


























Chapter 1. Introduction 

The wake hazard of fixed wing aircraft is well known and has been extensively 
investigated. The information for helicopter wakes is far from complete. The velocities 
induced by a helicopter can be much stronger, especially at low advance ratios and in 
hover, than might be expected from a fixed wing aircraft of comparable weight. When 
a rotor is in hover in nil wind conditions the near vertical downwash will be spread out 
radially along the ground, as is shown in figure 2. These horizontal velocities could 
create extra lift on light aircraft, which can be dangerous especially if it occurs 
asymmetrically. 

When the rotor operates in an ambient wind the extent of the region influenced by the 
wake is greater as a vortex is formed near the ground. This wake could be a hazard to 
light aircraft that encounter it because a rolling moment is induced when an aircraft 
penetrates a vortex. At higher wind speeds or forward velocities the rotor has a wake 
very much like the wake of an aircraft with high wing loading, inducing similar strong 
vortices. 

A fatal accident at Kidlington, Oxfordshire in 1992, involving a Piper Cadet during a 
touch and go manoeuvre, and an S.61 helicopter in hover taxi near the runway, 
resulted in the Cadet crashing following a sudden roll, as reported in reference 37. This 
accident has prompted the Aircraft Accident Investigation Branch (AAIE3) to 
recommend the investigation of the helicopter wake hazard with the aim of establishing 
'safe' separation minima between hovering helicopters and other aircraft in differing 
atmospheric conditions. 

There are broadly three types of approach to the investigation of aircraft wakes, the 
determination of induced velocities, the path of the vortices and the possible effect of 
aircraft in the vicinity. These are: 

1. Theoretical modelling of the rotor wake in ground effect 

2. Wind tunnel testing 

3. Full scale testing in the field 

each has distinct advantages and disadvantages. This report takes each of the above as 
a basis for the initial investigation. A summary of the characteristics of the different 
types of wakes based on the available literature is given in Chapter 2. In Chapter 3 a 
description of the existing investigation techniques is presented and the advantages and 
disadvantages of each are discussed. Chapter 4 describes the different segments of the 
hazard investigation that have to be addressed, and discusses the availability of 
theoretical models in the current literature necessary to develop a theoretical model. It 
is shown where there are gaps in current knowledge. In chapter 5 the developed 
method is applied in an to attempt to evaluate the Kidlington accident involving the 
Cadet aircraft. In chapter 6 conclusions are drawn on the accuracy of the model as 
developed ffom the available literature and on the gaps that exist in the current 
knowledge. In chapter 7 recommendations are made on the best techniques and test 
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program for fixther research, the aim of which would be to validate or improve the 
developed theoretical model for the determination of new guidelines to avoid aircraft 
and rotorcraft wake interaction, and also to improve current knowledge. 

In Appendix A detailed abstracts of the references and the bibliography are given 
where appropriate, with comments on the applicability of each to this investigation. In 
Appendix B the mathematical equations of the theoretical model that is developed are 
presented and results of several different methods are compared with measured data. 
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