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Remit 

The GoR AD initiates and organises basic and applied research in aerodynamics. Whilst in general terms 

aerodynamics makes up the majority of the research done within the GoR, some of the work has a 

significant amount of multi-disciplinary content. This trend is driven by industrial interests, and is likely to 

increase in the future.  

The current scope of the aerodynamic activities in the GoR covers the following topic areas: 

o Aerodynamics; 

o Aero-thermodynamics; 

o Aero-acoustics; 

o Aero-elasticity; 
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o Aerodynamic Shape optimum; 

o Aerodynamics coupled to Flight Mechanics; 

o Aerodynamics Systems integration. 

In general terms the work consists of both computational and experiment aspects of aerodynamics with the 

emphasis on the provision of data to validate the computational approaches. In addition, 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 activities 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 Organisation), or National aeronautical research 

programmes. 

Research initiated in GoR-AD programmes sometimes leads to an EU proposal or compliments concurrent 

EU program content. In addition the content of GoR AD can be cross sectorial in covering both Civil and 

Military interests. 

 

 



 
 

GROUP OF RESPONSABLES  

AERODYNAMICS 

 

A-3 

 

 

 

TABLE OF CONTENTS  

 

AERODYNAMICS  

 

 

GOR-AD OVERVIEW  ............................................................................................................................. A-4 
GOR ACTIVITIES ......................................................................................................................................... A-4 
MANAGEMENT ISSUES ................................................................................................................................. A-5 
DISSEMINATION OF GARTEUR ACTIVITIES AND RESULTS ....................................................................... A-6 
FUTURE PLANS ............................................................................................................................................ A-6 
MANAGED AND FORESEEN GOR ACTIVITY ................................................................................................. A-7 
GOR MEMBERSHIP ...................................................................................................................................... A-8 
TABLE OF PARTICIPATING ORGANISATIONS: AD/AGS AND AD/EGS ........................................................ A-9 
TOTAL YEARLY COSTS OF AD/AG RESEARCH PROGRAMMES .................................................................. A-10 
ACTION  GROUP REPORTS ............................................................................................................... A-10 
AD/AG-51 ................................................................................................................................................ A-12 
TRANSITION IN HYPERSONIC FLOWS ........................................................................................................ A-12 
AD/AG-52 ................................................................................................................................................ A-15 
SURROGATE-BASED GLOBAL OPTIMIZATION METHODS IN AERODYNAMIC DESIGN ................................. A-15 
AD/AG-53 ................................................................................................................................................ A-18 
RECEPTIVITY AND TRANSITION PREDICTION: EFFECTS OF SURFACE IRREGULARITY AND INFLOW 

PERTURBATIONS ....................................................................................................................................... A-18 
AD/AG-54 ................................................................................................................................................ A-21 
RALESIN: RANS-LES INTERFACING FOR HYBRID AND EMBEDDED LES APPROACHES ......................... A-21 
AD/AG-55 ................................................................................................................................................ A-24 
COUNTERMEASURE AERODYNAMICS ....................................................................................................... A-24 

 



 
 

GROUP OF RESPONSABLES  

AERODYNAMICS 

 

A-4 

 

GoR-AD OVERVIEW  

 

GOR ACTIVITIES  

 

During 2014 there were 2 Action Groups, namely AD/AG-46 ñHighly Integrated Subsonic Air Intakesò 

and AD/AG-48 ñLateral jet interactions at supersonic speedsò that were completed. In both cases the work 

had been completed in 2013 and only reporting needed to be completed within 2014. One new Action 

Group was launched AD/AG-54 ñRANS-LES Interfacing for Hybrid RANS-LES and embedded LES 

approachesò, and was well prepared by the members of AD/EG-69.  

Five Action Groups have been active in 2015. 

¶ AD/AG-51 ñLaminar/Turbulent Transition in Hypersonic flowsò.  

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 triggering of Laminar/Turbulent boundary 

layer transition on bodies in hypersonic flow. Work consisted of both wind tunnel tests and CFD 

prediction, and has concentrated on the Mach number range of 4 to 10 at atmospheric condition 

appropriate for 30 km altitude, and has made use of 4 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 mid-2015 has been agreed. The group Chairman is Jean Perraud 

of ONERA.  

¶ AD/AG-52 ñSurrogate-based global optimisation methods in aerodynamic designò. 

A current issue in aircraft design is the need to have the ability to determine aerodynamic 

characteristics rapidly and accurately within the design process. This programme of work is 

associated with looking at the use of surrogate methods in the design of aerodynamic shapes. 

Design of experiments (DoE) techniques have been tested against reference geometries allowing 

cost / accuracy studies between different approaches to be made. A major output of the work is 

best practice guidelines for industrial use of SBGO methods in shape optimisation. The work was 

started in February 2013 and was expected to be completed by December 2015. An extension of 

the programme from the original finish date to the end of December 2016 was agreed by the GoR 

in 2015. The AD/AG-52 Chairperson is Esther Andrés (INTA) and Fernando Monge (INTA) is the 

Monitoring Responsible. 

¶ AD/AG-53 ñReceptivity and Transition Prediction: Effects of surface irregularity and inflow 

perturbationsò.  

The main object of this project was to understand the effects of surface irregularities and 

disturbances in the oncoming flow on transition in three dimensional onset flows, and the 

evaluation of transition control techniques. The work covers both experiment and associated 

numerical calculations. The project started in September 2013 and is expected to be completed in 

September 2016. The AD/AG-53 Chairperson is Ardeshir Hanifi (FOI), and monitoring 

responsible Torsten Berglind (FOI). 

¶ AD/AG-54 ñRANS-LES Interfacing for Hybrid and Embedded LES approachesò.  

AG54 arose out of work started in EG69. The main objective of this project is make use of a 

comprehensive and transnational effort to explore, and further develop theoretical methods, in 

order to improve RANS-LES coupling in the context of Embedded LES (ELES) and Hybrid 

RANS-LES methods thus enabling the ñGrey Areaò problem to be resolved.  Both zonal and non-

zonal approaches have been taken. The project started in April 2014, and is scheduled to be 

completed in April 2017. The work in this project is a follow on from that in AD/AG-49.  
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¶ AD/AG-55 ñCountermeasure Aerodynamicsò 

AG-55 arose out of preliminary studies carried out in EG-71 and was launched in October 2014, 

with an expected finishing date of the end of 2016. The work is divided into two work packages, 

the first deals with the dispersion of chaff using both Eulerian 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 aerodynamics characteristics of burning flares, 

and their resulting trajectories. The focus is on achieving an improved understanding of the effects 

of burning on the aerodynamic characteristics of 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 models. The Chair-Person of AD/AG-55 was Dr. O. Grundestam (FOI) 

and the Monitoring Responsible is Torsten Berglind (FOI). In mid-2015 Dr. Grundestam left FOI, 

as a result of which, Torsten Berlind has replaced him as Chairman for AD/AG-55. 

¶ AD/EG-70 ñPlasma for Aerodynamicsò 

Work in this topic had failed to gather sufficient interest and so has been delayed again. The view 

of the GoR was to keep it open and review it at a later date. 

¶ AD/EG-72 ñCoupled Fluid dynamics and Flight Mechanics of Very Flexible Aircraft 

Configurationsò 

This is a new Exploratory Group set up to deal with the issue of coupled aerodynamics and flight 

mechanics simulation tools aimed at the analysis of very flexible configurations. With the 

departure of various individuals, the reorganisation of NLR and difficulties with the release of 

Airbus IPR, work on this subject was delayed. The IPR issues are now resolved, and it is planned 

to launch the EG-70 activity prior to Summer Holidays. Harmen van de Ven of NLR will be 

leading the Group. 

¶ AD/EG- 73ò Secondary Inlets and Exhaustsò 

A proposal in being prepared by Thomas Berens and will be issued by mid 2016. 

 

 

MANAGEMENT ISSUES  

 

The GoR-AD has been active in 2015 with two Meetings. The first took place on the 26
th
 to 27

th
 March 

2015, hosted by INTA in Madrid. The second meeting was scheduled for Cranfield in the UK, hosted by 

the ATI on the 1
st
, 2

nd
, and 3

rd
 September 2015. Potential attendance was very low due to travel difficulties 

for some members and the closeness of the 2015 summer holiday season. As a result of this the meeting 

was cancelled, and rescheduled for CIRA in Naples on 5
th
 and 6

th
 of November 2015.  

The presence of Industrial Members and National PoCs at the two GoR meetings was reduced relative to 

2014. At both meetings in 2015 the opportunity was taken to allow people to join the meeting by means of 

WEBEX. Though not totally aligned with the GARTEUR ethos of face to face meetings the use of 

WEBEX has allowed, more members to take part, with restricted travel budgets for some Research 

Institutes. 

Industrial companies appeared to be a major reason for non-attendance at GoR/AD Meetings. Despite a 

very successful AG Forum held in FOI in Stockholm in Autumn 2014 it proved to be impossible to arrange 

a similar event in 2015. 

At the end of the 2015 Autumn GoR/AD meeting the new GoR Chair and Vice-Chair took over, with 

Harmen van de Ven as Chairman for 2016/17 and Fernando Monge as Vice-Chair, and I wish them every 

success in the future. The preparation of this report is my last function as part of GARTEUR GoR/AD, and 

it was a great honour to be part of this excellent undertaking, and I 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/AG work. To this end AG52 

published a further book on the result of their activities. 

 

FUTURE PLANS 

 

Compared with 2014 with four active AD/AGs, the status quo was maintained in 2015 with four Active 

AD/AGs and three AD/EGs. The prospects for 2015 were 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 the launch of an AD/AG during 2016 with the resolution of the Airbus IPR issue.  

A proposal for work on thrust vectoring by mean of Fluids control did not gain much favour within the AD 

membership but is still on the table. 

Studies of the application of plasma in Aerodynamics (AD/EG-70) failed to attract sufficient interest 

amongst the members of the AD. This EG is now inactive although it could be resurrected if sufficient 

interest is shown in the future. 

More importantly the proposal for an AD/EG based on secondary inlets and outlets for ventilation is likely 

to be launched in 2016.  

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 industrial level wind tunnel with associated high cost. 

During the course of 2015 a new list of ideas for research work from industry was issued. This will form 

the basis of a new initiative in 2016 to establish further AD/EGs. 
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6 years rolling Plan for AD/AGs and AD/EGs 
6 years rolling Plan for AD /AGs, and AD/EGs

Cat Topic

AD/AG-51 Lamiminar-Turbulent Transition in Hypersonic

flows

AD/AG-52 Surrogate-based Global optimisation methods EG67 Č

in preliminary designs

AD/AG-53 Receptivity and Transition prediction EG66 Č

AD/AG-54 RANS-LES Interfacing Hybrid for Hybrid EG69 Č

RANS-LES and embedded LES approaches

AD/AG-55 Countermeasures Aerodynamics EG71 Č

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

20172012 2013 2014 2015 2016

 
 

 

MANAGED AND FORESEEN GOR ACTIVITY  

First 2016 GoR/AD meeting #96 Meeting was held at ONERA Palaiseau on the 29
th
 February 2016 and 1

st
 

March 2016.  

GoR/AD meeting #97 will be held, subject to confirmation, at Airbus Bremen on the 6
th
 and & 7

th
 October 

2016. 

 

 

Frank Ogilvie 

Chairman (2014-2015) 

Group of Responsables Aerodynamics  
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GOR MEMBERSHIP  

 

The Membership of the GoR-AD in 2015 is presented in the table below. 

 

 

Current membership of the Group of Responsables Aerodynamics 
 

Chairman    

Mr. Frank Ogilvie ATI United Kingdom frank.ogilvie@ati.org.uk 

    
Vice-Chairman    

Vacant (till mid-2015)    

Mr. Harmen van der Ven (since 

mid-2015) 
NLR The Netherlands Harmen.van.der.Ven@nlr.nl 

    
Members    

Mr. Norman Wood Airbus Ltd United Kingdom Norman.Wood@airbus.com 

Mr. Bimo Prenata (till June 2015) NLR The Netherlands bimo.pranata@nlr.nl 

Mr. Eric Coustols ONERA France Eric.Coustols@onera.fr 

Mr. Giuseppe Mingione CIRA Italy g.mingione@cira.it 

Mr. Fernando Monge INTA Spain mongef@inta.es 

Mr. Henning Rosemann DLR Germany Henning.Rosemann@dlr.de 

Mr. Geza Schrauf /  

Mr. Heribert Bieler 

Airbus Operations 

GmbH 
Germany 

Geza.Schrauf@airbus.com / 

Heribert.BIELER@airbus.com 

Mr. Per Weinerfelt SAAB Sweden per.weinerfelt@saab.se 

Mr. Torsten Berglind FOI Sweden torsten.berglind@foi.se 

 

 

 

 

 

 

 

 

 

 

 

 

   

Industrial Points of Contact   

Mr. Thomas Berens 
AIRBUS Defence & 

Space 
Germany thomas.berens@airbus.com 

Mr. Nicola Ceresola Alenia Italy nceresola@alenia.it 

Mr. Michel Mallet Dassault France michel.mallet@dassault-aviation.fr 

Mr. Didier Pagan MBDA France didier.Pagan@mbda-systems.com 

Mr. Luis P. Ruiz-Calavera 
AIRBUS Defence & 

Space 
Spain Luis.Ruiz@airbus.com 

Mr. Chris Newbold QinetiQ United Kingdom cmnewbold@qinetiq.com 

 

mailto:frank.ogilvie@ati.org.uk
mailto:Harmen.van.der.Ven@nlr.nl
mailto:Norman.Wood@airbus.com
mailto:bimo.pranata@nlr.nl
mailto:Eric.Coustols@onera.fr
mailto:g.mingione@cira.it
mailto:mongef@inta.es
mailto:Henning.Rosemann@dlr.de
mailto:Heribert.BIELER@airbus.com
mailto:nceresola@alenia.it
mailto:michel.mallet@dassault-aviation.fr
mailto:cmnewbold@qinetiq.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 
   

c 
   

MBDA-LFK 
        

QinetiQ 
        

SAAB 
 

c 
 

c 
    

Academic Institutions 
        

Imperial College 
  

c 
     

ISL c 
       

KTH 
  

c 
     

Southampton Un - ISVR 
        

TU Munchen 
   

c 
    

UAH 
 

c 
      

Univ. BwM (universitat der 

Bundeswehr Munchen) 
c 

       

University of Manchester 
   

c 
    

University of Zurich 
   

c 
    

UNIS 
 

c 
      

Von Karman Institute (VKI)  c 
       

VUT 
 

c 
      

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

 

pm = Person-months  kú = other costs  

 

* NOTE: Several Action Groups are planned to end during 2016, while others are in preparation to be 

started during 2016 and 2017. Hence it is not meaningful at this stage to estimate resources for 2017. 

 

 

ACTION GROUP REPORTS 
 

 

GoR AG 
2012 2013 2014 2015 2016 2017 *  

pm kú pm kú pm kú pm kú pm kú pm kú 

 

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 5.5 50 

 

55       16 24 16 24 16 24 

AD TOTAL  13 40 42 97 66 227 74 251 74 251 21.5 74 
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AD/AG-51 TRANSITION IN 

HYPERSONIC FLOWS 

 

Monitoring 

Responsable: 

 

Chairman 

 

 

D. Pagan  

MBDA-F 

 

J. Perraud  

ONERA 

 

¶ Objectives 

The objective of this Action Group is to improve 

knowledge and methods dedicated to the prediction 

and triggering of laminar/turbulent transition in 

hypersonic flows.  

¶ Progress 

AD/AG-51 was launched in September 2011. This 

Action Group is dedicated to laminar-turbulent 

transition prediction and control in hypersonic flows. 

Seven members are involved, 6 from research 

establishments (CIRA, DLR, ISL, ONERA, UniBwM 

and VKI) and 1 from industry (MBDA-F). (VKI is not 

a member of the GARTEUR organization but its 

participation was accepted by the GARTEUR Council 

in January 2011).  

The Kick-off meeting took place at ONERA Toulouse 

on 1
st
 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 packages (WP) 

relating to natural and triggered transition. First WP 

deals with experimental database and identification of 

validation cases, the second WP deals with transition 

predictions tools, and the third WP covers validation 

of the transition prediction methods, the effect of wind 

tunnel noise and transition triggering. 

The main goal of the first package is to build a well-

documented experimental database, which will be 

used as validation tool during the numerical studies. 

The 7 partners agreed on 4 available experiments 

carried out by DLR, ISL, MBDA-F 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=3.7 Millions/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.  

 

 
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 10
6
/m and 9.6 10

6
/m) with visualizations and 

heat-flux 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 = [1.4 ï 7.1] 

10
6
/m). Measurements include Pitot pressure, 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 isolated roughness. 

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 also be 

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 implementation into CFD codes, 

starting with the boundary layer code 3C3D and the 

RANS elsA software. It is planned to study the 

extension to hypersonics by methods based on linear 

stability theory (LST), on transport equations models 

and on the use of transition criterion 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 longitudinal criterion 

to Mach 4, pressure gradient effects were taken into 

account based on about 50 velocity profiles from 
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Falkner-Skan similarity solutions with several values 

of the Pohlhausen parameter 
x
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Figure 2 : Application of 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. In 3C3D, 

validation is almost completed based on a flat plate 

with velocity ramps simulating 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 and three 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, below 10% even with a 1% error on the 

incompressible shape factor estimation (figure 3).  
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Figure 3 : Precision evaluation using similar profiles 

1.1< Me< 4 ; - 2<0.015 ; .05% < Tu< 1% 

 

Comparisons to exact stability calculations 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 extend 

the model.  

 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.  

 
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 to real flight. Last 

but not least a study of passive triggering devices 

should also be conducted by CIRA and VKI based on 

experimental and numerical results. 

[1] V. Wartemann, A. Wagner, ñAG51 Task 1.1 Data post-

processingò, DLR contribution 

¶ AG membership 

 
Member partner  e-mail 

Donato de Rosa CIRA  d.derosa@cira.it 

Viola Wartemann DLR  Viola.wartemann@dlr.de 

Dr Patrick Gnemmi  ISL  Patrick.gnemmi@isl.eu 

Antoine Durant  MBDA  antoine.durant@mbda-systems.com 

Jean Perraud ONERA jean.perraud@onera.fr 

Prof Ch. Mundt  UniBwM  Christian.mundt@unibw.de  

Dr Patrick Rambaud 

Dr Olivier Chazot  

VKI  Rambaud@vki.ac.be 

Chazot@vki.ac.be 

 

¶ Resources 

Resources 

Year 

2012 2013 2014 Total 

Person-

months 

Actual/ 

Planned 

A13 

P13 

A11.5 

P12.5 

 

P12 

 

P41.5 

Other costs 

(in Kú) 

Actual/ 

Planned 

A40 

P40 

A40 

P40 

 

P40 

 

P120 

 

 

  

mailto:d.derosa@cira.it
mailto:Viola.wartemann@dlr.de
mailto:Patrick.gnemmi@isl.eu
mailto:antoine.durant@mbda-systems.com
mailto:Jean.perraud@onera.fr
mailto:Christian.mundt@unibw.de
mailto:Rambaud@vki.ac.be
mailto:Chazot@vki.ac.be
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