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1. Summary

WakeNet2 is a continuation of the European Thematic Network WakeNet on wake turbulence that started in April 1998. The aim of WakeNet2 is to promote the exchange of technical information as described in the ‘Mission Statement’ (see below). WakeNet2 is organized in three area’s: ‘wake turbulence phenomena’, ‘instrumentation for research and operations’ and ‘safety, capacity and operations’. To facilitate the exchange of information ‘Working Groups’ and “Links’ will be formed. Working Groups are organized around a specific theme. Links establish contacts with particular European  (e.g. EU-programs), US activities or groups of persons (e.g. pilots). Additionally, workshops and specialists meetings will be organized. A group of about 15 experts in the field of wake turbulence organize these activities as partner in the program. However, participation from all other interested parties is essential. These participants are invited to show their interest for particular topics and to participate actively in the information exchange and related discussions. Future improvements in safety and capacity related issues of wake turbulence can only be realized if the different stakeholders understand the constraints dictated by other disciplines and the kind of solution that is required from their discipline. To provide a forum for this is the mission of WakeNet2.

2. Mission Statement

WakeNet2 will promote multidisciplinary contacts between specialists active in the field of wake turbulence to disseminate relevant information. WakeNet2 will enable the development of a shared view how to address the existing and foreseeable safety and capacity related problems caused by wake turbulence.

3. Justification:

3.1. A flying aircraft generates a turbulent wake as a direct consequence of its lift. ‘Safe separation distances’ are prescribed to ensure that an aircraft does not enter into an unsafe situation due to the wake turbulence of a proceeding aircraft. These separation distances have been defined in the past on the basis of aircraft weight classes. Some modifications of these rules have been introduced by the regulating authorities that reflect the experience obtained over the years. Nevertheless neither the original proposals nor these modified rules can always be explained by rigorous physical reasoning. It also resulted in a lack of harmonization between the various airports or countries. It is felt that the regulations that prescribe the separation distances might be to conservative in most cases or to optimistic for a few very specific conditions. 

3.2. In the seventies, after the introduction of the Boeing 747, the wake turbulence problem has been studied extensively. The regulations that resulted were sufficiently adequate apparently, since the problem was hardly mentioned in the eighties. However, the last decade showed again an increased interest in the problem. This is mainly due to:

· the fact that many airports are close to their capacity limit; since the creation of additional runway capacity needs several years it is of interest to see if the existing separation standards can be relaxed without jeopardizing safety; and also if airport capacity can be increased by adding extra closely spaced parallel runways in the existing airport area and without compromising safety due to wake turbulence;

· the fact that the Boeing 757 required regulations that deviated from current practice; however this behavior is till to-day not clearly understood;

· the introduction of aircraft larger than the Boeing 747 that raises the question whether the present rules are still adequate.

3.3. Research in the US concentrated in the last decade mainly on wake vortex advisory systems (like the AVOSS at DFW and the Canadian VFS) that shall enable a reduction in safe separation distances for a class of meteorological conditions. Similar activities were performed by DFS at FRAPORT. Research in Europe, having missed the vast experience from the US in the seventies, concentrated originally on wake vortex characterization but is now more and more moving in a direction towards providing solutions for operational issues. 

3.4. The first European programs (EUROWAKE and WAVENC) concentrated on near field wake characterization and the effect of a wake on a following aircraft respectively. Other research activities were initiated as part of  national based programs or by industry. To stimulate the information exchange the thematic network “WakeNet’ started in April 1998. “WakeNet” organized 5 workshops between April 1998 and April 2001 on 1) wake turbulence research, 2) wake characterization, 3) measuring wakes, 4) wake vortex encounter and 5) integration in the airport environment. This reflects a gradual change towards applications. Such a shift is also reflected in the European programs on wake vortex control (C-WAKE) and safety assessment (S-WAKE) that started beginning of 2000. Additionally, a ‘Position Paper’
 was written as a common exercise of the WakeNet partners. This paper describes the ‘state of the art’ and lists for various topics the open questions that require more study. 

3.5. WakeNet has proven to be very instrumental in the exchange of information between the experts and those concerned with operational aspects. The continuation of the existing network and an increased multi-disciplinary exchange of information is equally important in the future with new programs in discussion (I-WAKE on onboard hazard detection, ATC-WAKE on the integration in the airport environment and (part of) AWIATOR on wake reducing devices). At the 5th WakeNet workshop at DFS in Langen (April 2001) it was agreed to ask for an extension of WakeNet of one more year and to apply for a second network following the then four years period of WakeNet. In this way continuity of the network activity is preserved.

4. State of the Art – Wake vortex research

4.1 The two main wake turbulence questions are:

i) Can the characterization according to aircraft weight be replaced by a rulemaking that reflects in a better way the differences between various aircraft without loss of safety?

ii) Can separation distances be reduced with external aids like wake vortex advisory systems or on-board detection to increase airport capacity without loss of safety?

Also, a distinction can be made between strategic and tactical gains in airport capacity. Strategic gains can be characterized as an increase in ‘slots per hour’. Tactical gains allow shorter landing intervals for specific weather conditions to be used e.g. for reducing delays when they have occurred. 

4.2 If the wake turbulence can be reduced by aircraft design or the addition of specific devices, a net strategic capacity gain will result. Aircraft industry (a patent filed by  Boeing, research by Airbus) and research institutes in national (ONERA/DLR cooperation) or European programs (C-WAKE, AWIATOR) are trying to achieve this.

4.3 In the US the AVOSS program, sponsored by NASA up till its demonstration phase, concentrated on the development of a dynamic system that reduced separation distances depending on the weather conditions. The program estimated a theoretical  potential capacity gain (with maximum capacity increases up to 15% for AVOSS) but the system has not yet been introduced in routine ATM procedures, partly as a result of the large implications for the ATM system as a whole. The incorporation and acceptation of a wake vortex advisory system in an ATM environment is clearly an issue.

4.4 The European S-WAKE program quantifies the risk of wake turbulence for a realistic ATM environment. In this program detailed studies are made of weather effects on vortex decay and a dynamic simulation of the encounter. A stochastic based risk assessment model is subsequently used to quantify the risk. This model should in principle provide a rational way to quantify ‘safe separation distances’. 

4.5 Pilots know very well that when a wake vortex is encountered, the effects on the aircraft can be very severe. Their point of view is that encounters should be avoided under all conditions. Nevertheless, wake vortex encounters are being reported (e.g. the NATS voluntary pilot reporting activity for Heathrow). The statistics of these reports are useful to guide the rule making. Improved statistical data can be obtained by analyzing flight data recordings with an automatic processing tool as is done in S-WAKE.

4.6 On board warning of wake vortices (with methods similar to the detection of wind shear or clear air turbulence) is a possible way out for the pilots’ dilemma. In the European FLAME and MFLAME programs, followed by I-WAKE, these technologies will be developed although the technical challenges are very large. 

4.7 As a final step wake vortex advisory systems based on detailed weather prediction have to be integrated in ATM systems. The proposed ATC-WAKE program is concerned with the technical feasibility of such an integration, the operational feasibility for the controller and a quantification of the possible gains. Relevant information is to be displayed in the cockpit. The latter issue has been addressed as part of  the ISAWARE project with a continuation in ISAWARE2.

4.8 The capacity gains that are possible should not be overestimated. They are airport (runway configuration) and weather conditions dependent. A typical order of magnitude for a tactical capacity gain would be 10%. Strategic benefits can be larger but always in relation with specific airport configurations, like closely spaced runways. The Wake Vortex Warning System (WVWS) and the HALS/DTOP procedures at Frankfurt Airport are good examples. 

4.9 Wake turbulence effects are not restricted to landing situations. They can also occur for intersecting runways, mixed runway operation (starts and landings on the same strip) or aircraft ‘in hold’ or ‘en route’ where the reduced vertical separation distances are of some concern.

4.10 Rule making authorities are very much concerned with wake turbulence. They have the responsibility to ensure that changes of the present situation, either by the introduction of new aircraft types or by adapting different procedures, do not jeopardize the presently high level of safety. It is for that reasons that the FAA has been actively involved in the past in wake vortex related safety studies. 

5. State of the Art – characteristics of the wake vortex problem

5.1 The following phases can be distinguished: 

· wake vortex formation and roll-up, 

· the decay phase including wake vortex interaction with the atmosphere and the ground and 

· the effects on the following aircraft. 

The WakeNet Position paper (that can be found on the WakeNet Internet site) reflects the present thinking on these various aspects of the wake vortex problem. It summarizes a common view if possible or spells out differences or uncertainties when they exist. This assessment is the guideline for WakeNet2 and it is hence essential to read the Position Paper. In the following only a limited overview will be given. 

5.2 Wake vortex formation and roll-up is reasonably well understood although there is uncertainty  in the prediction of vortex strength in relation with the particular aircraft configuration. Some mechanism to break-up wake vortices (by triggering instabilities) are known and studied but their effectiveness for the full scale aircraft still has to be proven.

5.3 The various processes that govern the subsequent decay of the wake vortex are partly known. However, the extent to which external weather conditions (turbulence, stratification and stability of the atmosphere) affects the decay is still very poorly understood. The problem is further complicated by sometimes rather odd, not easily predictable motions of the wake vortex due interactions with a stratified atmosphere or the ground (‘rebound’) causing vortices to rise under certain conditions and bringing them back to the glide path. 

5.4 An even more serious problem is the reliability of the weather prediction. For integration of any vortex advisory system in an ATM environment, a detailed weather forecast (including wind speeds and wind directions for the runway area or even the entire glidepath) for a period between 20 minutes up to roughly one hour is required. Only by combining advanced weather measuring techniques with feed back from a real time monitoring system, there is chance to have sufficiently reliable weather forecasts. 

5.5 The effects of a wake on a following aircraft can be reasonably well described for off-line and real time simulations in flight simulators. On the basis of this it is hoped that safety criteria can be formulated and validated (S-WAKE). 

5.6 The integration of a wake vortex advisory systems (ground or on-board) in an ATM environment is a difficult task. ATM fast time and real time tower and en-route simulations have to be used to understand its implications in all necessary detail. 

5.7 Finally, safety assessment of the system as a whole is an essential step to assure that the required safety is achieved. As part of the development of the Wake Vortex Warning System, HALS/DTOP and AVOSS such pioneering assessments have been made on the basis of analytical models adjusted with stochastic variations of the prime variables. A ‘Monte Carlo’ based approach is presently developed in S-WAKE.

6.  Wakenet organisation

6.1 WakeNet2 is primarily concerned with scientific and technical information exchange  and encompasses as such the specialists in the field of wake turbulence. Future improvements can only be realized if the different stakeholders understand the constraints dictated by other disciplines and the kind of solution that is required from their discipline. To following enumeration of relevant disciplines illustrates the multidisciplinary dimension: fundamental laws of physics, aircraft aerodynamics, flight mechanics, meteorology, piloting, air traffic management, risk assessment, regulations. All groups concerned like airports, airlines, pilots, air traffic controllers are confronted with a system that is built on these disciplines. Like WakeNet, WakeNet2 will also be organized around these basic disciplines. Changes in the organization relative to WakeNet reflect the ‘lessons learned’.

6.2 The organization is shown in the ‘Organogram’ (see figure). The activities are 

      basically grouped in three main area’s:

· Wake turbulence phenomena (aerodynamic characteristics of the generating aircraft, wake vortex characterization, weather effects on the wake vortex dynamics and decay, flight mechanics of the encounter,   . . . )

· Instrumentation for research and operations (ground and onboard wake detection systems, prediction and monitoring systems, instrumentation for weather characterization, cockpit warning systems . . . )

· Safety, capacity and operations (integration into an operational environment, safety assessments, capacity gains, regulations . . )

 Each area has an Area Coordinator. 

6.3 The management of WakeNet2 is done by the Coordination Board (CB) formed by 

the WakeNet2 Coordinator and his deputy, the  Internet Site Coordinator and the 3 Area Coordinators.  

6.4 A distinction is made between partners and participants:

· Partners in the WakeNet2 Consortium have committed themselves to contribute with one or more tasks to the network. Their activities (tasks) are described in this document (see below). The European commission reimburses the costs. 

· Participants participate in the WakeNet2 activities, provide information to or receive information from WakeNet2, present contributions and/or attend workshops, participate in working groups (WG’s) on an ad-hoc basis etc. In special cases (part of) their costs can be reimbursed by a WakeNet2 partner that acts as PoC and if agreed on forehand.

6.4 A summary of all WakeNet2 tasks is given in TABLE 1. The following tasks can be distinguished:

a) organizational tasks

These comprise the activities of the (deputy)coordinator, area coordinators and (financial) administration

b) the InterNet Site manager

During WakeNet an InterNet Site was established. This Site will be further expanded in WakeNet 2. It is the main communication aid within WakeNet2 and is open to the public. 

c) working groups

Working groups (WG’s) consist of a limited number of specialists to enhance the (interdisciplinary) communication. A working group starts with a written Terms of Reference (‘ToR’) to be approved by the Co-ordination Board. A working group can assess a particular situation and give recommendations for future research. The working group can not do research itself. It is a forum where information is exchanged across the disciplines such that a common view results of the real problems and the technical implications of particular solutions. The chairman of a WG is (in general) a WakeNet2 partner. He writes the ToR, selects the members, convenes the meetings, provide guidance in the discussions and reports to WakeNet2.  A WG should report at the end of its activity and before whenever necessary with a progress report at least once a year.

d) links

Links are used to establish and sustain contacts with (a) specific organization(s) and persons that are active in the area of wake turbulence. The link should work both ways. Besides personal contacts, periodic reporting (at least once a year), visits (requiring a trip report) and contributions to conferences or workshops substantiate a link. A WakeNet2 partner is tasked for a specific link but he can engage other partner or participants to provide additional information or for specific contacts.

e) workshops

The workshops provide the forum for an active, interdisciplinary exchange of information. The initiative is taken by the Coordinating Board (CB) that decides on the date, topic and scope of a workshop and appoints the members of the program committee and the local coordinator.  At least 3 workshops should be organized. At the end of each workshop a Technical Evaluator will assess the achievements of the workshop and will provide guidance to future developments.

f) Specialists meetings

Specialists meetings are organized within each of the technical area’s and shall stimulate the information exchange within that area. The area coordinator takes the initiative. At least one specialist meeting should be organized for each technical area  in the WakeNet2 timeframe. 

7. Partners and tasks

see separate EXCEL sheet TABLE I; not final yet 

8. Participants and interests

see TABLE II;  not final yet

9. Milestones and deliverables

see TABLE III

10. List of related EU projects

see TABLE IV

11. European relation and added value

WakeNet2 encompasses specialists from research institutes, industry and professional organizations that are concerned with one or more aspects of Wake  Turbulence. Its scope of disciplines is very wide, from the fundamental physicist up to the ‘hands-on’ pilot and air traffic controller. The information exchange across the borders of these disciplines will provide added value to already existing European programs and activities in other area’s. 

The activities concentrate on the European situation but are not limited to that. Contacts with developments in the US and Canada are established and information will be exchanged in both directions. It is to be expected that ‘International Rule Making’ will benefit from this.

 WakeNet 2  Organogram 






TABLE 1 gives a summary of the WakeNet activities as planned  and the parties responsible for the organization of the activities

See separate EXCEL sheet 
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Gerz
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hoogerbr@nlr.nl
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P
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K.
Klaus
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Konopka
J.
Jens
496 103 707 792
jens.konopka@dfs.de
DFS Deutsche Flugsicherung GmbH


P
Luckner
R.
Robert
494 074 375 689
Robert.Luckner@airbus.dasa.de
EADS-Hamburg


P
Nicolaon
J.P.
Jean-Pierre
33 169 887 671
jean-pierre.nicolaon@eurocontrol.fr
EUROCONTROL


P
Stilp
T.
Thilo
33 562 110 633
thilo.stilp@airbus.fr
Airbus 


P
Vidal
A.
Antoine
33 169 887 553
antoine.vidal@eurocontrol.fr
EUROCONTROL


P
Wolf
S.J.K.
Stefan
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jsk.wolf@t-online.de
Vereinigung Cockpit (German ALPA)
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Young
R.I.
Rob
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TABLE III

Deliverables

Note that WakeNet2 is a 3 years activity. Qn means ‘at the end of Quarter n’

WHO
WHAT
WHEN

all partners
short half year reports of activities
Q2, Q4, Q6, Q8, Q10, Q12

all partners
cost statement
Q4, Q8, Q12

Coordinator
mid term review report
Q6

Coordinator
final report
Q12

Dep.Coordinator
minutes CB meetings
Q1, Q3, Q5, Q7, Q9, Q11

Internet Site Manager
report on Internet use
Q4, Q8, Q12

WG-chairman
Terms of Reference (in consultation with CB)
start of WG activity

WG-chairman
Interim report (optional)


WG-chairman
Final report
end of WG activity

‘Link’
yearly report
Q4, Q8, Q12

Workshop coordinator
Workshop proceedings (including technical evaluation)
three month after Workshop

Specialists’ meetings
Specialists’ Meeting  proceedings (including technical evaluation)
three month after Workshop

TABLE IV

 List of related EU projects

Acronym
Topic
Coordinator
Status 

Technology programs

ETWIRL
European Turbulent Wake Incident Reporting Log
Red-Scientific (UK)
completed

EUROWAKE
near field wake characterization
Deutsche Airbus
completed

WAVENC
characterization of wake vortex encounter
NLR
completed

MFLAME
on board atmospheric hazard detection
THALES Avionics
completed

C-WAKE
far field wake vortex characterization and reduction trough control and design
EADS-Bremen
running

(Jan00 till Dec02)

S-WAKE
assessment of wake vortex safety
NLR
running 

(Jan00 till Dec02)

ISAWARE
Increasing safety through collision avoidance warning integration 
THALES Avionics
running

(Feb98-Aug01)

AWIATOR
demonstration of new wing technologies; part of the program devoted to wake turbulence reduction devices 
EADS-Bremen
approved  but not started yet

I-WAKE
continuation of MFLAME
THALES Avionics
approved  but not started yet

ATC-WAKE
integration of wake vortex advisory systems in ATM environment
NLR
in preparation

ISAWARE2
increasing safety by enhancing crew situation awareness (continuation of ISAWARE)
THALES Avionics
approved  but not started yet

Thematic Networks

EXT-HAZ
External hazards
Aerospatial-Matra
completed

WAKENET
thematic network for Wake Turbulence
EADS-Bremen
running

(Apr99-Apr02)
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Area Cordinator
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(Thomas Gerz, DLR-IPA)





Area Coordinator


Safety, Capacity and Operations


(Jens Konopka, DFS)





working group WG-1





working group WG-2








L(ink)-1





L(ink)-2





L(ink)-3 A-k





Area Coordinator


Instrumentation for research and opeations


(Hubert Combe,THALES Avionics)





Coordinator


(Bram Elsenaar, NLR)


Deputy Coordinator


(Thilo Stilp, AIRBUS)








� ‘Aircraft Wake Vortices – a position paper –‘, by Thomas Gerz, Frank Holzäpfel and Denis Darracq (editors);  April 6, 2001 (see the WakeNet Internet site: http://www.cerfacs.fr/~wakenet)





