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Abstract  

Ground effect is an important aerodynamic 
characteristics during the take-off and landing 
for airplane with high aspect ratio wing. In 
order to understand the ground-effect on 
airplane, it is necessary to determine when 
aircraft is flying close to ground. Numerical 
study on the ground effect around high aspect 
ratio airplane is done using commercial CFD 
software FLUENT. 

In this study, aerodynamic characteristics 
of lift, drag, and pitching moment about vehicle 
on both ground effect and free-air are compared 
with. Also the result of predicting ground effect 
using engineering experimental method of 
ESDU(Engineering Science Data Unit) and 
Aerospace Handbook are added to the CFD 
result. Aerodynamic contribution and inter-
action of aircraft components with respect to 
angle of attack are extracted from CFD result. 

1   Introduction  

It has long been recognized that flight close to a 
boundary surface is more aerodynamically 
efficient than flight in the free stream. Ground 
effect is the phenomenon caused by the 
presence of a boundary below and near a wing. 
The boundary alters the flow of the air around 
the wing, causing an increase in the lift of the 
wing and a reduction in the induced drag of 
wing. The effect becomes more pronounced as 
the wing gets close to the boundary. Fig. 1 
depicts a wing in ground effect. The boundary 
creates an alteration of the flow field that is 
caused by the boundary not allowing the flow 
under the wing to expand as it would in free air. 
The total pressure of the flow field can be 

divided between the static pressure and the 
dynamic pressure. As the total pressure remains 
constant throughout the flow field, the sum of 
the static and the dynamic pressure must also 
remain constant. As the flow is forced into the 
region between the wing and the boundary, the 
decrease in the dynamic pressure is transformed 
into a rise in the static pressure. This rise in the 
static pressure is often referred to as 'ram 
pressure'. The resulting altered pressure 
distribution causes a net increase in the lift and a 
change to many of the other aerodynamic 
characteristics of the wing [1, 2].  

 
Fig. 1. Wings in Ground Effect[1] 

 
Ground-effect prediction has been a 

challenging problem for many reasons. 
Analytical methods have generally been based 
on steady-state flow superposition and 
engineering methods such as panel codes[3,4]. 
These methods have limited ability to 
incorporated configuration complexity such as 
high-lift system details and the modeling of 
engine exhaust flows. Wind-tunnel testing often 
has similar limitations and might invoke 
additional complications. A moving ground belt 
or other devices are often needed to remove the 
unrealistic boundary layer on the wind-tunnel 
ground plane simulation, Several studies have 
also attempted to include dynamic effects[5,6,7]. 

Although flight tests might provide data to 
validate the performance of the predictive 
methods, these measurements are difficult to 
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obtain. The parametric variations are limited 
when an airplane is flown in close proximity to 
ground. The airplane must be kept close to trim, 
and sink rates must be controlled to avoid 
overstressing the landing gear. Flight 
measurements can be obtained in both steady-
state (level flight over the ground) and dynamic 
(descending flight path similar to landing) 
conditions; however, relating the ground-effect 
increments to a reliable out-of-ground effect 
reference condition can be difficult. Because 
ground-effect increments are relatively small 
compared to other airplane forces and moments, 
even small atmospheric disturbances can affect 
the quality of the flight data. Any wind across 
the runway has a boundary layer, or varying 
velocity profile, that will provide a systematic 
error in the ground-effect measurements. 

Using method based upon Lanchester-
Prandtl theory, Wieselsberger had performed 
numerical simulation of aerodynamic relations 
between wing and ground effect [8]. Matthew, 
et al had done the three dimensional viscous 
analysis of the full airplane in ground effect 
with using OVERFLOW code[9] and compared 
to wind tunnel photographs and data[10]. 

In this study, we have focused the numerical 
analysis of ground effect on the landing 
configuration of the airplane with high aspect 
ratio wing using commercial S/W Fluent [11] 
and compared with the semi-empirical 
predictions which can consider wing alone.  

2   Computational Grids and Flow Conditions 

In order to generate the computational grids of 
the airplane with high aspect ratio wing in Fig. 2, 
commercial grid software ANSA was used. For 
the current simulations, half the airplane was 
meshed with a symmetry plane and no sting. In 
total, the flow domain around half-span 
configuration contains unstructured grid cells of 
approximately 15 millions (7.2mil tetra plus 
7.8mil prisms). In order to generate cells 
appropriate for the viscous computation, the 
height of the first cell was specified at about 
0.025mm to get a y+ close to 1. Grids of 
boundary layer specified at 42mm were 
composed of 27 prism layers with 1.2 growth 
rate. The grid refinements were concentrated in 

the vicinity of the leading edge in order to 
consider the suction force as shown in Fig. 3. 
And three dimensional grids consist of both 
tetra cells (gray color) in the space and prism 
layers (green color) near the surface of the 
airplane as shown in Fig. 4. 

We can see flow parameters specified in 
CFD code as shown in Table 1. Density-based 
solving option has much time consuming rather 
than pressure-based solver, however density-
based solving is more stable and accurate in the 
compressible flow. By combining k-ω model 
near the wall and k-ε  model off the boundary 
layer, k-ω SST(Shear Stress Transport) tur-
bulent model with transitional flow which be 
able to reduce the computation time and to have 
the stability and the accuracy was used. 

Boundary conditions are as below. Free 
stream velocity is Mach 0.2 and far boundary 
including inflow and outflow boundary is 
specified at Mach 0.2 and freestream static 
pressure. Flight altitude (h) is as high as 10 
percentages of wing span (b) at MAC (Mean 
Aerodynamic Center) as shown in Fig. 5. And 
moving ground condition is applied as ground 
moved at same value of flight velocity. 

General information of the airplane 
geometry normalized with respect to MAC is 
outlined in Table 2. Wing section is new 
laminar flow airfoil optimized according to the 
constraints with both thickness of 17% and L/D 
ratio of some target value. Wing has the 
dihedral angle of 3o. 

To improve the convergence rate, the first 
order of the spatial difference scheme to obtain 
approximate solutions was applied. And finally 
the converged solutions were taken after 
changing the second order accuracy scheme. 

 

 
Fig. 2 Computational Domains in case of with 

and without Ground Effect 
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Fig. 3 Computational Surface Grids near Wing-

body Junction and Leading Edge of Wing 

 

 
Fig. 4 Computational Volume Grids of Spatial 

Region and Boundary Layer 
 

Table 1. Fluent Solver Setting[11] 

Solver Option Density-based Implicit
Turbulent Model k-ω SST 

Flux Type Roe FDS 
Discretization Scheme Second Order Upwind 
Boundary Conditions Mach 0.2, Standard S/L 
Ground Effect Height h/b=0.1 (From 25% MAC)

 

 
Fig. 5 Landing Configuration for considering 

Ground Effect (looking downstream) 

 

Table 2. Airplane Geometry 

Mean Aerodynamic Center   1.00 
Wing Area 17.84 
Wing Span 18.89 

Aspect Ratio 20.00 
Taper Ratio   0.40 

Fuselage Length   9.91 
Max. Equivalent Diameter of Fuselage   1.15 

3    Results  

3.1   Convergence Decision  

Solution convergence is accomplished when the 
variation of drag coefficient remains less than 
0.1% in the interval more than 200 iterations, 
then drag count is converged at level lower than 
0.1. At high angle of attack we can not get the 
converged solutions easily due to the increase of 
the unsteady flow phenomena, and then we can 
get the converged solutions by averaging the 
solutions of the interval repeating at constant 
amplitude as shown in Fig. 6. 

 
Fig. 6 Convergence History of Drag Difference 

3.2    Vortex Deformation 

To see the deformation of vortex due to ground 
effect, the ratio of local total pressure to free 
stream total pressure (Po/Po∞) was investigated 
in Fig. 7. Total pressure loss is small except 
wake region so that total pressure ratio is 
confined to 0.96~1.0. 

Fig.7 shows that vortex deformation at zero 
angle of attack has developed in ground effect 
and in free air respectively. Fuselage vortex 
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does expand a little in downstream direction and 
becomes strong in ground effect than in free air. 
It is caused by pressure rise on the lower surface 
of the wing in ground effect. However induced 
drag has not large portion in high AR wing and 
there is no remarkable variations of wingtip 
vortex.  

 

 
Fig. 7 Total Pressure Ratio (Po/Po∞) of Airplane 

Wake (M=0.2, Re=6.24x106, α=0o) 

3.3   Aerodynamic Characteristics 

To judge the tendency of numerical results 
using Fluent, we compare with the predictions 
of semi-empirical methods depicted such as 
ESDU 72023 [12] and Aerospace Handbook 
[13]. As shown in Fig.8, it confirmed that both 
CFD results and semi-empirical predictions 
have a similar tendency.  

Ground effect has an influence on lift and 
drag at all angles of attack and lift increases due 
to pressure rise on the lower surface of the wing 
at relatively low angle of attack, but lift 
decreases at high angle of attack which flow 
separation happened. Induced drag diminishes 
due to the reduced downwash of wing. 
 

 
Fig. 8 Lift and Drag Coefficient at Angles of 

Attack (M=0.2, Re=6.24x106) 

Fig.9 shows that at zero angle of attack the 
distributions describe pressure coefficients at 
root (5%) and mid-span (43%) of wing 
respectively in ground effect and in free air. 
Pressure rise on the lower surface of the wing 
was done along from the leading edge to trailing 
edge because of ground effect. 

 

 
Fig. 9 Pressure Variations on Main Wing 

(M=0.2, Re=6.24x106, α=0o) 

 Fig.10 shows that at 10o angle of attack 
the distributions describe the variations of 
pressure at root (5%) and mid-span (43%) of 
wing respectively in ground effect and in free 
air. Flow separation region becomes locally 
wide on the upper surface of the wing. 
 

 
Fig. 10 Pressure Variations on Main Wing 

(M=0.2, Re=6.24x106, α=10o) 
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3.4   Aerodynamic Contributions of Airplane 
Components 

Fig.11 depicts the contribution of airplane 
components on lift generation. Most of lift is 
generated by the main wing. At low angle of 
attack lift increases due to ground effect, 
however more than angle of attack of 6 degrees 
lift decreases due to ground effect. 

Fig.12 shows also the contribution of 
airplane components on drag generation. Drag 
decreases in ground effect and wing has a major 
part of the total drag. And at 4o angle of attack 
streamlines pattern on the upper surface of the 
wing is different between in ground effect and 
in free air. Downwash is smaller in ground 
effect than in free air. Streamlines off on the 
upper surface of the wing impinge against the 
empennage, then the contribution of the wing 
decreases and that of the empennage increases. 
 

 
Fig. 11 Lift Characteristics of Airplane 

Components (M=0.2, Re=6.24x106) 

 
Fig. 12 Drag Characteristics of Airplane 

Components (M=0.2, Re=6.24x106) 

4    Concluding Remarks  

This paper presents the result of numerical 
simulations and semi-empirical predictions on 
the aerodynamic characteristics around the 
airplane with high aspect ratio wing in ground 
effect. The results obtained using CFD, show a 
spread of integrated forces and moments over 
the angle of attack range considered and are 
compared with the semi-empirical predictions 
which can consider wing alone. The tendency of 
lift and drag altered due to ground effect is 
similar each other.  
The semi-empirical predictions have a similar 
tendency to CFD results, and then it can be 
acceptable for prediction of drag and lift in 
preliminary design stage. As a method for 
predicting the ground effect around the airplane 
with high aspect ratio wing, the semi-empirical 
method is useful in initial design process. 
Because wing has a dominant role of flow 
phenomena around the airplane due to ground 
effects, the semi-empirical prediction about 
wing alone can be acceptable to figure out the 
ground effect during the landing for the airplane 
with high aspect ratio wing. 
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