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1. Introduction

Dear reader,

It is my pleasure to present this Annual Report, which documents the activities, achievements,
and continued development of the GARTEUR network during the period of my chairmanship
of the Council.

GARTEURemains a unique and highly valued
framework for multinational cooperation in
aeronautical research. Its strength lies in the ldgagnm
commitment of its member nations, the scientific
excellence of its working groups, and the open and
constructive exchamgthat characterises our
collaboration.

During the period covered by this report, the Council
IRFXVHG RQ VWUHQJIJWKHQLQJ *
positioning and ensuring its continued relevance
within an evolving European and international research landsqgagoticular emphasis was
placed on increasing the attractiveness and visibility of GARTEUR, both within the scientific
community and towards external stakeholders.

In parallel, the Council initiated important steps to improve and streamline administrative
processes, with the aim of enabling more efficient, transparent, and effective collaboration
across all working groups and member nations. These efforts providenger foundation
IRU *$57(859V IXWXUH GHYHORSPHQW

The achievements presented in this report would not have been possible without the
dedication and professionalism of the researchers, group leaders, national coordinators, and
the Secretariat. | would like to express my sincere appreciation to all thashavie

contributed their time, expertise, and commitment to GARTEUR.

, DP FRQILGHQW WKDW WKH PHDVXUHYVY WDNHQ GXULQJ WKL
continued success and further strengthen its role as a leading platform for collaborative
aeronautical research. | invite you to explore this report and to join us in shépengext

FKDSWHU Rl *$57(859V GHYHORSPHQW

Jan Bode

Chairman of GARTEUR Council 2024825
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Dear Ladies and gentlemetiear GARTEUR Friends, dear colleagues,

It has been a great honour and a privilege to serve as Chairt
in 2024. When | assumed the GARTEUR responsibili
operationally at the very beginning of the German Chairmans!
| quickly realised what a complex, demanding, and at the s
time highly nteresting and rewarding task this role would be. T
diversity of topics, the multinational structures, and the deptt
expertise within GARTEUR made this an especially engaging
enriching experience from the very first day.

As Chairman of the Executive Committées alsomy pleasure to
introduce thisAnnual Report, which reflects another producti
and forwardlooking year for the GARTEUR network. The achievements documented in this
report are the result of strong commitment, excellent scientific work, and close cooperation
across all member nations.

$W WKH EHJL Q QL QhairRdnship)weli€fingd/a clear set of objectives for the first

\HDU &HQWUDO DPRQJ WKHVH ZDV WKH JRDO RI VWUHQJV

visibility within the European and international aeronautics research landscape. GARTEUR
plays a unique r@ as a longstanding framework for collaborative research, and enhancing
its visibility was essential to ensure continued relevance, engagement, and impact.

A key milestone in pursuing this objective was the establishment of a strategic cooperation with
the International Council of the Aeronautical Sciences (ICAS). This partnership provides
GARTEUR with a permanent opportunity over the next ten years to presensearch

activities and results at ICAS Congress ,W VLJQLILFDQWO\ HQKDQFHV *$57 (.

presence and creates a strong link between our collaborative research and the global
aeronautics community.

Beyond visibility, the first year also focused on reinforcing the value proposition of GARTEUR
for its members 2 by highlighting the quality of scientific exchange, the benefits of
multinational collaboration, and the role of GARTEUR as a trusted platform connecting
national and European research efforhe activities and results presented in this report
demonstrate how these objectives have been translated into concrete actions and measurable
progress. They also provide a solid foundation for the subsequent initiatives undertaken in the
following year.

| would like to thank all contributoré researchers, group leaders, national coordinators, and
administrative teamg for their dedication and professionalism. Their efforts continue to
shape GARTEUR as a dynamic, visible, and impactful research network.

Bastian Hammer

Chairman of GARTEUR Executive Commit2®24-2025
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Dear GARTEUR Friersl

| was delighted to be appointed as GARTEUR secretary in 20
was very happto take over this role from my lItalian predecess
during the German Chairmanshgnd was immediately welcome
into the GARTEUR fanyil The tasks are very varied and | real
enjoy them.One of my priorities is to increase the visibility
GARTEURL.I am looking forward to the secretarial tasks in t
coming year 2025.

Jutta Fréhling

GARTEUR Secretary
(20242025)
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2. Executive summary

The GARTEUR Annual Re024provides a summary of the main managerial actions of the Council,
and the scientific and technological progress made by the five Groups of Respor{&Gidiksy. The
GoRs constitute the main bodies for establishing research priorities in the tegynatea covered

by GARTEUR: aerodynamics, structures and mater@isicraft, flight mechanics and systems
integration, andaviationsecurity.

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

Sectiond reports on the European aeronautical R&T environment by highlighting the importdnce o
European Collaborative Programs such as Hof&amopeand Clean Aviation to civil aviation. Great
steps have been taken to streamline aeronautical research in Europe, making use of kbetlizrsl
within the European R&environment (e.g. EREA and ACARE).

The GARTEUR scientific and technical activities are reportegtion 5, with each of the five GoRs
presenting a summary of their work duriag24

Annual Report 2024
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3. GARTEUR Councill

3.1 Chairmanship and membership

On the 1st of January 282Germanysucceededtaly as chair of GARTEUR for a period of two years,
ending on the 3st of December 202 Therefore, the present report handles the first year of
reporting.

During2024,the first year of theGermanchairmanship of GARTEWRN Bodeerved asChairman of
the CounciandMr. Dr. Bastian Hammeserved ashairman of the Executive Committelérs. Jutta
FrohlingactedasGARTEUR secretary.

C.W. de Rooij (HoD of NL) has moved to a different position; a sucbassoot yet been named. C.
Kvarnstrom has been replaced by J. Rignér (Sweden) and S. Weeks and S. Penésnhapdated
by C. Low (UK).

1. Organisation (on February 21, 2024)

GARTEUR COUNCIL

. United
Function France Germany Italy Netherlands Spain Sweden Kingdom
L] VS Matinez |, g ie P Renzoni CW.deRooj v CONZA€Z o oidh P. Griffiths
De Castilla Armengod
XC Member O. Vasseur B. Hammer V. Puoti O. Bartels L Fgrr?:ndez A. Wahlstrom  R. Gardner
J.F. Reyes-  M.O. Olsson S. Weeks
Othg;:\:egl?:;s & P. Beaumier : r\'::nmeT:; - B. Thuis Sanchez I. Eriksson S. Pendry
g : R. Garcia C. Kvarnstrom N. Bhadasia
GARTEUR -
Secretary J. Fréhling
A/l M |/ ___AD | __RC_ | __SM |
GoR Chairs P Bieber C. Dall J-L. Hantrais- M. White Javier San Millan

Gervois (INTA, Spain)

Figure 1: Organisational chart of GARTEUR membebefembe2024)
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European and international aeronautics research landscap®TEAR plays a unique role as a4ong

standing framework for collaborative research, and enhancing its visibility was essentiaduce
continued relevance, engagement, and impact.

* Collaboration between GARTEUR & other organisations
(ICAS etc.)

* Visibility on national events & trade fairs (ILA, etc.)

* Mandatory reference for GARTEUR publications

Figure 2: Main focus for the first year of German Chairmanship

3.2 GARTEURrganisation

GARTEUR is an independent organisaiimsed ongovernmentto-governmentagreement between
France, Germany, Italy, the Netherlands, Spain, Sweden and the United KjngHag) however, no

staff of its own or a&ommon fund at its disposal. The necessary resources (staff, facilities, costs in
kind) for the joint research activities are made available by the governments of the membrgries

out of their national programmes, or by the participating organisationsthe basis of balanced
contributions.

Iv Pv & oU ' Zd hzZ ] }EP v]- § SZ&E ulv o A oeW 'Z& hzZ[s Z]P
Council. In the Council, delegated representatives of each member country contbeingéhese
representatives come from all relevant Ministries and Researchblisienents. An Executive
Committee (XC) and a GARTEUR Secretary assists the Council. This XC is cbmpesadmber

from each national delegation.
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The second highest level is formed by the Groups of Responsables (GoR) thatsaigntfc
management bodies. They also represent the thamkk of GARTEUR. The GoRs are composed of
representatives from national research establishments, industry andeama. Currently, five GoRs
manage GARTEUR research activities in the fields of Aerodynamics (AD), Aviation Secsiiye(AS
March 2014), Flight Mechanics, Systems and Integration (FM), Rotorcraft (RC), and Structures and
Materials (SM).

Action Groups (AGs) form the third level of GARTEUR. AGs are the technical expert bodies that
formulate the GARTEUR research programme and execute the research work. Potential research areas
and subjects are identified by the Groups of Responsables aestigated for collaboration feasibility

by Exploratory Groups (EGSs). If an Exploratory Group establishes an agreed proposal, ajrd\ugiion

is launched. A GARTEUR AG needs patrticipation from at least three GARTEUR countries.

GARTEUR Council

Heads of Delegation Aerodynamics (AD)
XC Members Aviation Security (AS) ‘ Exgloratory ‘
Rotorcraft (RC) [oUpS
GoR Chairs

Flight Mechanics, Systems and Action Groups
Other Members of Integration (FM)

Delegation Structures and Materials (SM)

il

v/
r/.&

3.3 GARTEUR Chairmanship Change

GARTEUR has no permanent secretariat or headquarters. The actrdiation and information
centre of GARTEUR resides in practice with the Chairman of the Executive Committee and the
GARTEUR Secretary, and therefore changes according to the natiohtliége officesBoth the
Chairman of the Executive Committee (as well as the Chairman of the Council) @ARAEUR
Secretary are members of the country holding the present chairmanship.

A handover meeting between the Italian and the German delegation took place virtualy on 5

December 2024All important administrative processes were handed over and important
information was exchanged.

Annual Report 2024
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3.4 GARTEUR Council Meetings

GARTEUR Council meetings occur twice a year, with the main Council meetigreeegded by a

meeting of the Executive Committee (XC). During the XC the GoR Chairs and XC me@abers

discuss the agenda for the Council meeting, reviewing and proposistanding actions, shaping the
discussion topics in detail, and preparing proposals to the Council.

The Council meetings consist of representatives from the national delegations withoRiel@irs.
These meetings provide a vital opportunity for the GoR chairs to inform tbhed@@n the research
being undertaken by their Action Groups and Exploratapu@s and to introduce potential new areas
of interest.

The Council meetings also offer the member states an opportunity to proujutates and

developments at national level in R&T activities and investments in ca/dlefience aeronautics. The
multidisciplinary nature of the Council meetings provides exnotli@pportunities for dynamic

collaboration and exchange of expertise and varied perspectives.

The following Councilnd XGneetings took place in 2024:

- XCT2 t 7" February2024, Naples Italy

- C® t19" t20" March2024 London UK

- XCT3 t30" Septembert 15 October 2024Amsterdam NL

- C77t27" t28" November 2024Linkdping Sweden

Annual Report 2024
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3.4.1 XCI’2 - Naples

The first XC meeting under the German Chairmanship was helth GeGruary 2024 at Talent Garden,
Via S. Giacomo, 43, in 80133 Napledy. The XC Committee was represented in person by

Germany: B. Hammer (XC),
France: O. VasseufXxC),
Italy: V. Puoti (XC)
United Kingdom: R. Gardner (XC)
Spain:

Netherlands:

Sweden: A. Wahlstrém (XC)

GARTEUR secretary: Jutta Frohling

Guests: Antonio Visingardi (former Chair of GoR)

Figure 3: XC membes at XC172 in Naples

Annual Report 2024
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In the first meeting under the German chairmanship, B. Hammer welcomed all participants on behalf
of the German delegation. After informative words on the German ChairmanshipnBnétagave a
short summary of the event in Pozzuoli last yeatG&dner continued and presented prepangapers
which include the final conference session summary, the discussions about the neeuskéo
proposals to the Council and a helpful analysis by Chris Low as aofestiénding the conference.
There are big questions about scope, reach, resouncdgpendence and funding. GARTEUR has great

technical assets and accumulated achievements which provide an excellent foundattmunldting
further into the future.

B. Hammer informed that GARTEUR will be part of Ititernational Aerospace ExhibitiotL8 in
Berlin from 5th to 9th June 2024 and represented at the stand of the Federathifdr Economic
Affairs and Climatéctionin the area of the Agency for Aviation Research (Programme Management
Agency for Aviation ReseareRTFLF).

Development of GARTEUR:

R.Gardnerpresentd adiscussion papet Review of GARTEUR status and forward look. The
main points are: Which goals has GARTEUR for the future and where does GARTEUR wants to
go in future?

Make GARTEUR more attractive

B.Hammer pointed out that GARTEUR needs to decide how to handle and to regulasetttipgtion
of foreign nationals coming from outside the 7 GARTEUR member countrézsjfamployed in
organizations in the 7 GARTEUR member countries. This may be a candidoticipate in an &AG
and maintained throughout the activities.

B. Hammerand R.Gardner started a discussion about the attractiveness of GARTEUR for younger

people. On one hand some younger people are afraid of participaiftgARTEUR because of the

existing expert knowledge and on the other hand they are not interested. The quastahich

measues are necessary to attract prospective scientists. In general, GARTEUR needs to be more
present at research institutions (and congresses) in order to acquire future projeckarBmer

cUPP 3§ §Z § §Z2 N ZdeByune}s ]Jvs PE § ]v8} %0 %0 & %o 0] S]}ve ]
be/have been achieved within the framework of a GARTEUR Action Group.

In addition to the points mentioned, the following fundamental topics were discussed:
- Social media / Public relations of GARTEUR

- Access to GARTEUR website

13
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- Annual Report 2023

- Preparation for Council Meeting (C76, UK, March 2024)

B.Hammer informedabout a contact tdCASInternational Council of the Aeronautical Sciendes)
a meeting with the German delegation of GARTEUR wrt a possible collaboragone&tingwill take
place at DLR in February 2024.

Annual Report 2024
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3.4.2 C76-London

The first Council meeting under the German Chairmanship was held"canti2d' March 2024 at
Aerospace Technology Institute (ATQMidford Place London W1T, URheCouncil was
represented by following members

Germany: J. Bode (HoD), B. Hammer (XC), F. Antrack (MoD),
France: J.S. Martinez De Castilla (HoD), O. Vasseur (XC),
Italy: P. Renzoni (HoD), V. Puoti (XC)

United Kingdom: R. Gardner (XC)

Spain: J.J. Fernandez Orio (XC), R. Garcia Esparza (MoD)
Netherlands: O. Bartels (XC), B. Thuis (MoD)

Sweden: R. Stridh (HoD), A. Wahlstrom (XC)

GoR(AD): J:-L. HantraisGervois

GoR(RC): M. White

GoR(FM): C. Dall

GoR(SM): -

GoR(AS): P. Bieber

GARTEUR secretary: Jutta Frohling

Guests: Chris Low

Annual Report 2024
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Figure 4: Council members portrayed at thd| in London

R Gardner opens the meeting with a warm welcome to the GARTEUR delegates. The meeting starts

with a short presentation from Chris Lovepresentative from Aerospace Technology Institute (ATI),

host of the meeting. Qow ]* % E}n S} Z}+S SZ }uv Jo u SJvP ]Jv S§Z d/[* >}v }v
presentation gives an overview over the various activities and tasks of ATl and endseigh@the

N e8]v §]}v ¢ E} d/ }v( & v fite / _ Jv toe (E}u0285Z 35} 0O°
(ati.org.uk/conference).

The GARTEUR ChairmaBpdleand XC, BHammerwelcome the GARTEUR delegates to the meeting.

After checking the attendance of the Council members, GoR chairmen and other attendees, a very
warm welcome is given to the new participants of the GARTEUR Council meetingudddantrais
Gervois, new Chairman of AD GoR and Jutta Frohling, new Seafe@&ARTEUR.

In order to introduce Council members to the new attendees, an individual presentadtimembers
is asked to the delegates.

Presentation of Future Paper:

R.Gardner presents the future paper and shows the crassting-levelmatrix. How are the
groups related and how can they interact?

Networking / Interaction with Universities could be a possibilitgéd new ideas and input. V.

Puoti mentions that the link with the Pegasiéetwork could be useful. Antrack proposes

to start projects with EASA under the name of GARTEUR. The budget is quite small, but there
is an agreement with the EU Bhdereplies that the budget is too small so this is not possible.

GARTEURCAS:

Annual Report 2024
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B.Hammer informed the Council about a meeting between the German delegatioAxid
Probst from ICASICASoffers GARTEUR a timeslot in the next I@w&8ting to present
research projectsThis could be a possibility to make GARTEUR more viklbldantrais
Gervoismentions that this is a good platform for thmublished reports and gathering from
other results. Addionally, ICAS offers a permanent collaboration and wants to prepare a
Memory of Understanding (MoU). The decision of a prospective collaboratisto be made

in the next Council Meetindt has been decided to invite A. Probst (ICAS secretary) to the
next XC meeting in order to discuss in detail a possible collaboration based on a MoU.

Mandatory reference in reports
According to a suggestion by B. Hammer, mandatory references should appear in future
publications, indicating that the work was produced within the framework of GARTEUR.

GARTEUR networkingviation Research Ecosystem Advanced Novel Approach (AREANA)
J. Bode mentions that AREANA could be interesting for GARTEUR. Checking a possible
connection between GARTEUR and AREAMAfuture exchange between the two
organisations is being sought.

Security paper
The XC members will compose a paper concerning the future handling of the access to th
GARTEUR website and the download of reports. XC memliemepare a handout/paper
for the Gouncil members wrt the security of the GARTEUR documents.

In addition to the points mentioned, the following fundamental topic were discussed:

- Discussion about new research areas (Propulsion and Al research, etc.)

17
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3.4.3 XC173- Amsterdam

The XC13 took placefrom 30" of September ¢ 15 of October 2024 at the NLfRoyal Netherlands
Aerospace Centre), Anthony Fokkerweg 2, 1059%@Mterdam Netherlands

The XC Committee was represented in person by:

Germany: B. Hammer (XC),
France: 0. Vasseur (XC),
Italy: V. Puoti (XC)

United Kingdom: R. Gardner (XC)
Spain: JJ.Fernandez Ori¢XC)
Netherlands: O. BartelgXC)
Sweden: A. Wahlstrém (XC)

GARTEUR secretary: Jutta Frohling

Guests: Axel Probst (ICAS secretary)

Figure5: XC members and invited guest Mr. Axel Probst (IG&S8etary) at XC 173
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Due to the invitation of a guest, the meeting was held on two days, contmaihe usual XC meetings.

The main focus of this meeting was therefore the discussion of all possible ideesofmration
between GARTEUR and ICAS.

At the beginning of the meeting, a previously prepared draft MoU was discussed in detail and further
finalised by the XC members. Bammer thenwelcomed the meeting guestAxel Probst (ICAS
secretary). After a short presentation and introduction of GARTEUR and ICAS (Internation@ld€ou

the Aeronautical Sciences), the MoU dratft for the collaboration with GARTEUR amebifGAstussed

and changes/additionsave beemmade.

The usual programme items (Open/new Action Items, Preparation of next Council meeting) of the XC
meeting were discussed on the second meeting day.

In addition to the points mentioned, the following fundamental topics were discussed:

Update on GARTEURPegasus collaboration:
It has been decided to organise/ or participateajoint workshop.

- Security regulations:
dz & ]+ "v S]}v o]SC %E} ou_ ]J( uvuwu &} viv'ZdhzZ h }uvs
within a GoR. Approaches to this were discussed in depth by the committee.

- Mandatory reference:
In future, a mandatory reference should be included in GARTEUR reports to draw attention to
GARTEUR anad increase visibility. The XC suggests adapting the template and not changing the
basic document.

- Technology gaps for GARTEUR research:
It has been decided to create a technology matrix in order to identify technology gaps where
new research projects (EGs/AGs) should start.

- Annual reports from GoR:
The XC decides that the deadline for submitting annual reports should be set for the end of
February in future.

-  GAREUR website:
The official GARTEUR website has been updated to present security standards by the German
delegation (social media assistant). Germany offers to maintain acovier the costs ahe
hosting in future, even after the chairmanship will end for the time being in 2026.
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The XC committee also agrees tiafuture the website should be used more by the research

groups. For example, entries for meetings (dates etc.) should be added and current publications
should be advertised.

B.Hammer informs that GARTEUR was part ofitihernational Aerospace Exhibitiol.8 in
Berlin from 5th to 9th June 2024

e

GARTEUR
e

Figure 6: J. Frohling (GARTEUR Secretary) and J. Bode (Chairman GARTEUR Counitil Berlin
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3.4.4 C77-Linkbping

The last Council meeting 2004 took place at the Swedish Air Force Museum in Linkdping, Sweden.

Germany: J Bode (HoD), B. Hammer (XC)Manecke (MoD),
France: J.S. Martinez DeCastilla (HoD), O. Vags€Dy,
Italy: P.Renzoni (HoD), V. Puoti (XC)

United Kingdom: R.Gadner (XC)

Spain: J.J. Fernandez Orio (XRB) Garcia Esparza (MoD)
Netherlands: O. Bartels (XC)

Sweden: R. Stridh (HoD), A. Wahlstrom (XC), I. Eriksson (MoD), M.O. Olsson (MoD)
GoR(AD): J:-L. HantraisGervois

GoR(RC): M. White (virtual presece)

GoR(FM): C. Dall

GoR(SM): J. San Millan

GoR(AS): P. Bieber

GARTEUR secretary: Jutta Frohling
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Figure 7: Council members portrayed at C 77 (Swedish Air Force Museum, Lirgkdpiveden)

The meeting starts with a warmelcome from the Swedish delegation, host of the meeting. R. Stridh
is proud to host the Council meeting in the Flygvpapenmuseum (Swedish AiNorseum) in
Linkdping. The GARTEUR Chairman, J. Bode and XC Chairman, B. Hammer alsothvelG&REEUR
delegates to the last Council meeting in 2024, the end of the first year under-#fma2 GARTEUR
Chairmanship of Germany.

After B. Hammer gave an overview of the meetings held sanfahis year 2024 and the results
achieved, the following programme items were discussed at the meeting.

ICAS collaboratiot MoU approval:

B. Hammer « Z} A % E « v3 3]}v }v Ev]VvBARTEURS ¢ollaboration” In
addition, a timeline for the internal process of GARTEUR wrt participation icd@feBences
and presenting papers from GARTEUR was showdiaodssed

Following additional suggestions have been made:
- GoR is responsible for initiating the process for creating proposals in the &roup
- GoRsend the proposal to secretary.
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- XC decides on suitability and informs secretary.
- Secretary informs/GoR%out adjustments (if needed).
- GoR makepossible modifications and sends the repgdrack to the secretary.

- Secretary informs the XC and requests sttertn approval.
- Secretary informs the ICAS secretary and sends the proposals.

The MoU has been unanimousigd successfullapproved by the Council.
Safety regulations in GARTEWURuture security?

As GARTEUR Basic Documents do not address security risks associated with the engagement
of personnel or organisations potentially linked to GARTEUR AG or EG research work,
additional security measures were required.

Due to the fact that norgovernmental nationalities are difficult to recognise in research
groups and increasingly lead to safemtical considerations, B. Hammer suggested the
Council, that GARTEUR could change the template for starting Action Groumsthir
separate column is inserted for the nationalifARTEUR research is generally voluntary, so
the Council does not regard this idea as an infringement of freedtms. subject will be part
of next meetings.

Archive Data of GARTEUR:

Due to the fact that the Fsecurity regulations in DLR are very strict and on a high security
level, it is not allowed to use the archive of GARTEUR which is sataddodiscs. J. Bode and

B. Hammer mentioned that the problem will be present in futwedny other nation in case

of a (next) chairmanship change. Furthermore, a data exchange via USB devices as well as via
mail will lead to immense security problems due to national regulatibhese problems will

arise more and more. Therefore, the idea tse the existing teamsite more intensively, as

well as a digital data archive, were discussed in the Council. The German delegthtiscuss

the idea of a general digital GARTEUR data archive with DLR security officers and will develop
a proposed saition. One solution could be to upload the archive data from the hard disc to a
Nolu E ZIA _ AlS8Z A EC E 3E] & e X ee §1 8@ HWEE vV
realisation will be developed in cooperation with Italy.

PEGASUS Paper:

V.Puoti presented a presentation about a possible PEGASUS collaboration between
GARTEUR and PEGASUS. The Council is of the opinion that a collaboration could be a
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possibility to find younger people to work with GARTEUR. However, the Council is also of the
opinion that it needs to be clarified exactly whether there is really a benefit in cooperation.

Further discussions on this will take place in the coming yeaexXamnple, it is being
considered to organise a joint workshop or to take part in PEGASUS workshops or meetings.

Further decisions:

In the C76 meeting, it was decided to find a wording of a mandatory reference for reports t

show the involvement of GARTEURthe discussion of the last XC173 meeting, the XC

uu E«Z A PE 5} %S }voC SZ S u%o0 § v §} §Z (}oo}.
research was carried out within the Group for Aeronautical Research and Technology in

Europe (GARTEURX

Figure 8: DiscussionDinner at the Swedish Air Force Museum

3.5 GARTEURNebsite

The GARTEUR website is accessiblevat.garteur.organd provides information on the mission,
principles and background of GARTEUR, along with access to information artd fepo the five
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Groups of ResponsableSdR3% Contact details and information on how to be involved in GARTEUR

research are also provided, along with links to the national strategic documérnte cGARTEUR
countries.

For the use of th€ouncil & GOR®LR has arrangedleamSitdo be used as a repository for minutes
and other documents. T TeamSitas accessibldirectly by theCounciland GoRmembers

Annual Report 2024

25




=E GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
G m DTC U D FRANGE GERMANY  ITALY  THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

4. European aeronautics RTD environment

As a unique forum of aeronautical experts fravtinistries, Academia, Research Establishments and
Industry fostering research initiatives for the benefits of all the member countries, GARTEWR a
are aimed to support the European aeronautical community, both in the civil and inefesnak
domain. Hence, GARTEWlirectly or indirectly interacts with other entities or fora, such as the
European Unionthe Association of European Research Establishments in AeronétiREA), the
European Defense Agen®&DA), theAdvisory Council for Aviation Research and Innorah Europe
(ACARE}:urther details can be found in the previous annual report 2023.

The following sections present the coordination with other European and global resesinebrks
from 2024.

4.1 GARTEUR antlCAS

At the end of 2024, GARTEUR and the International Council for the Aeronautical Sciences (ICAS)
(}JE&u o0C  }% S DU} v pu }( hv E&<sS v JvP ~Ddho DUE]VPX &4 hZ]
agreement establishes a structured framework for cooperation and remtssa significant step

$}JA E <3E vPSZ v]vP 8Z ]Jv8 Ev 3]}v o A]l*] Jo]3C Vv Ju% 3 }( "' Zd h

Memorandum of Understanding between GARTEUR and ICAS

International Council of

the Aeronautical Sciences ‘((k)

-

Figure 9: Illustration for collaboration between GARTEUR and ICAS

The cooperation is initially agreed for a duration of ten years and provides GARTEUtRewith
opportunity to participate in the ICAS Congresgiich takes placevery two years. Within this
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framework, GARTEUR may present and publish selected research contributions in thaf fnath
presentations, based on recommendations issued by GARTEUR.

- These contributions will be accepted without undergoing the standard ICAS@édew process,
AZlo u Jvs Jv]vP Z]PZ « ] v8](] *83 v & « SZE}uPZ ' Zd hZ[s JvE EvV

- In addition, GARTEUR will be invited to contribute its expertise to the ICAS Techruiagyand
to participate in the ICAS Programme Committee, further strengthening the strategic and
technical exchange between both organisations.

dZE}UPZ 3Z]s }}% & 31}vU / ~ Aloo v (]38 (E}u JE 3(] »» 3} ' zd
technical expertise, contributing to a measurable enhancement of the overall quality &wamnek of

future ICAS congress programmes. At the same tineeptrtnership provides GARTEUR with adong

term, highprofile international platform to showcase its research results to the global aeronautics
community.

dzZ D}h & (o S« ' Zd hZ[s }uu]Su v8 8§} (}*S E]JvP A& opvuvE Jv]vPoo }C
its attractiveness and visibility, and actively shaping the international aeronauticarcbsagenda in
the years ahead.

The next ICAS Congress is scheduled fbr 13" September 2026.

>_¢‘
13-17 Sept 2026
icas2026.com

Figure 10: ICAS Congress 202@itps://icas2026.com/

4.2 GARTEUR an®PEGASUS

The Partnership of a European Group of Aeronautics and Space Unig¢P@ASUSIs a network
of aeronautical universities in Europe created in order to facilitate student exchanges and
collaborative research between universities. It has been originally created by teepement des
écoles aéronautiques frangaise@roup of French aeronautical grandes écoles) (ENAC, ENSMA and
ISAE) in 1998 EGASUS currently hdsmBembers and 3 associate partnelig, 13 different European

1 https:/iwww.pegasuseurope.org/
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countriesand has a organisatioml structure quite similar to GARTEUBLth characterised by a
Council and a rotating Chairman.

In 2023 GARTEUR has contad¢teiChairman of PEGASUS in order to $taving some interactions
to understand whether a collaboration between the two entitiess possible or not. GARTEUR
Council Chairman, Dr. Piergiovanni Renzmwited the PEGASUAceChairman, Prof. Emmanuel
Zenou, to the Counaih Amsterdam Therea presentationof the PEGASUS Consortiuras giverto

the Council members and a very interesting and fruitful discussion started.

The PEGASUS representative in AW E} (X &E v « } &E v } (E}u 8Z hv]A E-]5C
/1 wds then invited to participate in the eveim Pozzuoli in order tdhvave a closer look at the
GARTEUR research activities.

Dott. Michele Mazzola, Director of Office Il (Internationalization of Resear¢hgdfalian Ministry

of University and Research, during the"snniversary event pointed out how the membership of
Italian universities in PEGASUS is crucial because this partnership aims to offer haylgt rel
educational and research programmes, thereby attracting the best students and sciehtists.
emphasigdhow achieving these goals will require coordinated changes, staff and student exchanges
and innovation.

Contacts with PEGASUO&tinued in 2024in order to checKurther the conditions for a more stable
collaborationon themes of mutual interest. The Council discussed in 2024 several options for a
possible cooperation. This is to be further concretised in the coming reporting period 2025
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5. Summary of GARTEUR technical activities

During2024the five GARTEUR Groups of Responsables (GoRs) continued facilitating and delivering
vital research in the field of aeronautics. The GoRs are responsible for mon@oidngncouraging

the progress of Action Groups (AGs) and Exploratory Groups (EGs)gitgss are collaborations of
researchers from national aerospace institutes, universities and industry. Although GARTIBUR i
source of funding, the GoRs constitute a powerful network and providenigue forum for
aeronautical research in Europe.€TGoRs aid potential research consortia by critically reviewing their
proposed research objectives and methodologies.

Without the constraints of financial accountability, the GoRs guwddy-stage research projects
consistent with the GARTEUR roadmap, which in turn is in line with European aecahsiutitegy,
while also allowing scope for innovative research and the development of low TRLtidesrup
technologies. The GoR chairs also encouragéidigciplinary research across the GoRs, with the
biannual Council meetings providing excellent opportunities for the exghaof ideas and
identification of dynamic partnersps.

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

New ideas for research may be formulated by GoR members or arise within GARIERHRAS
GARTEUR does not offer funding, it is essential that the research is supported by the tioganisa
themselves. Therefore, the GoR critically reviews the research objectives and meiippdmit does
not select particular topics over others.
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5.1 Group of Responsables Aerodynamics (AD)

5.1.1 GoRAD Overview

The GoR AD initiates and organises basic and applied aerodyeaeacch in the field of aeronautics.
The current scope of activities covers the following areas:

X aerodynamics;

x aerothermodynamics;

X aeroacoustics;

X aero-(serve)elasticity;

X aerodynamic shape optimization;

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

The activities aim to advance the collaborative aerodynamic research in Europbinatg both
numerical and experimental research. Dedicated experiments are carried out using advanced
experimental technigues and measurements methods in order to generdt@ble data needed for

the further understanding of basic flow physics, for the investigation of specificdpeamic
problems, and for the validation of numerical simulation tools in @mhber of areas. The
computational activities comprise the further delopment of simulation and prediction tools of
different classes of fidelity, the tool validation using experimental data, asal thle application of
these tools for the investigation of specific problems arising in aeronauticdicappns. The close
collaboration of experimental and numerical activities is of great benefit endbles enhanced
progress in aeronautical research.

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

Funding for GARTEUR activities is relatively small and, in general, is insufi¢igiyt upport new
research. In most cases therefore the AG activities are combined with activities funded through other
routes, such as EU, NATO STO (Science and Tagphr@tganisation) or national aeronautical
research programmes.

Research initiated in GoR AWogrammes sometimes leads to an EU proposal or compliments
concurrent EU program content. In addition, the content of GOR AD activities candsesectorial in
covering both civil and military interests.
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5.1.2 GoRAD Activities

Four action groups have finished their activities in 2023 and delivered their reports in 2024.

Two Action Groups and five Exploratory Groups have been running throug@adt One group has
finished its exploratory phase, while four groups have continued their exploratory phases.

Action groups (AG)

The following groups have provided their conclusions in 2024:

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

The goals of AG6 are twofold: firstly, this

v A}uE Jue 8} vZ v z
capabilities in aeroelastic simulations
pertaining to very flexible aircraft. A seconc
aim of AG56 is to derive a common test cat
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 variou:
requirements inherent to such analyses:

9 A flight mechanics model for flexibl
structures,

9 CFD methods with robust gri
handling technique capable ¢
modelling a combination of larg
rigid body motion and flexible aircra
structure,

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

The chairperson is Richard van Enkhui
(NLR).

AD/AG57 Secondary inlets and outlets
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Aircraft captures the outside air with
secondary air inlets for air conditioning,
ventilation and cooling. The objectives of tt
group are to study numerically various type
of secondary inlets & outlets.
The submerged air intake (NACA type) is
predominantly selected for application on
the fairing of transport aircraft (civil and
military) whereas the hidden inlet is utilizec
for application inside the engine air intake «
combat aircraft in order to reduce the radat
signature.

The chairperson is Antonio Carozza (CIRA

AD/AG59 Improving the Modelling of Lamine
separation bubbles

The main goal of the action group has beer
improve the modelling of the numeric:
methods used in the reproduction of th
laminar separation bubbles. Incompressit
flows in a wide range of Reynolds numbe
0 02 04,06 08 1 0203 04,05 06 07 have been analysed.

(b) Scparation bubble region.

An investigation of the main issues that flo\
at low Reynolds numbers could present
transonic  conditions has also bee
performed.

The chairperson is Pietro Catalano (CIRA).

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

The objectives of the Action Group are:

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

9 Objective 2: Exploitation of the potenti:

Test case used for Machine Learning training and selec of data fusion (Multfidelity) within

surrogate modelling by efficien

management of heterogeneous dai
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from different sources (CFD wil
different precision, winegunnel, flight
test data, etc.);
9 Objective 3: Exploration of the potentii
of machinelearning and datalriven

techniques for uncertainty quantificatio
and management.

The chairperson is Esther Andrés (INTA).

The following Action Groups were active throughout 2024:

AD/AG58 Supersonic Air Intakes

The main objective for the ABS is to gather
a database of relevant flow features on
representative test cases and validate CFLC
codes on these specific topics. The followir
investigation themes are proposed:

9 Cowl oblique shock / boundary lay:
/ mixing layer interactions
DLR experiments on the scramjet intakes, with IR therm 9 Internal bleed flows
of sidewalls compression on heat fluxes and corn 9 Supersonic air intake diffusers ar
scramjet isolators including corne
flows description.

It is expected to support each theme wi
recent and detailed experimental data as w
as CFD modelling and/walidation.

The chairperson is Christophe Nottin (MBD

AD/AG61 WMLES and Embedded LES

RANS CFD has shown many merits but fai
model turbulence in adverspressure
gradient boundary layers and in separat
flows. Turbulent scaleesolving simulations
are needed, but DNS and wall resolved |
are not affordable yet for industrial dail
needs.

Thus, this group investigates the hybi
RANSLES strategies. In order to extel
previous activities family Il strategies are

Annual Report 2024

33




GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE

FRANCE GERMANY

ITALY

THE NETHERLANDS SPAIN SWEDEN

@ARTEUR
/5

0 10 20 30 40 50 60 70

—SEM M1

4

—SEM M2
—SEM M3

o Coles-Fernholz

38

{es) x 10°

2
3000 4000

Rey

Test case 4: flat plate (SAAB)

5000 600

interest (where only the inner part of th
attached boundary layer is modelled in RA
whereas the outer region of the boundal
layer is resolved by LES). Such strate
belong to the more general Wallodeled
LES approaches. A substantial cost reduc
is gained (over wall resolved LES) ¢
improved turbulent dynamics is simulate
(over DESike, or family | simulations wher
the attached boundary layer is treated fully
RANS). The use of LES can thus be restr
to the regions of interest in a so led
embedded LES strategy.

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

The chairperson is Nicolas Renard (ONER

Exploratory Groups (EG)

One Exploratory Group has finished its exploratory phase in 2024:

AD/EG83

Hydrogen combustion

The exploratory group will address use of hydrogen
aeronautic combustion engine. Three different lines
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 comparin
the numerical results with experiment.

2. To model 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 has been formed, partner:
are: CIRA, CERFACS, CRANFILD Un., ENEA, FOI
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INTA, Piaggio, Tu Darmstadt, Un. of Beira Interior,
Politecnico di Bari

The following Exploratory Groups were active throughout 2024:

AD/EG79 Hypersonics

EG79Hypersonic flows was active since 2022. Partr
of the EG are: DLR, CIRA, NLR, FOI, VKI, MBDA
and University of Munich. The EG has started v
email communication and online meetings in order
discuss the potential topics for a future AG. Tof
currently under discussion are ablation, radiation he
flux measurements, thermal fluid structure interactio
and shock wave boundary layer interaction. Each tc
is discussed both with respect to numerical a
experimental activities.

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

Partners of the EG are: CIRA, DLR, NLR, ONER
objective of E@O will be to investigate bott
aerodynamic efficiency and load control & alleviati
capabilities of a High Aspect Ratio wing conc
equipped with morphing devices while limiting weig
increase and mechanical complications due

morphing technology.

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

AD/EG81 Virtual certification

For new civil transport aircraft program, tr
certification phase is critical in terms of planning a
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costs. In 2019, a common paper by Airbus and Bo
indicated how CFD could contribute to the certificati

of civil transport aircraft for offlesign flight
characteristics.

The purpose of this EG is to have more phylsased
analysis tools, less empirical and/or ssdale methods.
fully-integrated multiphysics and mukscale aircraft
modelling and minimize usage of ground test rigs.

The objective of the proposed activity is to fosi
scientific activities in collaboration with industri
leaders and EASA towards a larger usage of CFD i
certification process.

AD/EG82 Corner flows for turbulence model development

The understanding and theprediction of the
development of flows at the junction of two orthogon
surfaces is still an important topic in the differe
aspects of aircraft design, e.qg. in the design of the w
fuselage junction, the intersection of horizontal al
vertical tail phnes or the pylofuselage junction whict
exists in a rear engine aircraft configuration.

The idea of this GARTEUR initiative is to form a wor
group dealing with the investigation of aircraft relate
junction flows (both civil and military applications), tl
comparison and validation of statsf-the-art

transition and/or turbulence modellgapproaches fo
such flows as well as the improvement of the phys
modelling. For this purpose, experimental data
needed for comparison and potential partners &
encouraged to share WT data if available. Furthermc
potential partners are equallgncouraged to bring ir
their expertise in transition and turbulence modellii
as well as in the application of different CFD tools i
modelling approaches.

New topics under consideration are:
x Grid adaptation

x Thermal management for electric propulsion
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Measurement techniques for wind tunnel test and flight test

X
X Reduced scaled model flight test
x CFD and optimization
X Advanced Air Mobility with RGoR and others
X Sloshing for hydrogen fuels
X Quantum computing for aerodynamics
x Plasma for flow control

5.1.3 GoRAD Membership

The membership of GeRD in 2024 is presented in the table below. Several changes have occurred.

Chairperson

JeanLuc Hantraisservois ONERA France
ViceChairperson

Magnus Tormalm FOI Sweden
Members

Giuseppe Mingione CIRA Italy

Kai Richter DLR Germany
Fernando Monge INTA Spain

Drewan Sanders
Bambang Soemarwoto
replaces Harmen vater Ven

Industrial Points of Contact

Cranfield University
NLR

The United Kingdom
The Netherlands

Peter Eliasson SAAB Sweden
Riccardo Gemma Leonardo Company Italy
Michel Mallet Dassault Aviation France
Didier Pagan MBDA France
Luiz P. Rui€alavera AIRBUS D&S Spain
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5.2 Group of Responsables Aviation Security (AS)

5.2.1 GoRAS Overview

The GoRAS supports the advancement of civil and defence related security technol&yopean
research establishments, universities, industries and other relevant European Entities (eogaNati
Civil Aviation Authority, MoD, Military entitiegtc.) involved in security for aviation through
collaborative research activities, and through identification of future projects cfalaborative
research.

The GORAS initiates, organises and performs research on detection and mitigation lasvfuh
interferences against aviation. Both physical and digital interferences are considered. Stmpicss
Cybersecurity, Unauthorized drones, Laser Dazzling, ChefBiolbgical & Explosive detection are
addressed by the GoR.

5.2.2 GORAS Activities

Two high priority research topics weidentified a few years ago following discussions with various
industrial, institutional and academic stakeholders. @dRis focusing on the investigation of these
two topics: detection and mitigation of unauthorized drones, assessmiesécurity risks caused by
Alin Aviation.

Unauthorized Drones

Since the end dEuropeamPASPRID (Airport System Protection from Intruding Drones) project, ONERA,
INTA and CIRA have kept on collaborating on this topic. In 2024, four facipakilications were
written in order to disseminate the new results obtained on this topic.

In 2024, the group investigated drone attacks in areas manageddpate, theEuropean framework
designed to safely manage lealtitude traffic, particularly drone activitieS'he group proposed a
preliminary concept for improving the safety and the security ofsplice system by means of a novel
service, named DARS (Drone Attack Resilience Senhieeyrdup also investigated threat scenarios
that combine drone physical intrusions with cykstacks on Wspace remote identification service.
The group sdrted to investigate attacks performed by drone teams and swarms. An enhanced version
of the SESAR Security Risk Assessment Methodology (SecRAM) was used to assess #uewithk link

a network of multiple drones performing a monitoring operation. The&eanethodology was also
used to automatically investigate the threat scenarios associated wgpdde services in general.

This topic was discussed by researchers of CIRA, INTA, ONERA and University of Campania (I),
University of Salerno (I) as well as members of Eurocontrol Civilian/Mitikanglination team (EU),

ENAC (1), SmartTesting (F) and FEETQF). A new SESAR psagp on this topic could be submitted

by the GoR members in 2025.
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Al and Aviation Security

Al Assistant cybersecurity is another topic that @dRcontinued to explore in 2024.

Members of the GoR as well as members of other GoR are investigating the usd¢abfadigstant
based on Machine Learning in various domains of aviation. For instance,stdrasgas developed

to help AirTraffic controllers detect and correct aircraft trajectory conflicts. Al assistant shadd al
be hosted orboard the aircraft. For instancEM/AG20 is investigating the use of Al techniques for
flight control fault detection. Due to the critical role played by Al assistants, their aytaity has to
be investigated.

In 2024, the group identified that Al Digital Assistants could also help perégbersecurity risk

assessment. The Digital Assistant could monitor the quickly evolving cybersecurity thosaiaias

and continuously update the risk assessment when imptrtaew threats appear. The Digital
Assistant might also contribute to the design of the protection architecture byirigethe designer to

select the most relevant and robust security mechanisms.

The Al Assistant cybersecurity topic was discussed by researchers of CIRA, DLR, ONERARBEM
(S) and industrial partners Collins (1) and Leonardo (1).

Research and Innovation Roadmaps

The ASGoR has also monitored the main research and innovation roadmaps appltoahliation

Security. EASA Roadmaps were mainly used for the definition of past and futiese ©punteiDrone

TaskForce, Al Certification Roadmap, and more generallyBheopean Plan for Aviation Safety

~ W AeX A %pu 0]eZ v 1iid §Z A A] 8]}v MUSZ}E]S] puZee &%]P v i
} 1 SInteraction between artificial intelligence and cybersecurit§ Z § e E - C $Z nCEC

GoR activitiest blso includs  $} %o ] RiglSagsessment methodology for air operators to address

conflict zones risks based on opmurce data $Z § ] v} pHEE v3oC }A E ¢C sz '}z

In 2024, an update of SESAR JU ATM Master Plan was produced, it includes a Cypeisecufor
the years 2025 to 20305ome topics such as cybmsilience and dynamic risk assessment are
addressed by the GoR activities. Other topics such as Quantum computing are notlgwoseted
and they will be analysed in 2025.
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5.2.3 GORAS Membership

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

Chairperson

Pierre Bieber ONERA France
ViceChairperson

Tim StelkensKobsch DLR Germany
Members

Angela Vozella CIRA Italy

Domenico Pascarella CIRA Italy

Rene Wiegers NLR The Netherlands
Jaime Cabezas INTA Spain
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5.3 Group of Responsables Flight Mechanics, Systems and Integration (FM)

5.3.1 GoRFMOverview

The Group of Responsables for Flight Mechanics, Systems and Integration is actiVieid tfidlight
systems technology in general.

The GoFFM is responsible for all research and development subjects concerning a chain staning fro
the air vehicles and their flight mechanics, concerning embedded sensors, actuators, systems and
information technology, cockpits, ground control and humategration issues, with reference to
automation for both inhabited and uninhabited aircraft, 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 air spaces;

X safety critical avionics functions and embedded systems;

X scientific and technical expertise for air systems certification and regulatory aspects.

Noticeably, GoHEM is not active in the rotary wing domain, where the GARHgiRtcraftGoR leads.

5.3.2 GoRFM Activities

In 2024, two virtual GoR meetings took place. It was decided to focus the effd@®#dch assisting
EGii ~/ (}& ( posS § S]}v_ Z ]JEes v u u &Z(}@ \ih tled@Game]S]}v Jvs§
name.

The EG cahairs Philippe Goupil (Airbus) and Gustav Oinamdin (ONERA) organized several virtual
meetings to discuss about the state of the art, detailed objectives, contributions tiierpartners,

§Z A}EI %0 v Vv 3Z % ES3v E-[dlnng PB24.3THe} EGocams firdlly dp with a
proposal for FMAG 11 ~ / (J& ( pod 3§ 3]}v_ A]S8Z % ES3] 1% 3]}v }( /Z U &K/
lead of ONERA which was presented at Council C77 in Linkdping ig¢haliatters of adherence and
acceptance of 3 partners already received at that time. In the meaayié received the approval

to launch A&0 as soon as we will have received the letters of the 2 missing partners. Up to now, we
received the letters of one of the missing partners and we are assisting thenilssing partner to

accelerate their signaterprocess in order to organize the KoM of-A@end of quarter 1, beginning

of quarter 2 of 2025.
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Exploratory Groups (EG)

The following Exploratory Group was active in 2024:

FM/EG30 Al for fault detection

The idea is to investigate the feasibility Al technics
fault detection onboard aerospace vehicles. TI
current state of practice generally implies a dedical
algorithm (a.k.a. monitoring) to detect a specific fat
and does not rely on Al technicd more precise
objective of the group is to train Al technics on t
availability of data within nominal conditions and
analyse their capabilities to detect then any abnorn
behaviour.

5.3.3 GoRFM Membership

The membership of GeRM in 2024 is presented in the table below.

Chairperson

Carsten Dall ONERA France

Members

Marinus Johannus va NLR The Netherlands
Enkhuizen

Antonio Vitale CIRA Italy

Bernd Korn DLR Germany

Martin Hagstrom FOI Sweden

Maria Izquierdo Sanchez INTA Spain (new member)
Andrew Rae University of the Highlands an UK

Islands in Scotland
Industrial Points of Contact

Laurent Goerig Dassault France

Philippe Goupil Airbus France

Martin Hanel Airbus Defence and Space  Germany

Peter Rosander Saab Sweden (interim)
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5.4 Group of Responsables Rotorcraft (RC)

5.4.1 GoRRC Overview

The GoRRC supports thadvancement of civil and defence related rotorcraft technology in European
research establishments, universities and industries through collaborative researclhiesstiand
through identification of future projects for collaborative research.

The GoRRC initiates, organises and monitors basic and applied, computational andnesipil
multidisciplinary research in the context of application to rotorcraft vehi¢tedicopters and VTOL
aircraft such as: tilt rotors; compounds and muagtipters)and systems technology.

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

x decrease costs (development and operation) through Virtual Engineering using nameri
tools based on low/mediurerder (analytical, BEM) to higirder (CFD) methods, validated
with relevant tests campaigns;

X increase operational efficiency (improve speed, range, payloadieaither capability, highly
efficient engines, more electric rotorcraft, ...);

X increase security, safety;

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

o flight mechanics, flight procedures, human factors, new commands and control
technologies;

0 JVE + & «ZA}ESZ]v *eU 00]*8] % E}S 3]}vU YV

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

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

Technical disciplines include, but are not limited to, aerodynamics, aeroehasticitding stability,
structural dynamics and vibration, flight mechanics, control and handliraditips, vehicle design
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synthesis and optimisation, crew station and human factors, internal and externaktis and

environmental impact, flight testing, and simulation techniques and facilitiegriarndbased testing
and simulation specific to rotorcraft.

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

Overview of experimental activities in RC/&R6

5.4.2 GoRRC Activities
Action groups (AG)

The following Action Groups were active through20f4

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

The objective is to investigate, both numerically a
experimentally, the noise radiation and propagati
(installation effect) of multirotor systems and to ga
knowledge in the physics of noise generation and ne
field noise propagation of multirotor sfems under
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the influence of the installation effects and to establi
tools for the noise prediction. Compared
conventional helicopters, the importance of tr
various noise sources and the influence of nc
scattering can be totally different for multi rotc
configurations. The AG started in February 2022. B
a common validation study and a common experimu
are foreseen. The common validation study aims
evaluating and improving the prediction accuracy
different simulation methods.

RC/IAR27 Analysis and Decomposition of the Aerodynamic F
Acting on Rotary Wings

The technology for drag analysis of CFD solution
fixed wing configurations has reached a mature sta
Conversely, applications in rotary wing aerodynan
are still very limited, if not absent. However, rece
progresses obtained in unsteady flow ays$ are
promising for both parasite force calculations a
thrust extraction. The objective of this AG is to stL
the application to rotary wings of aerodynamic for
analysis and decomposition methods. The {affk
meeting of this AG was held on Ap@dZ3.

Exploratory Groups (EG)

The following Exploratory Group were active in 2024

RC/EGI0 eVTOL aircraft VorteRingState investigations

The general aim of thi€xploratory Group is t
investigate the potential impact of the Vortding
State (VRS) phenomenon on the safety and operatic
characteristics of new eVTOL aircraft architectu
integrating multirotor/propeller systems as well ¢
fixed wings.

The main objectives of the future Action Group are:

{ to enrich knowledge on the risk of VRS
general for aircraft with rotating wings and |
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particular on the new configurations for Advanced .

Mobility, such as UAM aircraft;

{ potentially provide recommendations for th
developers of these new configurations and 1
certification agencies (EASA, DGAC, etc.).

New topics under consideration are:

Drone impact on Helicopters (rotating parts)

To gain insight in the severity level of drone/rotor blade interactionss Tdpic is important for
both civil and military applications.

Helicopter Icing & D&ing

To improve the assessment of performance degradation when flying with rotorcraft in
conditions, and to identify suitable éieing systems for rotary wing applications.

Human Factors issues and Training methods for complex automation in cockpit

To improve the overall performance of the pilot / rotorcraft system in accomplishing missions

PSP/TSP for rotors/propellers (dron&/EOLS...)

To assess the potential and the limitations of these pressure and temperature sensitivbaseéok
measurement techniques in rotorcraft wind tunnel tests applications.

Perception and public acceptance of UAM and Noise propagatiaman environment (high RPI
with high frequency noise)

These two NIs have much in common. These topics are currently having the biggest attentic
the rotorcraft community and investigations about them are of utmost importance.

Installation effect of propeller noise (wing, ducts)

The development of eVTOL architectures require a deeper understanding of the noise gengr:
propellers when ducted or installed in close proximity to wings or airframe.

Verification & Validation: defining metrics for the quality of simulations.

There is an international interest about this topic, especially related to VTOL applications.

5.4.3 GoRRC Membership
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The membership of RGoR in 2024 is presented in the table below. Alvaro Cuerva has joined as the
Spanish RGoR member. Barbar®hlenforst was a member for part of the year and has been

replaced by Marthijn Tuinstra (NLR). There is new UK Industry representation through Florent
DeHaeze from Leonardo Helicopters (UK).

Chairperson
Mark White Univ. Liverpool United Kingdom
ViceChairperson
Arnaud Le Pape ONERA France
Members
Rainer Heger Airbus Helicopters (D & F Germany
Florent DeHaeze Leonardo Helicopters United Kingdom
Klausdieter Pahlke DLR Germany
Antonio Visingardi CIRA Italy
Marthijn Tuinstra NLR The Netherlands
Barbara Ohlenforst NLR The Netherlands
Alvaro Cuerva Universidad Politécnica d Spain

Madrid
Industrial Points of Contact
Rainer Heger Airbus Helicopters (D&F) Germany
Observer
Richard Markiewicz Dstl United Kingdom
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5.5 Group of Responsables Structures and Materials (SM)

5.5.1 GoRSM Overview

The GoRSM (Group of Responsables in Structures and Materials) is active inngiaail organizing
aeronauticsoriented research on structuregonfiguration, topology, optimization), modelling and
simulation procedures (strength, fatigue, structural dynamics, etc.), and different typatefials for
structural applications.

Materials oriented research is related to material systems primarily for ilfeame; it includes
specific aspects of polymers, metals including Additive Manufacturing (AM), and diffeneist of
composite systems.

Structural research is devoted to computational mechanics, loads, and desigmadoéigies.
Research on structural dynamics involves more especially response to shock and impact loading.

The group is active in theoretical and experimental fields of structures and materisteetaythen
development and improvement of methods and procedures. Of great importéthe mutual
simulation of the diverse scientific approaches. Experimentsrgiveinsights into the mechanisms of
structural behaviour that can be included in improved theoretical models. Finally, the theadreti
results must be verified and validated by comparison with results from suitable experiments or trials.

Although the specific topics vary over the years, the scientific basis remains largely unchBmged.
work is looked upon as upstream research intended to discover valuable @iréatsire activity; in
this context, many new ideas were proposed and explataring the year 2020.

The work and activities of the SM GoR covers a variety of aspects related tatnogtlral concepts,
new materials, improved manufacturing technologies, new design and verification criteria.

Recent, current and upcoming work is devoted to:
X Additive Layer Manufacturing of metals;
x Characterization and Optimization of shock absorbers for civil aircraft fuselages;

x Characterization and modelling of Composites with Ceramic Matrix submittesevere
thermo-mechanical loading;

x Structural Health Monitoring for hydrogen aircraft tanks;
X Multifunctional Metamaterials for Aerospace applications;

X Nontraditional laminates.
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5.5.2 GoRSM Activities

In 2024, the GARTEUR GoRSM monitored two Action Groups (AG) and three Exploratory Groups
(EG):

Action groups (AG)

The following Action Groups were active through20R4

SM/AG36 Additive layer Manufacturing

This AG started in March 2022 andsita result from
SM/EG47. AG36 deals with new Aluminium alloy
(ScanCromal and AlMgl1Crl1.5M00.5Sc¢0.5ZrC
suitable for processing by Additive Manufacturi
(AM) techniques. There is an increasing need for |
strength aluminium alloys that can be prased by AM
procedures, for products and applications requiri
low weight combined with high specific strengths.

Process optimizations are investigated for process
by Laser Powder Bed Fusion (LPBF) and Dire
Energy Deposition (DED) techniques.

SM/AG37 Characterization and optimization of shock absorb
for civil aircraft fuselages

Commonly adopted shock absorbers and, in gene
crashworthy structural components, based
sandwich structural concepts and/or complex dumpi
mechanisms, are, generally, characterized by t
volumes and significant additional mass. The m
objective of the proposed work consists in th
investigation of the feasibility and effectiveness
novel thin  additve  manufactured  hybri
metal/composite lattice structures as lightweig!
shock absorbing devices for application to structu
key components in imgct events.

The topics of this AG7 are:
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X Investigation on the key components whi

require the integration with shock absorber;

X identification and classification of the sho
absorbers (material and geometry);

X material investigation (Alternative material:
Hybridization);

X integration strategies;

x analytical methods for designing hybrid shc
absorber;

X numerical analysis and design;

X unit cell optimization (weight minimizatiol
and/or shock absorbing capabilit
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 following Exploratory Groups were active throughout4202

SM/EGA45 Characterization andanodelling of CMC submitted t
severe thermeanechanical loading

The main objectives of the EG consist in:

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

mechanical properties (behaviour, damag
failure) at very high temperatures;

X proposition of damage and failure models
predict behaviour damage, failure and fatig
lifetime of composite materials;

X testing and simulating CMC compos
structures under static or fatigue loadir
(evaluation of predictive capabilities ¢
models).

SM/EGA48 Structural health Monitoring for hydrogen aircrz
tanks

In order to drastically reduce CO2 emissions, hydro
is an alternative solution for the production ar
storage of energy. Regarding the storage, the t
option consists in liquefying the hydrogen at
temperature below-253°C. Composite materials a
being considered for the cryogenic tank but the iss
related to the development of a composite tank is t
ability to detect initiation of any damage. Structur
Health Monitoring (SHM) methods, consisting

integrating sensors in or on the structure, atteen

used. However, few studies are dedicated to Sl
methods under such temperatures.

The AG objective would be to work on the design
SHM systems dedicated to composite parts uni
cryogenic temperatures, including the study of t
durability of such systems

SM/EGA49 Multifunctional  Metamaterials for  Aerospac
applications

Multifunctional Metamaterials (MM) is a promisin
state of the art topic with multiple and multifunctione
applications, and suitable for Aerospace applicatic
During lastGoR meetings, several discussions h
been held between the partners in the topic, and a
of interest between the partners has been raised:
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X INTA has a team working in MM lattibased
structures, focused on dynamic respons
vibration attenuation for primary structures

functionally graded structures, optimizatiol
etc.

X NLR has also a research line in the MM to|
NLR interests includes static crashworthine
for ballistic applications, 3D printing, MM gric
definition, energy absorption applicatior
Titanium auxetic sandwiches, etc.

x UNICAMPANIA is interested in the top
Nanoshapes, multifunctional MM sandwiche
etc.

X ONERA is interested: Light structures, ¢
Static/Fatigue improved properties from 3
printed MM.

Therefore the SM/E@9 was created, and one of th
first things to set could be the Benchmarks definitio
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5.5.3 GoRSM Membership

The membership of GeBM in 202 is presented in the table below:

Chairperson

Francisco Javier San Millan INTA Spain
ViceChairperson

AnielloRiccio UNICAMPANIA Italy

Members

Florence Roudolff ONERA France

Joachim de Kruijk NLR Italy Netherlands
Peter Wierach DLR Germany
Andrew Foreman QinetiQ United Kingdom
Mats Dalenbring FOI Sweden

Industrial Points of Contact

Thomas Ireman SAAB Sweden
Christian Weimer Airbus Operations Germany
Thomas Kérwien Airbus Defence and Space Germany
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6. List of abbreviations
ACARE: Advisory Council for Aviation Research and Innovation in Europe
AG: Action Group
AREANAAviation Research Ecosystem Advanced Novel Approach
ATI: Aerospace Technology Institute (UK)
CIRA: Italian Aerospace Research Centre
DLR: German Aerospace Centre
DNS: Direct Numerical Simulation
DSTL: Defence and Science Technology Laboratory (UK)
EASA: European Union Aviation Safety Agency
EDA: European Defence Agency
EG: Exploratory Group
EREA: Association of European Research Establishments in Aeronautics
EU: European Union
FOI: Swedish Defence Research Agency
FP: Framework Programme
GARTEUR: Group for Aeronautical Research and Technology in Europe
GoR: Group of Responsables
AD: Aerodynamics
AS: Aviation Security
FM: Flight Mechanics, Systems & Integration
SM: Structures & Materials
RC: Rotorcratft
ICAS: International Council of the Aeronautical Sciences

IPoC: Industrial Points of Contact
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INTA: National Institute of Aerospace Technology (Spain)
JTI: Joint Technology Initiative
JU: Joint Undertaking
LES: Large Eddy Simulation
NATO: North Atlantic Treaty Organization
NLR: Netherlands Aerospace Centre
ONERA: Office National d'Etudes et Recherches Aérospatiales (France)
PADR: Preparatory Action on Defence Research
PEGASUS: Partnership of a European Group of Aeronautics and Space Universities
PPP: PubliPrivate Partnership
RANSReynoldsAverage NavieBtokes
RPAS: Remotely Piloted Aircraft System
R&T: Research & Technology
RTD: Research & Technology Development
SESAR: Single European Sky Air Traffic Management Research
SME: Small and Mediusized Enterprise
SRIA: Strategic Research & Innovation Agenda
STO: Science and Technology Organisation
TRL: Technology Readiness Level
UAV: Unmanned Air Vehicle

XC: Executive Committee
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GARTEUR Chair Counrry 2024-2025: Germany
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Appendix A: Annex GoFRAerodynamics (AD)

ANNUAL REPORT FROM THE GROUP OF RESPONSABLES
3$(52'<1$0,&6°

Remit

The GoRAD) is active in initiating and organising basic and applied researchadyaamics and
aerothermodynamics. Aerothermodynamics is closely related to space operationsgirtdHtiough

§Z Esdosphere at very high speeds.

Aerodynamics is a cornerstone of aeronautics and one of the primary design disciplinesrioiniete

the shape of the aircraft. Environmental issues are of great concern in aeronautics for civil aitraft an
advanced aerodynamic design will have a signifi@gapact on fuel consumption and the noise of
aircraft. For military aircraft, the requirements of stealthy operation require new aircraft shapes to be
considered and these shapes must be aerodynamically effective. The GoR(AD)aatdatpicovers
aeradynamics, aeroacoustics, and aeroelasticity. The GoR(AD) is supporting daisciptinary
cooperation with the other GARTEUR Groups in areas where a-disciplinary approach is not
meaningful.

The Group is active in experimental, theoretical, analytical, as well as in numerical fields of
aerodynamics to support the development of methods and procedures. Work in experinaeede

is performed mainly to obtain valuable data for the validationmafthods. Measurement techniques

are developed and refined to increase accuracy and efficiency of experimental investigations. Other
numerical studies give insight in the mechanisms of basic flow phenomena.

GoRAD Overview

GoR Activities

The GoR AD initiates and organises basic and applied aerodynamic reséaedieid of aeronautics.
Both experimental and numerical activities are considered ranging from researchsomflows to
dedicated applied aeronautical applications, passimgugh methodological aspects (measurements,
numerical techniques)The close collaboration of experimental and numerical activities is of great
benefit and enables enhanced progress in aeronautical research.
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Management

Two meetings have been held:

AD/A- 114 Meeting FOI, Stockholm (Sweden) Maréh 6" 2024
AD/A 115 Meeting at Géttingen (Germany), OctobefZ3th 2024
A third unformal online meeting has been organized in June 2024.

Next GoRAD meetings are planned on March 4nd 5" at NLR (Amsterdam) and on the'36f
September and®lof October (Meudon).

Dissemination of GARTEUR activities and results

No specific dissemination activity in 2024.

Status of Action Groups and Exploratory Groups

Four groups finished their activities in 2023 and proposed their reports id.2ZD20 Action Groups
have been running throughout 2024. In this period one EG finished its explonataise. Four
exploratory group have been active (no new EG has been ladhche

Action groups (AG)
Fourgroups had finished their activities and produced their reports in 2024:

x AD/AG56: Coupled Fluid Dynamics and Flight Mechanics Simulation of Very FAéoalad
Configurations

x AD/AG57:Secondary Inlets and Outlets
X ADAG59: Improving the Simulation of Laminar Separation Bubbles

x ADAG60: Machine Learning and Dafariven Approaches for Aerodynamic Analysis and
Uncertainty Quantification

The following Action Groups were active throughout 2024:

AD/AG58 Supersonic Air Intakes

%y -~

if B DAY The main objective for the ABB is to gather &
T e database of relevant flow features on representati
test cases and validate CFD codes on these spt

Annual Report 2024

59




= GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ r@ RW@ Lw |_IF% FRANCE GERMANY  ITALY THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM
topics. The following investigation themes a

proposed:

{ cowl oblique shock / boundary layer / mixir
layer interactions;

{ internal bleed flows;

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

It is expected to support each theme with recent a
detailed experimental data as well as CFD model
and/or validation.

Due to COVID crisis that complicated organisation
priorities in 2020 for many companies, tt
collaborative work planned last year has be
postponed for a year. Some other priorities in 20
have lead to other delays. Collaboration has be
restarted and the group is expected to prepare its fir
report by end of 2025.

The chairperson is Christophe Nottin (MBDA).

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
simulations are needed, but DNS and wall resolved
are not affordable yet for industrial daily eds.

Thus, this group investigates the hybrid RANS
strategies. In order to extend previous activities (¢
AD/AG54 for instance), family Il strategies are
interest (where only the inner part of the attache
boundary layer is modelled in RANS whereasoter
region of the boundary layer is resolved by LES). ¢
strategies belong to the more general Wilbdeled
LES approaches. A substantial cost reduction is ge
(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
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restricted to the regions of interest in a so call
embedded LES strategy.

The activities of the group aim at facilitating t
introduction of family 1l in industry. The sevel
turbulent relative topics are investigated through 4 te
cases.

The chairperson is Nicolas Renard (ONERA).

Exploratory Groups (EG)

The following Exploratory Group has finished its exploratory phase in 202g@rapdred its report.
The group will be active in 2025.

AD/EG83 AAD/AG62 Hydrogen Combustion

The objectives of the group are to understand be
fon phenomena linked to hydrogen combustion and

Le <1 (©)¢,=35
K+ l.‘n.. (au)
model them in numerical tools.

unburned

2500

2000

The following investigation themes will be tackled bc
experimentally and numerically:

burned

1500
1000

X understand the dynamics of hydroge
0 combustion in the presence of turbulence

Thermodiffusive effects | x develop reliable and validated software desi
tool for future hydrogen combustion engine
and hydrogen storage

x concept feasibility study of a rotatin
detonation engine

The group will be launched in 2025 for a duration c
years.

The chairperson is Ainslie French (CIRA).

The following Exploratory Groups were active throughout 2024

AD/EGT79 Hypersonics
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Partners of the EG are: DLR, CIRA, NLR, FOI, VKI,

France and University of Munich. In 2024, tp@up
has selected its topics:

x ablation on generic materials
x thermal fluid structure interaction

X shock waveboundary layer interaction ir
hypersonic/high temperature flow

Each topic is discussed both with respect to numer
and experimentahctivities.

The AG proposal should be proposed in the begint
of 2025.

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

Partners of the EG are: CIRA, DLR, NLR, ONER
objective of E@O will be to investigate bott
aerodynamic efficiency and load control & alleviati
capabilities of a High Aspect Ratio wing conc
equipped with morphing devices while limiting weig
increase and mechanical complications due

morphing technology.

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

The group did not exchange in 2024.

AD/EGS81 Virtual certification

For new civil transport aircraft program, tr
certification phase is critical in terms of planning a
costs. In 2019, a common paper by Airbus and Bo
indicated how CFD could contribute to the certificati
of civil transport aircraft for offlesign flight
characteristics.

The purpose of this EG is to have more phylsased
analysis tools, less empirical and/or ssitale methods,
fully-integrated multiphysics and mukscale aircraft
modelling and minimize usage of ground test rigs.

The objective of the proposed activity is to fost
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scientific activities in collaboration with industri

leaders and EASA towards a larger usage of CFD i
certification process.

Several online discussions in 2024 gathered sev
partners interested in the subject. As the team is t
settled yet, it is not indicated here.

The topics eligible for a GARTEUR activity need t
elaborated in 2025.

AD/EG82 Corner flows for turbulence model development

The wunderstanding and the prediction of tt
development of flows at the junction of two orthogon
surfaces is still an important topic in the differe
aspects of aircraft design, e.g. in the design of the w
fuselage junction, the intersection of horizontal al
vertical tail planes or the pylefuselage junction whict
exists in a rear engine airctafonfiguration.

The idea of this GARTEUR initiative is to form a wor
group dealing with the investigation of aircraft relate
junction flows (both civil and military applications), tl
comparison and validation of statef-the-art

transition and/or turbulence modellgapproaches fo
such flows as well as the improvement of the phys
modelling. For this purpose, experimental data
needed for comparison and potential partners &
encouraged to share WT data if available. Furthermc
potential partners are equallgncouraged to bring ir
their expertise in transition and turbulence modelli
as well as in the application of different CFD tools i
modelling approaches.

The group did not exchange in 2024. There
interested partners, but thgroup lacks a chair persol
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Rolling plan

N° Topic
AG58 Supersonic air intakes
AG61 WMLES and Embedded LES
AG62 Hydrogen combustion

N closed

N° Topic
EG79 Hypersonic flows
EG80 Morphing
EG81 Virtual certification
EG82 Corner flows

I cCiosed

GoR membership

2020 2021

Active

2023 2024

Active

2023 2024 2025

Status December 20z

2025 2026 2027 2028

Status December 20z

This year France (ONERA) has chairmanship and Sweden (FChpairicEhis will also be the case in

2025.

After years of active contribution in th@oRAD, Harmen Van Der Ven withdrew from the GoR. The
GoRAD members thank him for everything he brought to the group, both on the sfieeatid

personal levels. As NLR representative Harmen Van Der Ven has been replaced by Bambang

Soemarwoto.

The GoRAD also appreciates the arrival of Drewan Sanders (Cranfield University).

Bruno Stefes being involved in other activities has passed the full Airbus perirelariz Ruiz

Calavera.

Chairperson
JeanLuc HantraisGervois

Vice-Chairperson
Magnus Tormalm

Members

Giuseppe Mingione
Fernando Monge

Kai Richter

Drewan Sanders
Bambang Soemarwoto
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Industrial Points of Contact

Peter Eliasson SAAB Sweden
Riccardo Gemma Leonardo Company Italy
Michel Mallet Dassault Aviation France
Didier Pagan MBDA France
Luiz P. Ruicalavera AIRBUS Spain
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Table of participating organizations

AG-58 AG-61 AG-62

Research Establishments
CIRA ¢ VvV
Cranfield University
DLR ¢ ¢
FOI ¢ ¢ ‘
INTA ‘
NLR ¢

ONERA ¢ \V
Industry

Airbus Defence & Space
Airbus Operations GmbH
Airbus Operations S.A.S.

Leonardo Company
Dassault Aviation

MBDAF \Y
MBDAD
Piaggio Aero.
SAAB ¢ ¢
OPTIMAD

Academic Institutions

Imperial College

Technical Univ. Munich

Technical Univ. Darmstadt

Univ. of Cambridge

Univ. of Southampton

Univ. of Manchester

hvl]AX }( E %}o0] &
Poli. Bari ‘
Univ. of Strasbourg
ENEA ‘
IMFT ‘
CERFACS ‘
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Univ. Beira Interior
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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
X Activity concluded
See report GARTEUR TR01 (Open).

Chairman:

X Synthesis
Climate change is currently one of the major issues
facing humanity. Within this context, the aircraft
industry has publicly been at the receiving end of a
large amount of criticism due to the extensive use of
fossil fuels. Many proposed solutions existawer
or completely remove the need for fossil fuels.
These solutions include increasing the aircrafts
efficiency using lighter weight, yet more flexible
a wing tip deflection of around 10% of the semi
span is targeted. This condition includes trimming
for thrust, pitching moment and a target lift
coefficient. The second case is a steady, 2.5g pull
up manoeuvre following the subsonic trim
condition. Finally a gust disturbance as specified
by certification requirements is defined as an
unsteady test.

NLR uses irhouse CFD simulation software
(ENFLOW) and a thireparty software based on the
vortexlattice method (ZAERO) to perform the
aeroelastic simulations. CIRA uses anrhibuse,
block-structured CFD solver (ZEN) and ONERA
uses the welknown elsA CFDcode to perform the
simulations within this work.

The rigid trim simulations performed by ZEN,
ENFLOW & ZAERO show generally good
agreement between the different trim parameters,
where the differences could be explained by a
difference in thrust. For the flexible trim
simulations (sed-igure 11), there are some very
good agreements between final trimmed values of
the angleof-attack and expected tip displacement
between elsA and ENFLOW. Unfortunately, there
has not been enough time to thoroughly investigate
the root cause for these differenc&he 2.5g pul

up manoeuvre was simulated by ENFLOW,
showing deflections up to 22% of the wing
semispan (sed-igure 12). elsA is not able to
converge the 2.5g condition due to large amounts of

materials and higher aspect ratio wings. The use of
these materials and more efficient aerodynamic
configurations, result in the increased importance of
robust and accurate aeroelastic simulations for a
wider range of topics in aircraft design. Classical

aeroelastic simulation methods have often relied on
small deformation assumptions. However, it is yet

unknown whether it is possible to maintain the use
of such methods for the aforementioned highly

flexible structures.

7KH JRDO RI $*
(NLR, CIRA, ONERA and Airbus) capabilities in
aeroelastic simulations pertaining to very flexible
aircraft and to define and develop a common test
case in terms of aircraft and manoeuvre. This is
done by incresing the flexibility of the wing of the
XRF1 model provided by Airbus and subsequently
defining three load cases with increasing
complexity. The first of which is a simple 1g trim
condition at both a subsonic and transonic Mach
number, where

flow separation. Finally, rigid gust simulations were
performed by ZEN, ENFLOW and ZAERO. The
response from ZAERO and ENFLOW match up
quite well. The results from ZEN cannot be
compared to the other two simulations as there is a
difference in gust definibtin. Finally, the flexible
gust shows a maximum of 2.1% tip deflection for
this specific gust, which supports the use of small
deflection methods for aeroelastic gust simulations.

T Undeflected Geometry
[T Deflected Geometry CFD (without twist)
W Deflected Geometry CFD (with twist)

© Deflected Geometry Panel Code

Figure 11: Deformed structured as calculated using CFD
and panel code computations (M = 0.50 trim case)

Undeflected Geometry
M Deflected Geometry 1g
M Deflected Geometry 2.5g

Figure 12: Deformed structure as calculated by CFD (M
=0.50, 2.5g pull up manoeuvre)

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org
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X Recommendations
All simulations presented here are performed using
a linear structural model, which is not justified for
the large deflections encountered in the obtained
results. The structural model contained elements
which are not suitable for nonlinear analysis
howeve. It is therefore recommended in the future
to replace elements that are solely applicable to
nonlinear analysis, with elements that can be used
in simulations that include nonlinear structural
effects.

Moreover, the conclusion from the gust
analysis is that the linear, modal analysis is
sufficient to accurately resolve the dynamic
structural effects. This conclusion is encouraging,
however, is based on the smallest gust width
required from the certifideon. Larger gust widths
will result in longer periods of increased local
angleof-attack and as such, longer periods of
increased loading. This will result in larger
deflections. Hence, the conclusions here cannot be
used as final, definitive justificatiofor using modal
analysis, yet provide some good initial evidence. It
is therefore recommended to repeat these
simulations with larger gust widths.

Finally, there are some differences
between the results of different partners that could
not be fully explained. Therefore, it is
recommended to more thoroughly investigate
where the differences in simulation results come

from.
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@nlr.nl
Cédric Liauzin ONERA cedric.liauzun@onera.fr

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org
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AD/AG57 Secondary inlets and outlets
Monitoring G. Mingione
Responsable: CIRA
Chairman: A. Carozza

CIRA

X Activity concluded
See report GARTEUR TR99 (Limited).

X Synthesis
Aircraft captures the outside aiith secondary air
inlets for air conditioning, ventilation and cooling.
Their shapes differ widely depending on integration
possibilities, performance requirements and
minimization of interference effects (including
drag). In the case of transport air¢ré€ivil and
military), the capabilities of secondary air inlets
have to collect more and more air from the outside
to replace the bleed air provided by the main
engines, for aiconditioning purposes. This
tendency is also driven by the requirement to
prevent fumes from entering the cabin as well as to
create a possibility to utilise engine bleed air for
active flow control purposes.

In the case of combat aircraft, the significant use of
composite materials for structural parts and their
inability to convect/dissipate heat in combination
with increasing energy consumption of onboard
equipment generates a novel cooling challenge.
Here, the integration of secondary air inlets that
provide an increased mass flow is predominantly
determined by lowobservable aspects, since these
inlets are critical components for advanced combat
aircraft with high requirements for reduced radar
signature. Tie hidden integration of secondary
inlets points towards an installation inside the main
engine air intake. Such a configuration would
considerably reduce the radar crasstion of the
aircraft on the one hand, but requires additional
attention to the quiy of the intake flow field and

to engine/intake compatibility on the other hand.

The group activities concern the application of
secondary air inlets on multiple aircraft platforms,
both transport aircraft (civii and military) and
combat aircraft. The submerged air intake (NACA
type) is predominantly selected for application on
the faring of transport aircraft (civil and military)
whereas the hidden inlet is utilized for application
inside the engine air intake of combat aircraft in
order to reduce the radar signature.
The group focused its efforts on the following
items:

1. Belly fairing NACA standard intake,

2. Piaggio P180 aircraft air cooler air intake,

3. Airbus A320 VTP flapped air intakes,

4. An integrated secondary inlet in the main
engine air intake of a combat aircraft

The main objective of the project was to analyse the
efficiency of various air intake types for using the
stateof-theart CFD and the performance
evaluation methods.

Inside the first work package, NLR investigated the
drag and performance of the NACA submerged
intake together with CIRA. Airbus Defence and
Space and CIRA have also investigated the
performance of the Piaggio P180 oil cooler with
different approaches. Thebdes appear to predict
well the behaviour of the aerodynamic solutions
with comparable results with some differences.
Those differences are likely due to the assumptions
within the codes and the different grids and levels
of discretization in the computanal domain.

In the second work package the design of secondary
inlets for two military configurations has been
accomplished. Mesh generation process and entire
CFD process were stable, fast, and efficient. The
report provides comparisons of the two inlets (total
pressire recovery, distortion, design
considerations...).

X Recommendations
A Python tool environment for automatic extraction
of total pressure recoveries, DC60, and swirl is
recommended for future investigations.

A higher secondary inlet mass flow rate reduces the
mass flow spilled by the engine and in fact the
intake sizing should consider it. Nevertheless,
considering only one engine setting and a very
limited number of boundary conditions and flight
conditions equires much deeper investigations (off
design conditions). Due to lack of resources passive
flow control design have not been addressed.

x AD/AG-57 membership

Member Organisation

A. Carozza CIRA

1. J. Rodriguez Hidalgo AIRBUS

U. Krause AIRBUS

J. Himisch DLR

C. Gonzales Biedma Airbus D&S
R. Ehrmayr Airbus D&S
H. Maseland NLR

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org
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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
in the design of a supersonic-hireathing vehicle,
whether the propulsion system is a turbojet, a ramjet
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
completed 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 interest
for military aircrafts and missiles.

x Objectives
The main objective for the AG8 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:
- Cowl oblique shock / boundary layer / mixing
layer interactions
- Internal bleed flows
- Supersonic air intake diffusers and scramjet
isolators including corner flows description.
It is expected to support each theme with recent and
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:
- Clarify the benefit of new CFD methods (unsteady
ZDES approach) and HPC capacities in comparison
with the last AG34 for example,
- Assess RANS methodology (including turbulence
modelling, grid mesh refinement) to tackle the
proposed research topic, and
- Estimate the CPU cost of the comparative
methodologies.

X Main achievements

WP1: Management

In 2024, someomputations were performed both
by MBDA, ONERA and FOI but still need to be
gathered and analysed in common. For the WP2
case, ZDES was finalized by ONERA. For WP3,
DLR reported that it was not possible to gather the
missing experimental data. This casall vbe
completed with the available published data and the
simulations already performed by MBDA and FOI.
More detailed measurements were gathered and
shared by DLR for the WP4, especially regarding
thermal fluxes. This task will require more common
work in 2025.

The final report will be postponed by the end of
2025.

WP2:Supersonic diffusers flows

The case proposed in WP2 involves shock trains
prediction.

The main challenges are:

prediction of shock / boundary layer interactions
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 accurately these
flows. More advanced models may be required
based on RANS withnon linear closures or
LES/DES techniques.

A 3D test case with thick BLs4 A (B DQG
strong effect of corner flows from Fiévet et al
(AIAA J, 2017) was identified by ONERA but the
paper seems not sdfifficient to be used as a test
case.

ONERA proposed to design a testse similar for
AG58 but with wellknown flow conditions at
boundaries, seigurel13.

Several RANS computations were performed by
ONERA. Inlet flow profiles are now available to all
partners, seeFigure 14. 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
including non linear closure turbulence models
(SAQ&5 560 «

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org
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Mach number in the symmetry plane
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Pb=70% normal shock
back pressure, subsonic

=1.96, Pa=15 kPa

15 20

Pressure field at X=0

- Cormner flow vortex simulated thanks to
the QCR approach

Shock location xy depends heavily on the BL
properties (e.g. thickness)

B 2
!.'h

Flgure 13 Shock train in a rectangular crossection
channel. ONERA tesiase

Figure 14 Inlet flow field proposed by ONERA for shock
train case computations.

RANS computations were performed by ONERA
and also MBDA using SpalaAlimaras (SA) and a
non linear closure variant (SACR).

QCR generic formulation is detailed below.

‘With the Quadratic Constitutive Relation (QCR) correction, instead of the traditional lincar Boussinesq
relation, the following form for the lurbulent siress is used;

Tijack =T — Cont (04 Tiic + Ok Tiie |

where 7;; are the turbulent stresses computed from the Boussinesq relation, and Oy, is an antisymmetric
normalized rotation tensor, defined by:

Ou =20y | ?‘T:Z?u'::zm;/\ru}+u§+u§+v;‘+v}+v§+w§+w§+w§
1 duy o
Figure 15: Principle of QCR non linear 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 an& symmetric one for the SA
QCR (cf.Figure16).

SA-QCR

Figure 16: Effects of QCR closure with the Spa4art
Allmaras model on corner flows and shock train
development for WP2 teshse (ONERA).

Comparisons of CFD predictions with available
pressure measurements and published DNS results
show local improvements with the non linear
closure of the turbulence model (€igure 17 and
Figure18).
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Figure 17: Effects of QCR closure with ti8palart

Allmaras model and comparison with wall pressure

measurements (ONERA).
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Figure 18: Effects of QCR closure with the Spalart
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 tedimega
SST model.

Qualitative analysis (k-w SST with/without QCR)
Results consistent with SA: QCR improves dramatically the results
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Figure 19: Effects of QCR closure with theoknega SST
model on corner flows and shock tralavelopment for
WP?2 testtase.

These results (sekigure 19) confirm the trends
from previous results obtained with SA model.

For further information about GARTEUR please contact:
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QCR correction leads to strong improvement
regarding corner flow effects (s€ggure20).

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

Wall centerline

Duct centerline

Figure 20: Effects of QCR closure with theoknega SST
model and comparison with wall pressure measurements
and SA/SAQCR results.
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Further investigations will be made on Reynolds
Stress Model (RSM) and ONERA has completed
ZDES computations (sdggure21).
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Figure 21: ZDES simulations (ONERA) on WP2.

Preliminary comparisons between RANS and
ZDES computations show significant
improvements on shock train prediction as
illustrated byFigure22.

ONERA ZDES mode 3

Dramatic improvement by ZDES
(wavelength, strengh of shock train)

* (xxp)/2h
Figure 22: RANS vs ZDES simulations (ONERA) on
WP2.

WP3: Mach 3 ramjet intake

DLR has described in detail experimental results
obtained in several existing wirtdnnel test
campaigns for a ramjet intake design for Mach 3,
seeFigure23.

+ Twe-dimensional ramjet inlet for use in air-to-air missile (similar to Metecr)

« Design point of baseline configuration: Mach 3

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

- Self-startable, self-start Mach number Ma = 2.1

« Contraction limit at Ma = 3 is 21.8%

+ Contraction ratio about 10%

« Angle of aftack: -6° < o = +8°

Mach 3 geometry
General dimensions - starting point ead poist

Ma 8 5 Iy 5 s Ly,
H ramgs. r [cam) v} [ r fowa] | o]

30 2 90 | w9 [ 151= | ms = - 502

Figure 23: DLR experimental model for the Mach 3
ramjet intake.

This large existing database includes several
effects:
X internal bleedyeometry, 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 Tiw=290 K, p=5.8 bar, Re=40.8 "1(f
m-l
x No angle of attack and no sideslip

For further information about GARTEUR please contact:
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X Throttling effects at downstream sonic
throat condition (throat section can be
changed using a translating plug).

The available experimental data contain Fifjure
24):
X Schlieren images
X Wall pressure measurements
0 34 pressure ports along centreline
of ramp, cowl and diffuser
o Static pressure measurements

with 8400 PSI System by
Pressure Systems
0 Instationary pressure

measurements with  XCILOO
Kulite sensors for frequency
analysis of inlet buzzing
X Six Pitot rakes with different lengths
available
o Can bdntegrated 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 measurements in throttle used for
determination of pressure recovery.
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Figure 24: DLR experiments with measurements and
rakes location.

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

Table4 Measurement uncertainties of throttle device

Advins fring) Alpa/po)/
My (ivyfrig). % Apgsfpas. % AA3 A % (pafpu). %
25 1.70 0.03 0.03 0.09
3.0 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 conditionsieeded 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 assess by
2D computations the potential effect of wituthnel
walls on the bleed mass flow rate, as the internal
bleed has no sonic outlet as illustrated-igure25.
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Figure 25: lllustration of Mach number of the internal
flow inside the bleed (DLR).

The 3D CAD file, ready to mesh, has been
provided to all members (sefeigure26)

%‘:ﬁ ;_,F—'-”—;;;] —

Figure 26: CAD provided by DLR for the WP3
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 using back
pressure on short domain or by modifying the sonic
throat on the full domain in the computational
process. Tis 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 will be focused on RANS
approach with same turbulence models effects as
those proposed in WP2 as well assessing adaptive
grid refinement improvements.

P; = 1.3 bar

P; = 2.0 bar

Figure 27: Characteristic curves at Mach 3.0 using
CEDRE code.
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Figure 28: Fig.15 Preliminary investigation of internal
bleed effect at Mach 3.0, using CEDRE code With
omega SST turbulence model.
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Figure 29: Preliminary investigation of turbulence
model effect at Mach 3.0, using CEDRE code with k
omega SST turbulence model vs EARSM

WP4: Mach 7 scramjet intake
The proposed testase is illustrated on theigure
30.

* Windtunnel model geometry
* Scale: 1.5:1
« Capture area: 0.1 x 0.1 m?=0.01 m2
+ Throat height 15.5 mm -> contraction ratio = 6.45
* Intenal contraction ratio Ag/Ay, = 1.19 in basic configuration
+ Can be increased up to 1.88 for 2D-configuration
» Ramp angles 3, = 9.5°, §, = 20.5°(against x-axis)
* Isolator bottom wall divergent by 1
+ Height at combustion chamber entry 18 mm
Porizontal by optical wundows defined nterface of solator and

doubie ramp combustion chamber (x - 585 mm)
TR variabie lip length

[ i 269.6

Figure 30: DLR experimental model for the scramjet
Mach 7 intake.

One topic for WP4 will be the aerothermal fluxes
prediction and effects of sidewalls compression, see
some examples of experimental resultsFigure

3L

It was decided to compute the closed bleed
configuration in supercritical conditions with a
downstream extension sufficient to include the Pitot
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 isolator or
infrared measurements on the ramps for the heat
fluxes).

Figure 31: DLR experiments on the scramjet intakes,
with IR thermography. Effect of sidewalls compression
on heat fluxes and corner flow.

The CAD, ready to mesh, provided by DLR is
presented on thieigure32. The exit plan is located
downstream the isolator Pitot rake.

Computations efforts will be focused on RANS
approach with same turbulence models effects as
those proposed in WP2.

For further information about GARTEUR please contact:
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Figure 32 CAD provided by DLR for the WP4
computation (closed bleed case).
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Figure 33: Preliminary computation, using CEDRE code.

x Expected results/benefits

The project is expected to yield 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
flow computations.
x AD/AG-58 membership

Member Organisation e-mail

Oliver Hohn DLR Oliver.Hohn@dlr.de
Magnus Tormalm  FOI magnus.tormalm@foi.se
Laszlo Vimlati FOI laszlo.vimlati@foi.se
Josefine Gessl FOI josefine.gessl@foi.se

Didier Pagan

Christophe Nottin

MBDA France

MBDA France

didier.pagan@mbda-systems.com

christophe.nottin@mbda-
systems.com

Sébastien Deck ONERA sebastien.deck@onera.fr
Neil Sandham UGS Gl n.sandham@soton.ac.uk
Southampton
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AD/AG59 Improving the simulation of

laminar separation bubbles

Monitoring G. Mingione

Responsable: CIRA

Chairman: P. Catalano
CIRA

X Activity concluded
See report GARTEUR TR 98 (Open).

X Synthesis

The main goal of the action group has been to
improve the modelling of the numerical methods
used in the reproduction of the laminar separation
bubbles. Incompressible flows in a wide range of
Reynolds numbers have been analysed. An
investigation of the main issues that flows at low
Reynolds numbers could present in transonic
conditions has also been performed.

The focus is placed on the methods based on the
Reynolds Averaged Naviedtokes (RANS)
equations. A crucial point in applying the RANS
approach is the turbulence modelling. The most
critical issues to be addressed are the determination
of the transition loation and the production of the
turbulent kinetic energy. In fact, the presence of
separation bubbles means that the separation is
laminar and the transition points are very difficult to
be set. The turbulence models are instead calibrated
for separatioiin the turbulent flow regime, and need

WKH WUDQVLWLRQ SRLQWV WR E

other critical point is represented by the levels of
turbulence inside the recirculation region of the
bubble. A proper modelling of the production of the
turbulent knetic energy inside the recirculation

region of the bubble should ensure a better
reproduction of the pressure recovery and of the
bubble length.

Common test cases have been performed B8 G
participants and the comparison of the different
methods and models has allowed to individuate the
advices for the numerical simulation of the laminar
separation bubbles. The quantities of interest are:

X The determination of the transition location;

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 at high incidence
and consequences on the stall characteristics;

x  Critical evaluation of the laminar boundary
layer instability analysis methods for the
treatment of laminar separation bubbles.

The attention of the AG has been also devoted to
low-Reynolds number flows in transonic regime.
These flows have an unusual specification that
could occur in notEarth (i.e. Martian) atmosphere.
The execution of a common tesise with available
models has allowed for the assessment of the
current methods and for the individuation of the
main issues to be addressed for this kind of flows.

Boundary layer instability analysis tools have also
been compared with the RANS results to ascertain
deficiencies of the turbulent onset point; moreover,
the RANS embedded turbulence/transition models
have also provided significant insight into the
efficagy of the boundarjayer instability and hence
transition criteria.

The importance of employing turbulence models
PDNLQJ XVH RI WUDQVLWLRQ
has been highlighted. Interesting approaches based
on functions for the boost of the turbulent kinetic
energy have been proposed. Good results have been
achieed by employing the Spala#timaras model

with transition functions, especially the version
modified for decreasing the destruction term of the
model. This has as a consequence the enhancement
of the skin friction levels in the recovery region of
the flow. The same effect can be obtained by a
function that multiplies the production term of the

NLQHWLF WXUEXOHQFH HTXDWLRQ DV

LSST model.

A f i the b fthe, turb
b IR o D SO R
SST model retrieving the beneficial effect of a
transition function and, at the same time, ensuring
the enhancement of the friction levels. These
remarksapply to the laminar bubbles analysed at
low Reynolds numbers. At high Reynolds number
the use of transition functions has allowed to obtain
satisfactory results in good agreement with the
experimental data.

kinetic

The study of laminar separation bubbles in the
compressible regime has evidenced the same issues
encountered by the numerical methods for
incompressible flows. In fact, the main troubles are
related to the reproduction of the bubbles and of
separated regis. The Mach number does not
critically influence the flow field. It seems, on the
contrary, that the increase of Mach energizes the
flow that is more able to withstand with the adverse
pressure gradients and becomes less prone to the
separation. It is wah noting that this regime is of
particular interest for the flight in the Martian
atmosphere whose conditions of low pressure,
density, and temperatures produce flight conditions
characterized by very low Reynolds numbers, about
2% of those on the Eartim combination with high

For further information about GARTEUR please contact:
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Mach numbers, about 1.5 times higher than the
terrestrial ones.

A further work package has been devoted to explore
the use of instability analysis methods for pressure
induced laminar separation bubbles and to assess
their capability for predicting the transition. The
methods have been applied to two airfoils alstién t
turbulent flow region. LES data has been used as
basic flow. It has been shown that the PSE
methodology is well suited for the linear stability
analysis of convectively unstable LSBs. The N
factor envelope curves by PSE well compare with
the more expeige AHLNS ones. The Mactor
based prediction of the transition is consistent with
the field of the turbulent kinetic energy coming
from the large eddy simulations. All traced modes
reach a maximum close to the reattachment point
(averaged in time and spgcand tend to become
neutrally stable downstream.
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(a) Overview (b) Separation bubble region.

Figure 34: Basic flow around the SD7003 airfoil for M =
0.10, Re = 60,000 and>= 4.0°
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Figure 35: Skin friction coefficients for the SD7003
airfoil for M = 0.10, Re = 60,000 and>= 4.0°

X AD/AG-59 membership

Member Organisation E-mail

P. Catalano CIRA p.catalano@cira.it
D. de Rosa CIRA d.derosa@cira.it
M. Miozzi CNR-INM

S. Hein DLR

J. A. Franco DLR

F. Tocci

9 GT$OHV\
G. Delattre

|. Bernardos

R. Tognaccini

Z. Hu

Y. Hoarau

A. Marouf

M. Righi

DLR

Marche
Uni.
ONERA
Toulouse

ONERA Meudon

Uni. Napoli
3)HGHULFR
Uni.
Southampton

Poly.

Uni. Strasbourg
Uni. Strasbourg

Uni. Strasbourg
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AD/AG60 Machine learning and data
driven approaches for
aerodynamic analysis and
uncertainty quantification

(ML4AERO)

Monitoring
Responsable:

F. Monge
INTA

E. Andrés

INTA

D. Quagliarella
CIRA

Chairpersons:

X Activity concluded
See report GARTEUR TR02 (Open).

X Synthesis
The GARTEUR AD/AG6EXxplored the application
of machine learning (ML) and dathiven
methodologies for aerodynamic analysis and
uncertainty  quantification. Key findings
demonstrated the effectiveness of advanced ML
models, such as Multayer Perceptrons, Graph
Neural Netwoks, and Autoencoders, in predicting
aerodynamic  behaviors, particularly  under
nonlinear conditions like shock waves and flow
separation. These models showed significant
potential for industrial applications, with
approaches like Proper Orthogonal Decomjimsi
(POD) and Isomap providing efficient redueed
order representations. Additionally, data fusion
techniques integrating mudtidelity datasets from
CFD, wind tunnel tests, and other sources proved
valuable for synthesizing diverse information into
consstent aerodynamic predictions. Uncertainty
quantification methods highlighted challenges in
handling incomplete datasets, successfully
addressing these through innovative mfidtelity
and adaptive modeling approaches.

The conclusions emphasize the scalability of these
methodologies for industrial configurations, such as
the Airbus XRF1, demonstrating reduced
computational costs while maintaining accuracy.
Techniques like physiesased regularization and
Physicsinformed Neural Networks (PINNs) were
identified as critical for improving generalization
and reducing data requirements. Adaptive learning
and incremental model refinement emerged as
promising strategies for optimizing surrogate
models in complex aerodynamic seeins. Future
research will focus on enhancing robustness,
particularly in highly nonlinear regimes, and
integrating uncertainty management for broader
industrial adoption.

Overall, the findings underscore the transformative
potential of ML and datariven approaches in
aerospace design, offering scalable, efficient, and
accurate solutions for aerodynamic analysis and
optimization. These advancements pave the way for
more efective integration of computational and
experimental data in the design and evaluation of
nextgeneration aerospace systems.

a =900, M =0.704

Taylor - KNN

SdI

v R? = 0.570 R? = 0.903
e MSE = 0.0871 MSE = 0.0197

\

NNa

R? = 0.926 R? = 0.935
MSE = 0.0150 MSE = 0.0132

Figure 36. INTA results, cp
Isomap+DNN

prediction usin

Figure 37: DLR results, cp prediction combarison
PODi, GNSR and DNNN methods

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
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AD/AG61 Hybrid RANS/LES methods fol

WMLES and Embedded LES

Monitoring J.-L. Hantrais-
Responsable: Gervois
ONERA
Chairpersons: N. Renard
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 activities (see
AD/AG-54 for instance), family 1l strategies are of
interest (where only the inner part of the attached
boundary layer is modelled in RANS whereas the
outer region of the boundary layer is resolved by
LES). Such strategies belong to the more general
Wall-Modelled 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 use of LES can thus be restricted to the regions
of interest in a so called embedded LES strategy.
The activities of the group aim at facilitating the
introduction of family Il in industry. The several
turbulent relative topics are investigated through 4
test cases.

X Main achievements
The following four test cases serve the modelling
development and validation objectives:

X Test case 1: Mixing cflow of wakeand
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
case+ZPG flatplate boundary layer.

Case 1
e

i AP Y P e R iR

Case 2

Figure 38: TC1 mixing ceflow (SAAB)
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Figure 40: TC3 shallow separation (UNIMAN)

Vorticity magnitude

at plate (NLR)

Figure41: TCA4 fl

X Management issues

The group is active since April 2022 (distance kick
off meeting) and a distance progress meeting has

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org


mailto:secretariat@garteur.org
http://www.garteur.org/

been held in February 2023. Due to the COVID
crisis, the kickoff foreseen in 2021 had been
delayed to 2022. The end date was initially planned
at the end of 2024 and aygar extension to end
2025 has been granted (at constant budget).
Following the depdure of S:H. Peng from FOI
without replacement, S. Rezaeiravesh (UniMan)
has accepted to become the newchairman of the
group. An inperson progress meeting has been
hosted by UniMan on April 18, 2024 in
Manchester, which has enabled fruitful disioss.

The next inperson meeting will be hosted by CIRA

in spring / summer 2025 (the exact time slot is under
discussion).

Some encouraging results are already available and
the group is well organised to work actively.
Because of the delay in the group progression, there
is a need to extend AG61 to the end of 2026.

X Expected results/benefits
Thanks to the simulations and comparisbesveen
the partners, the group aims at achieving progresses
in:
X resolved turbulence injection prediction of
mild flow separation;
X improved accuracy in shock wave /
boundary layer interaction (for supersonic
and transonic flows);

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

x applicability (and robustness) to muilti
domain and curvilinear geometries;

X interaction between modelled and resolved
turbulence;

X mitigation of the log layer mismatch.

x AD/AG-61 membership
Member Organisation  E-mail
Nicolas
Renard (c) ONERA nicolas.renard@onera.fr
Sébastien
Deck ONERA sebastien.deck@onera.fr
Yannick Université de
Hoarau Strasbourg hoarau@unistra.fr
Abderahmane Université de
Marouf Strasbourg amarouf@unistra.fr
Magnus
Tormalm
(observer) FOI magnus.tormalm@foi.se
Sebastian
Arvidson SAAB Sebastian.Arvidson@saabgroup.com
Magnus magnus.carlsson
Carlsson SAAB @chalmers.se
Pietro
Catalano CIRA p.catalano@cira.it
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Appendix B: AnnexGoRAVviation Security (AS)

ANNUAL REPORT FROM THE GROUP OF RESPONSABLES
3$9,$7,21 6(&85,7<’

Remit

The GoRAS supports the advancement of civil and defence related security technol&yopean
research establishments, universitiesdustries and other relevant European Entities (e.g. National
Civil Aviation Authority, MoD, Military entities, etc.) involved in security for awiathrough
collaborative research activities, and through identification of future projects clalaboratve
research.

The GORAS initiates, organises and performs research on detection and mitigation lasvfuh
interferences against aviation. Both physical and digital interferences are considered. Stmpicss
Cybersecurity, Unauthorized drones, Laser Dazzling, ChefBiolbgical & Explosive detection are
addressed by the GoR.

GoRAS Overview

GOoRAS Activities

Two high priority research topics weigentified a few years ago following discussions with various
industrial, institutional and academic stakeholders. @dRis focusing on the investigation of these
two topics:

X detection and mitigation of unauthorized drones,
X assessment of security risks caused by Al in Aviation.

Unauthorized Drones

Since the end dturopeamSPRID (Airport System Protection from Intruding Drones) project and AG
AS1, ONERA, INTA and CIRA have kept on collaborating on this topic. In 2024, fourcscientifi
publications were written in order to disseminate the new results obtained on this topic.

In 2024, the group investigated drone attacks in a large geographical aapaged by a $pace
service providerln Europe, the k$pace framework is designed to safely managedititude traffic,
particularly drone activities. While most aircraft are expected to be authorizelddcaoperative, U
space must also address unauthorized, {wowperative, or malicious awaft to protect persons and
goods on the ground as well as other aircraft in the airspdde management of all the risks
potentially causedy drones is essential to achieve the safety and security objectivesspfe in
regard to the drone ecosystem. This requires the exploration of technical feasibilitaftaging non
cooperative drones and the analysis of their impact on the curregptdge system services. In 2024,
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the group proposed a preliminary concept for improving the safety and the seafrityUspace
system by means of a novel service, named DARS (Drone Attack Resilience Saevise)vice
explicitly would be based on resilienrdeven features and woulde powered by artificiaintelligence
capabilities. The preliminary concept was investigated in terms-spdde impacts, context and
functional architecture.

In 2024 the group also investigated threat scenarios that combine drbysiqal intrusion with cyber
attacks on kkpace services. Two challenging scenarios that combine drone intrusion with cyber
attacks on kbkpace remote identification messages were ddesed: simultaneous emission of
multiple false remote identification messages in order to hide drone intrusi@may of previously
recorded messages in order to help a drone to masquerade as a legitimate emergencytérelicop
These scenarios highligtite need to enhance current defence strategies against drone intrusions in
order to deal with cybeattacks.

lllustration of cybersecurity attack on-Epace Remote Identification Service

In 2024, the group started to investigate attacks performed by drone seamd swarms. An enhanced

version of the SESAR Security Risk Assessment Methodology (SecRAM) was used to assess the risk
linked with a network of multiple drones performing a monitayioperation. The same methodology

was also used in order to automatically investigate the threat scenarios assowiited)-space

services.

This topic was discussed by researchers of CIRA, INTA, ONERA and University of Campania (1),
University of Salerno (l) as well as members of Eurocontrol Civilian/Mitibanglination team (EU),

ENAC (1), SmartTesting (F) and FEETQF). A new SESAR psagp on this topic could be submitted

by the GoR members in 2025.

Al and Aviation Security

Al Assistant cybersecurity is another topic that @dRcontinued to explore in 2024. Members of the
GoR as well as members of other GoR are investigating the use of aligitthnt based on Machine
Learning in various domains of aviation. For instardegssistantvasdeveloped to help AiTraffic
controllers detect and correct aircraft trajectory conflicts. Al assistant should alsodted orboard
the aircraft in order, for instance, to detect unstabilized approdd/AG20 is investigating the use
of Al techniques for flight control fault detection.
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Due to the role played by Al assistants in safety critical tasks, their safety and dastifiaee
extensively investigated by EASAwedl as the industrial and academic community. EASA Al Roddmap
recognizes the important role of cybersecurity but it provides by nowedd guidance on this topic.
ENISA, the European agency in charge of cybersecurity has investigated genefibregteragainst
Machine Learningbut the relevance of these threats to Al Assistants in the Aviation remains to be
established.

In 2024, the group identified that Al Digital Assistants could also help perégbersecurity risk

assessment. The Digital Assistant could monitor the quickly evolving cybersecurity thosaialaa

and continuously update the risk assessment when impurtaew threats appear. The Digital
Assistant might also contribute to the design of the protection architecture byirigethe designer to

select the most relevant and robust security mechanisms.

The Al Assistant cybersecurity topic was discussed by researchers of CIRA, DLR, ONERARBEM
(S) and industrial partners Collins (I) and Leonardo (l).

Management

BiFMonthly virtual meetings were organized to explore the GoR Aviation Security research topics. A
faceto-face meeting was organised on November, 14 2024 at CIRA facilities in Capua.

Dissemination of GARTEUR activities and results

The main dissemination event during 2024 was the organisation of a special sassionavative
Security Concepts and Applications in Aerospace Systems" during the secondteEtfoimal
TechDefenseWorkshop in Naples on November-13, 2024. Several papers related with GARTEUR
Aviation Security were written and presented during this workshop.

On November 4th, D. Pascarella from CIRA patrticipated to EurocontreLélighWorkshop on the
Current State of Counter Unmanned Aerial SysterdAS) and presented the results of GoR AS on
this topic.

Documentation issued

Four scientific papers were prepared in 2024 by members of the AS GoR and pregehtedechDef
conference.

D. Pascarella et al., "A Preliminary Concept for a Resilience Service to Manag€yyeriehysical
Attacks," 2024 IEEE International Workshop on Technologies for Defense and SeathiDg{@rese),
Naples, ltaly, 2024, pp. 3856, doi: 10.1109/TechDefense63521.2024.10863264.

2EASA Al Roadmap 2Hitps://www.easa.europa.eu/en/downloads/137919/en

3 Al Cybersecurity Challengédtps://www.enisa.europa.eu/publications/artificisihtelligencecybersecurity
challenges/@ @download/fullReport

4 https://techdefense.org/techdefense2024/

5 https://www.eurocontrol.int/event/high-levelworkshopcurrent-state-counteruassystems
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P. Bieber and T. Dubot, "Drone Intrusions #$pace: Risk Analysis and Modeling of Giatsssical
Attacks," 2024 IEEE International Workshop on Technologies for Defense and SeathiDg{@ese),
Naples, Italy, 2024, pp. 33889, doi: 10.1109/TechDefen88521.2024.10863471.

R. Elia, M. Rak and Pascarella, "Preliminary Concept Design of an Ontology for the Security Risk
Assessment of {$pace Solutions2024 IEEE International Workshop on Technologies for Defense
and Security (TechDefense) Naples, Italy, 2024, pp. 3435, doi:
10.1109/TechDefense63521.2024.10863476.

G. P. Rimoli, M. Ficco, D. Pascarella and V. U. Castrillo, "Security Assessment of Droadeams
Swarms Using an Extended SecRAM Methodol@p24 IEEE International Workshop on
Technologies for Defense and Security (TechDefendaples, Italy, 2024, pp. 3333, doi:
10.1109/TechDefense63521.2024.10863721
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Status of Action Group

One original aspect of Aviatidecurity is that new threats are constantly emerging. Knowing threats
that are applicable to the Aviation domain ipeerequisite for almost all the research performed in
the Aviation Security domain. GARTEURGAR is a good forum in order to identify and assess threats
to Aviation Security.

ASGOR plans to organize in 2028 several workshops about new threats to Aviation Security. The
aim of this workshop is to produce an-tgp-date threat landscape that could foster further research
projects.

Prior to a workshop, AGoR members will compile a list of potential generic threats extracted from
the scientific literature. The workshop will gather experts from@dR as well as invited attendees
from industry and academia, they will assess the genimieats. In particular, they will identify the
generic threats that are applicable to the Aviation domain. They will also evah@impact of the
threats on the Aviation domain. The conclusions of the workshop will be publshedGARTEUR
paper in ader to disseminate broadly the produced Threat Landscape.

The various papers presented by the GoR members as well as other organisatiogstiae 2024
IEEE TechDef workshop special session provided a lot of interesting cihmishin terms of threat
assessments. It would be interesting to organize anothetl@ingession in future editions of this
workshop or similar conferences.
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Appendix C: Annex GofRotorcraft (RC)

ANNUAL REPORT FROM THE GROUP OF RESPONSABL
NZKAdKZ Z &d_

Experimental tests in RC/AP%

Remit

The GoRRC supports thadvancement of civil and defence related rotorcraft technology in European
research establishments, universities and industries through collaborative researchiessgtiand
identification of future projects for collaborative research.

The GoRRCinitiates, organises and monitors basic and applied, computational and e>qrgem
multidisciplinary research in the context of application to rotorcraft vehi¢hedicopters and VTOL
aircraft such as tilt rotors, compounds, medtipters) and systems ¢bnology.

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

X decrease costs (development and operation) through Virtual Engineering using oalmeri
tools based on lovorder (analytical, BEM) to higtrder (CFD) methods, validated with
relevant tests campaigns;

X increase operational efficiency (improve speed, range, payload, all weather capdiigitly
efficient engines, more electric rotorcratft ...);

X increase security, safety;

0 security studies, UAVs, UAM eVTOLs, advanced technologies for surveillance, rescue
and recovery;

o flight mechanics, flight procedures, human factors, new commands and control
technologies;

0 JVE + E «ZA}ESZ]v *eU 00]*3] % E}S 3]}vU YV
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X integrate rotorcraft better into the traffic (ATM, external noise, flight procedures,
requirements/regulations);

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

X progress in pioneering: breakthrough capabilities.

Technical disciplines include, but are not limited to, aerodynamics, aeroehasticitiding stability,
structural dynamics and vibration, flight mechanics, control and handliraitips, vehicle design
synthesis and optimisation, crew station and hunfaetors, internal and external acoustics and
environmental impact, flight testing, and simulation techniques and facilitiegriarndbased testing
and simulation specific to rotorcraft.

A characteristic of helicopter, tiltrotor, compound and nudtipter matters is the need for a
multidisciplinary approach due to the high level of interaction between vaeious technical
disciplines for tackling the various issues for rotorcraft improgetn

The GoRRC, wherever practicable, informs, seeks specialist advice and participation where
appropriate, and interacts with activities in other GARTEUR Groups of Responsables

GoRRC Overview

GoR Activities

The members of GoRRpresent the major national research centres and helicopter manufacturers in
the European Union involved in civil and military rotorcraft related research. Curréndyoticeable
that the two European helicopter manufacturers represent more than @d%e civil helicopters
delivered worldwide.

This membership enables the GoR to act as a highly effective forum in its primary fuottion
promoting collaborative research through Exploratory Groups and Action Grdtiphas been
successful in establishing collaborative research programmes, at @amopetitive level, to the
benefit of the European rotorcraft community, including both governmental addstrial interests.

In addition, the GoR represents a unique forum within Europe for the interaction of tleands
establishments and industry, fahe exchange of knowledge and understanding in the field of
rotorcraft research and technology. An increasing number of University teams areaasddoi the
activities of the action groups. Since 2011 the University of Liverpool is an active menteGufR.
The GoRRC is a kernel for ideas for new research projects and supports the preparatiome Gl $eU
proposals, despite in the last few years no project dedicated to rotorcraft has bededury Clean
Aviation. The GoRC is concerned by the fabiat rotorcraft topics are not included in the working
program for Clean Aviation and that opportunities of a European project dedicateatdraft in
Horizon Europe are limited.
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A particular area of success in past work has been the development and validatioodefliny
capabilities for rotor aeromechanics, for rotorcraft flight mechanics and simulatamvibration
prediction and management and crashworthiness, and for adc&isThis modelling capability has
underpinned improvements across the field of rotorcraft performance, enhancing bditamnpiand

civil market competitiveness, as well as safety for all users. There is no quiistiche availability

of high quality, vell-validated modelling tools is essential to the effective design and developnfient o
competitive rotorcraft and it may fairly be claimed that in supporting the creation of sumls over
many years, GARTEUR has significantly contributed to place theeBormdustry in the favourable
position that it holds in the world markeilace today.

In addition, as rotorcraft require multidisciplinary studies, the AGs discuss andngpech@ols with
other AGs (for example from FM, AS, AD and SM domains).

Finally, the GoRZ ]+ p-e . (}EpuU (}JE E] (JvPe C uu E&- }v SX |E }EP \
for discussion of new ideas which may be mature for collaboration. The GoRoalsiders other

collaborative initiatives within Europe, bringing mutwesdderstanding and cordination and hence

contributing to best use of scarce resources. For instance, the GoR is mamtairemvareness of the

range of EU Technology Programmes.

Management

The chairmanship was transferred to Mark White (Univ. Liverpool) in 2024 with theofroléce
Chairman transferring to Arnaud Le Pape (ONERA). There are two new members in tbaR@oR,

Dr Florent DeHaeze (Leonardo Helicopters, UK)Pantessor Alvaro Cuerva (Universidad Politécnica
de Madrid, Spain)

Generally speaking, the rotorcraft community in Europe is rather small. Indeext, GolR members
are at the same time deeply involved in the preparation of proposals for EU mogecthat
automatically there are close relations between GARTEUR resedidties and EU projects.

In the Clean Sky 2 Joint Technology Initiative and especially for Fast RotaibRfthe GoR members
were active in Calls for Proposals. In the view of theGRR, this aspect is advantageous for all,
GARTEUR and EU, industry and research establishneptsctice, the Exploratory Groups are used
both for the generation of proposals for continued GARTEUR activity witi#otaon Group, normally

at a relatively low level of effort, to analyse the state of the art for riepics and to define the
framework and specification of further common research programmes, including EU proposals. In
general, these activities are complementary, with some EU projects based on earli@dEGRR
research, and GARTEUR Action Groups benefiting from the outcome of EU &atdédes. This
applies in particular by using extensive wind tunnel and flight test databasegelhas any kind of
valuable validation data.

During the reporting period, the RGoR held two meetings:
X 89" GoR Meeting: 1!3 t 14" February 2024, at ONERA, Palaiseau (F);

x 90" GoR Meeting: "9 October 2024, Online
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The main business of the meetings was to discuss further topics and to implemeBtstyear

planning process as well as to present the status of the current AGs and EGs. The GoR meetings were
used to harmonize the views and the involvement of memberandigg preparations for proposals

EU calls, as well as future issues to be considered. Furthermore, the dissemination of GARTEUR resul
on international conferences like the European Rotorcraft Forum (ERF) and the Annual Ftinam o
Vertical Flight Sodig (VFS) and the Asian/Australian Rotorcraft Forum (ARF) was harmonized and
supported.

In the year 2024 two Action Groups and one Exploratory Group were active.
Dissemination of GARTEUR activities and results

Results coming from AGs are traditionally prone to publication eithenimats or in Conferences. In
the field of Rotorcraft, the two conferences having the greatest impact are the ERReachnual
Forum of the VFS.

Documentation issued
Reports

x F.De Gregorio; J. Yin,KX Z}ee]Pv}oV X ¢ v}88]V AX >p +us8s8Z]JA] }}vU ~D §
viuu E] o <]upuo-A336/Ddllvety (Updated Version)

x F. DeGregorio, Manuel KeRler, A. Zanotti, B. COTTE, S. Luesutthivie®oRoksignol, J. Yin,
A% ](] S8]}ve }v luul}lv «]4AG26 Béliverny[UAdated Version)

X DX Dpu3zuU ~ & 3 % E 5] 10 YduhZ&ERL o0 » Sp% e+ U 'i0 o0]A EC

X zX pee U X 188 U "Z %}ES }v 8Z A}} Vv >Z % E}% 00 E § 5
x 'XY]}IU'" @& I}eweVIZIV(]PUHE SAG26 Delivery

Theses

X D vp o/ vv}$s U ~u% E}AwvakevModél for8h@&Analysis of a Srsdhle Twe
bladed Propeller in Hover with Manufacturipgoduced Dissimilarities in the Blade
"}u SE] *U_ W}o]s v]} ] DJ]o v}iU X 1110

x Technische Universitat Miinchen: Tonal Noise Prediction for4bladed Accid 13x7 Propeller

X &o0}E] v & p» oU ~ &} Cv u] v Jued] JVvA «3]1P 3]}vy }( $3Z ]v(o
E}S}Es +» %o ES }(SZ 'Zd hZ % E}i §_U hv]A E-]3C }( "3ussP d
x X A oolfidefitpprjumerical approach to aeroacoustic investigation of figside
% E}% 00 Ee v Z}A E_ WK>/D/ DX” dZ o]
x Chambergos v P «U :}e Eo}eU "Epu E] o JVA «3]P 3]}v }( v}l & ]
o %o E}% 00 E_X ~d EU %o % Ee* ]Jv D «§ E }( E}*% § "K
x s]oo s v3 U :Ju D vi}vU "Epu E&] o (0}A <Jupo &]}vi vo v}]e %G

% E}% 00 E ]Jv S v u }V(]JPUE S]}v_U D~ §Z ¢]e ]Jv D 8 & }( &
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Publications

x Kostek, Anna, Braukmann, Johannes N., LoRle, Felix, Visingardi, Antonio,, BRiseq,
'"E v &GU vs8Z}vC XU A &} Cvu] /v8 & S38]}ve ]Jv YU %S E }v
Z}S}E "% JvPU_ Z ~Z e« & Z"~ u S8]}v]v ]@®LIESYNov.]Pve Tilc
2024,- (RC/AR5),

X Anna A. Kostek, Johannes N. Braukmann, Felix LoRle, Sebastian Miesner, Asitogéody/i
Z}vv }]e U s +]o]* Z]I11}3]*U D vpo < "0 EU vsZ}vC X
Investigation of Quadrotor Aerodynamics with Computational Crese] S]}vUal affpEv
the American Helicopter Society, 69, 022009 (2024), DOI: 10.4050/JAHS069,02RC/AG
25);

X lannotta, M., Visingardi, A., Quagliarella D., De Gregorio, F., Barbarino, M., Zanotti, A.,
Au% E}A u v ke Bi@Hel by using PIV Measurements for the Analysis of a-Small
e 0 WE}% 00 & A]8Z Jee]Ju]lo E o " }u SELimgUForli(B,»® yyy/l E
20 Dec. 2024, (RC/AR26);

x Yin, J., De Gregorio, F., Rossignol, K.S., Rottmann, L., Ceglia, G., Reboulp&.GBata#o,
G., Muth, M., Kessler, M., Visingardi, A., Barbarino, M., Petrosino, F., Zanotti, A., berti,
Savino, A., Bernardini, G., Poggi, C., Abergo, L., acdgyardone, A., Testa, C., Zaghi, S.,
A Yped] v E} Cv u] A op §]}scaly rotorZconfigwations within
"Zd hz 'toU_ N E}v uS] o JUEV oU K SX iU A% e WII }]X
007962.- (RC/IAR26);

X Antonio Visingardi, Mattia Barbarino, Fabrizio De Gregorio, Luca Greco, ClestdidSIefano
Zaghi, Jianping Yin, Gabriel Reboul, Andrea Cavalli, Daniele Granata, Luca Abergo, Albert
Guardone, Alex Zanotti, Giovanni Bernardini, Caterina Poggi, Paoliel@an Tiziano
W Po] E}lo]U ' }EP & I}eU " vP Y] }U &0}E] v £Ue"oW L vt 0 <
of the Aeroacoustic Performance of Twin Propellers in Hover by Using theCOIRANO Test
ZIPU_ % @& + vS§ S §Z AISZ HE}% rseilld (B} BLZESdpt. 20p& puU D
(RC/AR26);

X '"E P}E]JIU &XU v o0}E}U WXU 0 M Z 383} &XU o Pw] E}o]
E} }ue8] /vA «8]P 8]}v }( dAJv Z}S}E- Jv ,}JA EZRIE]IE/(SU Al
Forum, Marseille, France, 2 September, 2024RC/AE26);

X A. Zanotti, D. Granata, A. Savino, F. Caccia, L. Abergo, A. Guardone, J. Yin, R. Wickersheim, M.
Kessler, A. Visingardi, M. Barbarino, A. Haas, Kaltenbach, G. Reboul, G. Bernardini, C.
WIPPJU ~ }puA&pdynamic Evaluation of POLIMI Tandem Propellers Configurations
A18Z]v ' Zd hZ 'TOU_ % &E + v$§ § §Z AISZ PE}% Vv Z}S}E & (S
12 Sept. 2024, (RC/AR6);

x KarlStéphane Rossignol, Jianping Yin, Fabrizio De Gregorio, Antonio Visingardi, Giuseppe

Po] UD 8] & EJviU &E v +} W §E}+]v}U-RotalEg Cdp8] * }(
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/Fl o Z}3}Es Jv ,JAE v &}EA E &o0]PZ3U_ % E e« v3 S T1i8.
Conference (2024), June-74 2024, Rome, Italyhttps://doi.org/10.2514/6.20243336 -
(RC/AR26);

x Visingardi Antonio; Barbarino Mattia; Ceglia Giuseppe; De Gregorio FabrizéoGreco;
Claudio Testa; Stefano Zaghi; Paolo Candeloro; Tiziano Pagliaroli; GiBeanardini;
S E]v W}PP]V & €]} WIE Z] U A~ E} }pbladed/SidgleS]P S]}ve
and TWin% E}% 00 E d 8§ Z]PU_ % & e v$§ § §Z / h BE22Ii1e }vPd@
March 2024 (RC/A&26);

X Alex Zanotti; Daniele Granata; Donato Grassi; llaria Savoldi; Luca Riccoberte; ®&vino
N E% E]Ju vs o E} }ues] » /VA «3]P §]}v }( /vd E 3836t d v u W
AIAA/CEAS Aeroacoustics Conference (20R4g 47, 2024 Rome, Italy, (RC/AZH)

x Tiziano Pagliaroli; Paolo Candeloro; Fabio Del DuchetteSkgrhane Rossignol; Jianping Yin;
N E%O}E]VP §Z (( S }( %Z = 0 C }v %E}% 00 E w}]s W v
configuration INTERIOISE and NOISEON Congress and Conference Prdowgs, INTER
NOISE24, Nantes, France, (RC285

x Pagliaroli Tiziano; Candeloro Paolo; Del Duchetto Fabio; RossigrBtdfdrane; Yin Jianping
NV E% EJuvs o Z E 3§ E]l ]IV I( %Z - o0 C (( Sw 8Z wv}]e
Sv u }v(]JPUE 8]}v_U Yh/ d ZKE " tlL&dptemir 2024 (REIAGD)

x Fabrizio De Gregorio; K&tephane Rossignol; K&tephane Rossignol; Giuseppe Ceglia;
Jianping Yin® @&} Cv u] v Jued] (VA S]ERIE A(IEMIE&E 3]}v_U i
International Symposium on Applications of Laser and Imaging Technigbksd Mechanics,
Lisbon, Portugal, July 48, 2024, (RC/A26)

X XU z]Jvuv”r &} v v}]e eJupo 8]}v }( *u oo } A£] o-E}S}IE }Vv(]P
Symposium, 13./14. November 2024, Regensburg

x Daniele Granata, Alberto Savino, Donato Grassi, Luca Riccobene and Alex Zanotti;
N EY Cvou]l v E} }ued] ¢ JVA «3]P 8]}v }( SV U % E}% 00 E-
IWW(JPUE S]}ve U E}e*%o Nov v dAvdlallle drlige 16 Now1iTd U
2024, https://doi.org/10.1016/j.ast.2024.109740

x D]Jv EAJv} DX v d}Pv Jv] ZX ~ E} Cv u]Jv¥ IREE oC]w pv-&A 3CE
JU% @E *¢] 0 (0}Ae U /vE Ev 3]}v o :JUEV 0 } (&) EPpI}AWDISZEY =W
265412687 (2024). DOnttps://doi.org/10.1108/HFF6-20230350 (RC/AG27)

x Nadal, M., Fournis, C. and Lewis, D. "Unsteadyriedd Drag Analyses of the ONERA HAD
Propeller," AIAA 2024345. AIAA Aviation Forum and Ascend 2024. July ZBPAAR27)

Status of Action Groups and Exploratory Groups
Action groups (AG)
The following Action Groups were active throughout 2024:
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RC/AG6

Noise Radiation anBropagation for Multirotor Systen
Configurations

The objective is to investigate, both numerically a
experimentally, the noise radiation and propagati
(installation effect) of multirotor systems and to ga
knowledge in the physics of noigeneration and near
field noise propagation of multirotor systems under t|
influence of the installation effects and to establi
tools for the noise prediction. Compared
conventional helicopters, the importance of tr
various noise sources and the liidnce of noise
scattering can be totally different for multi rotc
configurations. The AG started in February 2022. B
a common validation study and a common experim
are foreseen. The common validation study aims
evaluating and improving the pradion accuracy of
different simulation methods.

RC/A&R27

Analysis and Decompoaosition of the Aerodynamic F
Acting on Rotary Wings

The technology for drag analysis of CFD solution
fixed wing configurations has reached a mature stz
Conversely, applications in rotary wing aerodynarn
are still very limited, if not absent. However, rece
progresses obtained in unsteady flow aym$ are
promising for both parasite force calculations, a
thrust extraction. The objective of this AG is to stL
the application to rotary wings of aerodynamic for
analysis and decomposition methods. The datfk
meeting of this AG was held on A@d23.

Exploratory groups (EG)

The following Exploratory Groups were active throughout 2024

RC/E&3

eVTOlaircraft VortexRingState investigations

The general aim of this Exploratory Group is
investigate the potential impact of the VortdXing
State (VRS) phenomenon on the safety and operatic
characteristics of new eVTOL aircratchitectures
integrating multirotor/propeller systems as well ¢
fixed wings.

The main objectives of the future Action Group will |
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{ To enrich knowledge on the risk of VRS
general for aircraft with rotating wings and in particul
on the new configurations for Advanced Air Mobili
such as UAM aircraft;

{ Potentially provide recommendations for th
developers of these new configurations and
certification agencies (EASA, DGAC, etc.).

Rolling plan

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

During the 2024 GoR meetings, several topics of mutual interest have disenssed and their
potential for GARTEUR collaborative programmes has been examined. $omddds were added,
some others were cancelled because of lack of interest or manpovwsaraiiability.

AGs EGs Rolling Plan

Topic ST 2021 2022 2023 2024 2025
Methods for Impr. Of Struc. Maodell. In-Flight Data HC/AG-19
Simulation/Testing for design of passive noise absorption panels HC/AG-20
fe Fidelity HC/AG-21
Forces on Obstacles in Rotor Wake HC/AG-22
'Wind Turbine Wake and the effect on heli HC/AG-23
Fuselage ing Effects for ior/i ior Noise i HC/AG-24
Rotor-Rotor-Interaction HC/AG-25
Noise Radiation and ion for Multil System C i RC/AG-26 EG41l=>
Analysis and decomposition of the aerodynamic force acting on rotory wings RC/AG-27 EG42 =>
HUMS HC/EG-29
Rotor Rotor Interactions HC/EG-36
Noise Annoyance Generated by Hellcopters HC/EG-37
V&V: definine metrics for the quality of simulat HC/EG-38
Testing and modelling procedures for TBL noise HC/EG-39
Gust il of VTOL Aireraft HC/EG-30
Noise Radiation and ion for Multi System C i HC/EG-a1
Analysis and decompaosition of the aerodynamic force acting on rotory wings RC/EG-42
VRS for eVTOL configurations RC/EG-43
[Helicopter Icing & De-icing. 1D
Drone impact on Helicopters (rotating parts) D
HF issues and Training methods for complex automation in cockpit D
1D
D
g D
Installation effect of propeller noise [wing, ducts) in early architecture phase D
Downwash effects - multicopter, rotorcraft operations ID
Gust Resilience of VTOL Alrcraft D
V&V: definine metrics for the quality of D
A final report delivered B cnded | | onhold [indiscussion for €6 |

XEG closed without releasing a ToR for an AG.

Rolling Plan
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GoR membership

Chairperson
Mark White

ViceChairperson
Arnaud Le Pape

Members

Antonio Visingardi

Klausdieter Pahlke

Barbara Ohlenforst (to mid024)
Marthijn Tuinstra

Arnaud Le Pape

Alvaro Cuerva

Industrial Points of Contact
Rainer Heger
Florent DeHaeze

Observer
Richard Markiewicz

Total yearly costs of AG research programmes

Univ. Liverpool

ONERA

CIRA
DLR
NLR
NLR
ONERA

Universidad Politécnica d

Madrid

Airbus Helicopters
Leonardo Helicopters

Dstl

Person MonthsK$§Z E }-e

2015 88.7(C
2016 79.5(
2017 55.0C
2018 26.5(
2019 10.0C
2020 22.5C
2021 42.0C
2022 78.0C
2023 62.2¢
2024 63.2¢
TOTAL 527.10

103.1
102.9
54.01
20.01
27.0
29.11
64.5!
144.6
135.1
140.9
821.

United Kingdom

France

Italy

Germany

The Netherlands
The Netherlands
France

Spain

Germany
United Kingdom

United Kingdom
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Table of participating organisations

AG26 AG27 EG43
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RC/AG26 "E}]e Z ] S]}v v
Propagation for Multirotor
"CeS u }v(]PUE S]}
Monitoring K. Pahlke
Responsable: DLR
Chairman: J. Yin
DLR

x Objectives
The present research work will 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 neafield noise propgation of
multirotor systems under the influence of the
installation effects and to establish 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 consideed. The partners will contribute
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
accuracyof 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

] s % ]o0]8] ¢ }( §Z

tunnels to improve the validation data base 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
experimental data 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 A o] 38]}v }( 8z % ESVv E[-

tunnels for experimental investigation
of multirotor aerodynamics and
acoustics by a common experiment.

X Activities

The AG consists 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
Ju% E}AJVP % ESv E[* vpu E]
available test data from all partners, to
conduct pre & posttest predictions & ode to
code comparison and to validate the improved
numerical tools against the experimental data
produced or collected during the project wind
tunnel test campaigns.
WP2 t 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

Juulve § o5 ¢ SU% v EGuv ]v
facility. The common test may 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
numerical tools proposed by the partners.

% E IVPZR WindiTunnel 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 performed. The resulting
experimental databases will be delieer to
WP3 for the final validation of the numerical
tools proposed by the partners. It will also
provide WPO with all the information required
for management and dissemination.

WP3 t Management & Dissemination:

The nature of a GARTEUR project 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

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org
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. . . H.
perf_or_meq by DLR’ Wlth COﬂtrlbUthﬂS from a” Kalntenbach TUMunich Hans-jakob.kaltenbach@tum.de
participating partners.

T. Pagliaroli  Unicusano Tiziano.pagliaroli@unicusano.it
X Results/benefits M. Kessler IAG kessler@iag.uni-stuttgart.de
The duration Of action group iS 3 years and the G. Barakos  UoG George.Barakos@glasgow.ac.uk
AG started the activities since February 2022. D.Ragni  TU Delft d.ragni@tudelft.nl
4 meetings including three technical review C.Testa  CNR-INM Claudio.testa@cnr.it
meetings were conducted since the beginning
of the action group. The following results were x Resources

Person month resources were confirmed during the

achieved during this period: kick-off meeting and were tentatively split in years.

1. The description of the AG2datrix-

Nuc;n(tarl(;:aJCommonS|muIat|ons was Partaors | WPL | WP2 | WP3 | Total
updated, CIRA 6 5 3 14
2. the specifications on common DLR 9 4 2 15
simulations were updated; Ensta-Paris 5 3 1 9

3. common tests for CIRA/DLR test NLR 5 5 1 11
campaign on DLR test rig defined, test TU Delft 4 6 2 12

. : ONERA 5 6 1 12

matrix  established and tests Polim ; 5 . s
conducted,; Ro mT 9 6 ) 16

' omalre

4, common tests for CIRA/JURIUSANO CNR-INM ) 0 1 10
test campaign on CIRA/UGUSANO TUM-IAD 3 3 1 7
test rig defined, test matrix established TUM-SBA 4 4
and tests conducted:; ITJU_E'I{"G 2 ; i’ ;

5. common tests for PoliMi test U’;‘G“F’m . - X 5
campaign on PoliMi test rig defined, Total = o e 20

test matrix established and tests
conducted:;

6. 3 ERF papers with respect to the
common simulation and common test
between CIRA/DLR were produced;

7. 2 more papers were produced
concerning the: ENSTA database
(Forum Acusticum 2023) and the
CIRA/UniCusano database (AIVELA
2023);

8. onethesis was produced by Technical
University of Munich regarding DLR
test rig.

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@nir.nl

G. Reboul ONERA Gabriel.reboul@onera.fr

A. Zanotti POLIMI alex.zanotti@polimi.it

G

Bernardini RomaTRE Giovanni.bernardini@uniroma3.it
M. Schmahl TUMunich Michael.schmaehl@tum.de

For further information about GARTEUR please contact:
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RC/AG27 ~ v 0Ce]e vV }u %o }
of the Aerodynamic Force
S]vP }v Z}8 CEC t]v
Monitoring A. Visingardi
Responsable: CIRA
Chairman: D. Sanders

(Univ. Cranfield)

x Objectives
Farfield methods have been shown to be
highly valuable in the performance assessment
and design of fixed wing aircraft, by relating
phenomenological wake decompositions to
aircraft forces, thereby enabling improved
accuracy, mitigating uncertainty, and
enhancing 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 neafield loads implicitly
and/or qualitatively. Adapting and improving
fixedwing farfield methods for
implementation to rotor aerodynamics, offers
the possibility to explicitly relate wake
phenomena directly to neafield loads. This
would enable enhanced understanding of
rotor aerodynamics and provide an aid in
mitigating uncertainty and improve modelling
accuracy. However, due to the complexities of
rotor flows, the adaptation of fafield
methods requires incremental steps.
Subsequently, the aim of this project is to lay
the foundations for the development of rotor
applicable faffield methods, by fully
developing the generalised theory and
showcasing its potential based on strategic
benchmark test cases. To this end, the &A@
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 noimertial
reference framegroduce
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.

To enable a stepped approach toward the
development and evaluation of the
decomposition methods, the consortium has
identified two flow scenarios to focus on:

x 2D Pitching and Heaving Aerofoils;
x 3D Rotors in Axial Flight.

X Activities
The AG consists of 6 work packages:
WPO0 t Management & Dissemination: is aimed
at the fulfilment of all the obligations
concerning the project management and the
dissemination of the results.
WP1 't Theoretical Development of
Decomposition Methods: is aimed at
identifying and providing critical reviews of the
state-of-the-art in aerodynamic performance
decompositions. The primary outcomes 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 systematic way to be able
to account for unsteady, inertial and ational
reference frames.
WP2 t Experimental Datasets of Pitching and
Heaving Aerofoils: The first necessary steps to
developing decomposition methods
appropriate for rotary wings is to consider 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 t 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 reference frame)
can be tested and further developed.

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org
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WP4 t Numerical Datasets for 3D Rotors in
Axial Flight: The aim is to provide numerical
datasets from RANS and URANS simulations,
through which the decomposition
formulations may be tested and examined in
WP5, to investigate the implications of the
decompgition extension to a rotational
reference frame.

WP5 - Application & Evaluation of
Decomposition Methods: This WP will review,
investigate and trial various poeprocessing
techniques that  will enable the
implementation of the decomposition
Formulations applied to the test cases of (i)
pitching heaving erofoils, (ii) rotor in axial
flight. The focus will be on utilising the
methods to improve the understanding of
fundamental rotary wing aerodynamics.

X Results/benefits
The duration of Action Group is 3 years and the
AG has started the activities in April 2023.
The first technical review meeting of the AG
was held on October™42023. A revision of the
WBS was made. In particular:

1. the partners agreed that the initial
proposed work which included hover
and advancing flight cases was too
ambitious, and presents risk in
spreading resources too thin. These
WPs were removed.

2. Focus on propellers in axial flight was
included as a new WP4 to replace the
initial WP4 & WP5 as a necessary
developmental step. There is now a
total of 6 WPs.

A second bannual technical meeting was held
online December#2024.

Towards WP2  deliverables, Cranfield
University presented preliminary experimental
results obtained from their pitch/heave rig

depicted below. The experiments will provide
validation datasets for numerical modelling

Cranfield University's Pitch/Heavexperimental Rig

In WP3, CIRA/UNINA have produced a number
of numerical cases on plunging airfoils to which
they applied vortex force decompositions as
well as a unified approach to Lambctor and
thermodynamic methods.

NN Plunging NACA0012
in incompressible and viscous flow

}‘h\,’w e

Vortex force density BT TN
531135
Vortex force density for a NACA0012 in heave motion,
indicating the Lamb vector is a major contributoitfoust

[Minervino, et al. 2024].

coloured by vorticity magnitude  w [1/s]

Also in WP3, PoliTo showed results of applying
thermodynamic decomposition methods to
unsteady vortex shedding cases.

For further information about GARTEUR please contact:
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——— Far-field Drag Near-Field Drag
Jise Drag

Induced Drag
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Vortex shedding over HACA0012, with thermodynamic
decomposition method applied.

Towards WP4 deliverables, ONERA presented
thermodynamic decompositions applied to
simulations of the HAD propeller [Nadal, M.

et al.,, 2024] which is the geometry down
selected for the project. Time derivatives in the
inertial frame of reference were reostructed
from RANS simulations in the rotating frame of
reference and compared against URANS
simulations in the inertial reference frame.

URANS single-blade with duplicated and rotated elsA solver derivatives r=01m

*‘i |

RANS single-blade duplicated and rotated with reconstructed derivatives
800

H dpw /ot [kg/m'fs)
1000

1000
800
600
400

Time derivative reconstruction from RANS simulations in
rotating reference frame, compared to thoherivatives

computed from URANS in the inertial reference frame
[Nadal, M. et al., 2024].

Y

200
200
-400
-600

WPs 1 & 6 have seen a number of
developments. Cranfield University has
extended energy/exergy formulations to
unsteady flows. ONERA continue to further
develop thermodynamic methods via the
Kutta-JoukowskiMaskeliBetz formulation,

whilst CIRA/UNIN have achieved a meaningful
unification between Lamb Vector and
Thermodynamic methods.

x RC/AG-27 membership
The partner organisations of AG27 in 2024
include four universities: Cranfield University
(UK), Politecnico di Milano (IT), Politecnico di
Torino (IT), University of Naples Federico Il (IT);
two research institutions: ONERA (FR) and

CIRA (IT). The membexn= listed below:

Member Organisation  e-mail

Cranfield
Drewan University
Sanders (Chairman) d.s.sanders@cranfield.ac.uk
Mauro
Minervino CIRA/UNINA  m.minervino@cira.it
Simon Cranfield
Prince University simon.prince@cranfield.ac.uk
Neys Cranfield
Schreiner University b.deneys.j.schreiner@cranfield.ac.uk
Douglas Cranfield douglas.greenwell@cranfield.ac.uk
Greenwell University
Anderson Cranfield
Proenca University a.proenca@cranfield.ac.uk
Karthik
Depuru- Cranfield
Mohan University a.proenca@cranfield.ac.uk
Tamas Cranfield
Jozsa University Tamas.Jozsa@cranfield.ac.uk
Camille ONERA (Vice
Fournis Chairman) camille.fournis@onera.fr

didier.bailly@onera.fr
Didier Bailly ONERA
llias ilias.petropoulos@onera.fr
Petropoulos ONERA
Luigi Politecnico di
Vigevano Milano luigi.vigevano@polimi.it
Alberto Politecnico di
Guardone Milano alberto.guardone@polimi.it
Giacomo Politecnico di
Baldan Milano giacomo.baldan@polimi.it
Domenic Politecnico di
'f$PEUR Torino domenic.dambrosio@polito.it
Manuel
Carreno Politecnico di
Ruiz Torino manuel.carreno@polito.it
Renato
Tognaccini  UNINA rtogna@unina.it
X Resources

Person month resources are currently beigg

evaluated by each partner due to some changes in
scope, members and WP structure.

Partner

Ccu*

ONERA

CIRA-UNINA

PoliMi

PoliTo

Total

0
2
35 2 25
2
4
8

Year 1

15

8

Year 2 Year 3 Total

PM FC TC PM FC TC PM FC 1

3 6.5 2 4 0 2 10 6.5
3 2 2 3 2 2 9 6
35 2 25 35 2 25 105 6
7 12 2 6.5 4 2 185 18
3 6 15 25 4 15 75 14 Z

16.75 255 8 445
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Appendix D: Annex GoFStructures and Materials (SM)

ANNUAL REPORROM THE GROUP OF RESPONSABLES
AndZh dhz ~ E D d Z/ >~

Remit

Structural and material research in aeronautics strives to reduce structural weight, improveasafety
reliability, keep the operation costs low, reduce environmental impact, mmgrove passenger
comfort. In many cases the research tasks are strongly interconnected so an optisign dan only
be reached through balanced improvements in several fields.

The GoRSM (Group of Responsables in Structures and Materials) manages and orgariregitics
oriented research on several fields like structures (configuration, topology, @gatiimin, etc.),
modelling and simulation procedures (strength, fatigue, ctnual dynamics, etc.), and different type
of materials for structural applications.

Materials oriented research is related to material systems primarily for ilfeame; it includes
specific aspects of polymers, metals including those produced by Additive Manufgcai), and
different kinds of composite systems.

Structural research is devoted to computational mechanics, loads, and desigmdoéigies.
Research on structural dynamics involves more especially response to shock and impact loading.

The group is active in theoretical and experimental fields of structures and materiateetaythen
development and improvement of methods and procedures. Of great importéthe mutual
stimulation of the diverse scientific approaches. Experiments mgve insights into the mechanisms

of structural behaviour that can be included in improved theoretical models. ¥ittlad theoretical
results must be verified and validated by comparison with results from suitable experiments or trials.

Although the specific topics vary over the years, the scientific basis remains largely unchémged.
work is looked upon as upstream research intended to discover valuable @irdatsire activity; in
this context many new ideas were proposed and explatedng the year 2024.

Activities within the Exploratory and Action Groups cover several aspects of improvezhtional
and new technologies, new structural concepts and new design and verification criteria.

Recent, current and upcoming work is devoted to:

{ Additive Layer Manufacturing of metals

For further information about GARTEUR please contact:
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{ Characterization and Optimization of shock absorbers for civil aircraft fuselages

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

{ Structural Health Monitoring for hydrogen aircraft tanks
{ Multifunctional Metamaterials for Aerospace applications
{ Norrtraditional laminates

GoRSM Overview

GoR Activities

The activities within the Action Groups (AGs) cover several aspects of new technotagies,
structural concepts and new design and verification criteria.

In 2024 two AGs were active and wetevoted to the following topics:

T Additive layer Manufacturing (SM/AE36)

Additive Manufacturing (AM) with metals is an emerging technology that finds morenzore
applications in different markets such as orthopaedic implants, dentistry anednidlindustry. There
is also a lot of interest coming from the Aerospace industry.

Metal AM technology can provide great advantages with respect to conventional mvet&ing
techniques, such as significantly lower waste of materials, a larger freedom off deigjiy potential
for weight reduction and the possibility to integrate additad functionality. Specific design guidelines
must be considered, and currently available CAD design tools are considered inadeqdatégning
when AM techniques are used.

At this moment it is still difficult for AM technologies to compete with ttiathal techniques on
reliability and reproducibility, mainly because the quality of the final proddefsends very strongly
on material and process parameters. Metal AM mategahlification and process certification
methods are not available yet. Qualification and Certification is essential for degianding
applications for example in aerospace.

The goal of SM/AG6 (which was launched in 2022) is to build up knowledge and skilie ffield of
metal AM processes and materials to support the manufacturing industry and incriéase
competitiveness. The work will more especially focus on novel iAlum alloy like Scalmaloy and
ScanCromal.

There is an increasing need for high strength aluminium alloys that can be procegsai

procedures, for products and applications requiring low weight combinedhign specific strengths.
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Process optimalisations are investigated for processing by Laser Powder Bed (ERBF) and
Directed Energy Deposition (DED) techniques.

x Characterization and optimization of shock absorbers farilcaircraft fuselages (SM/A@7)

Commonly adopted shock absorbers and, in general, crashworthy structural components, based on
sandwich structural concepts and/or complex dumping mechanisms, are, genehaltgcterized by

high volumes and significant additional mass. The main objeatitree proposed work consists in the
investigation of the feasibility and effectiveness of novel thin Additive Manufacturbt) (&brid
metal/composite lattice structures as lightweight shock absorbing devicegpfilication to structural

key componentsn impact events.

The topics of this AG7 are:
X Investigation on the key components which require the integration with shock absorber.
x identification and classification of the shock absorbers (material and geometry).
X material investigation (Alternative materials, Hybridization).
X integration strategies.
X analytical methods for designing hybrid shock absorber.
X numerical analysis and design.
X unit cell optimization (weight minimization and/or shock absorbing capabiiaximization).
x thermal stress analysis.
X experimental tests and validation.
x certification issues.

x definition of guidelines for an effective integration in easdenario.

Management

In 2024, two GoR meetings were held:
1. 82"9GoR SM meeting, on February"(#nline meeting, by 3CX telecom)

2. 839GoR SM meeting @person meeting at INTA facilities at Torrejon de Ardoz) on September
27" Therewasan ]8]}v o iy S o }u Zvvo (}ESZ}s % ESv Ee $Z §
person.
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The measures taken in the past years to revitalize the Structures and Materials group wigraexn

x Action Group SM/A@6 progress well with an active collaboration and communication
between the participants, and higluality work is being achieved. During last GoR meeting it
was proposed to explore the possibility of preparing a new EG on AM that contidue AG
36 work. The SM GoR thinks the work done iR3&G@s very good, and it should be considered
for presenting proposals on European Calls on the topic.

x Regarding SM/AG7 this first year has been critical in consolidating partners' knowledge of
activities related to shock absorption. It is expected that the second year will focusanore
numerical activities, with a proposal to increase the frequency rogpess meetings to
encourage greater collaboration among the various partners. The GoR thinks that the work
done in AG37 is quite promising, and the possibility of presenting proposatheropic on
European Calls should be explored.

x For SM/E&4, SM/IE&5, and SM/EG48 several meetings were held. The progress and
maturity of each EG is different but all of them seem likely to finish proposing new AGs.

Dissemination of GARTEUR activities and results

No presentation was given during 2024, covering specifically the GARTEURVIGGRere was a
presentation related to SM/AGO  $]A]S] W IV(E v % % E %oope % E ¢ vS §]
Conference on Spacecraft Structures Materials and Environnmeentd < S]E@SSMET2024:

Processing HigBtrength Aluminium Alloy by Directed Energy Deposition, by Maria Moi8tiaga

(NLR) et al.

Reports issued

No reports were issued in 2024.

Status of Action Groups and Exploratory Groups

Two Action Groups (AGSs) were active in 202438Gnd AG7.

Three Exploratory Groups (EGs) were active in 202455E6G48, and E&I9.

Action Groups (AG)

SM/AG36 Additive layer manufacturing

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org


mailto:secretariat@garteur.org
http://www.garteur.org/

Al7075& cracking Aluminium and its alloys areidely used in the aerospac
TN 77 R sector due to their excellent mechanical performance
» combination with their light weight. Their strength and Ic
\ _~ & density are the main advantages of these materii
' J Fabricating components with complex geometries from h
) : strength aluminium alloys by conventional process
by ?{ techniques is challenging due to their low formability.
£./! ! contrast, metal Additive Manufacturing (AM) techniqu
allow the production of neanet-shape and complex parts
adding value to the use of aluniim alloys in the aerospac
sector. Even so, not all aluminium alloys are easy to pro
by AM.

g

Currently, there are several novel aluminium alloys be
investigated for application in AM. Great advancements
being achieved on laser powder bed fusiorfP@&F) and alst
on directed energy deposition (DED). One of the focus pc
is to broaden the raterials palette towards highe
performance aluminium alloys. On one hand, the Hhi
strength 7000 series have been investigated aiming
avoiding solidification cracking during the AM process.

Several works have focused on modifying the compaositiol
additions of Zr, Sc or Si to avoid cracking and improve
mechanical properties. On the other hand, casting alumini
alloys have been widely investigated with addition of na
/micron-sized pairicles such as TiB2 or TiC aiming at incree
fatigue performance. Examples of these modifications h
resulted in commercially available aluminium alloys suct
A20XM developed by Aeromet with Cu and TiB2,
Scalmalloy® developed by Airbus & commdimgd by
APWorks.

Besides the advancements on alloy development for /
there is still a big gap with respect to the commercialisat
of these novel alloys. Therefore, great efforts should be d
to fully characterise these. In addition, aluminium process
is still a bj challenge due to the laser related high reflectiv
& unstable melting behaviour of the alloy.

Starting from the above considerations, 86 was launchec
in 2022. The AG chairman is Maria Montero from NLR,
the other participants are INTA, ONERA, and AIRBUS.

Update on technical progress during 2024
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Process optimalisations have been carried out
processing high strength aluminium for Laser Pow
Bed Fusion (LPBF) and Directed Energy Depos
(DED).

The Test programme was defined. Test samples v
prepared by NLR, and they are tested among the
36 partners.

Several heat treatments were evaluated. The m
promising ones have been selected.

Processing high strength aluminium by DED veag
challenging. Several thin walled and cube specim
were made by NLR. Cross sections were made,
porosity levels and surface roughness we
determined to select the optimal proces
parameters.

Ending of the AG will be extended to Q3/20:
because of some delays during the experimer
activities: availability of powder (WP2), and in t
selection of the Heat treatment (WP3). Accordinc
some deliverables have been postponed to 2025.

There is an active collaboration and communicat
between the participants: high quality work is beil
achieved.

During last GoR meeting it is proposed to explore
possibility of preparing a new EG on AM that co
continue AG36 work.

The SM GoR thinks the work done in-2&sis very
good, and it should be considered for presenti
proposals on European Calls on the topic.

In 2024, there were two progress meetings, both online.

In addition, Maria Montero gave a presentation related
SM/AG36 activities: a Conference paper plus a presentati
§Z N UuE}I® Vv }v( E v v A %o
D§ E]os v VA]JE}vu EGSBMEDIRNIVP _

SM/AG37

Characterization and optimization of shock absorbers for

aircraft fuselages
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FEM simulation of a Low veloci
impact on a metallic lattice unit cell

FEM simulation of a Low veloci
impact on a metallic sandwich pan
with lattice core

Composite sandwich panels wi
lattice core

Commonly adopted shock absorbers and, in gene
crashworthy structural components, based on sandw
structural concepts and/or complex dumping mechanisi
are generally characterized by high volumes and signifit
additional mass.

This research activity is focused on the investigation of
feasibility and effectiveness of novel thin Additi
Manufactured (AM) hybrid metal/composite lattic
structures as lightweight shock absorbing devices
application to structural key compong&nin impact events.

These hybrid structures would represent a real step bey:
the state of the art of shock absorbers being characterize«
an AM metal lattice core, able to maximize the absort
energy by plastic deformations and, at the same time, t
composite skin/cohsive coating, fully integrated with th
internal metal lattice structure, able to lower the glob
weight and increase the stiffness and strength of the sh
absorber. The hybrid shock absorbers must be able to rec
the peak acceleration transferred otme main structure,
ensuring the integrity of the core structure and, eventua
the safety of the passengers.

Starting from the above considerations, /6 was launchec
at the beginning of 2023. The AG chairman is Andrea Se
from University of Campania (UNICAMPANIA), and the ¢
participants are: NLR, DLR, ONERA, CIRA, and CNR (r
incorporated).

In 2024 the following activities were carried out:

x CIRA worked on design and optimization of mete
lattice structures developed using AM technologi
A custommade numerical tool has been utilize
capable of generating and optimizing axisymme
hybrid structures composed of metal and compos
materials. The design focused on a shock abso
structure with an axiakymmetric architecture. Finite
element models (FEM) were generated 1
simulation, including modal analysis to assess
resonance frequeties and global stiffness of th
structure, demonstrating its robustness acrc
different impact conditions.

x UNICAMPANIA focused on the characterization
optimization of hybrid sandwich structures for ener
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absorption in industrial applications. The structur
incorporate metal or polymeric cores created usi
AM technologies: Fused Filament Fabrication (F
and Direct Metal Laser Sintering (DMLS). The o
skins of the sandwich panels are made of Carl
Fbre-Reinforced Composite through -®&xtrusion
processes. Various core solutions were explor
including aluminiurbased cores produced throug
DMLS and polymdrased cores. The study furthe
explored the integration of sandwich panels into i
existing stuctures for enhanced energy absorption

X NLR contribution was focused on composite AM ¢
lattice structure modelling for shock absorbers.
includes an investigation into various materials |
nylon and PEEK reinforced with carbon fibre, focus
on different infill strategies for compressiaests.
Additionally, the modelling and simulation of met
and polymer lattice structures, particularly usil
ABAQUS and DIGIMAT software, were evaluated

x DLR performed crash test activities on subflc
components for an eVTOL (Electric Vertical Take
and Landing) aircraft, evaluating different compos
layups to enhance crashworthiness. The tests air
to assess the energy absorption capabilities of
subfloor structure, providing valuable insights for t
safety and performance of future eVTOL designs.

X ONERA's activities were primarily focused on

research and optimization of auxetic structures, w
an emphasis on the optimization of unit cells a
their dimensions. The goal of these structures is
enhance energy absorption. So far, qustsitic tests
have been conducted, but the future objective is
perform high strain rate tests to assess t
performance of the unit cells under more extren
conditions.

X As a summary, 2024 was critical in consolidai
partners' knowledge of activities related to sho
absorption, and to set different alternatives «
numerical activities, with the aim of optimizir
energy absorption.
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Exploratory groups (EG)

X The GoR thinks the work done in 8@ is quite
promising, and the possibility of presenting propos
on the topic on European Calls should be explore:

In 2024 there were continuous email contacts between :
AG partners. An online progress meeting has been plannt
January 2025

SM/EG45

Characterization and modelling of CMC submitted to se'
thermo-mechanical loading

This topic has been proposed by ONERA and DLR. The
objective consists in the characterization of the mechan
properties and modelling of Ceramic Matrix Composi
(CMQ submitted to high mechanical loadings, and extre
thermal conditions. More detailed objectives are:

x Comprehension of the damage and failu
mechanisms under static and fatigue loading at v
high temperatures.

x Definition of standard tests for the measurement
mechanical properties (behaviour, damage, failu
at very high temperatures.

x Proposition of damage and failure models to prec
behaviour damage, failure and fatigue lifetime
composite materials.

x Testing and simulation of CMC composite structu
under static or fatigue loading (evaluation
predictive capabilities of models).

The EG chair is Frédéric Laurin (ONERA), and the
participants are DLR, NLR, QinetiQ, UNICAMPANIA
ONERA.

The EG status is quite advanced and, hopefully, it coul
proposed as a new AG during this year 2025.

SM/EG48

Structural Health Monitoring for hydrogen aircraft tanks
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To drastically reduce GOemissions, hydrogen is a
alternative solution for the production and storage
energy. Regarding the storage, the best option consist
liquefying the hydrogen at a temperature belo263°C.

Composite materials are being considered for tingogenic
tank, but the issue related to the development of
composite tank is the ability to detect initiation of ai
damage.

Structural Health Monitoring (SHM) methods, consisting
integrating sensors in or on the structure, are then us
However, few studies are dedicated to SHM methods ur
such temperatures.

The objective of the group would be to work on the des
of SHM systems dedicated to composite parts un
cryogenic temperatures, including the study of t
durability of such systems.

The expected chairman is Jelfichel Roche from ONERA

SM/EG49

3D FEMt Unit Cell of a MM structure

Multifunctional Metamaterials for Aerospace application:s

Multifunctional Metamaterials (MM) is a promising state
the art topic with multiple ananultifunctional applications.
and suitable for Aerospace applications. During last (
meetings discussions have been held between the parti
in the topic, and several interests have been raised:

¥ INTA has a team working in MM lattibased
structures, focused on dynamic response: vibrat
attenuation for primary structures, functionall
graded structures, optimization, etc.

¥ NLR has also a research line in the MM topic. |
interests includes static crashworthiness for ballis
applications, 3D printing, MM grids definitiol
energy absorption application, Titanium auxe
sandwiches, etc.

¥ UNICAMPANIA is interested in the top
Nanoshapes, multifunctional MM sandwiches, et
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¥ ONERA s interested: Light structures, ¢
Static/Fatigue improved properties from 3D printe
MM.

Therefore, the SM/E@9 was created, and one of the fir
things to set could be the Benchmarks definition.

Rolling plans

The Rolling plan of GARTEUR SM GoR, for the last 5 years is shown below:

GoR membership

Chairperson
Francisco Javier San Millan INTA Spain

Vice-Chairperson
Aniello Riccio UNICAMPANIA Italy

For further information about GARTEUR please contact:
secretariat@garteur.or@r go towww.garteur.org



Members

Florence Roudolff ONERA France

Joachim de Kruijk NLR The Netherlands
Peter Wierach DLR Germany
Andrew Foreman QinetiQ United Kingdom
Mats Dalenbring FOI Sweden
Industrial Points of Contact

Thomas Ireman SAAB Sweden
Christian Weimer Airbus Operations Germany
Thomas Koerwien Airbus Defense and Space Germany

Table of participating organisations

AG36 AG37 EG44 EG45 EG48 EG49
Started in| Started in| Stopped in| Quite Under Newly
2022 2023 2023 advanced | definition | created

Research establishments

CIRA (| O

DLR O . O O

INTA |

NLR - O O O O

ONERA O O | [ O

CNR O

QINETIQ O

Industries

Airbus

Academia

University of

Campania - = =

O Participating institution M Chair
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Action Group Reports

Additive Layer
Manufacturing

J. de Kruijk (NLR)

SM/AG-36
Monitoring
Responsable:

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 thesematerials. Fabricating
components with complex geometries from high
strength aluminium alloys by conventional
processing techniques is challenging due to their low
formability. In  contrast, Metal Additive
Manufacturing (AM) techniques allow the
production of nearnetshape 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 achieved on laser powder
bed fusion (LPBF) and also on directed energy
deposition (DED). One of the focus points is to
broaden the mterials 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 adéins 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 by Aeromet 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
techniques, i.e. iPBF and/or DED. This work will
focus on the following steps:
Alloy selection
Alloy production (powder production)
AM process optimisation
Design values
Microstructure
performance
T Feasibility study: demonstrator

X Expected Impact:

+H +H + +H +H+

and mechanical

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 industry,
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.

X Main achievements:
AG-36 started its activities in 2022. In that year, the
alloy was selected: AIMg1Cr1.5M00.5S¢0.5Zr0.25.
Airbus provided Scancromal powder to get familiar
with the characterisation techniques.
In 2023, the study of the new alloy started: powder
characterization and parameters optimization. In
September 2023, the 1st physical meeting took
place.
In 2024, process optimizations have been carried out
for LPBF and DED methods. The Test programme
was defined, and several heat treatments were
evaluated. Porosity levels and surface roughness
were determined for optimal process parameters.

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
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Characterization and
optimization of shock

EIMHAEET absorbers for industrial
applications
Monitoring Aniello Riccio

Responsable: (UNICAMPANIA)

A. Sellitto
(UNICAMPANIA)

Chairman:

X Background:
The most important characteristic of any
transportation system lies in i&bility to ensure
passenger safety. To this end efforts have been
directed toward the advancement of innovative
shockabsorbing devices, capable of increasing
safety by reducing acceleration peaks and enhancing
energy absorption during crash scenarios.
Beyond safety requirements, shock absorber devices
have weight constraints aimed at cost reduction, and
environmental sustainability. Optimising hybrid
aluminium/composite shock emerges as an approach
to mitigate vehicle weight and fuel consumption
without compromising crash resistance.
The use of cuttinggdge manufacturing technologies
eases the creation of efficient shock absorbers.
Additive Manufacturing (AM) technologies offer
notable advantages, enabling the production of
complex microstructures with superior impact
energy absorptiortapabilities impossible through
traditional manufacturing processes. Consequently,
this production technique may be preferred for
crafting highly efficient shock absorber cores.
Indeed, the utilization of a metal core maximizes
energy absorption through plastic deformations,
while the integration of a composite skin reduces
weight while increasing the stiffness and strength of
the shock absorber device.

X Scope:
In response to emerging needs related to the use of
hybrid shock absorbers in aerospace applications,
theprimary scope of this AG is as follows:

To design and verify composite/metal hybrid
structures for shock absorbers capable of

enhancing absorbed energy and mitigating
acceleration peaks during crash events.

This objective requires addressing the followkey
issues Classification of shock absorberslaterial
investigatiors, Integration strategiesDesign of
hybrid shock absorbersFE analysis, Unit cell
optimization and Eperimental tests andhlidation.

The expectedoutcomes include reduction of
acceleration peaks in the componeintegration
with  preexisting componenfs low weight
characteristicsand ompact volume requirements.

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 structure
and, ultimately, passenger safety. The design of the
developed shock absorber should facilitate the
integration with preexisting structures in a
minimally intrusive manner.
Furthermore, the knowledge gained in this work will
enable GARTEUR to advance its exploration of the
energy absorption and crashworthiness capabilities
of aeronautical structures. This exploration will
consider technological advancements such as AM,
which plays a pivotal role in the design of efficient
energy absorption devices

X Main achievements:
AG-37 started its activities in the beginning of 2023.
In 2024 different FEM alternatives have been
considered to optimize energy absorption. Detailed
discussions on demonstrators, and FEMs have been
done, to validate numerical models.

X SM/AG-37 membership

Member Organisation e-mail

A. Sellitto UNICAMPANIA Andrea.sellitto@unicampania.it
A. Riccio UNICAMPANIA  Aniello.riccio@unicampania.it
N. Toso DLR nathalie.toso@dlr.de
Matthias

waimer DLR matthias.waimer@dir.de
B. Noordman NLR bram.noordman@nir.nl
Jeremy

Germain ONERA nathalie.toso@dlr.de

J. Berthe ONERA julien.berthe@onera.fr

F. di Caprio CIRA f.dicaprio@cira.it

M. Zarrelli CNR Mauro.zarrelli@cnr.it
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