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Source: Caradonna, 1992

Separation criteria - Light helicopter leader

An overview…

Not straightforward…

Aim: To investigate the need for separation criteria in the light weight category
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� AAIB accident report
On approach to land a Piper PA-28 flew through the wake vortex generated by a Sikorsky S76 
and the aircraft rolled uncontrollably to the right and struck the ground. 

� Gasil articles 
GASIL August 2010: Helicopter and wake turbulence
GASIL December 2002: Rotor downwash

Background information
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Guidance on wake turbulence ICAO/UK

1. Weight groups

2. AIC on helicopter wake turbulence

3. Small and light aircraft types

No separation minima for light category!

4. Separation criteria
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Current procedures and immediate actions

Immediate actions:

� The AIC was updated to include additional 
guidance on helicopter wake in hover and in 
forward flight close to the ground. Introduced 
the 3-rotor diameter avoidance area from the 
FAA.

Currently:

There are no separation criteria for light aircraft 
following the same weight group helicopters 
(weight < 7,000 kg) in hover or forward flight, in 
or out of ground effect. 

Need to address and further investigate this procedure!
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Helicopter wake vortex 

� Helicopter rotor wake is three-dimensional and it is 
dominated by strong vortices that are trailed back from the 
tips of each blade. 

�The geometry and the strength depends on the 
operating state and the flight conditions (flight phase, rotor 
thrust, advance ratio, angle of attack, presence of other 
rotors).

�In hover the tip vortices follow helical trajectories below 
the rotor. 

�In forward flight the rotor wake is skewed back behind 
the rotor by the free stream velocity and a series of 
nonaxisymmetric vortex trajectories are produced. (Vortex 
– vortex filaments interaction, roll up).
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Hover and forward flight close to the ground 

� Hover flow – downwash vortices 
� Ground vortex forms at very low forward 
speeds
� As forward speed further increases the 
ground vortex is eventually swept 
downstream away from the rotor 

Flow regimes with advance ratio

Source: Curtiss
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� FAA report addresses the separation distances for light aircraft following helicopters. 

The study concluded the following:

� Light helicopters such as S-76A and UH-1H can leave active hazardous vortices for up to 90 secs

� The study however did not address the following which needs to be done to determine operational 
implementation:

Separation distance in hover in ground effect
Separation distance in forward flight in ground effect

� The study concluded:

Hazards associated with rotor wash generated by helicopters in hover or in air taxi operations should 
be investigated. In the absence of encounter measurements for the case of hover flight, it is 
recommended that small airplanes, at the same altitude and downwind of a hovering helicopter, 
maintain at least 500 feet of separation.

A brief literature search - 1

Leader:      Helicopter(s)
Follower:    T-34C
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A brief literature search - 2

Flight Safety Digest March - April 2002 guidance for helicopter wake vortex includes:

� Hover or slow hover: High velocity outwash vortices that extend to a distance about three times the diameter 
of the rotor 
� Forward flight: A helicopter generates a pair of spiralling wake vortices from the rotor blades that are similar 
to those of larger fixed wing aircraft.
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Simulation of hover in ground effect

� Outwash velocity profile forced to 
expand radially outward as a wall jet.

� For the z/R = 1.0 rotor height case, as 
shown in the overall flow was found 
to be similar to the z/R = 1.5 case, 
but now much higher localized flow 
velocities were produced at the wall 
for radial stations between r/R = 1.2 
to 1.8. 

� At the higher rotor heights the vortex 
filaments spin down and diffuse under 
the action of viscosity and turbulence 
before they can ever reach the 
ground; at the lower rotor heights the 
turbulence in the developing wall jet 
quickly shears the vortices, which 
causes them to lose their coherent 
flow structures within only two rotor 
revolutions of wake age. 

A brief literature search - 3

Source: Timothy E. Lee E. T., Leishman J. G., Ramasamy M.,  
“ Fluid Dynamics of Interacting Blade Tip Vortices With a Ground 
Plane” Department of Aerospace Engineering Glenn L. Martin 
Institute of Technology University of Maryland.
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A brief literature search - 4

CFD simulations of a UH-60 (10,660 kg) helicopter in hover and in forward flight in ground effect 

Hover, Height: 1.5R V = 11m/s, Height: 1.5R

V = 6m/s, Height: 1RV = 6m/s, Height: 1.5R

The calculated flow does not contain any recirculation 
as the ground vortex that would exist at lower speeds or 
possibly lower heights has dissipated and passed 
beneath the helicopter.

The constraining effect of the ground is obvious in that 
a large ground vortex exists in the flow in front of the 
helicopter, forward of the fuselage.

When the rotor height is reduced to 1R while being 
flown at the same lower speed of 6m/s, a considerably 
larger vortex appears

� For V = 11m/s, Height: 1.5R

� V = 6m/s, Height: 1R

� V = 6m/s, Height: 1.5R

Source: Modha A. N., Blaylock T. A. and Chan W. Y. F. "Brown-
out – Flow Visualisation using FLUENT® VBM". International 
Aerospace CFD Conference, Paris, June 18 – 19 2007.
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Review to date:

� Academic studies (scientific papers etc.)
� FAA flight tests
� Further tests and measurements are needed to acquire evidence
� These can be a combination of CFD simulations and experimental measurements

In progress:

� Vortex measurements using Lidar equipment – under discussion  
� Liaise with FAA and other organisations to find out more about related research efforts
� Engage with DGAC and follow up FATO study – Location of infrastructures for 
helicopters on an aerodrome
� Liverpool university master research project simulations and thorough literature search
� Inform ICAO wake turbulence study group 

Next steps
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Proposed methodology

Circulation
(m2/s)

Time after over flight 
(s)

Current Small-Light 
separation time 

Largest acft in the 
light weight category

Smallest acft in the 
small weight category

To establish separation criteria in the light weight category 

Acceptable safe level 
of vortex strength for 
light followers

?

?

?

Typical light helicopter

Current Small-Light 
separation time 

Follower
Leader


