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Remit

The GoRAD initiates and organises basic and applied research in aerodynamics. Whilst in gengral term
aerodynamis makes up the majority of theesearch done within the GoRpme of the work has a
sigrificant amount of multdisciplinary content. This trend is driven by industrial interests, and is likely to
increase in théuture.

The current scope of ttreerodynamic activities in tHeoR coves the followingtopic areas
Aerodynamics;

Aero-thermodynanics;

Aero-acoustics;

Aero-elasticity;
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0 Aerodynamic Shape optimum;
o0 Aerodynamics coupled to Flight Mechanics;
o0 Aerodynamics Systems integration.

In general terms the work consists of both computational and experimensad@ezbdynamicsvith the
emphasion the provision of data to validate the computational approachaddition,the experimental

activity has resulted in improvement of measurement techniques, and further understanding of basic flow
physics in a number of areas.

Funding for GARTEUR actities is relatively small and in general, is insufficient to support entirely, new
research. In most cases therefore the AG activities are combined with activities funded through other
routes, such as EU, STO (NATO Science and Technology Organisatiddgtional aeronautical research
programmes.

Research initiated iGoOR-AD programmes suetimes leads to an EU proposalcomplimens concurrent
EU progran contentln additionthe content of GoR AD can lmoss sectorial in covering both Civil and
Military interests.
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GoR-AD OVERVIEW

GOR ACTIVITIES

During 2014 there wer2 Action Groups, namely AD/Ad6iA Hi ghly I ntegrated Sub
andAD/AG-48 ndfLateral jet i nt ethaveteicompleted.dntbotlscageetmetvorni ¢
had been completed in 2013 and only reporting needed tmrbpleted within 2014. One newction

Group was launched ABG-54 ARANS-LES Interfacing for Hybrid RANS.ES and embedded LES
approacheso, and was WwWeD/EGEr epared by the member.

Five Action Groups have been active in 2015
1 AD/AG-5 1L d&mi nar/ Tur bul ent Transition in Hyperson

The object of this programme of work was to improve knowledge of the flow and methods
dedicated to the prediction of and factors leading to the triggefihgminar/Turbulent boundary

layer transition on bodies in hy®nic flow. Workconsistedof both wind tunnel testsand CFD
prediction, anchasconcentratéd on the Mach number range of 4 to 10 at atmospheric condition
appropriate for 3&m altitude, andhasmade use o# different wind tunnel facilities, thus allowing

inter tunnel comparisons to be made. A major output of the work will be the methodology to
interpret the CFD data to full scale conditions. Work started in 2012 was planned to finish by the
end of 2014, but an extension to rAA15 has been agreed. The group Chairman is Jean Perraud
of ONERA

T AD/AG52 ASubavgdtegl obal optimi sation methods in

A current issue in aircraft design is the need to have the ability trniiee aerodynamic
characteristics rapidlyand accuratelywithin the design process. This programme of work is
associated with lookingt the use of surrogate methaddsthe design of aerodynamic shapes.
Design of experiments (DoE) techniquesve beerieded against reference geometries allowing
cost /accuracystudiesbetweendifferent approaches to be madermajor output of he work is
best practice guideaies for industrial use of SBGRethods in shape optimisatiofhe work was
started in February 2@landwasexpectedo be completed by December 2015 éxtension of
the programme from the original finish datethe end of December 2016 wagreedby the GoR

in 2015 TheAD/AG-52 Chairpersois Esther Adrés (INTA) and Fernando Monge (INT&)the
Monitoring Responsible.

1 AD/AG-53 i R e cvigypand Transition Predictio Effects of surface irregularity and inflow
perturbationso.

The main object of this projeatvas to understand the effects of surface irregularities and
disturbances in the oncoming floan transition in three dimensionainset flows and the
evduation of transition control techniquesThe work coves both experiment anéssociated
numerical calculations. The project started in September 2013 and is expected to be completed in
September2016. The AD/AG-53 Chairperson is Ardeshir Hanif(FOI), and monitorig
responsible Torsten Bergli{@Ol).

1 AD/AG-54f R A NLES Interfacing for Hybridandb edded LES approacheso.

AG54 arose out of work started in EG6Ehe main objective of this project make use of a
comprehensive and transnational efftmtexplore,and further developtheoretical methodsin

order toimprove RANSLES couplingin the context of Bhbedded LESELES) and Hbrid
RANS-LES methodt hus enabl i ng t h ¢ béreSolvedyBotA zorahahd n@r o b | e
zonal approachebave been taken The project started in April 2014, and scheduled to be
completed in April 2017. The wori this project is a follow on from that lD/AG-49.
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1 AD/AG-55AiCountermeasure Aerodynamicso
AG-55 arose out of preliminary studies carried out in-EGandwaslaunched in October 2014,
with an expected finishing date of the end of 2016. Whek is divided into two work packages,
the first deals with thalispersion of chaff using both Exlan and Lagrangian approaches to
calculate the dispersion pattern of the chaff downstream of the aircraft together with parametric
studies The second work package deals with the aerodynachiasacteristics of burning flares,
and their resulting trajectories. Thacfis is on achieving amproved understandingf the effects
of burning on theaerodynamic characteristics flares which change both size and shape after
release Work will include both methods development and the procurement of experiment data
with which to validate the model¥he ChairPerson ofAD/AG-55wasDr. O. Grundestam (FOI)
andthe Monitoring Responsible is Torsten Berglif#®Dl). In mid-2015Dr. Grundestam left FOI,
as a result of which, Torsten Bexdihas replaced him as Chairman for AD//AG.

1T AD/EG-70 APl asma for Aerodynamicso
Work in this topic had failed to gather sufficient interest and so has been delayedragairew
of the GoR was to keep it open and review it at a later date.

1 AD/EG72 ACoupl ed Fl ui d dynami c$ Ves nHexibl€ |Airceaft t Me
Configurationso
This isa new Eploratory Group set ugo deal with thedsue of oupled aerodynamics drlight
mechanics simulatioriools aimed at the analysisf very flexible conigurations. With the
departure of various indiduals, the reorganisation of NLR and difficulties with the release of
Airbus IPR, work on this subject was delayed. The IPR issues areesoled, and it is planned
to launch the E&O activity prior to Summer Holidays. Harmen van de Ven of NLR will be
leading the Group.

1 ADIEG-730 Sed¢oheasyand Exhaust so
A proposal in being prepared by Thomas Berens and will be issuedd 2016

MANAGEMENT ISSUES

The GAR-AD has been active in 2015 with two Meeting$e first took place othe 26" to 27" March
2015, hosted by INTA in Madrid. Theecond meeting was scheduled for Cranfield in the UK, hosted by
the ATlon the ¥ 2" and ¥ SeptembeR015. Potential attendance was very low due to travel difficulties
for some members and the closeness o205 summer holiday season. As a result of this the meeting
was cancelled, and rescheduled for CIRA in Naples‘“cn:nﬁl 6" of November 2015

The presence of Industrial Members and Nation&@dPat the two GoR meetiagvas reduced relative to
2014 At bath meetings in 2015 the opportunity was taken to allow people to join the meeting byaheans
WEBEX. Though not t@lly aligned with theGARTEUR ethos of face to face meetings the use of
WEBEX has allowed, more members to take part, with restricted ttadgets forsome Rarch
Institutes

Industrial companies appearsu be a major reason for nattendanceat GoR/AD MeetingsDespite a
very successful AG Forum held in FOI in StockhatnAutumn2014 it proved to be impossible to arrange
a similar evat in 2015

At the end ofthe 2015 Autumn GoR/AD meetingthe newGoR Chair and Vic&€hair tookover, with

Harmen van de Ven as Chaian for 2016/1'and Fernando Monge as Vi€ghair,and | wish them every
success in the futur@he preparation of this repdgt my last function as part of GARTEUR GoR/Aénd

it was a great honour to be part of this excellent undertaking, and | cannot think of a better way to celebrate
53 years in the Aerospace Business
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DISSEMINATION OF GAR TEUR ACTIVITIES AND RESULTS

In 2015 there was a continued pressure to disseminate the work of the AD/AGTwattkis end AG2
published durther book on the result of their activities

FUTURE PLANS

Compared with 2014with four active AD/AGs, the status quo was maintained2015with four Active
AD/AGs and three AD/EGsThe prospects for 201&ere concerning, with potentially one active EG,
AD/EG-72, which with the agreement on the use of the Airbus Flight Dynamics model within the project
could result in thedunch of an AD/AG durin@016 with the resolution of the Airbus IPR issue.

A proposal for work on thrust vectoring by mean of Fluids control did notrgagh favour within thé\D
membership but is still on the table

Studies of the application of plasma in Aerodynamics (ADMEfailed to attract sufficient interest
amongst the members of the AD. This EGnow inactive although it could be resurrected if sufficient
interest is shown ithe future

More importantly the proposal for an AD/EG basedsecondary inlets and outldts ventilation is likely
to be launched in 2@1

A potential EG associated with the detection of laminarisation in wind tunnels by various means has been
proposed but would require the use of an indud#iadl wind tunnelwith associated high cost

During the course of 2@la new list of ideas for research work from industry was issued. This will form
the basis of a meinitiative in 2016to establish further AD/ES
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6 years rolling Plan for AD/AGs and AD/EGs

Cat Topic 2012 2013 2014 2015 2016 2017
AD/AG-51 |Lamiminar-Turbulent Transition in Hypersonic
flows

AD/AG-52 |Surrogate-based Global optimisation methods|EG67 C
in preliminary designs
AD/AG-53 |Receptivity and Transition prediction EG66 C

AD/AG-54 |RANS-LES Interfacing Hybrid for Hybrid EG69 C
RANS-LES and embedded LES approaches

AD/AG-55 |Countermeasures Aerodynamics EG71 C

AD/EG-70 |Plasma for Aerodynamics

AD/EG-72 |Coupled fluid dynamics and flight mechanics
simulation of very flexible aircraft configs

AD/EG-73 |Secondary Inlets and Exhausts

Active - Extended -Closed Inactive

MANAGED AND FORESEEN GOR ACTIVITY

First 2016 GOR/AD meeting #96 Meatigwasheld at ONERA Palaiseau on thé"#ebruary2016 and ¥
March 2016

GoR/AD meeting #97 will be held, subject to confirmation, at Airbus Bremen on"tlad & 7" October
2016

Frank Ogilvie
Chairman (20142015)

Group of Responsables Aerodynaimas
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GOR MEMBERSHIP

GROUP OF REIWPSABLE!
AERODYNAMIC:

TheMembership of the GoRRD in 2015is presented in the table below.

Current membership of the Group of Responsables Aerodynamics

Chairman
Mr. Frank Ogilvie

Vice-Chairman
Vacant(till mid-2015

Mr. Harmen van der Ve(since
mid-2015)

Members

Mr. Norman Wood

Mr. Bimo Prenatdtill June 2015)
Mr.
Mr.
Mr.
Mr.

Mr.
Mr.

Mr.
Mr.

Eric Coustols
Giuseppe Mingione
Fernando Monge
Henning Rosemann

Geza Schrauf
Heribert Bieler

Per Weinerfelt

Torsten Berglind

Industrial Points of Contact

Mr. Thomas Berens

ATI

NLR

Airbus Ltd
NLR
ONERA
CIRA
INTA
DLR

Airbus Operations
GmbH

SAAB
FOI

AIRBUS Defence &

Space
Mr. Nicola Ceresola Alenia
Mr. Michel Mallet Dassault
Mr. Didier Pagan MBDA

Mr. Luis P. RuizCalavera

AIRBUS Defence &

Space

Mr. Chris Newbold

QinetiQ
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United Kingdom frank.ogilvie@ati.org.uk

The Netherland« Harmen.van.der.Ven@nlr.nl

United Kingdom Norman.Wood@airbus.com

The Netherland« bimo.pranata@nlr.nl

France Eric.Coustols@onera.fr

Italy g.mingione@cira.it

Spain mongef@ina.es

Germany Henning.Rosemann@dir.de
Geza.Schrauf@airbueom/

Germany Heribert.BIELER@airbus.com

Sweden per.weinerfelt@saab.se

Sweden torsten.berglind@foi.se

Germany thomas.berer@airbus.com

Italy nceresola@alenia.it

France michel.mallet@dassaudtviation.fr

France didier.Pagan@ mbdsystems.com

Spain Luis.Ruiz@airbus.com

United Kingdom cmnewbold@ginetig.com
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TABLE OF PARTICIPATI NG ORGANISATIONS: AD/ AGS AND AD/EGS

AG-51 | AG-52 | AG-53 | AG-54 | AG-55 | EG-70 | EG-72 | EG-73

Research Establishments

CIRA c c c c

DLR c c c

DSTL

FOI c g g g

INTA g c

NLR c c c

ONERA g c c c c

Industry

Airbus Military c c

Airbus Operations GmbH c

Airbus Operations S.A.S c

Airbus Group Innovations c

Alenia Aeronautics

CASSIDIAN c c

Dassault Aviation

EADS c

LACROIX c

MBDA-F c ¢

MBDA-LFK

QinetiQ

SAAB c c

Academic Institutions

Imperial College c

ISL c

KTH c

Southampton URISVR

TU Munchen c

UAH c

Univ. BWM (universitat der
Bundeswehr Munchen)

University of Manchester c

University of Zurich c

UNIS c

Von Karman Institut€VKI) c

VUT c

¢ = Member g = Chair
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TOTAL YEARLY COSTS O F AD/AG RESEARCH PROGRAMM ES

GROUP OF REIWPSABLES

AERODYNAMIC!

2012 2013 2014 2015 2016 2017*

GoR AG - ~ - - -~
pm ka] pm ko] pm ka] pm ka] pm ku] pm k U

51 13 40 12 40 12 40 0 0 0 0 0 0

52 20 45 23 63 23 63 23 63 0 0

53 10 12 13 24 13 24 13 24 0 0

54 18 100 | 22 140 | 22 140 | 55 50

55 16 24 16 24 16 24

AD TOTAL 13 40 42 97 66 227 | 74 251 | 74 251 | 215 | 74

pm = Persormonths kl = other costs

* NOTE: Several Action Groupare planned to end during 201hile others are in prepation to be
started during 2016 and 2Q1Hence it is not meaningful at this staip estimate resources for 2017

ACTION GROUP REPORTS
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AD/AG-51 TRANSITION IN
HYPERSONIC FLOWS
Monitoring D. Pagan
Responsable: MBDA-F
Chairman J. Perraud
ONERA
1 Objectives

The objective of this Action Group is to improve
knowledge and methods dedicatedthe prediction
and triggering of laminar/turbulent transition
hypersonic flows.

in

9 Progress

AD/AG-51 was launched in September 2011. This
Action Group is dedicated to laminturbulent
transition prediction and control in hypersonic flows.
Seven membersare involved, 6 from research
establishments (CIRA, DLR, ISL, ONERA, UniBwM
and VKI) and 1 from industry (MBDA). (VKI is not

a member of the GARTEUR organization but its
participaton was accepted by the GARTEWRunNCcIl

in January 2011).

The Kick-off meeting took place at ONERA Toulouse
on T February 2012, and a technical meeting was
organised at VKI in November 2012. Due to budget
restrictions at ONERA, there was no technical
meeting organised in 2013.

The Action Group is split into 3 work packag&¥R)
relating to natural and triggered transition. First WP
deals with experimental database and identification of
validation cases, the second WiPalswith transition
predictions tools, and the third WP covers validation
of the transition prediction meths, the effect of wind
tunnel noise and transition triggering.

The main goal of the first package is to buildvell-
documentedexperimental database, which will be
used as validation tool during the numerical studies.
The 7 partners agreed on 4 availalebeperiments
carried out by DLR, ISL, MBDAF and VKI. These
experiments focus on flight regimes with Mach
number between 4 and 10 and altitudes up to 40 km
with  natural and triggered transition. Most
configurations are academic, e.g. cones or flat plates,
with the exception of the LEA forebody proposed by
MBDA. Availability of well adapted meshes is to be
explored since a proper description of the boundary
layer will be necessary.

DLR provided wind tunnel test results on sharp and
blunt cones (M=7 and Re=3Millions/m) with heat

flux measurements carried out by using coaxial
thermocouples and time resolved surface pressure
measurements, compared to stability calculations. A
first report was prepared and distributed at the VKI
meeting.
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Figure 1 : Wall pressure spectrum compared to linear
stability calculation (LST) DLR HEG Mach 7.5 test
of a blunted cone [1]

ISL agreed to provide shock tunnel test results on a
sharp cone and on a blunt conical nose (Mach=6; Re =
23.5 16/m and 9% 1(¢/m) with visualizations and
heatflux measurements. Corresponding CAD files
were uploaded to the ftp server.

MBDA -F provided extracts of wind tunnel test results
performed at ITAM (Mach=4 and 8, Re = [1i47.1]
10°%/m). Measurements include Pitot psaee, Oil flow
and Schlieren visualization, and TSP results in the
presence of the triggering device&CAD files and
meshes of the forebody have been also provided.

The VKI will provide a part of an existing database
obtained on a flat plate with isolatedughness.
Experiments on a cone started in 2012. This cone is
equipped or not with roughness and inserted in the
same wind tunnel. Infrared imaging has allowed
demonstrating the case of natural and induced
transition. Some of the cone experiment will atso
shared with the partners. Because other financed
projects will be running on the same topic additional
run will be possible.

The second work package is dedicated to the
extension to hypersonic flows of existing transition
criteria and their implementian into CFD codes,
starting with the boundary layer code 3C3D and the
RANS elsA software. It is planned to study the
extension to hypersonidsy methods based on linear
stability theory (LST), on transport equations models
and on the use of transition tefiion inserted into
RANS codes when possible. Four different LST codes
are available, which may run using velocity profiles
obtained from RANS codes. LST results and
experiments will be used for the validation phase.
Concerning the extension of the longitnal criterion

to Mach 4, pressure gradient effects were taken into
account based on about 50 velocity profiles from
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FalknerSkan similarity solutions with several values

of the Pohlhausen parameq_ezr:q:&.
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Figure 2 : Application d the new criterion up to Mach 4

A new formulation was determined, for the moment
limited to adiabatic walls. This formulation has then
been introduced into 3C3D and elsA.
validation is almost completed based on a flat plate
with velocity ramps isnulating the effects of pressure
gradients. A similar validation is underway using
elsA. Figure 2 shows the results obtained with 3C3D,
compared to what produced the previous compressible
model, which was limited to Mach 1.6. Five pressure
gradients andhree values of the turbulence level are
plotted on the figure. A good agreement is indeed
observed up to Mach 1.6. A first evaluation of
precision using similar profiles showed that the
relative error in transition prediction remained, in
most cases, below0% even with a 1% error on the
incompressible shape factor estimation (figure 3).

In 3C3D,
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Figure 3 : Precision evaluation using similar profiles
2<0.015; .05% < Tu< 1%

1.1<Me< 4; -0.0265<

Comparisons to exact stability calcutats will be
necessary to more precisely evaluate the errors in the

presence of pressure gradients.

Extension to cold walls will be considered in 2014. A
large number of stability calculations have already
been made, but time was too short in 2013 to &xten

the model.

GROUP OF RESPONSSBAERODYNAMIC

ACTION GROUP REPOF

The last work package consists in applying validated
methods and the new criteria (when possible) to the
configurations provided by the partners. A first
computational test (figure 4) was run by CIRA using

the LEA geometry.
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Figure 4 : Mach 8 computation of LEA forebody

Some cross studies between experimental results and
numerical approaches will be carried out. The action
group may also investigate the effect of wind tunnel
facilities on transition, compared toateflight. Last

but not least a study of passive triggering devices
should also be conducted by CIRA and VKI based on

experimental and numerical results.
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