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1 Preface

A review of the year 2001 would not be possible without
mentioning the 11 September attacks on New York and
Washington. Their consequences have affected the whole
aeronautical community, including — on a limited scale —
NLR. For the first time in many consecutive years of
steady growth, NLR saw some decrease in turnover. It is
strongly believed, however, that the trend for NLR will
soon be upwards again.

NLR has supported industries in the Netherlands
in their efforts to participate in the development
and production of the successor of the Royal
Netherlands Air Force’s Lockheed Martin F-16
fighters. By carrying out projects that strengthen
the Netherlands technology basis, NLR will
continue to provide the support that the industry
requires for participation in military aircraft
programmes.

In the area of civil aircraft development, the
opportunity for the Dutch industry to contribute to
the Airbus A380 programme will result in new
research and development contracts.

Equally important are the preparations for the
operation of the fifth runway of Amsterdam
Airport Schiphol. For government agencies, ATC
the Netherlands and Amsterdam Airport Schiphol,
NLR carried out various research programmes
aimed at accommodating the increasing demand
for air transport, within safety and noise limits.
For international customers, in co-operation with
various partners, NLR carried out studies to arrive
at a single European sky with harmonised air
traffic control and reduced congestion and delays.
Participation in international research and tech-
nology development programmes helped NLR to
retain its capability of providing the support that
the customers require.

NLR expects to continue various space activities,
particularly in programmes of the European Space
Agency and in co-operation with industries. The
flight of the Sloshsat FLEVO satellite only awaits
a launch opportunity. NLR will be contributing to
the development of the European satellite naviga-
tion system, GALILEO. By its participation in the
Geomatics Business Park, a business and science
park located near NLR in Noordoostpolder,
Flevoland, NLR supports various companies in
utilising remote sensing data in products for their
customers.

NLR pursues national co-operation in technology
development. Stork N.V., the Delft University of
Technology and NLR have founded the Fibre
Metal Laminates Centre of Competence (FMLC),
officially inaugurated on 16 May 2001. By joining
and expanding technological capabilities the
founding parties have developed, the FMLC will
be capable of enabling customers to develop
various products and production technologies.

A review of the year 2001 would not be complete
without referring to the retirement, after more than
40 years with NLR, of Dr.ir. Ben M. Spee, General
Director from1988. Paying tribute to his constant
drive for international co-operation, a symposium
“International Co-operation in Aerospace Re-
search & Development” was held, with speakers
and guests from many countries in Europe as well
as from the United States.

As of 1 August 2001 Ir. F. Holwerda took over the
position of General Director.

The 25" anniversary of the German-Dutch wind
tunnel co-operation, celebrated in May 2001,
illustrates NLR’s long-standing emphasis on
international co-operation, intended to be ex-
panded even further in the years to come. Negotia-
tions aimed at the integration of the wind tunnels
operated by DNW and those of the Office National
d’Etudes et de Recherches Aérospatiales
(ONERA) are being continued. The resulting
future Aerodynamic Testing Alliance (ATA) will
provide better and more cost-effective services in
the field of wind tunnel tests to the aeronautic
industry and research community. Co-operation
with DLR in the area of Air Traffic Management is
expected to improve the services provided to
national and international organisations concerned
with the management of air traffic.

I hope you will enjoy reading this report.

J. van Houwelingen,
Chairman



2 General Survey

2.1 Mission and Means

The National Aerospace Laboratory NLR is the central
institute for aerospace research in the Netherlands. NLR
provides scientific support, technical assistance and
consultancy to aerospace industries, civil and military
aircraft operators, government agencies and
international organisations. A non-profit organisation,
NLR conducts a basic research and facilities
development programme funded by the government to
maintain its capabilities of providing technological
support.

With sites in Amsterdam and in the Province of
Flevoland, NLR owns, among other facilities,
various wind tunnels, research aircraft, research
flight simulators, an Air Traffic Control research
simulator and a tower research simulator under
development. NLR has available an extensive set
of equipment for the gathering, recording and
processing of flight test data. NLR also has
facilities for research and testing in the areas of
structures and materials, space technology, remote
sensing and avionics. NLR’s extensive computer
network includes a 64-GFlops NEC SX-5/8
supercomputer, tools for software development
and advanced software for computational fluid
dynamics, aeroelastics, electromagnetics and
structural dynamics for aircraft and spacecraft.

By its participation in international facilities and
organisations, NLR is able to offer the national
aerospace sector access to advanced joint test
facilities and research capabilities. NLR co-
operates on an equal base with the Deutsches
Zentrum fiur Luft- und Raumfahrt (DLR) in the
foundation German-Dutch Wind Tunnels
(Stichting Duits-Nederlandse Windtunnels —
Stiftung Deutsch-Niederlandische Windkanéle;
DNW), which operates the Large Low-speed
Facility in Flevoland and several other wind
tunnels owned by NLR and DLR. Like DLR, the
Ministry of Defence of the United Kingdom and
the Office National d’Etudes et de Recherches
Aérospatiales (ONERA) of France, NLR has an
interest in the European Transonic Windtunnel
(ETW) in Cologne. NLR is a member of the
Association of European Research Establishments
in Aeronautics (EREA), in which seven aeronauti-
cal research establishments of member states of
the European Union co-operate.

2.2 Activities in 2001

In 2001 NLR’s turnover amounted to 165 million
guilders (M€ 74.8). The revenues from contracts
totalled 121 million guilders (M€ 55.0). About 50 per
cent of NLR’s activities were related to the
development and 50 per cent to the operation of
aircraft and spacecraft; 88 per cent of the activities
were related to aeronautics and 12 per cent to space.
Civil and military research amounted to 69 per cent
and 31 per cent, respectively. About 32 per cent of the
work under contract was carried out for international
customers.

Services Provided under National Contracts
Activities under contract to customers from the
Netherlands amounted to 82 million guilders
(M€ 37.1). These contracts included work on
aeronautics and space research and technology
for the Netherlands Agency for Aerospace
Programmes (NIVR). In addition, a number of
research programmes were executed under
contract to the Royal Netherlands Air Force
(RNLAF), the Royal Netherlands Navy
(RNLN), the Netherlands Civil Aviation Execu-
tive Agency (IVW-DL), Air Traffic Control the
Netherlands (LVNL), Stork Aerospace and
Fokker Space. NLR also carried out contract
work to support the Netherlands Ministry of
Defence, the Netherlands Ministry of Trans-
port’s Aviation Policy Department (DGL), the
German-Dutch Wind Tunnels (DNW), the
European Transonic Windtunnel (ETW) and
several other service providers and businesses
such as Amsterdam Airport Schiphol and KLM
Royal Dutch Airlines.

Services Provided to International Customers
Research carried out under contract to interna-
tional customers amounted to 39 million
guilders (M€ 17.8). Major customers were
EUROCONTROL, the European Space Agency
(ESA) and the European Union (EU). Work was
also done for industries in Europe and North
America.

Research and Equipment

NLR spent 30 million guilders (M€ 13.8) on its
basic aerospace research programme supported
by the government, aimed at preserving NLR’s



capability to support the Netherlands aerospace
sector in the future. Research aimed at the
development of NLR’s research facilities
amounted to 13 million guilders (M€ 6.0). A
total of 12 million guilders (M€ 5.4) was used
for capital investments, of which investments in
a Tower Research Simulator and in the DNW
wind tunnels were the most important ones.
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National and International Co-operation
A large part of NLR’s basic research programme
has been carried out as contributions to Euro-
pean research projects both in civil and in
military programmes, such as the EU Fifth
Framework and EUCLID / WEAO (European
Co-operation for the Long Term in Defence /
West European Armament Organisation)
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programmes. Another significant part has been
carried out in co-operative programmes under
the aegis of GARTEUR, the Group for Aeronau-
tical Research and Technology in Europe, in
which Germany, France, the United Kingdom,
the Netherlands, Spain, Sweden and Italy take
part.

In several projects NLR co-operated with
research institutes and universities of the
Netherlands. NLR and the Delft University of
Technology (TU Delft) jointly operate a Cessna
Citation I, which is used as a research aircraft.
One member of NLR’s staff was employed as a
part-time professor at the TU Delft Faculty of
Aerospace Technology. Another member was
active as a part-time professor at the Cranfield
Institute of Technology, UK.

Like in 2000, NLR was active in many Working
Groups of the NATO Research and Technology
Organisation (RTO).

Co-operation with the US National Aeronautics
and Space Administration (NASA) and Federal
Aviation Administration (FAA) included
research on air-ground integration for Air Traffic
Control, Free Flight and external safety studies.

Quality Assurance

NLR has been holding ISO 9001: 1994 / AQAP-
110 quality assurance certificates for all its
divisions, and passed the final audits for ISO
9001:2000 certification for its whole organisa-
tion including all staff functions at the very end
of the year 2001. In addition, NLR maintained
accreditations for EMC (Electromagnetic
Compatibility) testing and for the calibration of
forces, pressures and electronic quantities.

Outlook for the Coming Years

For the coming years an undiminished demand
for technological support by NLR is expected to
come from the aerospace industry, operators and
other organisations in the Netherlands and
abroad, both civil and military. Challenging
projects such as the Airbus A380 and the
successor of the F-16 fighter aircraft of the
RNLAF, will determine NLR’s contract work
during the next few years to a large extent. In
NLR’s research programme, increased capacity
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of the air transport system and improved safety
will be important topics. The research pro-
gramme will be attuned to European research
programmes such as the aeronautics parts of the
Fifth Framework Programme of the European
Union.

Important new facilities, which will be coming
in full operation in 2002, are the Tower Re-
search Simulator and a new, civil cockpit for the
Research Flight Simulator.

The coming years will see a further tuning of
NLR’s activities to those of European partner
institutes. This will include integration of the
ATC/ATM activities of DLR and NLR. NLR
will continue to be a strong promoter of a
European knowledge infrastructure in aero-
space. Especially the new structure of the Sixth
European Framework Programme with its
‘Networks of Excellence’ also opens new
opportunities in this area.
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2.3 Organisation and Personnel

The Board of the Foundation NLR consists of
members appointed by the Netherlands government,
the industry and other organisations having an interest
in aerospace research. The meetings of the Board are
attended by Prof.dr.ir. P.J. Zandbergen, Chairman of
the Scientific Committee NLR/NIVR, and by the
members of the Board of Directors. The Scientific
Committee, consisting of experts from the aerospace
community (industry, universities), advises the Board
on the long term programme of basic research and on
results of research carried out, described in NLR
reports and in the annual report of NLR’s basic
research programme.

Several new members were appointed in the
Board of the Foundation. The Minister of
Defence appointed Gen.Maj. P. Vorderman, who
succeeded Gen.Maj. D. Starink. KLM Royal
Dutch Airlines appointed Drs.ing. P. Hartman,
who suceeded

Ir. C.J.M. Gresnigt. Drs. P.G. Winters, who left
Fokker Space, resigned from the Board. On the
recommendation of the Works Council, the
Board appointed Ms.prof.dr.ir. M.P.C. Weijnen
as a member.

Ir. F. Holwerda (left) and Dr.ir. B.M. Spee in
front of NLR’s main building in Amsterdam
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The laboratory was headed by a Board of Direc-
tors. Dr.ir. B.M. Spee, who retired after more than
forty years with NLR, was succeeded by

Ir. F. Holwerda as General Director.

At the end of 2001 the Board consisted of

Ir. F. Holwerda, General Director, Ir. F.J. Abbink,
Technical Director and Drs. L.W. Esselman R.A.,
Financial Director. Mr. E. Folkers was General
Secretary.

Drs. A. de Graaff was Associate Director, charged
with strategy affairs and co-ordination of Euro-
pean integration projects. The Board of Directors
was further assisted by Ir. J.C.A. van Ditshuizen,
Head Marketing and Communication.

Dr. B. Oskam succeeded Prof.ir. J.W. Slooff, who
retired, as head of the Fluid Dynamics Division.
Ir. H.H. Ottens succeeded Ir. F. Holwerda as head
of the Structures and Materials Division.

Ir. F.J. Heerema succeeded Ir. W. Loeve, who
retired, as head of the Information and Communi-
cation Technology Division. Mr. W.C.P. van der
Maas was appointed head of the General Services.

On 31 December 2001 the Heads of Divisions and
Services were:

Dr. B. Oskam
Fluid Dynamics Division
Prof.drs. P.G.A.M. Jorna
Flight Division
Ir. J. Briiggen
Air Transport Division
Ir. H.H. Ottens
Structures and Materials Division
Ir. B.J.P. van der Peet
Space Division
Ir. F.J. Heerema
Information and Communication
Technology Division
Ir. HA.T. Timmers
Avionics Division
Ir. J. van Twisk
Engineering and Technical Services
Mr. W.C.P. van der Maas
General Services
Drs. L.W. Esselman R.A.
Administrative Services



Ir. H.J. ten Hoeve was appointed head of the
Loads and Fatigue Department. Ir I. Woodrow
was appointed head of the Software Applica-
tions Department. Ir. K.M.J. de Cock was
appointed head of the Theoretical Fluid Dynam-
ics and Aeroelastics Department.

Ir. W.J. Looijen was appointed head of the
Remote Sensing Department, succeeding

Dr. G. van der Burg, who was appointed Project
Manager of the Geomatics Business Park.

Ms. M.Y. Spaargaren was appointed head of the
Legal Department, succeeding Ms. I.P.G. Ahlers,
who left the laboratory. In the Marketing and
Communications Department

Ir. JJM.A. van den Heuvel succeeded

Ir. A. Gebhard as Co-ordinator Defence Projects,
and Ms. Drs. D.A. Nagelhout was appointed
Communication Specialist.
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Ms. J.J.P. van den Berg-Boel was appointed
head of the General Facilities Department of
NLR Amsterdam, Mr. P.T. Postma head of the
Buildings Department and Mr. N.C. van der
Mey head of the Financial Administration
Department.

The organisation of the laboratory on 31 De-
cember 2001 is shown on page 12.

At the end of 2001 NLR employed a staff of 917
(compared with 943 at the end of 2000), of
whom 409 (425) were university graduates. Of
the total, 797 (802) were employed on a perma-
nent basis, and 120 (141) had temporary
appointments. About 60 per cent of the staff
were employed in Amsterdam, 40 per cent in
Noordoostpolder, Flevoland. A breakdown of
the staff is given on page 15.



Breakdown of the staff at the end of 2001

(Cat. I: university graduates, Cat. II: advanced technical college graduates, Cat. lll: others; between brackets the numbers at the end of 2000)

Cat. | Cat. Il Cat. Il Total
Board of Directors 3 3) - O] - O] 3 3)
- Support Staff 18 (16) 11 9) 12 (13) 41 (38)
21 (19) 11 9) 12 (13) 44 (41)
Fluid Dynamics Division A 3 (4) 2 (2) 1 2) 6 (8)
- Aerodynamic Engineering and Vibration Research AE 9 (8) 1 (3) - ) 10 (11)
- Aeroacoustics AK 7 (8) 4 (4) 2 1) 13 (13)
- Computational Fluid Dynamics and Aeroelastics AT 17 (19) - () - ) 17 (29)
36 (39) 7 9) 3 3) 46 (51)
Flight Division \ 2 (3) - 1) 1 (1) 3 (5)
Man Machine Integration VE 21 (21) 3 (1) - (1) 24 (23)
- Helicopters VH 16 (15) 1 (1) 1 (1) 18 17)
- Flight Mechanics VM 12 (12) - ) 1 1) 13 (13)
- Operations Research VO 22 (23) 5 (5) 2 (2) 29 (30)
- Flight Simulation VS 10 (10) 13 (15) - 1) 23 (26)
83 (84) 22 (23) 5 7) 110 (114)
Air Transport Division L 2 (2) - () - 1) 2 (3)
- Airports LA 10 (11) 4 (2) 1 ©] 15 (13)
- Air Traffic Management LL 27 (27) 4 (4) 1 (1) 32 (32)
- Transport and Environmental Studies LT 8 (8) 7 (7) 1 1) 16 (16)
- Flight Testing and Safety LV 14 (15) 7 (7) 2 (2) 23 (23)
61 (63) 22 (20) 5 (4) 88 (87)
Structures and Materials Division S 1 (1) 3 (3) 1 Q) 5 (5)
- Loads and Fatigue SB 22 (20) 5 (5) 1 1) 28 (26)
- Structures Technology SC 16 (24) 5 (5) - -) 21 (19)
Laboratory Facilities SL 2 1) 30 (28) 16 a7) 48 (46)
41 (36) 43 (41) 18 (19) 102 (96)
Space Division R 1 (1) 2 (2 - ) 3 (3)
Labatories and Thermal Control RL 11 (10) 5 (5) - ) 16 (15)
- Remote Sensing RR 9 (8) 3 (4) - (-) 12 (12)
- Systems RS 12 a7) - () - ) 12 a7)
33 (36) 10 (11) - () 43 (47)
Information and Communication Technology Division | 2 (1) - (1) 4 (5) 6 (7)
- Software Applications 1A 16 (20) 6 (6) 1 Q) 23 (27)
Information and Communication Services IC 15 (15) 14 a7) 8 (7) 37 (39)
Data and Knowledge Systems ID 20 (25) 10 (12) - =) 30 (36)
Embedded Systems IS 10 (10) 7 (7) - ) 17 (17)
Mathematical Models and Methods w 18 (29) - ) - ) 18 (29)
81 (90) 37 (42) 13 (13) 131 (145)
Avionics Division E 2 (2) - ) 1 (1) 3 (3)
- Avionics Systems EA 13 (18) 7 (8) - (-) 20 (26)
Electronics EE 7 (6) 22 (22) 5 (3) 34 (31)
Instrumentation El 8 (8) 19 (21) 5 (5) 32 (34)
30 (34) 48 (51) 11 9) 89 (94)
Engineering and Technical Services T 3 (4) - () 1 1) 4 (5)
- Technical Design T0 1 (1) 7 (7) 1 1) 9 (9)
- Technical Projects TP 2 2 5 (5) - ) 7 (7
- Service Workshop TS - () 3 4 4 (4) 7 (8)
Production Control v - () 6 (7) 1 () 7 (7)
Production Workshop TW - O] 8 (7) 10 (10) 18 17)
6 7) 29 (30) 17 (16) 52 (53)
General Services G 1 () 1 (1) - ) 2 1)
Library and Information Services GB - 1) 4 3) 3 4) 7 (8)
- Electrical Engineering GE - ) 5 (5) 5 (5) 10 (20)
- General Facilities GF - () 2 (4) 39 (39) 41 (43)
Buildings GG - (=) 3 O] 2 (- 5 )
Document Processing GT - ) 6 (5) 27 (27) 33 (32)
1 1) 21 (18) 76 (75) 98 (94)
Administrative Services 0
- Financial Administration OA 1 () 15 (20) 12 (12) 28 (32)
- Financial Planning and Control ocC 1 (1) 1 (1) - ) 2 (2)
Purchasing ol 2 (2) 5 (5) 1 1) 8 (8)
4 3) 21 (26) 13 (13) 38 (42)
German-Dutch Wind Tunnels DNW 12 (13) 46 (44) 18 (22) 76 (79)
Grand total 409 (425) 317 324) 191  (194) 917  (943)




3 Research Activities

The research activities of NLR have been carried out
by seven divisions (Fluid Dynamics, Flight, Air
Transport, Structures and Materials, Space,
Information and Communication Technology,

Avionics) and the Engineering and Technical Services.

This Chapter, Research Activities, is subdivided along
the areas of technology of the NLR divisions and the
Engineering and Technical Services. In many of the
research and development projects NLR carries out,
specialists of several divisions co-operate in multi-
disciplinary project groups. Aspects of related
activities in different projects may be described in
different sections of this Chapter.

Simulating the separation of a 370 US gallon

pylon tank from an F-16

3.1 Fluid Dynamics

Summary

Research and development activities in fluid dynamics
have been carried out in the areas of computational
fluid dynamics, computational aeroelastics,
aerodynamic engineering and vibration research, and
aeroacoustics. Investigations and developments in
these areas were primarily aimed at applied
aerodynamics and aeroelasticity of military vehicles
and civil transport aircraft. Other principal areas of
investigation were applied aerodynamics and applied
aeroacoustics related to aircraft operations near
airports and to aircraft safety, and applied
aeroacoustics to support aircraft and engine
manufacturing companies. In space applications the
work concentrated on experimental aerodynamics
related to base flows of space launchers. The volume
of contract research and development activities in fluid
dynamics was nearly equal to the volume in 2000. The
transfer of the operation of NLR’s wind tunnel
facilities to the Foundation German-Dutch Wind
Tunnels (DNW) was formalised by the signing of the
operational transfer agreement between DLR, NLR
and DNW on 22 November 2001. Research support to
the DNW organisation for further development of
measurement techniques in wind tunnel testing was
continued.

A number of studies in the area of computa-
tional fluid dynamics, applied aerodynamics of
civil transport aircraft and applied aeroelasticity
were funded in the framework of the NIVR
Basic Research Programme. These studies were
aimed at enabling NLR to support the potential
participation of Dutch aerospace companies in
future aircraft programmes in terms of manufac-
turing aircraft components. The Royal Nether-
lands Air Force (RNLAF) and the Ministry of
Defence contracted work aimed at military
aircraft operations and at military aircraft
development. NLR also participated in a
weapons bay aeroacoustics project and in a
vertical-tail demonstration project.

NLR participated in a large number of aerody-
namics, aeroelastics and aeroacoustics projects
of the EU. The objective of these participations
is to acquire and secure up-to-date integrator
knowledge in the field of flight physics as it
relates to civil and military aircraft. NLR also
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contributed to a significant number of interna-
tional collaborations in Action Groups of the
Group for Aeronautical Research and Technol-
ogy in Europe (GARTEUR). NLR participated
in Exploratory Projects initiated by the associa-
tion of European Research Establishments in
Aeronautics (EREA) and continued its role
focused on CFD for military applications in the
Joint Programme 12.15 of the Western European
Armament Organisation (WEAQ).

Applied Aerodynamics

Aerodynamics of Civil Transport Aircraft

The effects of increased trailing edge thickness
on the aerodynamic characteristics of a wing in
cruise condition has been assessed by carrying
out a transonic wind tunnel test in the DNW-
HST on a two-dimensional aerofoil section with
various trailing edge thicknesses. This study is
being conducted in the framework of the NIVR
Basic Research Programme, and in relation to
potential participation of Fokker Aerostructures
in aircraft programmes in terms of manufactur-
ing aircraft components. The results of the
transonic wind tunnel test indicate a small drag
penalty combined with a small increase in
aerodynamic trailing edge loading at transonic
speeds. The analysis of the effects of increased
trailing edge thickness on drag and loads at low
speed has been reported. Small drag increments
are also noted for a typical high-lift condition at
take-off. These small aerodynamic penalties
have to be offset by potential savings in struc-
tural weight resulting from the increased trailing
edge thickness.

The exploration of the effects of flap tip fences
on the airframe noise characteristics of transport
aircraft has been finalised. The most noticeable
conclusion of the exploration is that for landing
configurations a flap tip fence has the potential
to reduce the sound pressure level of noise
sources located at the flap tip by up to 7 dB in
comparison with the noise sources of conven-
tional flap tip geometries.

The activities of GARTEUR Action Group (AD)
AG-26 “‘Navier-Stokes Computations of Tran-
sonic Flows about Wing-Bodies with High
Aspect Ratio Wings’ have been finalised. The
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final report contains results of six participants:
EADS Airbus France, EADS Airbus
Deutschland, BAe Systems, NLR, ONERA and
SAAB AB. The computed and measured
pressure distributions generally compare well,
except for shock positions. The overall conclu-
sion is that the conventional common grid
strategy should in future exercises be replaced
by a grid convergence strategy to make possible
further CFD validation. The report also provides
reasoning to support the concurrent activity to
obtain new experimental data in the framework
of GARTEUR Action Group (AD) AG-28
“Transonic Wing/Body Code Validation Experi-
ment’.

Aerodynamics of high-lift configurations
remains a subject with substantial room for
improved understanding. For instance, in order
to determine experimentally the maximum lift
of a configuration, care has to be taken to
distinguish Reynolds number effects from the
effects of model roughness or model deforma-
tion on maximum lift. To improve understanding
in this high-lift area NLR participated in various
international activities. The objective is to
acquire knowledge and tools to better support
the mission of NLR with respect to securing up-
to-date integrator knowledge in the field of
flight physics.

The participation in the EU EUROLIFT project
has been continued. Detailed features of high-
lift flows have been measured. Computation of
2D and 3D high-lift configurations has resulted
in better understanding of the state-of-the art of
computational methods with respect to maxi-
mum lift prediction. Based on the findings from
code-to-code and code-to-experiment compari-
sons, the reliability of the computational tools

Grid of Eurolift high-lift configuration



Navier-Stokes computation of low-speed configuration for a Supersonic Transport Generic Aircraft

has been improved with respect to grid genera-
tion, turbulence modelling and grid adaptation.
Work to simulate 3D high lift flows for low and
high Reynolds numbers and for a number of
geometric variants of an Airbus high-lift wind
tunnel model has been started. Preparations to
study the influence of geometric components
such as a flap track fairing have been made.

The activities of NLR in GARTEUR Action
Group (AD) AG-36 ‘3D High Lift’ focused on
3D hybrid grid CFD computations using the
NLR SX-5/8B parallel supercomputer. These
activities have led to an improvement of the
turbulent flow modelling capability by two-
equation turbulence models for a simplified
swept wing, high-lift configuration with a
constant chord in the spanwise dimension.

An EU project on innovative aerodynamic high-
lift concepts, HELIX, was kicked-off. This
project aims to explore unconventional and
innovative solutions to the design problem of
high-lift systems of civil aircraft, in terms of
aerodynamic performance at low speed, and
noise characteristics for take-off and landing
configurations. In the first phase of the project, a
total of 28 different high-lift concepts are
subject of investigation in terms of aerodynamic
performance and direct operating costs. NLR
studies a high-lift system where the flap is
designed with a substantially shorter chord.
Potential benefits of short-chord systems are
increased freedom in the structural design of the
wing, making possible lower weight, and
enlarged fuel storage. In order to overcome
aerodynamic drawbacks of such a short-chord
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flap, NLR has investigated the placement of an
array of delta wings in the gap between wing
and flap. The objective of this study is to
demonstrate the effectiveness of delta wing
induced, counter-rotating vortices to re-energise
the wake flow of the main wing.

The participation in the EU project for the
Improvement of Supersonic Transport Low-
speed Efficiency (EPISTLE) was continued. In
order to identify the potential to improve the
lift-to-drag ratio at low-speed flight, NLR
contributed results on innovative approaches to
the design of the high-lift system for a super-
sonic plan form. A double-hinge flap has been
studied using the NLR ENFLOW Computa-
tional Fluid Dynamics (CFD) system. Computa-
tions have been performed on fine grids employ-
ing the two-equation k-omega turbulence model.
Computational results for a sequence of three
different flap settings show a major, continuous
reduction of separated flow, thereby signifi-
cantly reducing drag at design lift. The third flap
setting studied fulfils the design target. The
EPISTLE consortium has chosen this design for
experimental verification using a large wind
tunnel model.

In the search for significant improvements in
terms of both aerodynamic and aircraft struc-
tural efficiency, the flying wing concept has
remained a focus of research activities. Flying
wings have potential performance gains over
conventional configurations. The inherent strong
inter-dependencies of disciplines for such a
configuration makes it an ideal test case for a
multidisciplinary design approach. NLR



Results presented in AIAA drag prediction workshop

continued its participation in the EU project
Computational Design Engine Incorporating
Multidisciplinary Design and Optimisation for
Blended Wing-body Configurations (MOB).
This project features the idea of a Computa-
tional Design Engine for aircraft optimisation
implemented across different sites in Europe.
One part of this Computational Design Engine,
provided by NLR, is to demonstrate
multidisciplinary, computational capabilities.

NLR also continued its long-running efforts to
validate tools and methods for industrially
relevant configurations and flows physics. NLR
contributed CFD solutions to the drag prediction
workshop organised by the American Institute
of Aeronautics and Astronautics. A first objec-
tive of this workshop is to assess the state-of-
the-art of computational methods as practical
aerodynamic tools for aircraft force and moment
predictions. A second objective is to provide an
impartial forum for evaluating the effectiveness
of state-of-the-art computer codes and model-
ling techniques using Navier-Stokes solvers.

A final objective is to identify areas needing
additional research and development of CFD
codes. Based on the synthesis of experimental
and computational workshop results the CFD
data from NLR can be qualified as good.

Within the framework of an EREA-Airbus co-
operation in the field of advanced aircraft
configurations, a joint study dedicated to the
exploratory design of a transonic airliner with a
twin fuselage configuration has been presented
to Airbus. This study includes contributions of
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NLR and ADSE (Aircraft Development &
System Engineering BV). Airbus has acknowl-
edged the efforts of EREA partners to work all
together on this twin fuselage configuration,
demonstrating the capability of EREA partners
to address complex multidisciplinary issues
even if some potential key issues linked to
operational requirements remain as potential
show-stoppers. Airbus has clearly indicated that
it wants to continue the EREA-Airbus co-
operation in the field of advanced aircraft
configurations, and proposed two new studies.
One of these studies is on aerodynamic and
structural optimisation of wing-bodies cruising
at Mach numbers between 1.2 and 2.4, and the
second one is on advanced configurations with
buried engines.

NLR continued its contribution to the EU
project TRA-3 “Targeted Research Action in
Aerospace Aerodynamics’. In TRA-3 a strategy
is developed to maximise the industrial return of
European research and technology development
investment in aerospace aerodynamics. Tools to
maximise this industrial return consist of
enhanced co-ordination and strategic alignment
with industrial requirements. NLR is responsible
for ‘Simulation tools for aerodynamic design
(CFD)’. The activities have been directed
towards the development of a five-year technol-
ogy vision on future technical developments that
are required to meet the research challenges of
industry in the future. The technology vision on
Simulation tools for aerodynamic design (CFD)
will be assimilated into the overall TRA-3
strategy.
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Wake survey with 5-hole rake behind simulator of Counter Rotating

Ultra high by-pass ratio Fan (CRUF)

Propulsion-Airframe Integration

In the framework of the DLR-NLR collaboration
on propulsion-airframe interaction, theoretical
studies have been performed to simulate the
aerodynamic interaction between airframe and
engine using CFD. The ALVAST
(Aerodynamische Leistungs Verbesserungen An
Subsonischen Transportflugzeugen) model has
been used for the airframe, while an engine
simulator with a counter rotating ultra-high by-
pass ratio fan has been adopted for the engine.
The flow is computed in the complete domain
consisting of both the external airframe domain
and several internal engine domains. Multiple
frames of reference are used for solving steady

CFD grids on Counter Rotating Ultra high by-
pass ratio Fan (CRUF)
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Flow calculation on CRUF

state flow equations in each domain. By choos-
ing a suitable frame of reference for each
domain the complete, unsteady flow is com-
puted as an assembly of the individual steady
states. The ENFLOW system is used to calculate
the flow in the airframe domain, while the flow
inside rotating engine domains is computed
using the FINE-Turbo code. Communication
between the domains takes place through special
boundary conditions on the interfaces between
domains. Computational results indicate that
standard iterative procedures can be applied to
obtain convergence for the entire flow field.

Experimental studies have also been performed
in the framework of the DLR-NLR collaboration
on propulsion-airframe interaction. The calibra-
tion of the Counter Rotating Ultra high by-pass



Flow calculation for CRUF on wing

ratio Fan (CRUF) simulator, and wake measure-
ments using 5-hole pressure probes, have been
concluded. An extensive set of experimental
data from wake surveys using a rake of 5-hole
pressure probes behind the ALVAST Simpson
model in the DNW-LST has been analysed.
Resulting detailed wake surveys are available
for the model with clean wing, for the model
with a large Through-Flow Nacelle (TFN) and
for the model with a CRUF engine simulator.
For the configuration with the CRUF engine

simulator, wake survey data obtained with a rake

consisting of total pressure probes are also
available. Drag and lift analyses have been made
on the basis of these detailed wake survey data.

Operations- and Safety-related Aerodynamics
Research

NLR continued its participation in the EU
project C-Wake that is aimed at wake vortex
characterisation and wake vortex control. Wake
surveys have been made using particle image
velocimetry at stream-wise locations up to 30
wingspans behind an aircraft model with full-
span flaps and behind an aircraft model with
part-span flaps. These experiments were carried
out in the DNW large low speed facility (DNW-
LLF). For the model configuration with part-
span flaps the effect of spoiler deployment on
vortex wakes roll-up has been investigated. The
results of the DNW-LLF tests have been ana-
lysed in detail, and it has been found that the

One of the two merging vortices emanates from
the flap tip, and the other one from the tip of the
wing. Particle image velocimetry data and wake
rake data are generally in agreement, except
inside vortex cores where differences are found
due to the intrusive nature of the rake probes.
The wake data have been re-interpolated to
uniform, rectangular grids for further quantita-
tive analysis of the experimental data.
Streamwise vorticity distributions, spanwise lift
distributions and vortex circulation strengths
have been calculated at various streamwise
locations in the wake. C-Wake partners use the
newly interpolated experimental data as a basis
for CFD validation.

The NLR contribution to the EU project
EUROPIV (European Particle Image
Velocimetry) Il consists of wake survey experi-
ments in the DNW-LST using a rake of 5-hole
probes, and DNW-LST wake survey experi-
ments using three-component Particle Image
Velocimetry (PIV). Two different flap settings of
the Fokker F-29 wind tunnel model have been
investigated. One flap setting resulted in

Streamwise vorticity at x/b = 1.25, composed
from six spanwise traverses with 5-hole rake
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influence on the rate of merging of two vortices. overlapping PIV images (C-Wake tests in DNW-LST)
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relatively mild conditions, and another flap
setting resulted in more severe flow conditions
leading to local flow separation. The F-29
configuration with these two flap settings will
serve as a test case for the development of new
data-processing software for a three-component
PIV technique. The data of the wake rake with
5-hole pressure probes are used as a reference.

Experimental DNW-LST data to assess the
effects of flap tip devices has also been obtained
for a configuration with deflected flaps, on this
F-29 wind tunnel model. Application of small
winglet-type devices near the outboard end of a
part-span flap has been found to have only a
negligibly small influence on the evolution of
the wake. Analysis of the wake data allowed the
circulation strengths of the different vortices
present in the near wake of the wind tunnel
model to be quantified.

Aerodynamics Related to Military Vehicles

The availability of efficient and up-to-date CFD
tools is essential to support the RNLAF. In order
to ensure the further development and validation
of NLR’s time-accurate CFD methods for
turbulent flow over fighter aircraft, NLR
participates in an international project called
Joint Programme 12.15, in the framework of the
WEAG programme THALES (Technology
Arrangement for Laboratories in European

Small (0.6m span) model in
large DNW-LFF wind tunnel, with
two-camera PIV system at a large
distance

Defence Science). The Ministry of Defence
funds the participation of NLR. The CFD work
performed within this project has contributed to
the further development of the ENFLOW CFD
system.

A common exercise on the time-accurate
turbulent flow around a delta wing in rolling
motion has been performed. This exercise
includes both code-to-code comparisons for
various roll rates and a comparison with un-
steady experimental data obtained using the
pressure sensitive paint technique in a transonic
tunnel. The main target of this exercise is to
investigate the ability of CFD methods to
determine aerodynamic stability derivatives of

Common exercise on the time-accurate viscous flow around

a delta wing in rolling motion



military platforms. The possibility of using the
available methods for simulating the separation
of the 370 US gallon pylon tank from the
RNLAF F-16 has also been explored on the
basis of a CFD exercise.

The suitability of Reynolds-stress transport
models to CFD for military applications has
been investigated through a literature survey to
facilitate near-future decision-making regarding
advanced turbulence models. In addition to this
study different categories of turbulence models
(explicit algebraic Reynolds-stress models, two-
equation k-omega turbulence models) have been
used in the simulation of the flow around a
generic delta wing. Explicit algebraic Reynolds-
stress models show more potential than two-
equation k-omega turbulence models with
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Semispan model of C-130
Hercules in the DNW-LST

respect to describing the turbulence in vortex-
dominated flows, which play an important role
in the aerodynamics of fighter aircraft. To
support the CFD applications for military
aircraft, a new grid generation technique based
on an automatic block generation algorithm has
been implemented; it has been tested success-
fully. This new technique uses an advancing-
front that starts from the surface of an aerody-
namic configuration.

NLR continued its participation to GARTEUR
Action Group (AD) AG-34 ‘Aerodynamics of
Supersonic Air Intakes’. In this Action Group, a
bump diverter type of air intake as applied to
combat aircraft with low radar signature is
studied. NLR focused on the finalisation of the
report.

Ariane 5 launcher model in DNW-HST



To comply with noise regulations the Royal
Netherlands Air Force (RNLAF) is planning to
build a Ground Run-up Enclosure (GRE) for its

transport aircraft stationed at Eindhoven Airport.

The facility will be used for ground tests of
several aircraft types such as Lockheed C-130
Hercules, Fokker 50 and 60, and Grumman
Gulfstream IV. The facility must be useable up
to a maximum wind speed of 21 knots for all
wind directions including tailwind. Normally
tailwinds cause large thrust and torque-fluctua-
tions with propeller aircraft that are unaccept-
able during a ground test. A very strict torque-
fluctuation limit of 2 per cent is required for the
calibration of certain aircraft systems.

Worldwide there are no facilities known to be
capable of meeting the requirements to the GRE
for propeller aircraft. NLR has been requested
by RNLAF to do aerodynamic design work for
such a facility under contract to an engineering
firm from the USA that is well known as a
constructor of airport facilities. TNO-TPD
(Technisch Physische Dienst) has been re-
quested to assist in the acoustic design.

The DNW-LST wind tunnel has been chosen for
aerodynamic test campaigns related to the work
on the GRE facility. The tested model represents
one half of the GRE facility at a scale of 7.4 per
cent. Only the most critical condition, direct
tailwind, has been simulated. A further test on a
full-span model in the larger DNW-LLF has
been scheduled to test for all wind directions.

In order to measure thrust and torque fluctua-
tions, the propellers are equipped with rotating
shaft balances that are capable of measuring all
forces acting on the propeller directly at the
spinner. Balance data acquired show, for
example, the time history of the inboard propel-
ler with and without tailwind. The situation with
the aircraft in an open field is simulated. The
large effect of even small tailwind velocities is
evident from the measured data and corresponds
to the open field situation as experienced with
the full-scale Lockheed C-130 aircraft. From the
data it is noted that large effects are observed at
an open field tailwind of 4 knots, substantially
below the requirement of a maximum speed of
21 knots.
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Helicopter blade vortex interaction

Since the experimental set-up demonstrated a
correct simulation of propellers operating in
tailwind, further development of the GRE
facility has been performed. Several propeller
duct shapes have been tested. Results for a
selected configuration indicate that a successful
solution to the aerodynamic problem can be
obtained.

Helicopter Aerodynamics

The phenomenon of Blade/Vortex Interaction
(BVI) noise has been studied further using the
CFD flow solver HEXADAP, which is based on
the time-accurate Euler equations. Local grid
refinement has been successfully used to
accurately capture the tip vortices. In order to
obtain reliable results, accurate trimming of the
whole rotor is found to be more important for
this case than the modelling of viscous effects.
Extensive high-end visualisations of the
vorticity in the flow field have been performed
to investigate the blade vortex interaction.

HEXADAP has also been applied to simulate
the flow around a typical three-bladed isolated
tiltrotor in cruise. Tiltrotor blades are character-
ised by their high blade twist that is typically
one order of magnitude larger than the twist of
helicopter blades. The results of this flow
simulation show that the method is able to
predict the tip vortex trajectories for more than
three revolutions for a tiltrotor in cruise.

NLR has participated in the EU project Tilt
Rotor Interactional Aerodynamics (TILTAERO)
that was started in 2001. In this project the
aerodynamic interaction phenomena in different



tiltrotor flight conditions are investigated. An
assessment of the NLR flow solver code has
been conducted to demonstrate the potential
benefits of CFD to solve aerodynamic interac-
tion problems.

Hypersonic and Space Vehicle
Aerothermodynamics

A report with a survey of CFD capabilities of
codes that are applicable in the hypersonic
speed regime has been finalised. This report
includes a set of functional requirements
relevant for hypersonic applications, in support
of Fokker Space, for the rudders of the X-38
space plane.

Under contract to the Launcher Vehicle division
of the European Aeronautical Defence and
Space company (EADS-LV) a wind tunnel test
programme on the Ariane 5 launcher has been
continued in the high speed wind tunnel (DNW-
HST). Part of the programme consisted of a
series of tests of the Ariane 5 Plus Launcher
configuration equipped with the Vulcain 2
engine. This launcher configuration is intended
to be capable of bringing into orbit heavier
payloads than the existing Ariane 5. Another
part of the programme has been focused on tests
on the existing Ariane 5 Launcher configuration
equipped with the Vulcain 1 engine. An existing
wind tunnel model can be fitted with either the
Vulcain 2 or the Vulcain 1 engine. The base area
of the models and the engine nozzles are
instrumented with as many as 144 miniature
unsteady pressure transducers. From the
pressures, steady and unsteady loads are
calculated and transformed to full-scale flight
conditions. Unsteady pressure results also serve
for the characterisation of a buffet phenomenon
in the base area of these space launcher configu-
rations.

Aerothermodynamics of Turbofan Engines

Final reporting has been prepared for the fluid
dynamics analysis part of an NLR tool to predict
the fatigue life consumption of gas turbine
components under service loading for military
aircraft. Surface heat transfer of turbine blades
with film cooling has been predicted using
aerothermo-dynamic analysis based on the
FINE/Turbo CFD code. Combined convective

and film cooling effects on turbine blades have
been assessed using this code in combination
with an engineering method. Results support
derivation of blade temperature histories for the
estimation of the engine blade life.

Based on previously developed capabilities to
analyse turbine stages of turbofan engines, a
novel approach has been explored to couple the
simulation of a Counter Rotating Ultra-high by-
pass Fan (CRUF) with the simulation of the flow
in the airframe domain. This approach is
described in detail above under the heading of
propulsion airframe integration.

Computational Fluid Dynamics and Basic
Aerodynamic Research
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CFD Solvers and Systems Based on RANS
Equations

Industrially relevant CFD applications require
the capability to simulate time-dependent,
turbulent flows, with ever increasing demands
on the size of the bandwidth of the part of the
spectrum of unsteady flow signals that is being
resolved by the CFD method. Examples of such
applications are aircraft at transonic speeds near
the buffet boundary, or the flow at the base of
launchers, where unsteady turbulent flow
features may exert large forces on the structure,
causing a coupling between these aerodynamic
forces and the concomitant structural vibrations.
Accurate prediction of these flow features is
important for the use, maintenance, and design
of aerospace vehicles. In the framework of the
NIVR Basic Research Programme, the knowl-
edge and ability to perform time-accurate CFD
simulations was developed further. These
simulations are based on the time-dependent
Reynolds-averaged Navier-Stokes (TRANS)
equations using the ENFLOW system.

For the efficient computation of time-dependent
flows, a line-implicit iteration scheme has been
developed to deal with typical Navier-Stokes
grids with high-aspect ratio cells near the
aerodynamic surface. The numerical accuracy of
the ENFLOW system has been assessed for
shocks travelling at constant speed and for
oscillating turbulent boundary layers. An
investigation of the possibility to perform



turbulent flow simulations based on a hybrid
method, combining the TRANS equations and
Large Eddy Simulation (LES), has been initi-
ated.

The ability to generate high-quality multiblock
grids as required for time-accurate CFD
simulations with the ENFLOW system has been
enhanced. An advancing-front technique to
automatically generate blocks in flow domains
around mildly complex geometries has been
implemented. A grid-smoothing technique based
on blending between a Laplacian operator and
an isoparametric grid generation scheme was
developed in order to obtain smooth connections
between grids in different blocks.

NLR and DLR finalised their effort in their co-
operation project ‘CFD for Complete Aircraft’
by further development and utilisation of the
unstructured grid based CFD technology. The
joint effort has predominantly focused on
improvements and extensions of the flow solver,
such as turbulence model improvement and
verification, and on introducing flexibility with
respect to local geometry changes, such as local
remeshing and surface-curvature based grid
generation.

NLR participated in the EU project Multi-point
Aerodynamic Shape Optimisation
(AEROSHAPE), aimed at the advancement of
multi-point aerodynamic optimisation method-
ologies towards real-life industrial application.
NLR continued the development of an efficient
method for computing aerodynamic corrections
through the solution of three-dimensional
adjoint equations derived from the Navier-
Stokes equations. The advantage of this method
is that the computational effort does not depend
on the number of parameters for which aerody-
namic corrections need to be determined. The
three-dimensional adjoint solver based on the
Navier-Stokes equations was being demon-
strated by means of the multipoint optimisation
of aerofoil geometries at transonic speeds.

Turbulence Modelling

Applications involving for instance the accurate
prediction of vortical flow require advanced
turbulence models accounting for rotational
flow effects on the vortex structure. The imple-
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mentation and validation of a specific explicit
algebraic Reynolds-stress turbulence model
(EARSM) in the ENFLOW CFD system has
been conducted, another step in the direction of
more advanced turbulence models for vortical
flow applications.

The performance of several CFD codes and a
range of turbulence models are assessed for a
strongly three-dimensional turbulent shear flow
around a swept wing in the GARTEUR Action
Group (AD) AG-29. NLR and ONERA gener-
ated an extensive experimental database for this
test case in a former GARTEUR Action Group
(AD) AG-07; this database is available for
validation of the computational results. The
database contains mean-velocity and Reynolds-
stress data at a large number of measuring
stations in the boundary layers and wake region.
NLR has applied two-equation k-omega turbu-
lence models and explicit algebraic Reynolds-
stress models (EARSM) within the ENFLOW
simulation system. The latter class of turbulence
models is found to perform better for strongly
three-dimensional shear flows due to a more
complete physical description of the turbulence.
The final grid was delivered by ONERA. All
members of the Action Group (AD) AG-29
finished CFD simulations. First comparisons of
the results confirm the advantages of Reynolds-
stress models for second-moment predictions,
but also remind the members of the well-known
importance of numerical accuracy in CFD
validation.

In the GARTEUR Action Group (AD) AG-35,
the integration of laminar-to-turbulent transi-
tion-prediction methods and Reynolds-Averaged
Navier-Stokes (RANS) solvers is investigated.
Correct prediction of the transition location is
important for obtaining realistic pressure and
skin-friction distributions, especially for
conditions at wind tunnel Reynolds numbers.
Transition is not predicted by the RANS
equations, and the onset location has to be
modelled separately. NLR has developed and
tested an algorithm for predicting transition in
RANS computations of two-dimensional high-
lift flow around a three-element aerofoil. The
algorithm utilises a compound criterion for four
transition mechanisms (linear instability,



laminar separation, free-stream turbulence and
surface roughness) to determine and adapt the
transition locations on the individual aerofoil
elements. An algorithmic validation exercise is
performed for a well-documented high-lift flow
over a wind tunnel model.

Euler Methods

An investigation into the feasibility of an
integrated space-time solution technique for the
time-accurate Euler equations has been started
in an effort to further improve the capabilities
with respect to the simulation of vortex flow
around helicopter rotors in forward flight. The
application of the so-called multitime multigrid
convergence acceleration technique to time-
periodic problems enables NLR to decrease
computing times by more than one order of
magnitude. Since the time dimension is stored in
memory in the same manner as the spatial

Calculation in HiReTT (High Reynolds Number Tools

and Techniques for civil transport aircraft design) EU
programme
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dimensions, the technique allows local grid
refinement to be applied in both space and time
without loss of computational efficiency. The
convergence acceleration technique has been
successfully prototyped in a two-dimensional
flow solver, and a development to incorporate
the technique in a 3D-flow solver has been
initiated.

Simulations, including grid adaptation, using
standard solution techniques require 60-hour
throughput time on the eight-processor NEC
SX-5. Based on the prototype results it is shown
that the computing time for the simulation of a
helicopter rotor in forward flight can be reduced
to less than one hour through the introduction of
the multitime multigrid acceleration technique.
Along with the above developments, the numeri-
cal accuracy of the discontinuous Galerkin finite
element method as implemented in the flow
solver has been experimentally validated to be
of second order in the mesh size in the limit of
mesh refinement. It has also been established
that this asymptotic accuracy is retained on non-
smooth meshes with hanging nodes.

The collaboration with the University of Twente
on the analysis of discontinuous Galerkin
methods has been continued. The surface
boundary conditions have been analysed in
order to reduce the order of magnitude of errors
that generate large dissipative and diffusive
effects near boundaries.

NLR has participated in the GARTEUR Action
Group (AD) AG-38 on ‘Time-accurate meth-
ods’, started in 2001. The objectives of this
group are to obtain better understanding of
advantages and disadvantages of different time-
accurate CFD methods for realistic test cases,
and to validate and improve existing time-
accurate Euler and Navier-Stokes methods by
using code-to-code comparisons and a range of
carefully selected experimental data sets. The
test cases agreed upon by this Action Group
consist of the following five subjects: (1) the
transonic flow over an NACA-0012 aerofoil
section oscillating in pitch, (2) flows over a
delta wing with an oscillating flap, (3) the
transonic flow over a generic, large transport
aircraft oscillating in pitch, (4) the flow over
an isolated, low-aspect-ratio wing moving with



Transonic viscous time-accurate flow simulation about
an oscillating fighter-type wing-body configuration as
measured in DNW-HST

uniform acceleration, and (5) flows with and
without separation for a high-aspect-ratio wing
oscillating in pitch.

Scale Effects

NLR continued its participation in the EU
project HiReTT (High Reynolds Number Tools
and Techniques for civil transport aircraft
design). The project focuses on measurements in
the European Transonic Wind Tunnel (ETW) on
a model that is representative of the A380
aircraft. The unique capability of the cryogenic
ETW to operate over a wide range of different
combinations of tunnel temperature and tunnel
pressure allows one to gather data over a large
range of Reynolds numbers in combination with
a certain range of aeroelastic model deforma-
tions.

NLR explored the feasibility to simulate experi-
mentally observed Reynolds number effects,
boundary layer transition effects, and aeroelastic

Radar Cross Section (RCS) Prediction
Methods

Radar Cross Section (RCS) properties are
relevant for the development and operational
use of modern combat aircraft. Numerical
prediction of RCS values for structures includ-
ing radiation-absorbing materials is expected to
become more important in the future. NLR
continued the development of RCS prediction
techniques in collaboration with the Physics
and Electronics Laboratory (TNO-FEL). This
research relies heavily on NLR’s infrastructure
for CFD. The work focuses on the development
of prediction techniques for features of modern
fighter aircraft such as radar transparent and
radar absorbing structures. In this framework
the numerical solution of the Maxwell equa-
tions by means of edge-based finite elements on
unstructured grids is investigated. The Ministry
of Defence funded the work on radar cross
sections.

model deformation effects by using CFD. The Aeroelasticity and Vibration Research

MATRICS-V code (a full-potential equation
solver in strong interaction with a boundary-
layer equations solver) and the ENFLOW CFD
system (a block structured Navier-Stokes flow
solver) have been applied. It has been found that
results obtained with the ENFLOW system,
based on the two-equation k-omega turbulence
model and run in aeroelastic mode, correlate well
with experimental data measured in the ETW.
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Support of Air Vehicle Operations

NLR explored the potential of Navier-Stokes
flow solutions to improve the accuracy of
computed aerodynamic load distributions.
Conducted to support the RNLAF, this work is
aimed at the analysis of aerodynamic character-
istics relevant to aeroelastic aspects and limit
loads for the assessment of F-16 fatigue life



consumption. It is facilitated by a database
containing generic Computer Aided Design
(CAD) models for F-16s, and CAD models for
many different types of underwing stores that
are operated by the RNLAF. The database is
used to continue the F-16 outer wing fatigue life
consumption study. A computational study
related to the static deformation of the aircraft at
limit load conditions has been performed. The
investigation is based on the computation of
wing deformation on the basis of Euler and
Navier-Stokes flow solutions, taking the wing
elastomechanical properties into account. It has
been found that Navier-Stokes flow solutions
have the potential to improve the accuracy of
computed aerodynamic load distributions,
especially at off-design conditions encountered
for limit load conditions. The aerodynamic and
inertial loads obtained in this way are used as
input for a detailed, finite-element analysis of
internal stresses in relation to the fatigue life of
F-16 structural parts, using a more detailed F-16
finite-element model.

As part of the ongoing military AESIM
(Aeroelastic Simulator) investigation towards
the understanding and modelling of non-linear
aeroelastic phenomena, such as transonic dip
and limit cycle oscillation, various time-accurate
viscous flow simulations have been carried out
using the ENFLOW system. The purpose of the
flow simulations is to study effects of
underwing stores, effects of wing tip missiles
and effects of flap settings on the unsteady
aerodynamic characteristics of a fighter type
aircraft like the F-16. Results of pressure
measurements on oscillating fighter-type wing-
body configurations in the DNW-HST served as
validation data. In the wind tunnel test, the
fuselage of the aircraft was held fixed while
hydraulic exciters drove the wing in a sinusoidal
pitching motion. This motion is modelled in the
numerical simulations using an artificial mode
shape consisting of a fixed fuselage, a pitching
outer wing and a smoothed wing-fuselage
junction. In each time step of the time-accurate
simulations, the complex aerodynamic
multiblock grid is automatically adapted to
ensure boundary conformity. Satisfactory
agreement has been obtained between computa-
tional results and experimental data. Further
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analysis of simulation results has led to the
conclusion that the phase difference between the
aerodynamic pressures and the structural motion
is a key issue in assessing the amount of energy
that is being transferred from the flow to the
F-16 aircraft structure. The Ministry of Defence
funds the AESIM-military project.

NLR also continued its support of the RNLAF
with respect to unsteady aeroelastic analysis of
fighter aircraft (F-16) configurations. This
unsteady aeroelastic analysis aims at the
investigation of both the static and the dynamic
aeroelastic effects in the presence of both wing
tip missiles and underwing stores, and the effect
of control surface settings. The analysis is
extended with chin mounted navigation and/or
targeting pods. For the particular aircraft
configurations studied, overall loads have been
analysed and correlated with results of calcu-
lated and in-flight measured flutter data of
particular aircraft configurations.

The analysis of steady and unsteady wind tunnel
measurements on F-16 models under forced
oscillation was being continued in order to
understand and model typical non-linear static
and dynamic aeroelastic phenomena of fighter-
type aircraft operating close to flutter bounda-
ries at transonic speeds. Results of this analysis
were used for the validation of computational
methods that combine CFD and structural
models.

Support of Air Vehicle Development

NLR provided support in an X-32 vertical-tail
demonstration project. Subsonic, transonic and
supersonic flutter analyses have been conducted
using the AESIM-BASIC system to investigate
the sensitivity of the aeroelastic stability
behaviour of an X-32 tail/body configuration to
details of elastomechanical models representing
the tail surfaces and the attachment to the body,
as provided by the X-32 manufacturer.

The study on the aeroelastic stability behaviour
of a twin-fuselage aircraft configuration, in the
framework of the NIVR Basic Research Pro-
gramme, has been finalised. This study is one of
the contributions of NLR to the EREA explora-
tory project on advanced aircraft configurations.
The configuration studied is a twin-fuselage



configuration with Airbus A320 cabin cross
section. It is powered by two advanced, ducted-
fan engines and is designed for a maximum
payload of 36 metric tons. An inner wing
without sweep connects the fuselages. The result
is a maximum total wingspan of 52 metres.
Three different tail configurations were studied:
a) an independent T-tail for each fuselage, b)
both vertical tails connected by a horizontal tail,
and c) both fuselages connected by an inverted
V-tail. The study also includes the sensitivity
analysis of the flutter stability boundary of this
multibody configuration with respect to the
mass and stiffness distribution of the inner wing
and various tail configurations.

Computational Aeroelastics

A study to validate the applicability of modern
viscous CFD methods for reliable computation
of aerodynamic loads on parts of flexible
aircraft structures, such as T-tails, in the frame-
work of the NIVR Basic Research Programme,
has been continued. This study is motivated by
the potential participation of the Stork Aero-
space Group in future aircraft development
programmes as a manufacturer of aircraft
components. For this purpose, the fluid-struc-
ture interaction methodology, developed in
synergy with other civil and military projects,
has been applied to a typical civil aircraft
configuration. For this configuration, the static
aeroelastic deformations of wing and tail have
been computed and analysed to show the
applicability of the present, Navier-Stokes based
technology.

The development of a computational aeroelastic
simulation system employing CFD methods
based on the Reynolds-Averaged Navier-Stokes
(RANS) equations and structural dynamics
methods has reached the implementation stage.
Building blocks studied and tested in the
previous stage of the development have been
integrated into the ENFLOW system in a
modular fashion. This integration step covers
the grid deformation algorithm, the definition of
the discrete grid velocity that conforms to a
geometric conservation law, the fluid / structure
interpolation method and the synchronised fluid
/ structure time integration method. This
approach ensures ease of maintenance and
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facilitates further development of the underlying
methods because the modules have well-defined
interfaces and can be improved independently to
a large extent. In addition to the static and
dynamic aeroelastic capability, many other
advanced features resulting from several projects
have also been merged into the latest version of
ENFLOW. The static aeroelastic capability, static
deformation and trim analyses, of the ENFLOW
system has been validated against simple and
complex configurations based on available data
in literature, including an F-16 in flight. Valida-
tion of dynamic aeroelastic capability is ongoing.
Computational results on the transonic dip of an
AGARD wing and limit cycle oscillation for an
NACA 64A010 aerofoil show similar behaviour
compared to those in the literature. Further
validation of the dynamic aeroelastic simulation
is being carried out.

The EU project TAURUS (Technology develop-
ment for Aeroelastic Simulations on Unstruc-
tured Grids), in which a simulation technology
for fluid-structure interaction is being developed
that is based on unstructured grid based CFD
(Navier-Stokes) technology, was started. NLR
contributes to the subjects ‘CFD and CSM post
processing and visualisation’ and to the subject
*‘Survey and integration of coupling methods’.

The development of the AESIM-BASIC tool for
short turn-around-time aeroelastic simulation and
analysis, based on full potential theory and aimed
at simplified civil aircraft configurations, was
continued. Implementing extensions to handle
certain flight mechanics and flight control
systems issues has refined this tool. These
extensions enable one to account for the com-
bined effects of aerodynamics, structural dynam-
ics, flight control and flight mechanics in a
coupled way. Furthermore, capitalising on the
classical flutter analysis methods used for many
years at NLR, the lifting surface method and
classical linear flutter methods have been
integrated in AESIM-BASIC, allowing the user
to deploy a broad spectrum of aerodynamic
methods (strip theory, piston theory, lifting
surface method, full potential). These linear
aeroelastic flutter capabilities of AESIM-BASIC
have been validated and reported for well-known
test cases.



AESIM-BASIC has been applied to several
cases to assist customers with validation and
application of this aeroelastic simulation tool. In
this respect, aerodynamic derivatives for
complex modern fighter aircraft configurations
including the influence of the structural flexibil-
ity and simultaneous control surface deflections
have been computed with fair agreement to
experimentally measured derivatives. At the
request of the customer specific data input
features of the AESIM-BASIC system have been
demonstrated and tested on a tailor-made wing
grid.

Aeroacoustics

Air Vehicle Operations-related Acoustic
Investigations

The development of the capability to measure
fly-over noise of aircraft around airports was
continued by further development of data
reduction algorithms that has resulted in a
complementary phased array processing method
by which the spatial source coherence can be
determined. Simulations show that this method
enables sources that are not resolved in the
conventional analysis of acoustic array measure-
ments to be distinguished. Post processing
analysis has been applied to data from measure-
ments carried out at Amsterdam Airport
Schiphol previously.

Turbofan Engine Source Noise and Duct
Acoustics

The research on the aeroacoustics of turbofan
engines was dominated by the participation in
six EU projects addressing the problem of noise
reduction of turbofan-powered aircraft. NLR
contributed to the co-ordination of this research
through the Aircraft External Noise Thematic
Network (X-NOISE). Four of the EU projects
have been completed.

The EU project Basic Research on Duct Acous-
tics and Radiation (DUCAT), co-ordinated by
NLR, focuses on the development and validation
of computational tools for the propagation of
sound in engine ducts. Issuing the final report
concluded the project. One of the main results of
the project is a database on the in-duct propaga-
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tion and radiation of fan noise, obtained from an
experiment carried out on the NLR model fan in
the DNW-LLF.

In the EU project Reduction of Engine Source
noise through Understanding and Novel Design
(RESOUND), experimental data were processed
and analysed. These data were acquired from
comprehensive mode measurements carried out
by NLR in the Rolls-Royce test facility at Ansty,
UK, using a specially designed ring of 100
microphones. A new signal processing technique
was developed to enable phase locked averag-
ing, a method to determine tonal components in
turbo machinery noise with a high accuracy, to
be applied. A database was created for future
research.

NLR’s participation in the EU project Reduction
of Aircraft Noise by Nacelle Treatment and
Active Control (RANNTAC) was concluded by
reporting on the liner tests in the Small
Anechoic Wind Tunnel and the Acoustic Flow
Duct Facility. The work on innovative liners for
nacelle acoustic treatment was continued within
the SILENCE(R) technology platform.

The capability of existing CFD codes to com-
pute turbo machinery noise is investigated in the
EU project TurbonoiseCFD (Turbo machinery
noise source CFD models for low noise aircraft
design). NLR provided a wide range of bench-
mark solutions using well-proven semi-analytic
methods, against which the codes are tested.
Most of the results were produced using vali-
dated NLR lifting surface programs for the
computation of noise radiation from rotor blades
and stator vanes. An assessment of the accuracy
requirements for accurate prediction of rotor-
stator interaction noise by CFD models was
made with the same lifting surface programs.
NLR also developed a new method for the
calculation of sound propagation through
swirling flows in ducts.

The four concluded EU projects mentioned
above have resulted in numerous noise-reducing
technology concepts. These concepts are being
validated on a large scale in the “Technology
Platform’ SILENCE(R), Significantly Lower
Community Exposure to Aircraft Noise. NLR is



involved in most of the work concerning
turbofan engine source noise and duct acoustics.
In the first year of SILENCE(R) most activities
concerned preparatory work for measurements,
such as the specification of test samples for liner
measurements, the definition of set-ups and the
planning of wind tunnel experiments.

Propeller Noise

Both the research on turbofan noise and the
research on propeller noise have been continued.
The sound field of installed propellers is
investigated in the European project APIAN,
Advanced Propulsion Integration Aerodynamics
and Noise. The contribution of NLR to this
project has consisted mainly of a computer
program for the calculation of the scattering of
propeller noise by a fuselage of non-circular
cross-section, with incorporation of the bound-
ary layer. The project was concluded with a
comparison of experimental and predicted data,
showing reasonable agreement between theory
and experiment for the maximum values of the
sound levels, and for the locations of these
maxima.

Airframe Noise

Research on the weapons bay acoustics of
combat aircraft has been carried out in collabo-
ration with TNO-TPD and Lockheed Martin
Aeronautics Company (LMAero). From flight
experience it is known that the acoustic pressure
inside the weapons bay can be extremely high
when the doors are open during flight. Reliable
knowledge of these pressure levels is of impor-
tance with respect to the structural design of the
weapons bays and their contents.

A combined CFD and computational
aeroacoustics (CAA) method was applied in
order to investigate the influence of the geom-
etry of the interior of the weapons bay and of
exterior parts of the aircraft on the acoustic
loads on parts of the aircraft structure. The
turbulent flow field in and around the weapons
bay of an X-35 aircraft configuration has been
computed in great detail by means of unstruc-
tured grid based CFD systems. The results have
been used by TNO-TPD as input for a computa-
tional aeroacoustics application using linearised
Euler equations. The acoustic loading is prima-
rily influenced by the distribution of the mean
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turbulent quantities, such as turbulent length
scale and turbulent velocity scale, which have
been obtained from Reynolds-averaged Navier-
Stokes (RANS) computations. For reasons of
geometric flexibility the unstructured CFD
system FASTFLO has been deployed in order to
determine the mean turbulent flow field for
individual geometric X-35 variants.

For the validation of this combined CFD-CAA
method, an acoustic test was carried out in the
HST and SST on a 6.7 per cent scale model of
the X-35, in co-operation with LMAero. Surface
pressure measurements in the instrumented bay
yielded the unsteady aerodynamic loads in the
bay and on the weapons. Comparison of pre-
dicted and measured data showed reasonable
agreement in the observed trends. The numerical
model proved to be a valuable analysis tool
complementary to wind tunnel testing. The
CFD-CAA computation is capable of giving
more spatial resolution of the aeroacoustic fields
than can wind tunnel measurements because of
practical limitations on the number of unsteady
pressure transducers that can be used to instru-
ment wind tunnel models.

Preparations were made for a number of wind
tunnel tests in the framework of the EU project
Significantly Lower Community Exposure to
Aircraft Noise (SILENCE(R)). These tests
involve acoustic array measurements on an
Airbus A340 model with low-noise high-lift
devices, in both the open and closed test
sections of the DNW-LLF. Furthermore, aerody-
namic and acoustic wind tunnel tests will be
performed to investigate the noise production by
interaction of the landing gear wake with the
trailing edge flaps.

Theoretical work on low-noise high-lift devices
has also been conducted in the SILENCE(R)
project. With the continuous advances of low-
noise high-bypass ratio engines, airframe noise
has become significant in the landing phase of
the flight when slat and part-span flaps are
deployed. The dominant noise source of the
high-lift system is located at the outboard side
of the flap. In order to support the design of
noise reducing retrofits, the flow around the flap
side edge is modelled based on the RANS



Visualisation of flow around a rectangular flap tip for

noise prediction

equations. Unstructured grid based CFD
technology has been used to facilitate a high
resolution of local flow features. The calculated
flow field near the flap edge reveals the spiral-
ling free shear layers, multiple single- and
double-branched vortices and the vortex merg-
ing process. These phenomena and their mutual
interaction support flow unsteadiness that is
assumed to be responsible for generating noise.
Noise reduction will be pursued by means of
control of the emanating vortex system.

A start has also been made with the develop-
ment of an aeroacoustic model for flap tip noise.
The model assumes a 2D potential flow around
the flap tip in the cross flow plane. The shear
layers in this cross flow plane are represented by
discrete vortices. By coupling a number of 2D
cross flow planes in the stream-wise direction, a
quasi-3D representation is obtained that repro-
duces some physical flow features. This
aeroacoustics model yields unsteady surface
pressures that are being used to calculate the
radiated noise.

Noise Propagation
In the EU project Reduction of Airframe and
Installation Noise (RAIN), NLR is responsible

tip vortex. The applicability of ray acoustics
turned out to be limited by unphysical behaviour
of rays passing through vortex cores.

Non-Aerospace Aerodynamics

The EU project Model Rotor Experiments under
Controlled Conditions (MEXICO), aimed at the
aerodynamic analysis of wind turbines, incorpo-
rating a wind tunnel test in the DNW-LLF, was
started. The participants use the experimental
data obtained in the wind tunnel for CFD
validation. Matching funds for the NLR partici-
pation were provided by Nederlandse
Onderneming voor Energie en Milieu
(NOVEM).

NLR completed work on a subcontract aimed at
the aerodynamic design and wind tunnel testing
of a wing-in-ground effect vehicle. Industrial
partners in the EU project SEABUS-HYDAER
financed this NLR work. The concept vehicle
features a large wing of 100 metres span flying
at 12 metre above the sea level with small
hydrodynamic surfaces for pitch, yaw and roll
control. The wind tunnel tests conducted in the
DNW-LST are based on the mirror model
technique to simulate the ground effect. With
this mirror model technique a dummy model in
mirror symmetry to a conventional force model
generates the ground-induced forces.

Wind tunnel tests on long span traffic gantries
positioned in line were performed under con-
tract to the Ministry of Transport and Public
Works. Because of the dimensions and expected
aerodynamic interference, the models were
dynamically scaled replicas to establish wind-
induced structural vibrations of each gantry.
Wind tunnel tests on a bridge (Papendorpse
brug) to establish wind characteristics around
the bridge for the comfort of passing pedestrians
have been continued.

for fan noise installation effects. Although a Facilities and Equipment

planned wind tunnel experiment in the CEPRA
19 anechoic wind tunnel could not be completed
due to technical problems, the project was
formally concluded. NLR’s main contribution
was the development of a ray acoustics method
for the problem of sound refraction by a wing
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Wind Tunnel Testing Techniques

The capability of performing acoustic array
measurements at Mach numbers ranging from
0.4 to 0.8 was demonstrated in the DNW-HST
wind tunnel. The array consisted of 29 miniature
microphones placed in a window disk of the



tunnel wall. A Strouhal rod was placed in the
tunnel slightly downstream of the centre of the
array. The dipole source generated by the rod
was successfully traced by the acoustic array.

Progress was made on the determination of
absolute source levels from phased array data
measured in wind tunnels with closed test
sections. For this purpose a modified reference
(monopole) sound source has been manufac-
tured. This type of sound source has a known
sound power, which can be determined from a
microphone inside the source. The characteris-
tics of the modified source have been measured
in the Small Anechoic Wind Tunnel, followed by
a phased array measurement in the DNW-LST,
both measurements without and with flow. From
the measured results an experimental database
has been created for the assessment of the
effects of tunnel wall reflections on the sound
powers as measured by the phased array. These
data are used in a study on possible improve-
ments of the array post-processing algorithm,
for example by inclusion of the tunnel wall
effect in Green’s function. The applicability of a
new technique, based on the integration of
acoustic source powers in the scanning grid, to
wind tunnels with closed test sections was also
being investigated. This technique, which
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determines absolute source powers, has proven
its merits in experimental set-ups with non-
reflecting surroundings.

Dedicated post-processing modules were
developed for the presentation and analysis of
large amounts of wake survey data. The new
modules allow data from different 5-hole
pressure probe rake traverses or from pitot probe
rake traverses to be combined with multiple
overlapping Particle Image Velocimetry images.
Further quantitative analyses of the wake survey
data can be made based on the combined data.
Both total lift and spanwise distributions of lift
as well as spanwise distributions of the viscous
drag component can be determined from the
wake data. The developed modules make
possible flexible and highly automated process-
ing of wake data; user specific adaptations can
easily be made. This new capability offers
opportunities for experimental flow research.
The new capability has been applied in a
number of projects.

Wind Tunnels (DNW Support)

Research support to the DNW organisation for
further development of measurement techniques
in wind tunnel testing was continued. Such
issues as the calculation of absolute source

DNW-LST

Seabus wing-in-ground effect
forces and dummy model in the
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Location of sound from Strouhal
rod in DNW-HST at 1250 Hz

powers from phased array measurements in
wind tunnel facilities and the post processing of
particle image velocimetry data in combination
with pressure data acquired by wake rakes of
pressure probes were addressed. The research
support activities on techniques for the suppres-
sion of model support vibrations in the DNW-
HST and on the calibration routines for strain-
gauge force balances were continued. Research
support to develop special online wind tunnel
wall interference correction procedures for low
speed wind tunnel facilities has been initiated.
Wall interference corrections are based on a
combination of measured pressures at wind
tunnel walls and analytical representations of
wind tunnel models in terms of singularities in a
potential flow.

Infrastructure for Computational Fluid
Dynamics

The ICEM-CFD system has been used exten-
sively to create, modify and inspect various
geometries in order to make them suitable for
aerodynamic, aeroelastic, aeroacoustic or
electromagnetic analysis. This pre-processing
step involves specific CAD repair and CAD
preparation to generate and modify geometries.
The aircraft configurations varied from generic
to very complex, and included civil and fighter
aircraft.

Idem at 2500 Hz
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A program repository makes available validated
CFD systems for direct application in research,
development or support projects. Activities to
keep the program repository up to date included
modifications and updates to comply with
changes in the NLR computer hardware and
systems software environment.

NLR relies on the use of scientific visualisation
tools such as Tecplot and EnSight for the
visualisation of results of numerical simulations
in the area of fluid dynamics, aeroelastics,
aeroacoustics or electromagnetics. These tools,
well known in the aerospace community, operate
in an infrastructure for visualisation consisting
of high-end workstations and a high-speed data
communication network. This network facili-
tates the visualisation of time-dependent
simulations carried out on the NEC SX-5/8B
supercomputer.



3.2 Flight

Summary

Although the use of aircraft for transport in response
to societal demand has been growing almost every
year, capacity issues have been superseded by the
attention for “certified’ safety and security. Accurate
navigation is now not only required for
accommodating the increased traffic in the skies, but
also for predicting the aircraft flight path from a
ground-based perspective. Aircraft intent is
influencing many aircraft systems development
programmes.

In the area of aircraft systems design, studies and
experiments were proposed as input for the programme
of the Advisory Council for Aeronautical Research in
Europe (ACARE). This council drafts the strategic
research agendas needed to ascertain safe air travel in
2020 and beyond. Running programmes have
addressed concepts for integrated cockpit systems
controls, flight management system configurations and
airborne tools for separation from other aircraft,
obstacles and ground threats. Sustainable aircraft
operations under adverse weather conditions were
pursued by projects on integrated synthetic and fused
imagery displays and on improved flight control
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systems. The prevention of accidents of the type
Controlled Flight Into Terrain (CFIT) is of a high
priority, and the EU project Increasing Safety through
Collision Avoidance Warning Integration (ISAWARE)
was completed with a full-scale demonstration of
available technologies for implementation and product
development.

Collaborative research for the US NASA/ FAA and the
Netherlands Civil Aviation Executive Agency
(Inspectie V & W, Divisie Luchtvaart — IVW-DL) into
airborne separation assurance concepts for Free Flight
was continued. Potential applications at Schiphol were
reviewed.

In the military field, support for the industry aiming at
participation in the design phase of the Joint Strike
Fighter was continued as well as for the final
development of maritime helicopters. The NH90
programme gained great success by receiving orders
for significant numbers of helicopters from Nordic
countries, among other ones. Military self-protection
has become more important than ever, so research and
consultancy into issues associated with missile and
laser threats, self-protection systems and flying
techniques was continued.

Artist’s view of simulation in NLR’s National
Simulation Facility (NSF)
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Pilot in F-16 cockpit of NSF

In the area of aircraft procurement and assessment,
work was focused on providing policy and technical
information for the replacement of aircraft such as the
F-16. The application of advanced technologies in
fighters, such as crew assistant intelligent agents,
helmet-mounted display systems and aircraft self-
protection measures was investigated in collaboration
with potential industrial partners.

Work on the application of Uninhabited Aerial
Vehicles (UAVs) was continued intensively.

In the area of aircraft simulation, work on the Research
Flight Simulator (RFS) continued with the production
of the re-configurable cockpit. Several design
challenges found solutions such as means for
simulating several different aircraft types including
Fokker, Boeing and Airbus types on one single
platform with motion capability. Work on the “family
concept’ of modular simulator software continued. The
development of NLR’s context simulation concept,
featuring combined detailed simulation of operational
and environmental factors that affect the realism of the
human operator’s behaviour, was also continued. The
measurement of human behaviour with future systems
is becoming an important part of the safety assessment
of future aircraft operations.

The networking of simulators with different levels of
fidelity is actively pursued by users, at the risk of
creating a mix of simulator-dependent skills that
negatively transfer to the real world. Experiments that
address these and other issues were prepared in a
NATO task group.

The helicopter pilot station was equipped with a first
variant of a tilt rotor aircraft in order to study civil and
military operations and safety implications.

In the area of aircraft operations, work on interactions
of aircraft characteristics with extreme environmental
disturbances was continued. Threats imposed by
aircraft-induced wake vortices were analysed and
studied for both fixed-wing and rotary wing aircraft.
Noise management by means of alternative approach
and landing procedures were investigated for potential
noise and fuel optimisation.

The self-protection capabilities of military aircraft and
helicopters participating in peacekeeping operations
were under close scrutiny. The regular support for the
demanding RNLAF operations and challenges was
continued on a ‘right now’ basis.

In the area of certification, work in day-to-day support
of the Royal Netherlands Air Force (RNLAF) and
Royal Netherlands Navy (RNLN) was continued. The
airworthiness of the Sperwer in particular and
operational impacts of Uninhabited Aerial Vehicles in
general were investigated. Support was provided to the
RNLN for NH90 helicopter flight testing.

In the area of human factors aspects of aircraft
certification, NLR participated in an FAA/JAA
(Federal Aviation Administration/Joint Aviation
Authorities) harmonisation working group that
develops new rule-making for airworthiness, based on
human factors. NLR provided a theoretical framework.

In the area of maintenance, work on Health and Usage
Management Systems (HUMS) and their application in
the monitoring of aircraft and helicopters systems was
continued, as was the development of conditional
aircraft maintenance procedures. Human error
management (hazard protection) and the efficiencies of
existing and alternative procedures and tools were
addressed.

In the area of manning and the ‘Human Factor’, issues
associated with flying under both routine and high-
stress working conditions and with equipment design,
training and selection expanded in response to
increased governmental and industry awareness of the
crucial role of man in future systems. Objective and
quantifiable measurements on crew performance and
error management are difficult to develop and to
validate, but also crucial in this area. The application
of point-of-gaze eye tracker equipment was extended,
and analysis software tuned to perfection. NLR’s
capabilities in aviation human factors were applied in

38



many areas, such as Free Flight Airborne Separation
Assurance Systems development, flight deck system
integration, military training, and workload assessment
for both flight crew and air traffic controllers.

Human-centred design and evaluation methods for user
interfaces were addressed in close collaboration with
aircraft manufacturers, equipment suppliers and users.
Applications were implemented in future user
interfaces.

Aircraft embedded training concepts and other pilot
training tools, such as FMS (Flight Management
System) training devices, were prototyped.

In response to the growing need for pilot training
candidates, selection methods based on Divided
Attention capabilities were transferred to national type
rating training organisations.

Aircraft Systems Design

Affordable Digital Flight Control System for
Small Commercial Aircraft

Fly-by-wire (FBW) technology is currently
state-of-the-art in modern medium to large
transport aircraft. As compared to a conventional
mechanical flight control system, FBW technol-
ogy provides advantages in the area of flight
safety, direct operating costs and aircraft
handling. As part of the design process of the
FBW system, flying qualities requirements need
to be specified carefully in order to address
these additional benefits. As part of the second

Cockpit and out-of-the-window view in NSF used in
GARTEUR (FM) AG-12
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European small fly-by-wire
technology aircraft

phase EU project Affordable Digital Fly-By-
Wire Flight Control System for Small Commer-
cial Aircraft (ADFCS-I1), initiated in 2001, NLR
will be tasked with the development of a
consolidated flying qualities requirements
design guideline for small commercial aircraft
to address the above mentioned benefits. This
includes a set of recommended flying qualities
criteria and best practices for flight envelope
protection, control methods and control law
design under normal and degraded mode.
Simulator evaluation of the FBW system will be
conducted in a co-operation between NLR and
Fairchild Dornier (Germany) to gain hands-on
experience in an operational environment and
finalise the recommended requirements for the
design guideline using pilot ratings.

Aircraft Pilot Coupling

The introduction of active control technology
and modern, full authority, fly-by-wire (FBW)
systems has demonstrated an increase of adverse
interactions between the human pilot and
aircraft dynamics. This phenomenon, also
known as Aircraft Pilot Coupling (APC) or
Pilot-in-the-Loop Oscillations (P10), can result
into major aircraft handling qualities problems
or loss of flight control. Recognition of handling
qualities deficiencies related to APC/PIO early
in the design process of flight control systems is
therefore mandatory. A practical design guide-
line should be available that provides well-
established APC/P10O analysis and experimental
techniques in order to prove that a highly
augmented aircraft is sufficiently free from
APC/PIO proneness. To address the industrial
needs for such a guideline, the Group for
Aeronautical Research and Technology in
Europe (GARTEUR), established Action Group
(FM) AG-12 on APC/PIO analysis and experi-
mental techniques. Emphasis in this Action



Simulation facilities used in
GARTEUR Action Group (FM) AG-12

Super-Etendard Modernisé/
Mirage 2000-5 (CEV/Istres)

Group is on extending the current technologies
with new analysis and experimental methods for
non-linear APC/P1O (Category Il) assessment. A
European simulator campaign was conducted on
the development of new experimental tech-
niques to evaluate non-linear APC/P10O suscepti-
bility. NLR has participated in this campaign by
evaluating the effectiveness of proposed non-
linear APC/PIO experimental techniques using
the National Simulation Facility (NSF). Results
of the Action Group were presented in a concept
handbook, supported by analysis tools, that
provides a basis for the design of aircraft free of
adverse APC/PIO characteristics. Continuation
of the Action Group on Aircraft Pilot Coupling
is foreseen.
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Uninhabited Air Vehicles for Civil Applications
Uninhabited vehicles are of high interest for
various applications including civil ones.
Examples are monitoring, inspection and
surveillance. NLR, together with various
European partners, addressed the issues con-
cerning civil application of Uninhabited Air
Vehicles.

Airborne-based ATM Systems and Concepts

Airborne Separation Assurance Systems
Airborne Separation Assurance Systems (ASAS)
are part of a broader emerging ATM operational
concept commonly termed Free Flight, in which
airspace users are granted more freedom in
selecting routes and ensuring separation from
other traffic. NLR continues to be involved in a
variety of types of work supporting the founda-
tion of free flight. The underlying basis for this
development has been the notion of airborne
separation assurance. Simulator studies, off-line
studies, and an internet linked simulation have
been used to refine the free flight concept, as
well as to explore the human factors issues
surrounding the displays and systems that free
flight would entail. One major recent activity of
the NASA/FAA free flight project has been the
completion of the “Human Interaction Experi-
ment,” in which human pilots interacted in real-
time via the World Wide Weh. As a follow-up an

‘Freesim’ user interface for Airborne Separation Assurance
Systems research
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experiment has been set up at the Dutch civil pilot

school, where 24 pilots simultaneously flying a
free flight simulator in a network tested the
competition effect and the effect of extreme
traffic situations. Additional work has centred on
testing the conflict resolution methods for
robustness, and in developing prototype Human

Machine Interfaces (HMIs) for pilots and control-

lers under free flight.

One of the main activities of the EU project More
Autonomous Aircraft in a Future ATM System
(MA-AFAS) has been the completion of the
Operational Services and Environment Definition
(OSED). NLR focused on the definition of
Limited Delegation applications, such as spacing,
crossing, and overtaking manoeuvres, and
Autonomous Operation. Information about other
aircraft is received via Automatic Dependent
Surveillance Broadcast, ADS-B, The OSED
provides an operations service description,
operational objectives, expected benefits, antici-
pated constraints and associated human factors,
operating methods, information exchanges and
exception handling procedures. Another activity
has been the design and prototyping of the
airborne part of the HMI for operating these
applications with ASAS/FMS airborne equip-
ment. Initial pilot feedback of the HMI prototype
has been obtained using a flight simulator mock-
up. In the final phase of the project this HMI will
be used in two experimental aircraft for flight
trials in the Roman airspace.
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Free Routing
In co-operation with EUROCONTROL, NLR
has recently finished evaluating the potential
human performance impact of free routing over
northern European airspace. The Free Route
Airspace Project (FRAP) used real-time,
controller-in-the-loop simulations to assess how
free routing is likely to influence controller
workload, monitoring performance (especially
for low probability ‘non-nominal’ events), and
recovery from error modes. To this end, a set of
physiological, subjective and system perform-
ance parameters were being assessed over the
series of six simulations.

Mediterranean Free Flight (MFF)
The EU project Mediterranean Free Flight
(MFF) aims at a first European implementation
and validation of new operational procedures
and equipment for ATM staff and flight crew in
free routing and free flight scenarios. The first
phase of scenario studies and simulation were
completed. The lessons learned will assist
implementation in other countries, such as the
Netherlands.

NH90 Design and Development

In co-operation with Fokker Aerostructures and
SP Aerospace and Vehicle Systems, NLR
continued its participation in the design and
development phase activities of the NH90
programme.

NH90 Project Office Support

The support provided to the NH90 project office
of the RNLN was continued. Since the start of
the project, NLR has provided the technical
expertise required in the monitoring of the
NH90 design and development activities, and
has provided the required contribution to the
international qualification process on behalf of
the RNLN. In particular, work was done with
respect to prototype flight clearance.

Helicopter Flight Dynamics Modelling

In the helicopter area, NLR participated in the
activities of the GARTEUR Group of
Responsables for Helicopters. Contributions
were made to Exploratory Group (HC) EG-19
‘Helicopter Flight Dynamics Modelling’.



Voice Control for Future Fighter Aircraft
Following earlier National Technology Projects,
where knowledge on the application of voice
control in fighter cockpits was acquired, an
NIVR project involving the application of
Philips Voice Recognition Technology was
started. Philips voice technology was imple-
mented in an F-16 MLU (Mid Life Update)
cockpit represented in the NSF. The project
focuses on the evaluation the capabilities of
Philips voice technology for control in fighter
cockpits. The specific application was agreed
upon by Lockheed Martin. The first evaluation
sessions have been carried out.

Aircraft Procurement and Assessment

Tactical Reconnaissance

The RNLAF was supported with the specifica-
tion and the Request For Information on
upgrades for Reconnaissance systems for the
F-16 MLU.

F-16 Replacement

The RNLAF was supported in the evaluation of
candidates for the replacement of the F-16. This
RNLAF project is carried out in co-operation
with TNO. NLR’s contribution concerns among
other things the flight and weapon system
performance of the candidates, the effects on the
environment, life cycle and maintenance
aspects, training and training equipment and the
mission preparation systems.

Uninhabited Aerial Vehicles (UAV)

The National Technology Project ‘UAV Tech-
nology’ neared completion. The first phase
provided an overview of developments in the
area of Observation UAVs and of Combat UAVS.
The second phase concerns an orientation on the
use of Uninhabited Air Vehicles in civil air-
space. Follow-on work in this area is planned as
part of the EU project UAV Safety Issues for
Civil Operations (USICO).

New Equipment

The RNLAF and the RNN were assisted in the
evaluation of proposed self-protection equip-
ment and weapons and with respect to other
improvements or additions to their aircraft.

42

Aircraft Simulation

Research Flight Simulator

Work on the upgrading of the Research Flight
Simulator (RFS) was continued with the design,
development and production of the generic side-
by-side flight deck and cockpit. This flight deck
can be configured to represent several aircraft
types including Fokker, Boeing and Airbus

types.

Distributed Simulation

In the area of distributed simulation, work was
done in a number of projects. In the Western
European Armament Group’s Euclid programme
Realising the Potential of Networked simulation
in Europe (RTP 11.13), tools and processes were
developed to improve the process of arriving at a
‘Synthetic Environment’, a distributed network
of simulations. The focus of NLR in this project
is on user requirements and evaluation. The aim
of NLR’s participation is to make the process of
extracting user requirements and of performing
an evaluation more efficient, in order to promote
the use of Synthetic Environments in Europe.
On a national scale, NLR together with partners
TNO-FEL and Fokker Space participates in the
ULT-JOIND project to network the Unit Level
Trainers of the RNLAF with a number of other
national simulators and simulations, including
the NSF. NLR completed a correlated series of
terrain databases, so that the participating
simulators can all use the same terrain database
in their respective visual display systems.

For the Joint Strike Fighter Simulation Architec-
ture project, the NLR Fighter Pilot Station
simulation architecture was changed so that the
various components communicate on the basis
of HLA. This standard supports easy exchange
of components and re-use of software, resulting
in reduced cost of development and operation of
a training system. NLR is focusing on the
verification of the performance of the architec-
ture, the partners TNO-FEL and Fokker Space
on developing other aspects of the architecture.

Access to NLR Simulation Facilities

In the EU project Access to NLR Simulation
Facilities (ANSIM), a group of researchers from
the University of Granada was given access to
the Research Flight Simulator (RFS). In the



project, a prototype tool for judging a pilot’s
landing technique has been tested. The tool is
capable of categorising the way a landing has
been made by comparing a new landing with a
database of landings. The performance of the
tool was compared with the ratings of a group of
expert instructors. A total of ten crews partici-
pated in the experiment, from which ultimately a
tool could be developed that would give objec-
tive judgements of landings and could be used
to enhance the effectiveness of training.

Aircraft Operations

S-WAKE

Preparations for the flight tests of the EU project
S-WAKE (assessment of WAKE vortex Safety)
have been completed and a test plan has been
written. NLR’s Cessna Citation was modified to
carry a nose boom with & and & vanes. Accord-
ing to NLR’s test flight quality system proce-
dures, the following safety items have been
assessed to guarantee safety during the wake
encounter tests:

A list of safety hazards have been identified and
assessed: causes, severities, procedures, correc-
tive actions, probabilities and risks of these
hazards have been determined

A thorough aircraft load analysis has been
performed to assess structural safety during
wake encounters

Additional, test related, emergency procedures
have been determined

NLR research pilots have had additional upset
recovery training on a high fidelity Cessna
Citation Il simulator.

The above safety assessment has been subject of
several safety meetings and a dedicated safety
audit.

During the flight tests, the Cessna Citation will
fly through the smoke-marked vortex of DLR’s
VFW614 ATTAS while collecting measurement
data. This data is needed to validate the theoreti-
cally developed and wind tunnel evaluated wake
vortex encounter models. These models quantify
the disturbing aerodynamic forces and moments
acting on the aircraft when flying through a
wake vortex system.
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NLR’s Cessna Citation Il research aircraft equipped with

nose boom and vanes

The flight simulator sessions within the project
S-WAKE on NLR’s existing Research Flight
Simulator (RFS) have been completed. Sessions
consisted of numerous roll-dominant wake
vortex encounter scenarios on final approach
with both the Cessna Citation 11 and Fokker 100
aircraft acting as wake penetrating aircraft. The
experiment data will be used for the develop-
ment of hazard metrics and criteria, the assess-
ment of safety and the assessment of cockpit
motion influence on wake encounter
simulations.

ISAWARE

The EU project ISAWARE (Increasing Safety
through collision Avoidance WARnNing
intEgration) was concluded. ISAS, the Inte-
grated Situation Awareness System developed,
integrates weather, traffic and terrain data for
presentation on the cockpit navigation and
primary flight displays. Selected functionalities
of the full ISAS concept were integrated in
NLR’s Research Flight Simulator and success-
fully evaluated with technical and airline pilots
from Iberia, KLM, Air France, Alitalia,
Eurocopter and NLR.

ISAS provides strategic information on potential
conflicts to prevent stressful tactical situations
from occurring. Apart from strategic aspects, it
also handles and prioritises all the tactical
system alerts for real dangerous situations via
its Integrated Warning Function (IWF). To
anticipate future developments in the field of
safety systems, ISAS addresses runway incur-
sion type of conflicts and wake vortex dangers.
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Noise Abatement Research

New, more environmentally friendly procedures
are becoming feasible with the introduction of
new navigation and flight management systems.
A recent example is the current Continuous
Descent Approach (CDA) procedure on runway
06 of Amsterdam Airport Schiphol. Although
this procedure has very good noise abatement
characteristics, its applicability is limited
because it reduces the runway capacity consider-
ably, as increased separation intervals of 4
minutes instead of 1.8 minutes are applied. The
separation is increased because ATC has to
release the aircraft in an early phase of the
approach, which reduces the predictability of its
arrival time over the runway threshold. The
large separation intervals of the current CDA
limits the application of this procedure to the
nighttime period, when traffic densities are low.

NLR has been extending its alternative approach
concept, the so-called Advanced Continuous
Descent Approach (ACDA). The idea behind
this concept is to maximise the utilisation of the
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potential noise benefits of the CDA procedure
by developing tools that provide the cockpit
crew and the air traffic controller with more
accurate control of the arrival time over the
runway threshold. The separation intervals can
then be restored to the level of conventional
approaches, which makes ACDA applicable
during more busy periods of an airport. The
ultimate goal is to end up with an ACDA
procedure that can be used even during peak
hours.

Software has been developed for a first version
of an ACDA mode in the Research Flight
management System (RFMS) of the Boeing
747-400 flight simulator model. Successful
operation of this mode was demonstrated on the
RFS. A preliminary ATC display tool that
depicts all positions of aircraft flying different
CDAs on the extended centreline of the runway
for the air traffic controller was developed.

Procedures for Decreasing the Impact of Noise
In the EU project Study of Optimisation Proce-
dures for Decreasing the Impact of Noise
(SOURDINE), new flight procedures that lead
to the reduction of noise in the vicinity of
airports and requirements for supporting tools
are defined. The consortium that carries out
SOURDINE includes ATC system providers,
research centres, an airframe manufacturer, an
airline, civil aviation authorities (including
Netherlands) and airport authorities, with
support of ATC agencies. NLR is a major
contributor and is leader of the work package
concerning the establishment of noise abatement
solutions in which both short-term and medium-
term noise abatement solutions are being
considered. The effects of some short-term
procedures have been evaluated for several
airports: Amsterdam Airport Schiphol, Napoli
Capodichino and Madrid Barajas.

Schiphol Approach

Research on three Technical Operational
Measures at Schiphol (TOMS) was carried out
under contract to the Civil Aviation Executive
Agency (Inspectie V & W, Divisie Luchtvaart —
IVW-DL). These measures concerned reduced-
flaps approach, 3.2° glide slope approach and
3000-ft final approach altitude. The data for the
evaluations have been obtained from flight



simulator measurements on training simulators
of KLM (MD-11, Boeing 747-400 and Boeing
737-400). The results on the reduced-flaps
approach and the 3000-ft final approach altitude
show that modest noise benefits can be achieved
by these measures. KLM has already imple-
mented the reduced-flaps approach.

A supplementary study carried out in consulta-
tion with IVW and ATC the Netherlands into
possible adverse effects of the 3000-ft approach
on airport capacity showed that no serious
capacity reductions have to be expected. The
implementation process of this measure will
start after the results of a safety assessment
study will be available.

The 3.2° approach did not show a significant
contribution to noise abatement, whereas a
deviation from the ICAO 3.0° standard ILS
Glide Slope value might cause political prob-
lems.

Rotorcraft Procedures

NLR participated in the EU project Rotorcraft
Efficient and Safe Procedures for Critical
Trajectories (RESPECT). The objective of this
project is to develop improved take-off and
landing operations for helicopters. A common,
validated performance simulation code has been
established, which has been used to optimise the
trajectories analytically. The practical feasibility
and repeatability of new procedures will be
substantiated by means of piloted simulations
and flight tests.

Helicopter Aeromechanic and Aeroacoustic
Interactions

NLR participated in the EU project Improved
Experimental and Theoretical Tools for Helicop-
ter Aeromechanic and Aeroacoustic Interactions
(HELIFLOW). Ground vortex predictions were
performed for a wind tunnel model test set-up of
the BO-105 in the DNW Large Low-speed
Facility (LLF).

Laser Threat and Protection

The National Technology Project ‘Laser threat
and protection for air crew” was completed. The
project aimed at the determination of laser threat
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Tracking targets during Catch-7 trial

and possible protective measures for aircrew and
on-board sensor systems. The project was
carried out in co-operation with TNO - FEL and
TNO - TM. The results indicated various
possibilities to protect Aircrew in the future
better.

Self Protection Electronic Warfare Trials

In a series of field trails, a Netherlands — UK
trial, Catch-7 / Oedipus 10, was carried out to
evaluate new types of flares. The trial was
carried out with the RNLAF and in co-operation
with UK industry. NLR used its ‘Catch’ Seeker
Test Facility in this trial, held at the UK
Manorbier Range in Wales.

Military Operations

The RNLAF was supported with the analysis of
the performance of its own and of threat weapon
systems. The studies include helicopters,
fighters and ground-based air defence systems.
Contributions to various courses for pilots and
intelligence personnel with regard tot weapon
system performance and countermeasure
effectiveness were provided.

Other support concerned improvements to F-16
training simulators, to F-16 mission preparation
and debrief means, to HAWK training equip-
ment and to Stinger Training units.

Chinook Mathematical Model

A mathematical model of the CH-47D Chinook
helicopter was demonstrated successfully in
real-time mode in the Helicopter Pilot Station.
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Aircraft Certification

F-16 Modifications

NLR maintains the capability to support the
certification of new equipment on the F-16.
Work concerned the extension of tank separation
limits for F-16 configurations with the MARS
Reconnaissance pod and configurations with the
Cubic Defence Systems Wrangles ACMR pods.

Sperwer Uninhabited Aerial Vehicle

The work for the certification of the Sperwer
UAV for the Royal Netherlands Army was
concluded. Work to support the development of
the operational employment of the Sperwer was
continued.

Orion Equipment

The Royal Netherlands Navy (RNLN) was
supported with the certification of equipment
required to facilitate an ambulance function of
the Orion.

Helicopter-Ship Qualification Testing

Under contract to the RNLN, NLR organised a
test campaign to determine the Ship Helicopter
Operational Limitations (SHOLS) for the Sea
King helicopter on board the Landing Platform

Dock (LPD) Hr. Ms. Rotterdam. Flight trials
were carried out in a co-operative programme,
involving QinetiQ Boscombe Down, the Royal
Navy, the RNLN and NLR.

A study was carried out in order to support the
selection of wind measuring systems for RNLN
ships so as to be optimally functional during
ship-borne helicopter qualification and opera-
tion.

Aircraft Maintenance

46

Human Factors in Aircraft Maintenance

Current projects on human factors in aircraft
maintenance concentrate on practical solutions
to make the practice of maintenance less
vulnerable to errors and thus improve safety and
efficiency of task execution. The human factors
problems identified in previous projects indi-
cated the specific areas for further attention.
Activities followed three different but comple-
mentary approaches:

to facilitate learning from events and making
use of knowledge that is present among the
workforce within and between maintenance
organisations (organisational learning),

to make the maintenance workforce more aware
of and more capable to deal with the human
factors problems that might occur during the
execution of their job (training), and

to improve the design of aircraft (components),
tools and maintenance procedures in order to
reduce cognitive demands during task execution
(design for maintainability).

In the EU project Aircraft Maintenance Proce-
dure Optimisation System (AMPQS), a method-
ology and a prototype IT-system that improves
the organisational learning capability of the
maintenance organisation were developed. The
system can be used throughout the maintenance
organisation and thereby re-establishes commu-
nication about maintenance processes between
the various departments involved (Production,
Engineering, Quality Assurance, etc.). Cases,
consisting of events or suggestions for improve-
ment can be reported to the AMPOS system, and
solutions or recommendations for improvement
will result. The AMPOS IT system is fitted with
a Case Based Reasoning module that operates
on the systems database and assists in detecting



cases with a certain similarity, to speed up and
improve the process towards solutions or
recommendations and to indicate higher level
problems consisting of combinations of cases.
The system is currently being implemented in
the entire organisation, including the hangars, of
project partner FLS Aerospace Ltd. of Dublin,
Ireland, as part of their Human Factors pro-
gramme and ‘Continuous Improvement’ initia-
tives.

The results of the various training projects,
including the EU project Safety Training for the
Aircraft Maintenance Industry (STAMINA)
were disseminated to the Dutch industry in an
NLR seminar entitled: ‘Human Factors Training
in Aircraft Maintenance - JAR-66 as a starting
point for improvement’. The new JAA regula-
tions, effective from 1 June 2001, oblige
maintenance personnel of JAR-145 certified
organisations to comply with the training
demands of JAR-66. This implies that the
subject of human factors becomes an integral
part of the training of maintenance technicians.
Over 60 participants from Dutch and Flemish
aviation companies, vocational education
institutes and Air Force and Navy were informed
about the NLR expertise in the training field and
the STAMINA training. Responses afterwards
indicate the importance of the topic to the
industry and its interest in the NLR philosophy
on human factors training. As from September
2001 the STAMINA training is being provided
by Jargon Aviation Consultancy.

The DESMAIN project funded by the NIVR
aims at the reduction of human error caused by
design issues with the focus on cognitive
consistency of the maintenance task rather than
ergonomics. Five installation tasks (wing gear,
windshield, Auxiliary Power Unit, engine and
flaps) were analysed by means of several task
analysis techniques, including task observations
at a Dutch base maintenance facility. This was
done in order to comprehend the relationship
between the cognitive processes that play a role
in task execution, the design characteristics
involved and the chance of errors being made.
The observations resulted in a generic descrip-
tion of installation tasks and provided some
insight in the cognitive processes involved. The

results showed that certain aircraft design
aspects contribute to the likelihood of human
errors, providing opportunities for design
improvements.

Gas Turbine Design and Evaluation

The Gas Turbine Simulation Program (GSP) is
gaining further international interest. GSP was
routinely used for the calculation of predicted
emissions in the AEROCERT project. It is also
usable for the assessment of gas turbines for
naval applications. NLR applied it as a core part
of an integrated tool to obtain life consumption
for gas turbine components from operational
usage data. The TU Delft teamed with NLR for
the simulation of the TurBlow gas turbine used
for blowing out tanks and NLR used it to
demonstrate the capabilities of GSP in model-
ling the complex STOVL engine of the
Lockheed Martin JSF in the PHM project. The
versatile programme is also used as a teaching
tool by the TU Delft as part of the gas turbine
course. NLR applies it to assess the propulsion
aspect of generic state-of-the-art.

Automatic In-flight Data Acquisition

In the Lynx helicopter life extension pro-
gramme, the RNLN was supported in the
certification and introduction in service of one
of the new maintenance applications foreseen
with the use of the AIDA (Automatic In-flight
Data Acquisition) system.

I = /

Safety Training for the Aircraft Maintenance Industry (STAMINA)
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Health and Usage Management System F-16
One of the work packages of a national Health
and Usage Management System (HUMS)
project concerned the development of a series of
models for improving F-16 engine component
life prediction based on monitored real flight
data. A thermodynamics engine model, which
provides information required on engine
component operating conditions such as turbine
inlet temperatures and pressures, was developed
in the Gas Turbine Simulation Program (GSP)
environment.

Prognostic Health Monitoring

For the Prognostic Health Monitoring (PHM)
project, knowledge in the domain of gas tur-
bines was maintained, and supplied in a number
of presentations. A number of gas turbine PHM
technology projects were defined and assessed
in co-operation with the JSF prime contractors.
A proposed GSP simulation of a Short Take Off
and Vertical Landing (STOVL) lift-fan propul-
sion system has come to an advanced stage.
Projects to demonstrate data-mining technology
with gas turbine engine operations were defined.

Aircraft Manning and Human Factors

Cognitive Modelling

NLR has been involved in several efforts to
develop quantitative models of human perform-
ance. In one project funded by the EU, NLR was
developing a predictive model of team interac-
tion, to help explain the shared situation aware-
ness of civil flight crews. This model considers
the human faculties of attention, memory and
perception, and will ultimately enable research-
ers to make specific predictions about the types
of bottlenecks and potential team interaction
problems faced by modern commercial flight
Crews.

Crew Workload Qualification / Certification
The impressive operational capabilities of the
NH90 NFH version are largely due to the human
machine interface of the NH90 cockpit and
cabin. Current generation avionics and mission
systems generate a wealth of visually presented
information. Verifying that this large amount of
information does not overwhelm the capabilities
of the crew is the chief goal of the workload
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qualification process conducted in support of the
NH90 NFH three-crew concept. This concept
relies on an optimised interface that supports the
crew (e.g. by presenting only relevant informa-
tion), as well as high levels of both functional and
architectural integration.

NLR’ s human factors work assisting the evalua-
tion of the NFH three-crew concept has included
the following:

Preparing and conducting human-in-the-loop
simulation trials

Conducting crew training

Analysing workload bottlenecks (using a variety
of objective and subjective data sources)
Proposing specific solutions (e.g. training or task
redistribution) to potential workload extremes.

Innovative Crew Interfaces

The FOCUS (Future Operation Concepts for
Utility Systems) project, carried out under
contract to the NIVR, aims to support technology
development at Fokker EImo. The main driver for
the project is to apply new technology to reduce
electrical wiring and panels, simplify the aircraft
production process and reduce aircraft weight.
The first phase of the project aimed at flat panel
technology to replace the conventional overhead
panel in the same location of the flight deck, and
the second phase was concentrated on including
the utility control functions on a Multi Function
Display. The crew operates the Multi Function
Display in the instrument panel in combination
with a Cursor Control Device.

Human factors aspects played a major part in the
Voice Control project, the aim of which is to
demonstrate the applicability and value of voice
control for the Joint Strike Fighter, in particular
in work for the Pilot Vehicle Interface and the
human performance aspects of the voice applica-
tion. Suitability criteria for voice control has been
defined for various cockpit control functions, and
is being assessed using real-time simulations in
the National Simulation Facility.

Innovative Automation Concepts

As advanced crew support technologies will
increasingly appear in future military aircraft, it is
necessary to have a good understanding of the
possibilities in this area, taking into account



operational demands, technical possibilities,
human factors, preconditions, evaluation,
validation, and certification aspects. The Pilot-
oriented Workload evaluation and Redistribu-
tion, phase 1l (PoWeR II) project, serves these
purposes by gathering knowledge and experi-
ence in order to enable the RNLAF to act as a
‘smart buyer / smart user’ in the acquisition and
usage of new aircraft and / or aircraft simulation
and testing facilities. NLR helped design an
experiment aimed at evaluating the advantages
and disadvantages of an automated decision
support system for aircrew, a so-called Elec-
tronic Crew Assistant (CA). In this experiment
the CA was a modified version of the Self
Protection Electronic Warfare (SPEW) manager
developed previously. Experienced F-16 pilots
of the RNLAF participated in an experiment
conducted in the National Simulation Facility.
The CA could employ such countermeasures as
chaff and flare, and could also jam against
surface threats. Finally, the CA demonstrated
the ability to provide advice about the optimal
manoeuvre that should be flown in order to
avoid or escape surface threats. The experiment
demonstrated that missions may benefit from
this kind of automation.

Another example of automation concept devel-
opment is NLR’s participation in
EUROCONTROL’s Conflict Resolution Assist-
ant (CORA) project, in which NLR is providing
human factors support to the development of
expert-system based algorithms ultimately
intended to assist the en route air traffic control-
ler in conflict resolution.

A final example of automation concept develop-
ment is that of the Adaptable Cockpit Environ-
ment (ACE) project. NLR remains active in the
development of an ACE, in which the interface
itself is ultimately expected to act as a sort of
‘team player’. Work is currently focusing on the
following areas: dynamic assessment of mission
goals and sub-goals; real-time monitoring and
determination of the pilot’s state (control mode,
intent, possible errors, workload levels, etc.);
and methods for triggering adaptation. A study
was being conducted to define and evaluate a
prototype adaptable interface.
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Display Research and Development

NLR participated in a research programme
aimed at assessing the image performance and
quality of a prototype colour-capable helmet-
mounted display (HMD) based on a flat panel
display source. Empirical data was gathered on
the current capabilities and limitations of the
prototype HMD, and two psychometric and
simulator human-in-the-loop trials were per-
formed. The latter were performed in NLR’s
Fighter Pilot Station. The first trials indicated
that the resolution of the helmet display, rather
than colour choice per se, is a limiting factor,
and that geometric distortion correction clearly
influences the symbol thresholds negatively.

An important tool for display R&D has been the
NADDES (NLR Avionics Display Development
and Evaluation System) software package. A
major new release was realised. NADDES
facilitates the rapid development and evaluation
of avionics display formats throughout the
complete human engineering and development
process. Display formats can be created and
tested using a customisable development
environment on a standard desktop computer.
This environment is highly accessible to human
engineering and software development experts.
It facilitates project team productivity and
design consistency, by promoting use of built-in
and user-defined display components by team
members. The resulting display formats can
rapidly be deployed to the appropriate evalua-
tion environments, ranging from desktop
environments via cockpit mock-ups and flight
simulators, up to NLR’s research aircraft.

Innovative Psycho Physiological Techniques
and Applications

Innovative eye tracking techniques were being
developed as part of the EU project Visual
Interaction and Human Effectiveness in the
Cockpit (VINTHEC II), which aims to use eye
tracking as a means of assessing crew co-
ordination and automation awareness on board
the civil flight deck. The ultimate aim of this
effort is to transfer to the aviation community,
and various other domains, an objective and
validated means of assessing crew interaction.
Such a development could prove valuable for



both training and operational use, in fields
ranging from aviation to maritime bridge
operations and to process control.

NLR together with the RNLN and Thales
Nederland has explored the feasibility of
simultaneous registration of Eye Point-of-Gaze
(EPOG) from multiple operators, in the present
case a team of subjects in a Defence Command
and Control Environment equipped with a Large
Wall Display. The demonstrations, which were
carried out in Signaal’s Virtual Reality Theatre,
were to serve as a proof of concept for both
multiple operator EPOG measurements and an
eye-controlled cursor device.

NLR’s integrated toolkit of measurement and
analysis techniques for human factors measure-
ment has been used for assessing both human
and system performance in real-time
simulations, both at NLR (e.g. with ATC and
flight simulations), and remotely at customers.
This has resulted in a standardised set of metrics
for assessing performance data, as well as
methods for collecting, pre-processing, and
analysing such data. These methods are tightly
integrated into a measurement ‘toolkit’ that can
be quickly deployed, again either in-house or at
remote locations, for purposes of experimenta-
tion.

A version upgrade of NLR’s advanced Human
Factors Evaluation and Analysis Technique
(HEART), which is used to integrate, pre-
process and visualise data from both test subject
and simulation logging, was made.

Training

NLR is involved in various ongoing activities in
the areas of training research and training
development. One example of the former is the
EU project ESSAI (Enhanced Safety Through
Situation Awareness Integration in Training), in
which NLR leads a team of research and
industrial partners in designing and testing a
training strategy for maintaining situation
awareness and crisis management skills in
modern ‘glass’ cockpits. ESSAI represents an
ongoing effort by research, industry and air
operators to develop training for Situation
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Awareness maintenance, and threat management
skills. A training programme has been devel-
oped in co-operation with instructor pilots.

NLR also developed, as part of the EU project
Operational Benefit Evaluation by Testing an A-
SMGCS (BETA), a training package for control-
ler of a new Surface Movement and Guidance
Control System (SMGCS) under development.
NLR designed and oversaw pre-evaluation
testing for the project.

In the EU project Advanced Design Approach
for Personalised Training in Interactive Tools
(ADAPT-IT), a methodology and tool for
designing training for complex cognitive skills
has been developed. Activities have focused on
identifying current training design practices and
on the identification of the needs for the
ADAPT-IT approach. The aims are to develop
actual training packages for complex cognitive
skills in air traffic control and aircraft mainte-
nance.

NLR participates in the NATO task group (SAS-
034) “Mission Training Through Distributed
Simulation (MTDS) Concept Development and
Demonstration’, which is charged with formu-
lating an exploitation plan for MTDS. NLR is
involved in training aspects of a planned
demonstration involving the USA, Canada, the
UK, Italy, France and the Netherlands.

Air Traffic Controller Tools

Advanced ATC tools and displays are critical
means to accommaodate future traffic levels.
NLR has taken part in a number of efforts in this
area, including EUROCONTROL’s Conflict
Resolution Assistant (CORA) project, which
aims to develop automated conflict resolution
aiding. NLR has provided human factors
support in the development of algorithms based
on an expert system intended to assist the en-
route controller in conflict resolution. Another
project, BETA, focuses on the development of a
pre-operational advanced SMGCS, to consist of
new software and displays. NLR is responsible
for the pre-evaluation phase testing of this new
system.



3.3 Air Transport

Summary

Despite a sharp temporary decline in 2001, air traffic is
expected to resume growth, and the pressure to reduce
delays, to increase efficiency, and to reduce exposure
to risk and noise has continued to mount. This has
required the capabilities of NLR on fields such as Air
Traffic Management, airports, safety and transport and
environmental studies.

National and international authorities, airport
operators, airlines and air traffic control providers
received support on technological developments, and
on the design and modification of airport and airspace
layout, to increase airport capacity and efficiency.
Subjects of the research work were communications
and datalink, navigation, surveillance and Air Traffic
Control. Specific support was given in the area of
airport and Terminal Area operations and in airport
automation. A separate focus was maintained on air
transport safety, with research and development work
on safety modelling, incident/accident databases, and
flight safety. Extensive use was made of the third party
risk assessment methodology developed by NLR. In
the field of environmental issues, extensive use was
also made of the NLR model for the determination of
noise loads around airports.
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NLR continued its international orientation and
participated in many projects funded by the European
Union (EU) and by EUROCONTROL. Collaboration
was pursued with EUROCONTROL, the US Federal
Aviation Administration (FAA) and National
Aeronautics and Space Administration (NASA) and
other partner research institutes as well as the aviation
industry to ensure the dissemination and the
worldwide applicability of research and development
results.

The facilities for Air Transport research, the Tower
Research Simulator, the Traffic Organization and
Perturbation AnalyZer (TOPAZ), the Third Party Risk
Assessment tool and the research aircraft, were
maintained and upgraded.

Air Traffic Management

The capacity of the European ATM system has
to be extended in view of the annual growth of
air traffic movements of approximately 5 per
cent per year. The main challenge is to accom-
modate this growth under the conditions that
safety remains guaranteed, delays of flights are
avoided, pollution is minimised, and aircraft
noise and risk to which citizens are exposed are
reduced as far as possible.
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In the field of ATM research, NLR has focused
on the most promising areas: Collaborative
Decision Making, Arrival Management, Rede-
sign of the European Airspace, Conflict Detec-
tion and Resolution, Advanced ATM concepts
and Safety Cases. Furthermore, NLR has
contributed to the development of the so-called
enabling technologies for ATM, subdivided in
Communication, Navigation and Surveillance
technologies.

Collaborative Decision Making

One way to make better use of available airspace
and airport capacity is to improve the collabora-
tion between the main actors of the ATM
process, being airlines, airports, air traffic
service providers and the Central Flow Manage-
ment Unit of EUROCONTROL. Improvements
can be achieved by sharing data during the flight
planning process and subsequently introducing a
collaborative decision making (CDM) process in
which airlines can exert more influence on ATC
decisions. In this field, NLR has identified
potential CDM applications for the ATM actors
in the Netherlands and has made an appreciation
of potential benefits of the most promising ones.
It was concluded that involvement of Airline
Operators Centres (AOC) in ATM during
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planning processes in the departure and arrival
flight phases can be considered to be amongst
the most promising opportunities. To support this
work, together with KLM an inventory of
functions performed by their OCC (Operational
Control Centre) was made, and an advanced
planning concept for Europe, with strong
collaboration, has been proposed.

Arrival Management

Arrival management has the objective to make
optimal use of available runway capacity and,
within its limitations, to avoid holdings. A
shortcoming of current processes is that the
flows of arriving traffic are not always stable and
not always equally distributed over time. To
improve on this, an early regulation of departures
is needed in order to be able to plan a Required
Time of Arrival (RTA) with sufficient ensured
capacity at destination. Furthermore, new tools
for air traffic controllers are needed to control the
flows. Since this is highly relevant for Schiphol,
NLR has been developing an experimental arrival
management system in the EU project Data
linking of Aircraft Derived Information part 2
(DADI-2). The system, named SOLAR, is a
decision support tool based on downlinked
predictions of aircraft trajectories.
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Noise Abatement Procedures

There are a number of promising ATM concepts
for reducing the overall noise volume in the
vicinity of airports and redistributing it to less
crowded areas. For example, advanced, curved,
continuous descent approaches and fixed routes
with small deviations from prescribed flight
paths could be used. Since noise is one of the
limiting factors for the expansion of European
airports su