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Abstract— The main objective of the present work is to study 

the complete phenomena of ground effect and changes in 

aerodynamic behaviour of the aircraft and helicopter in close 

proximity to the earth surface because of modified air flow 

pattern around them due to ground effect.  The study is 

showing that flight in close ground proximity is more 

aerodynamically efficient than flight in freestream at the 

same angle of attack. The ground effect results more lift to 

drag ratio, reduced induced drag, wider wingtip vortex which 

reduces downwash angle, therefore, less power requirement, 

cheaper hover flight and high rotor blade efficiency. It also 

results delaying take-off and landing, reduction in stall angle 

as ground clearance decreases due to higher adverse pressure 

gradient. The methods considered by pilots to come out of 

ground effect (OGE) have also been studied. 
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I. INTRODUCTION 

Ground effect is a phenomenon in which ground interference 

with airflow patterns around an aircraft when the aircraft is 

near to the earth surface and alters the flow field around the 

wing which results increase in lift and reduced induced drag. 

In ground effect (IGE), the lift-to-drag ratio is generally 

around 3 for helicopters, 8 for hydro-airplanes, and around12 

for light aircraft.  This phenomenon becomes appreciable 

when operating within a distance of one wingspan from the 

earth surface. This effect applies to all fixed-wing aircraft, 

rotary wing aircraft including sailplanes. 

When the aircraft is close to the ground the wing tip 

vortex modifies, instead of being circular becomes elliptical 

and reduces the down-flow angle of the airflow behind the 

wing. Thus increasing both the effective span of the wing and 

its aerodynamic aspect ratio and reduces induced drag (Fig. 

1). The direct effect on lift arises because a reduction in 

downwash, generated by the wing tip vortices is which 

increases the effective angle of attack and therefore the lift. 

As the air beneath a wing is compressed by ground 

proximity creates a cushion effect and aircraft will tend to 

float down the runway, delaying touchdown of the aircraft.  

This can be a dangerous condition where the aircraft may 

actually run out of runway space, creating an unsafe landing 

condition. Earlier research shows that pilots most often report 

the influence of ground effect during a traditional landing. It 

is because during the landing, aircraft is at its lowest speed 

and highest angle of attack of any portion of its flight and the 

slow speed provides less energy to spin and wash away the 

tip vortices. 

 
Fig. 1: 

As vortex's rate of rotation becomes lower, its 

diameter becomes wider. These wide vortices are more likely 

to be blocked as the aircraft comes closer to the ground, so 

any reduction in their strength has a correspondingly 

significant impact on the aircraft's aerodynamic behaviour.  

Due to the change in upwash, downwash, and wingtip 

vortices, there may be a change in position (installation) error 

of the airspeed system, associated with ground effect. In the 

majority of cases, ground effect will cause an increase in the 

local pressure at the static source and produce a lower 

indication of airspeed and altitude. Thus, the airplane may be 

airborne at an indicated airspeed less than that normally 

required. 

The performance of a wing-in ground effect is 

dependent upon many factors such as wing cord, wingspan, 

angle of attack, aircraft speed, and wing loading factor. For 

aircraft with complex geometries, the interaction between 

structural members such as fuselage, wing, horizontal 

stabilizer, vertical stabilizer and landing gears cannot be 

neglected (Han, Cui and Yu, 1999). Therefore investigation 

of aircraft’s aerodynamics in ground effect is becoming very 

important to optimize best aircraft performance parameters 

with best stability and control characteristics. In order to 

thoroughly understand ground effect it is important to study 

trailing edge vortex, induced drag and angle of attack. 

A. Wingtip Vortices 

A vortex is an energetic swirling mass of air at the wing tip. 

The high pressure air beneath the wing tries to move outward 

and around the wingtip tries to escape towards low pressure 

region above the wing which leads to the formation of trailing 

wing tip vortices.  

http://www.aviation-history.com/theory/aspect_ratio.htm
http://www.aerospaceweb.org/question/planes/q0176.shtml
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Fig. 2: Regions of upwash and downwash created by trailing 

vortices 

As the aircraft moves forward, motion of air creates 

a swirling vortex that trails behind. One of these vortices is 

left aft of each wingtip, swirling in opposite directions, to 

create a pair of trailing vortices behind the wing. Trailing 

vortices are undesirable primarily because they create 

downwash that deflects the air behind a wing downward 

leading to a reduction in local flow incidence (Fig. 2). This 

downwash decreases the lift generated by the wing and 

increases drag. Consequently, the overall lift generated by the 

wing reduces. 

B. Induced drag 

The direction of relative flow is inclined due to presence of 

downwash and total lift on the wing is reduced because the 

lift vector is shifted towards the trailing edge (Fig. 3). This 

change in lift is known as induced drag which is proportional 

to the square of the lift. Induced drag is also known as lift-

dependent drag, since it is a consequence of lift generation.  

 
Fig. 3: Effect of downwash on lift 

When an aircraft is flying close to the ground surface 

the induced drag experienced by the aircraft is reduced 

because the vertical component of the airflow around the 

wing tip is limited, and the trailing wing tip vortices are 

disrupted by the ground. The downwash intensity is therefore 

reduced leading to a beneficial effect on lift and drag. If the 

aircraft is flying extremely close to the ground, within 

roughly 1/4 of the wingspan, the air flow between the wing 

and the ground is compressed to form an air cushion. The 

pressure on the lower surface of the wing is increased creating 

additional lift. Both of these effects lead to an increase in the 

lift-to-drag ratio. 

C. Angle of Attack 

According to thin airfoil theory, lift is linearly proportional to 

angle of attack for angles below the stall angle and according 

to lift equation; lift is also proportional to the square of speed. 

Therefore to maintain the required lift when speed is high, 

angle of attack should be low and when speed is low, angle 

of attack must be high. Under cruising condition, an aircraft 

must be flying at a very low angle of attack whereas during 

take-off and landing it must be at very high angle of attack to 

produce lift required for the operation (Fig. 4). Furthermore, 

we have seen that induced drag increases as soon as angle of 

attack increases or as lift vector shifts and vice-versa. So the 

downwash generated by the wing must be small when aircraft 

travels at very high speed which results very less induced 

drag and wingtip vortices must be relatively narrow in 

diameter. Hence, Ground effect has less influence on a faster 

aircraft as compare to slower aircrafts 

 
Fig. 4: Coefficient vs. Angle of attack 

II. ROTARY WING 

Ground effect phenomenon of a rotary aircraft is same as of 

fixed wing aircraft. When helicopter is hovering near to the 

ground (within 1/2 rotor diameter), the air passing down 

through the rotor disc cannot escape quickly and will built up 

as cushion of air similar in fashion to a hovercraft. This results 

less downward velocity of the induced flow and more vertical 

lift vector (Fig. 5). 

 
Fig. 5: Ground effect on induced drag 

Also, the downward and outward airflow pattern 

tends to restrict vortex generation and this makes the outboard 

portion of the rotor blade more efficient and reduces overall 

system turbulence caused by ingestion and recirculation of 

the vortex swirls (Fig. 6). Therefore, rotor does not need 

much angle of attack to produce sufficient lift to hover so less 

required engine power, greater capacity to carry more useful 

load or better fuel consumption and Increased blade 

efficiency. 

http://www.aerospaceweb.org/question/aerodynamics/q0136.shtml
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Ground effect most dominating when hovering over 

smooth paved surfaces and less dominating while hovering 

over tall grass, rough terrain, revetments, or water, because 

partial breakdown and cancellation of ground effect and the 

return of large vortex patterns with increased downwash 

angle. 

 

 
Fig. 6: Effect of ground on rotor tip vortex 

Fig. 7 is showing that when rotor is at a height of 

one-half rotor diameter from ground, thrust increment is 7 

percent, above one rotor diameter from ground; thrust 

increment is small and decreases to zero at a height of about 

1 1/4 rotor diameters. 

 
Fig. 7: Required thrust vs. height above ground 

If we compare two airfoils, one of them is in ground 

effect and the other is out of ground effect (height is above 

one rotor diameter) then the airfoil that is in-ground-effect is 

having more efficiency due to smaller downward induced 

velocity which increases angle of attack and more lift. On the 

other hand, the airfoil which is out-of-ground-effect is less 

efficient because of increased induced velocity which reduces 

angle of attack and gives less lift. It may not have any ground 

cushion, and therefore it needs either more engine power or a 

reduction in its gross weight. 

III. TAKE-OFF AND LANDING 

Aircraft when trying to take-off from ground requires an 

increase in angle of attack to achieve required lift, which 

increases induced drag and thrust requirement (Fig. 8), it also 

experience a decrease in stability, pitch up moment, also 

produces reduction in static source pressure and increase in 

indicated airspeed. 

 

 
Fig. 8: Effect of ground on thrust requirement and 

coefficient of lift 

It will leave the ground when achieves required 

take-off speed but due to the reduced drag in ground effect 

the airplane may seem capable of take-off well below the 

recommended speed, on the other hand, aircraft may become 

airborne initially with a deficiency of speed, and then settle 

back to the runway. That is why it is recommended not to 

make aircraft airborne with a deficiency of speed. 

To get the adequate climbing performance firstly 

achieve recommended take-off speed then retract the landing 

gear or flaps. During the final phases of landing as the aircraft 

reaches near to the ground, it is important to reduce power 

setting or thrust that would decrease the velocity and lift. The 

decrease in velocity should be more when aircraft is landing 

in ground effect than in absence of ground effect. 

IV. SIMPLIFIED CALCULATION METHODS FOR 2D FLOW 

The approximate lift coefficient CL for a thin flat-plate airfoil 

within ground effect was given by Barrow, Mangoubi and 

Curtiss (1995) on the basis of two-dimensional flow theory 

is, 

CL = (1+δ2) (1-2ζ) x 2πα 

Where α is the angle of attack and δ and ζ are both non-

dimensional parameters defined as 

δ = cos α/ 4(h/c) 

ζ = sin α/ 4(h/c) 
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Where h is the height of the airfoil above the ground 

surface and c the chord of the airfoil. Barrow, Widnall, and 

Richardson (1970) derived another lift coefficient as,   

CL/ CLOGE = {1/ [2π (h/c) (1+2 ζ)} + {[1+2ln(π√h)]/ π2} 

Where, the subscript OGE denotes out of ground 

effect regime. This formula can be used for a wing operating 

closer to the ground. 

V. METHODS TO COME OUT OF GROUND EFFECT  

As we know now that ground effect has small effect on a wing 

at low angles. So to control the aircraft in ground effect is to 

make the aircraft’s angle of attack low with the help of control 

surfaces. When an aircraft enters ground effect, deflect the 

elevator downwards which makes the aircraft pitch down and 

reduce its angle of attack. The result is decreased lift which is 

required to do the landing and to come out of ground effect. 

Most new aircraft even use fly-by-wire (FBW) systems that 

take control inputs from the pilot, process them by computer, 

and automatically make adjustments to the control surfaces to 

accomplish the pilot's commands.  

If the helicopter does not have required power to 

come out of ground effect then helicopter sinks down into the 

ground effect. First method to do the landing is as the 

helicopter starts to sink the pilot can try to regain airspeed and 

fly away but if there are obstructions which reduce the 

opportunity to make an actual ground contact landing such as 

a slope or trees a damaging landing is the usual outcome and 

landing will severely damage some part of the machine such 

as the skid gear or tail rotor and the second method to do the 

landing is reduction is rotor’s pitch angle which results less 

lift, loss in altitude and aircraft settles down on ground. 

Similarly, if a pilot tries to hover at a higher altitude then the 

lack of power or too much weight may cause it to sink rapidly 

towards the ground and aircraft will again sink in the ground 

effect at the same altitude. To overcome this situation, either 

reduce payload or as aircraft starts sinking fly the helicopter 

in forward direction by converting potential energy into 

kinetic energy and then increase rotor blade pitch angle to get 

more lift. 

VI. CONCLUSION 

The reduction of the wingtip vortices due to ground effect 

alters the spanwise lift distribution and reduces the induced 

angle of attack and induced drag. Therefore, the wing will 

require a lower angle of attack in ground effect (IGE) to 

produce the same lift coefficient which results an increase in 

lift coefficient, reduced required power.  But to come out of 

ground effect for take-off and landing, pilot is needed to take 

the suitable measure otherwise outcome will be undesirable 

and dangerous. For the helicopter’s case, ground effect 

reduces power required or reduced thrust required to hover 

compared to in free air. Therefore more blade efficiency and 

lower fuel consumption or less cost of hovering.  Wider 

diameter of the tip vortices may disturb adjacent unsecured 

ground equipment and/or cause the control surfaces of 

adjacent parked aircraft to be forced against their stops with 

a potential for damage. 
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