
 

 

NORTH ATLANTIC TREATY 
ORGANISATION 

 RESEARCH AND TECHNOLOGY
ORGANISATION

 

 

 

AC/323(SCI-033)TP/48 www.rta.nato.int

 

RTO AGARDograph 160 SCI-033 
Flight Test Instrumentation Series – Volume 20 

  

Optical Air Flow Measurements in Flight 
(Mesures optiques de l'écoulement aérodynamique en vol) 

 

This AGARDograph has been sponsored by SCI-122, the  

Flight Test Technology Task Group of the  

Systems Concepts and Integration Panel (SCI) of RTO. 

 

   

Published December 2003 

 

  Distribution and Availability on Back Cover   



This page has been deliberately left blank 

Page intentionnellement blanche 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

NORTH ATLANTIC TREATY 
ORGANISATION 

 RESEARCH AND TECHNOLOGY
ORGANISATION

 

 

 

AC/323(SCI-033)TP/48 www.rta.nato.int

 

RTO AGARDograph 160 SCI-033 
Flight Test Instrumentation Series – Volume 20 

 
 

Optical Air Flow Measurements in Flight 
(Mesures optiques de l'écoulement aérodynamique en vol) 

This AGARDograph has been sponsored by SCI-122, the 

Flight Test Technology Task Group of the  

Systems Concepts and Integration Panel (SCI) of RTO. 

Authored by  
 

Mr. Rodney K. Bogue 
NASA Dryden Flight Research Center 

P. O. Box 273 
Edwards, CA 93523-0273 

UNITED STATES 
email: rod.bogue@dfrc.nasa.gov 

 
and 

 
Dr. Henk W. Jentink 

National Aerospace Laboratory (NLR) 
Anthony Fokkerweg 2 
1059 CM Amsterdam 
THE NETHERLANDS 
email: jentink@nlr.nl 

 

   



  

ii RTO-AG-160-V20 

The Research and Technology  
Organisation (RTO) of NATO 

RTO is the single focus in NATO for Defence Research and Technology activities. Its mission is to conduct and promote 
co-operative research and information exchange. The objective is to support the development and effective use of 
national defence research and technology and to meet the military needs of the Alliance, to maintain a technological 
lead, and to provide advice to NATO and national decision makers. The RTO performs its mission with the support of an 
extensive network of national experts. It also ensures effective co-ordination with other NATO bodies involved in R&T 
activities. 

RTO reports both to the Military Committee of NATO and to the Conference of National Armament Directors. It 
comprises a Research and Technology Board (RTB) as the highest level of national representation and the Research and 
Technology Agency (RTA), a dedicated staff with its headquarters in Neuilly, near Paris, France. In order to facilitate 
contacts with the military users and other NATO activities, a small part of the RTA staff is located in NATO 
Headquarters in Brussels. The Brussels staff also co-ordinates RTO’s co-operation with nations in Middle and Eastern 
Europe, to which RTO attaches particular importance especially as working together in the field of research is one of the 
more promising areas of co-operation. 

The total spectrum of R&T activities is covered by the following 7 bodies: 
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Teams is to ensure the continuity of the expert networks.  
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Aerospace Research and Development (AGARD) and the Defence Research Group (DRG). AGARD and the DRG share 
common roots in that they were both established at the initiative of Dr Theodore von Kármán, a leading aerospace 
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AGARDograph Series 160 and 300 
The Systems Concepts and Integration (SCI) Panel has a mission to distribute knowledge concerning 
advanced systems, concepts, integration, engineering techniques, and technologies across the spectrum of 
platforms and operating environments to assure cost-effective mission area capabilities. Integrated defence 
systems, including air, land, sea, and space systems (manned and unmanned) and associated weapon and 
countermeasure integration are covered. Panel activities focus on NATO and national mid- to long-term 
system level operational needs. The scope of the Panel covers a multidisciplinary range of theoretical 
concepts, design, development, and evaluation methods applied to integrated defence systems. 

One of the technical teams formed under the SCI Panel is dedicated to Flight Test Technology. Its mission 
is to disseminate information through publication of monographs on flight test technology derived from 
best practices which support the development of concepts and systems critical to maintaining NATO’s 
technological and operational superiority. It also serves as the focal point for flight test subjects and issues 
within the SCI Panel and ensures continued vitality of the network of flight test experts within NATO. 

These tasks were recognized and addressed by the former AGARD organization of NATO in the form of 
two AGARDograph series. The team continues this important activity by adding to the series described 
below. 

In 1968, as a result of developments in the field of flight test instrumentation, it was decided that 
monographs should be published to document best practices in the NATO community. The monographs in 
this series are being published as individually numbered volumes of the AGARDograph 160 Flight Test 
Instrumentation Series. 

In 1981, it was further decided that specialist monographs should be published covering aspects of 
Volume 1 and 2 of the original Flight Test Manual, including the flight testing of aircraft systems.  
The monographs in this series (with the exception of AG 237, which was separately numbered) are being 
published as individually numbered volumes of the AGARDograph 300 Flight Test Techniques Series. 

At the end of each AGARDograph 160 Flight Test Instrumentation Series and AGARDograph 300 Flight 
Test Techniques Series volume is an annex listing all of the monographs published in both series. 
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Optical Air Flow Measurements in Flight 
 (RTO AG-160 Vol. 20 / SCI-033) 

Executive Summary 
Optical measurements are increasingly becoming a part of measurement techniques in airborne systems.  It 
has become important to avoid protuberances on military aircraft designed for stealthy radar 
characteristics.  Optical measurement systems offer the possibility of accurate airspeed measurements that 
do not increase the radar cross-section.  Although the experience base is small, cost studies show that 
substantial savings are possible for military applications.  Applications of optical air flow measurements 
on highly maneuverable aircraft are expected to provide much more reliable information in regions of the 
flight regime where unacceptable measurement uncertainties plague conventional probe-based techniques. 

Furthermore, with optical methods, the velocity of air masses at some distance from the aircraft can be 
measured. This feature can be utilized for several purposes. Air data measurement on helicopters beyond 
the rotor downwash and on first flights of prototype aircraft are improved. Warnings for turbulence and 
wind shear in front of the aircraft can be generated for prevention of engine unstarts and for improvement 
of flight safety.  The researcher can study the atmosphere without flying through the air mass under study. 
The researcher measuring the air at very small distances from the aircraft learns about aerodynamics, and 
can be confident that the measurement process does not disturb the condition being measured.  Parachute 
drop accuracy can also be improved. 

The purpose of this AGARDograph is to bring attention to optical technology as it is currently being 
utilized in flight systems and to mention future technology prospects.  The reader will become familiar 
with the vocabulary, components, and techniques in using optical components in airborne systems.  
Applications for airborne optical systems and case studies are also discussed. 
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Mesures optiques de l'écoulement  
aérodynamique en vol 

(RTO AG-160 Vol. 20 / SCI-033) 

Synthèse 
Les mesures optiques font de plus en plus partie des techniques de mesure utilisées dans les systèmes 
aéroportés. Il est désormais important de s’assurer que les avions militaires conçus pour la furtivité ne 
comportent pas de protubérances. Les systèmes de mesure optique offrent la possibilité d'exécuter des 
mesures précises de la vitesse aérodynamique sans augmentation de la surface équivalente radar. Bien que 
l'expérience acquise dans ce domaine soit limitée, des études de coûts ont montré que des économies de 
coûts considérables seraient réalisables dans le cas d’applications militaires. La mesure optique de 
l'écoulement aérodynamique appliquée à des aéronefs très manœuvrants devrait fournir des informations 
beaucoup plus fiables sur des parties du domaine de vol pour lesquelles les techniques à base de sondes 
actuelles sont entachées d'incertitudes de mesure. 

En outre, les méthodes optiques permettent de mesurer la vitesse de masses d’air à différentes distances de 
l’aéronef. Cette caractéristique peut être mise à profit de différentes façons. L'enregistrement des données 
aérodynamiques est amélioré, tant pour les hélicoptères, en ce qui concerne le domaine de vol au-delà de 
la zone de déflexion vers le bas du rotor, que pour les premiers vols d'avions prototypes. Des signaux 
d'avertissement peuvent être générés en cas de détection de turbulence et de cisaillement du vent à l'avant 
de l'aéronef, afin d'éviter les décrochages et d'améliorer la sécurité en vol. Le chercheur peut étudier 
l’atmosphère sans traverser la masse d’air à l’étude. Lorsqu’il mesure l’écoulement d’air à des distances 
très rapprochées de l'aéronef et s’informe sur l’aérodynamique, il peut avoir la certitude que le processus 
de mesure ne perturbera pas le milieu étudié.  La précision lors de parachutages peut  également être 
améliorée. 

Cet AGARDographe a pour objectif d'attirer l'attention sur les technologies optiques telles qu'actuellement 
employées dans les systèmes de navigation et d'évoquer les perspectives technologiques futures. Le lecteur 
pourra se familiariser avec le vocabulaire, les composants et les techniques d'intégration des composants 
optiques dans les systèmes aéroportés. Certaines applications pour systèmes optiques aéroportés et des 
études de cas sont également présentées. 
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