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ROTORCRAFT DOWNWASH AND OUTWASH (SURFACE LEVEL HELIPORTS) 

Note.- Until more data is available on the effect of rotorwash on and around elevated heliports, caution 

should be used if applying this information to heliports on buildings. For heliports that are mounded 

or elevated at less than 8 m above the surrounding surface, the information should be applied prudently. 

1. Introduction 

1.1 Historically, many heliports were located at aerodromes where they benefitted from airspace 

provisions and ‘airside’ protection. No longer are the majority situated in large open areas or with 

runway-type final approach and take-off areas (FATOs), most are located on small sites, in urban or 

congested hostile environments. where the versatility of the helicopter permits operations inaccessible 

to fixed wing aircraft.  

1.2 In particular, the use of VTOL1 aircraft for the urgent transportation of casualties and time-

critical, medical supplies to appropriate medical facilities continues to increase. To enable effective 

clinical outcomes, heliports have been created in the grounds of hospitals, this has brought the helicopter 

into closer proximity to the public in general, and older or vulnerable persons in particular. 

1.3 Conducting aviation in close proximity to the general public introduces inherent risk. The 

nature and level of the risk will vary depending on the site location and type of air vehicle.  The range 

of air vehicles fulfilling these roles vary from light drones through to complex, heavy helicopters. The 

use of more sophisticated helicopters, equipped for medical emergencies, and operating in Performance 

Class 1, has resulted in an increase in helicopter size and mass. 

1.4  Incidents and accidents associated with the downwash/outwash of helicopters and involving 

the general public have been recorded in a number of States. To avoid or reduce such incidents and 

accidents, downwash protection zones around heliports in the form of boundaries, or areas of 

restriction/control on movement of persons during helicopter operations, must be considered. 

1.5 This appendix primarily addresses the risk to people posed by rotorcraft downwash/outwash in 

the vicinity of such sites.  

2. Basic principle of rotor operation 

2.1 The principal functions of the main rotor are to provide lift, propulsion, and control of the 

helicopter.  By rotating the rotor-blades of a helicopter through the air, aerodynamic lift and drag forces 

are created, similar to an aircraft wing in forward flight.  With a helicopter, the vertical component of 

the ‘total reaction’ of these force vectors is called the total rotor thrust. In a stable hover, a balance is 

created between the total rotor thrust generated by the rotor disc and the weight of the aircraft. 

2.2 The propulsion and subsequent control of the helicopter are achieved by adjusting the rotor disc 

to re-direct the rotor thrust vector to achieve the desired flightpath: forward to move forward and to the 

side for lateral flight or, in some cases, to balance the aircraft. Many parameters are considered in the 

design of the rotor: the diameter of the rotor, the number of blades, the shape of the blades (straight or 

double-swept), aerofoil shape, etc. This enables the rotorcraft design to be optimised for: ride quality, 

hover performance, high speed flight or noise considerations. 

2.3 In producing the lift forces required to fly, a powerful downdraft of air is generated below the 

helicopter which is known as rotorwash. 

 

1 Helicopter or drones. 
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3. Hover Out of Ground Effect (HOGE) 

3.1 In a HOGE, there is an important relationship between two parameters – the mass of the aircraft 

and the rotor disc area.     

3.2 The induced velocity (Vi), flowing through the rotor disc, that is required to maintain a hover 

may be calculated using the following formula:  

𝑽𝒊 = √
𝑴𝑻𝑶𝑴 ∙ 𝒈

𝑨 ∙ 𝟐 ∙ 𝝆
  

3.3 The mass of the helicopter in relation to the area of rotor disc is known as Disc loading and will 

vary between helicopters.  Disc loading is critical to determining Vi; the greater the disc loading, the 

higher the induced velocity and hence downwash velocity. Decreasing the disc loading, by reducing 

mass or increasing the disc area, will reduce the induced velocity required to hover. Induced velocities 

are also dependent on the temperature, altitude and/or pressure conditions, via the air density. 

3.4 Figure II-3-E 1 shows the evolution of theoretical downwash speeds below the disc in a free air 

hover.  As airflow goes through the disc a contraction is produced in the tube which accelerates the 

airflow for approximately 1 rotor diameter below the rotor disc. Based on conservation of mass and 

momentum principles it may be shown that the maximum theoretical downwash velocity is twice the 

initial Vi.  

3.5 The airflow speed remains more or less constant up to a further 3 diameters below the rotor 

disc. Beyond this distance, turbulence will gradually dissipate the induced velocity such that it may be 

discounted by approximately 10 rotor diameters. 

 

Figure II-3-E 1 – HOGE downwash 
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3.6 Table II-3-E 1 presents the relevant parameters for representative helicopter types. The 

tabulated velocities in the last three columns of the table, are peak downwash values. They are shown 

as twice the induced velocity - 2Vi. 

3.7 Vorticity exists in the downwash wall jet but does not feature in the downwash calculations 

shown in Table II-3-E 1. Although vortices are shown with a regular form in Figure II-3-E 2, this is 

unlikely to be the case; perturbations caused by interaction with the fuselage, tail rotor, engine efflux, 

wind, etc., will affect their development and characteristics as they progress within the rotorwash. 

4. Hover In Ground Effect (HIGE) 

Figure II-3-E 2 – HIGE outwash 

Type MTOM Disc Air 

Diameter Area - A Loading Density- ρ

 (kg) (m) (m2) (kg/m2) (kg/m3) m/s knots km/h

AW101 15600 18.6 271.42 57.47 1.225 30 59 109

S92 12565 17.2 231.54 54.27 1.225 29 57 106

H225 11200 16.2 206.12 54.34 1.225 30 57 106

B525 9299 16.6 216.69 42.91 1.225 26 51 94

AW189 8300 14.6 167.42 49.58 1.225 28 55 101

H175 7800 14.8 172.03 45.34 1.225 27 52 97

AW139 6800 13.8 149.57 45.46 1.225 27 52 97

H160 6050 13.4 141.03 42.90 1.225 26 51 94

Bell 412 5398 14.0 154.38 34.97 1.225 24 46 85

S76 5306 13.4 141.24 37.57 1.225 25 48 88

AW169 4800 12.1 115.37 41.61 1.225 26 50 93

H145 3800 11.0 95.03 39.99 1.225 25 49 91

Bell 429 3175 11.0 95.03 33.41 1.225 23 45 83

EC135 2980 10.4 84.95 35.08 1.225 24 46 85

Bell 407 2722 10.7 89.42 30.44 1.225 22 43 79

H130 2427 10.7 89.75 27.04 1.225 21 40 75

H500 1361 8.0 50.27 27.08 1.225 21 40 75

R22 621 7.7 46.34 13.40 1.225 15 28 53

AW609 7620 7.9 98.03 77.73 1.225 35 69 127

V22 21000 12.0 226.19 92.84 1.225 39 75 139

SH 60B 9298 16.4 209.95 44.29 1.225 27 52 96

CH 53E 31751 24.0 452.39 70.19 1.225 34 65 121

Mil 26 56000 32.0 804.25 69.63 1.225 33 65 120

Downwash (2Vi)

2 (√(MTOM.g)/(2.A.ρ))

Rotor 

Table II-3-E 1 – Representative downwash values 
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4.1 With the helicopter in ground effect (Figure II-3-E 2), the behaviour of the airflow is 

significantly modified by the effect of the surface:  

• part of the downwash recirculates;  

• the remainder propagates in all directions: this is the outwash region.  

4.2 The outwash flow field is created when high velocity downwash exits the plane of the rotor, 

impinges on the ground, changes direction, and accelerates radially; it is not a laminar flow. The wall 

jet of the outwash flow field exhibits vorticity with the greatest potential for creating hazards. The effect 

of this vorticity can be seen in the frequency and amplitude of the peak/trough cycle in Figure II-3-E 3. 

It is this that is responsible for buffeting. 

Note.-  Preston [2.3] does not model wall jet vorticity but augments the momentum model with 

empirical data (measured during aircraft trials) to establish mean and peak values. The frequency and 

amplitude is likely to have a bearing on the corelation between the characteristics of the outwash and 

the Lawson Wind Comfort Criteria - historically used for establishing the effect of buffeting on people.  

4.3 The highest outwash velocity is seen at approximately two Rotor/radii (R/r) from the rotor's 

axis of rotation at the beginning of the outwash region. At all locations beyond the start of the outwash 

region, the mean velocity decreases exponentially with increasing distance.   

4.4 Preston [2,3] models the outwash, provides mean and peak2 velocities and relates changes to 

the inverse of distance.  

 

2 The peak values described in [1,3] are those validated in the military trials (see Figure II-3-E 4); they do not take 

account of any values that might be generated from surrounding structures in the outwash region. 

Figure II-3-E 3 – Example of vorticity recorded at one observation point 
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5. Local effects on downwash/outwash 

5.1 It should be recognised that the downwash/outwash velocities used in this appendix are based 

on hovering over flat, unobstructed ground, under still air conditions.  These figures might be modified 

by distortion of the downwash zone by ambient windspeed and direction. Ferguson [1] states:  

 “When first considering the effect of ambient wind, one would expect distortion of the velocity 

profile through a reduction in the magnitude of profile velocities on the upwind side and an 

increase in the magnitudes on the downwind side by the velocity of the wind. This effect is 

generally observed to be valid as a first approximation. However, upon further investigation, 

this quick rationalization can be deemed flawed in that the wind will also require a tilting of the 

rotor tip path plane. This effect tends to further decrease the profile velocities as measured on 

the upwind side and increase the profile velocities on the downwind side”.  

5.2 Topography, slope, surface characteristic, and surrounding structures (funnelling) can 

significantly increase adverse wind effects and extend the hazard area. Equally, the incorporation of 

outwash disruptive devices such as hedges, or appropriate fencing, can reduce the required protection 

zones. 

6. Effect of downwash/outwash on people  

6.1 Ferguson [3], in an examination of personnel rotorwash hazards, provides an extensive 

discussion on the effect of wind on personnel, both military and civil, citing many reports. He includes 

a number of important extracts from these reports on the effect on civilians:  

6.1.1 Isyumov and Davenport (1975) [8] indicate a mean wind speed of > 55km/h is “dangerous” 3. 

Lawson and Penwarden (1975) state a mean wind speed above 50 km/h or a peak > 85 km/h is 

“unacceptable”. Melbourne (1978) states a peak > 83 km/h is “unacceptable”. 

6.1.2 In ‘Design Guide for Wind’ [6] it is stated that ‘Although there is an obviously subjective 

element to a person's "comfort", and there are slight divergences of opinion amongst researchers, there 

is a remarkably close agreement on the general effects of winds upon people. These may be summarised 

as: 54 km/h as a limit of acceptability for comfort, 65 km/h as a threshold of danger and 83 km/h as 

completely unsuitable for walking.’ 

6.1.3 With respect to the effect of sudden gusts, Jordan et al [6] state that 50% of average test subjects 

were displaced by a sudden 40 km/h gust and 100% were displaced by a 55 km/h gust. For people > 50 

years old, gusty winds above 30 km/h were shown to have a quantifiable effect on body stability. 

6.2 In conclusion, Ferguson states that the peak wind velocity limiting conditions derived from his 

research are: 

 Peak Wind Velocity 

 m/s Kts km/h 

Overturning Forces 

& Moments 

   

Caution Limit 15 29.2 54 

Hazard Limit 20 38.9 72 

Table II-3-E 2 – Personnel Rotorwash Hazards 

 

3 This is very similar to ICAO Doc 9157 Part 2 where it is stated: “Jet blast velocities above 56 km/h are considered 

to be undesirable for personal comfort or for the operation of vehicles or other equipment on the movement area.” 
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7. Establishing a downwash/outwash protection zone 

Note 1.- The protection zone addresses the outwash region as shown in Figure II-3-E 2; essential 

personnel only should be within the transition region. 

Note 2.- The tables below do not account for local effects, or the combined effect of outwash and 

ambient wind described in 5. 

Note 3.- The rotorwash protection zone (which is designed to protect the general public from the effect 

of buffeting) should not confused with the FATO safety area or stand protection area (which are 

designed to protect the helicopter from obstacles).  

7.1 Practical trials have demonstrated that the onset of helicopter downwash/outwash on 

individuals can be extremely rapid, is unpredictable, does not remain constant in strength, and can be 

destructive in force.  When siting a heliport, the designer must consider the effect of downwash/outwash 

and include a protection zone that is appropriate to the Design Helicopter; this protection zone should 

recognize that, in addition to the hover over the landing point, downwash/outwash will be prevalent 

during the final approach to the hover, the initial take-off, and whenever the helicopter is positioning to 

or away from the FATO.   

7.2 The localised downwash/outwash characteristics at any particular heliport will be determined 

by operational experience. Even though notices may be posted to inform or warn of the dangers, public 

perception of the hazard is low, and signage communicates the risk at best.  Instead, supervision of 

vehicular and pedestrian traffic during helicopter movements, provision of robust maintenance and 

foreign object damage (FOD) prevention processes, and safeguarding of the protection zone from future 

development, perform a vital part in reducing the likelihood of injury or third-party damage.   

7.3 The outwash estimates for a number of rotorcraft in general use is shown in two tables:  

7.3.1 Table II-3-E 3: contains as boundary limits the peak wind velocities of 60 km/h and 80 km/h 

already employed by some States in their regulations.  

Type RD Mass D/L

(m) (kg) (kg/m2) R/r (radii) (m) R/r (radii) (m) R/r (radii) (m)

AW101 18.6 15600 57.47 4.6 43 6.4 59 8.9 83

S92 17.2 12565 54.27 4.4 38 6.2 54 8.8 75

H225 16.2 11200 54.34 4.4 36 6.2 51 8.8 71

B525 16.6 9299 42.91 3.8 32 5.6 47 8.3 69

AW189 14.6 8300 49.58 4.2 30 6.0 44 8.6 63

H175 14.8 7800 45.34 3.9 29 5.8 43 8.4 62

AW139 13.8 6800 45.46 3.9 27 5.8 40 8.4 58

H160 13.4 6050 42.90 3.8 25 5.6 38 8.3 55

Bell 412 14.0 5398 34.97 3.3 23 5.2 36 7.9 55

S76 13.4 5306 37.57 3.5 23 5.3 36 8.0 54

AW169 12.1 4800 41.61 3.7 23 5.6 34 8.2 50

H145 11.0 3800 39.99 3.6 20 5.5 30 8.1 45

Bell 429 11.0 3175 33.41 3.2 18 5.1 28 7.8 43

EC135 10.4 2980 35.08 3.3 17 5.2 27 7.9 41

Radius at 40 (km/h)Radius at 60 (km/h)Radius at 80 (km/h)

Helicopter Data Peak Wind Velocity

Table II-3-E 3 – HIGE outwash estimates (current regulations) 
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7.3.2 Table II-3-E 4 contains as boundary limits the peak wind velocities of 15 m/s (54 km/h) and 20 

m/s (72 km/h), as concluded by Ferguson, ‘Rotorwash Operational Footprint Modelling’ [3].  

7.3.3 In recognition of the fact that hospital surface-level heliports continue to be developed - many 

in the vicinity of car parks or access paths/roads for pedestrians (some of whom may be patients or 

elderly persons) - a further boundary of 40 km/h has been introduced. 

Note.- The outwash is subject to many perturbations as it extends radially; because of this, the RoWFoot 

model becomes less accurate with distance and eventually, become asymptotic (little or no change in 

velocity for a large change in distance).  For this reason, estimates provided for the 40 km/h zone should 

be treated with some caution. 

7.4 The boundary limits are shown as radii from the centre of the FATO, or reference, point in 

traffic-light colours4 that are intended to indicate hazard inward of the value. As these values occur at 

the tail of the distribution of the Preston model where the curve is almost linear, interpolation between 

boundary values to provide intermediate limits is reasonable. 

 8. Derivation of data used for estimating outwash boundaries 

8.1 The data used for the analysis of the rotor outwash originates from the ‘Rotorwash Analysis 

Handbook’ [1,2]; ‘Rotorwash Operational Footprint Modeling’ [3]; and, output from RoWFoot [3].  

8.2 Also considered was information from: ‘Experimental Investigation of Rotorcraft Outwash in 

Ground Effect’ [4]; ‘Airbus Safety Promotion Notice’ [5]; and other research papers utilising the 

Preston/Ferguson momentum model. 

8.3 The effect of wind on personnel from: ‘Rotorwash Operational Footprint Modeling’ [3]; 

‘Evaluating and Modeling the Response of an Individual to a Sudden Change in Wind Speed’ [6]; 

 

4 The traffic-light system shown in Table II-3-E 3 has the same intent as that in Wind Microclimate Guidelines 

[10] but was developed independently of those. 

Type RD Mass D/L

(m) (kg) (kg/m2) R/r (radii) (m) R/r (radii) (m) R/r (radii) (m)

AW101 18.6 15600 57.47 5.4 51 7.2 67 8.9 83

S92 17.2 12565 54.27 5.2 45 7.0 60 8.8 75

H225 16.2 11200 54.34 5.2 42 7.0 57 8.8 71

B525 16.6 9299 42.91 4.5 37 6.4 53 8.3 69

AW189 14.6 8300 49.58 4.9 36 6.8 49 8.6 63

H175 14.8 7800 45.34 4.7 34 6.5 48 8.4 62

AW139 13.8 6800 45.46 4.7 32 6.5 45 8.4 58

H160 13.4 6050 42.90 4.5 30 6.4 43 8.3 55

Bell 412 14.0 5398 34.97 4.0 28 5.9 41 7.9 55

S76 13.4 5306 37.57 4.1 28 6.0 40 8.0 54

AW169 12.1 4800 41.61 4.4 27 6.3 38 8.2 50

H145 11.0 3800 39.99 4.3 24 6.2 34 8.1 45

Bell 429 11.0 3175 33.41 3.9 21 5.7 32 7.8 43

EC135 10.4 2980 35.08 4.0 21 5.9 30 7.9 41

Radius at 40 (km/h)Radius at 54 (km/h)Radius at 72 (km/h)

Helicopter Data Peak Wind Velocity

Table II-3-E 4 – HIGE outwash estimates (Ferguson [3]) 
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‘Design Guide for Wind’ [7]; ‘Comparison of Pedestrian Wind Acceptability Criteria’ [8]; and ‘Wind 

Microclimate around Buildings’ [9,10], was used in the evaluation. 

8.4 Estimated boundaries in Tables II-3-E 3 & 4 are derived from RoWFoot output. The data set 

employed was from representative helicopters with: disc loading of 55, 50, 45, 40 and 35 kg/m2; a 

steady hover at a rotor-mast-to-ground-height of 1 R/r; and, velocities at rotor radii from the rotor mast 

centre of 0.5, 1.0, 1.5, 2, 3, 4, 5, 6 and 7. All boundary values are from the curves produced from the 

sampled helicopters’ data. 

 

Figure II-3-E 4 – Correlation of conceptual model with CH-53E trial data 
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