advancements such as

Additive Manufacturing, which plays a pivotal role

in the design of efficient energy absorption desice

X Main achievements:

AG-37 started its activities in the beginning2ii23

X SM/AG-37 membership

Member Organisation  e-mail
Universita
della
A. Sellitto Campania
Universita
della
A. Riccio Campania
N. Toso DLR
M. Waimer DLR
B. Noordman  NLR
W. van den
Brink NLR
J. Berthe ONERA
F. di Caprio CIRA f.dicaprio@cira.it
M. Zarrelli CNR




PAGE INTENTIONALLY BERNK






Forfurther informationabout GARTEUReasecontact:
secretariat@garteur.or@r goto www.garteur.org



	1. Introduction
	2. Executive summary
	3. GARTEUR Council
	3.1 Chairmanship and membership
	3.2 GARTEUR Council Meetings
	3.2.1 XC170
	3.2.2 C74
	3.2.3 XC171
	3.2.4 C75

	3.3 GARTEUR Website
	3.4 GARTEUR Certificates

	4. The event: 50th GARTEUR anniversary
	4.1 Description of the event
	4.2 Schedule of the event
	4.3 Delivery of the awards
	4.4 The event and the GARTEUR website

	5. European aeronautics RTD environment
	5.1 GARTEUR and ICAS
	5.2 GARTEUR and PEGASUS
	5.3 Civil aeronautics
	5.3.1 Strategic direction of European R&T
	5.3.2 GARTEUR and ACARE
	5.3.3 GARTEUR and EREA

	5.4 Military aeronautics
	5.4.1 European Defence Agency
	5.4.2 European Union-funded defence research


	6. Summary of GARTEUR technical activities
	6.1 Group of Responsables – Aerodynamics (AD)
	6.1.1 GoR-AD Overview
	6.1.2 GoR-AD Activities
	6.1.3 GoR-AD Membership

	6.2 Group of Responsables – Aviation Security (AS)
	6.2.1 GoR-AS Overview
	6.2.2 GoR-AS Activities
	6.2.3 GoR-AS Membership

	6.3  Group of Responsables – Flight Mechanics, Systems and Integration (FM)
	6.3.1 GoR-FM Overview
	6.3.2 GoR-FM Activities
	6.3.3 GoR-FM Membership

	6.4 Group of Responsables – Rotorcraft (RC)
	6.4.1 GoR-RC Overview
	6.4.2 GoR-RC Activities
	6.4.3 GoR-RC Membership

	6.5 Group of Responsables – Structures and Materials (SM)
	6.5.1 GoR-SM Overview
	6.5.2 GoR-SM Activities
	6.5.3 GoR-SM Membership


	7. List of abbreviations
	8. Organigram
	Appendix A: Annex GoR-Aerodynamics (AD)
	Appendix B: Annex GoR-Aviation Security (AS)
	Appendix C: Annex GoR-Rotorcraft (RC)

