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Abstract
This study intends to study about the blade performance loss occurred due to the variation in the shape of an airfoil 

from attachment/non-attachment of an erosion shield for the hovercraft. The model in this study has used NACA44XX-
series, has designed NACA44XX-series by using the Auto CAD, and it designed the shape that has attached an erosion
shield to this model according to the thickness and length. By using these models, a grid was generated by GAMBIT and 
the lift coefficient (Cl) and the drag coefficient (Cd) were calculated FLUENT code for flow analysis. Through this, the
Cl and Cd have calculated and compared the lift-to-drag ratio that an indicator of airfoil performance according to the shape
and attachment/non-attachment of erosion shield.
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Ⅰ. Introduction

Hovercraft is a vehicle that floats a ship by gene-
rating high-pressure air mass under the ship against 
the ground or water surface. The hovercraft can be in 
operation on the ground (solid ground) or swamp (soft 
ground) as well as on the water surface in the sea or 
river. The military and the police use the vehicle for 
transportation purpose while civilians also use the 
vehicle for rescue work or leisure activities. The 
hovercraft consists of the rotor that generates lifting 
power, the rotor that generates propulsive power and 
the skirt that creates high-pressure air space.

As mentioned above, the hovercraft uses two or 
more rotors to float and propel the ship so that its 
rotor blade plays a critical role just as the case with 
blade of rotorcraft. However, blade for hovercraft 
rotates at the high speed of 1,500～4,000rpm and has 
the high level of exposure to incoming debris com-
pared to blade of rotorcraft. For these reasons, the 
life span of the hovercraft blade is as short as 400 
hours due to damages by debris, which requires a 
frequent replacement of blade and a high maintenance 

cost. As a result, erosion shield is attached to the 
surface of the blade to reduce damages and eventually 
manufacturing cost and maintenance cost. But there 
is no way to avoid loss in power performance of 
blade when the erosion shield was attached to the 
blade. There have been many studies thus far on 
performance test depending on airfoil shape. On the 
contrary, there have been few studies on loss in power 
performance when the erosion shield is attached. Since 
the power performance has a direct relation with 
speed and energy consumption of hovercraft, it is 
necessary to conduct study on loss in power perfor-
mance depending on attachment of the erosion shield. 

[Fig. 1] Front diagram of a blade after with an erosion 
shield
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As a result, we selected the five types of airfoils 
from NACA44XX-series used in blade and measured 
the thickness and length of the erosion shield of 
hovercraft rotor blade, which is currently in use, 
before applying them to the five selected airfoils with 
a view to examining the loss in power performance 
depending on diverse shapes of hovercraft rotor blade 
attached with the erosion shield. The purpose of this 
study is to examine performance variation according 
to each series when the erosion shield is applied to 
NACA44XX-series and to provide basic data for 
design to improve performance of hovercraft rotor 
blade.

Ⅱ. Airfoil Selection and Calculation Method

1. Airfoil selection and modeling

The shape of NACA44XX-series airfoil in the two 
dimension can be calculated based on the Spline 
curve of numerous dots on the surface of the airfoil. 
For example, NACA4412 airfoil has the shape that 
the maximum average size of camber is 4% of the 
chord size, the maximum average camber is located 
at the 40% point of the chord from the wing tip, and 
the maximum thickness is 12% of the chord size 
(Young-wook Cho, et al, 1995.). In regard to distri-
bution of thickness of NACA series section airfoil, 
the equation as follows can be used to locate points 
on the surface of the airfoil (Jung-hwan Kim, 2000).

 


 

 

(1)

   (2)
  Non-Dimensional Thickness
  Maximum Thickness (Expressed as a fraction of 

the chord length)
  Non-Dimensional Chord≤ ≤ 

In the case of NACA44XX airfoil, t is 0.XX 
(thickness: XX%). And when each value of  is 
calculated in the equation (1), the value of  can be 
obtained, which will be put in to the equation (2) to 
find out the final value of  (Bum-suk Kim et al., 
2001).

[Fig. 2] Point distribution defining naca 4412 airfoil 
geometry

2. Calculation by using FLUENT

In FLUENT6.3 used in this study, flow condition 
provides the inviscid, laminar and the first order equ-
ation of the Spalart-Allmaras model, and the second 
order equations of k- model, k- model and the 
Reynolds stress model. (FLUENT User Manuals, Fluent 
Inc.) In this study, the Spalart-Allmaras model was 
used as it is relatively precise in calculation of airfoil 
in external flow. The grid points were converged in 
the front area and the surface area of the airfoil for 
the precise calculation of flow and boundary layer in 
the vicinity of the erosion shield. And the distance 
between the grid points on the surface of the airfoil 
was set at 0.02c. In this study, modeling was con-
ducted with the airfoils of NACA4402, NACA4406, 

(a) C-grid used in computations

(b) Close up of grid

[Fig. 3] Grid formation 
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[Fig. 4] Airfoil shape by the attachment of erosion 
shield

<Table 1> NACA4412, Re=1.64×106 (Exp. : Experimental 
result, Com. : Computational result)

Airfoil
a=0˚ a=8˚

Cl Cd L/D Cl Cd L/D

Clean
Exp. 0.410 0.012 34.17 1.16 0.022 52.73

Com. 0.422 0.013 32.46 1.17 0.026 45.00

[Fig. 5] Relationship between airfoil thickness and (L/D) 

[Fig. 6] Relationship between attachment of blade erosion 
shield and (L/D)

NACA4412, NACA4418, and NACA4424. For each 
airfoil, the thickness of the erosion shield was 0.33% 
of the chord size while the length was 13.3% of the 
chord size, which are shown in [Fig. 4].

Prior to the research, we calculated the values of 
drag coefficient (Cd), lift coefficient (Cl) and lift-to- 
drag ratio (L/D) for NACA4412 airfoil and compared 

them with the experiment results in order to verify 
the computation ability of FLUENT6.3. In this study, 
the C-type grid system (far-field boundary) was used 
as it had the size of 20 times of the chord length 
(Yoon-sik Kim et al., 2007). The validity of the value 
was proved in the Navier-stoke numerical analysis 
conducted by changing the far-field location (Jang, 
C.S. 1992).

Ⅲ. Results and Discussion

Prior to the study, we made the comparison with 
the experiment by Wadcock to verify the reliability 
of the results of the calculation by FLUENT6.3. The 
calculation was conducted for 4412 airfoil among the 
NACA44XX-series under the same conditions as those 
of the experiment by Wadcock so as to verify the 
computation ability of FLUENT6.3. As for computation 
conditions, the Mach number was 0.085 while the 
Reynolds number was 1.64×106. Table 1 shows the 
comparison between the calculated values and the 
experiment values in terms of lift coefficient (Cl), 
drag coefficient (Cd), and lift-to-drag ratio (L/D) when 
the angle of attack was 0˚ and 8˚. There was a slight 
difference in the lift-to-drag ratio when the angle of 
attack was 8˚. But in the real study, the experiment 
was conducted at the angle of attack of 0˚ so that the 
calculation results by FLUENT6.3 were satisfactory 
(Bum-suk Kim et al., 2001; Il-ryong Park and Ho- 
hwan Chun, 1995).

In this study, the Mach number was set at 0.6 
while the Reynolds number was set at 1.37×107 in 
consideration of the environment where hovercraft 
blade is currently in operation. [Fig. 5] shows the 
lift-to-drag ratio (L/D) of NACA44XX series when 
the erosion shield was not attached. As the maximum 
thickness of airfoil increased from 2% to 24% of the 
chord, the lift-to-drag ratio was found to be decreasing.

[Fig. 6] shows the lift-to-drag ratio (L/D) of 
NACA44XX series when the erosion shield was atta-
ched. The lift-to-drag ratio was calculated to be low, 
compared to the case where the erosion shield was 
not attached. This means that the power performance 
of the airfoil was lowered. This results from the 
change in the shape of airfoil section caused by the 
erosion shield.

[Fig. 7] and [Fig. 8] show the pressure distribution 
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(a) NACA4406

(b) NACA4412

(c) NACA4418

[Fig. 7] Pressure distribution of default airfoil 

(a) NACA4406

(b) NACA4412

(c) NACA4418

[Fig. 8] Pressure distribution of attachment of blade 
erosion shield airfoil 
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(a) NACA4406

(b) NACA4412

(c) NACA4418

[Fig. 9] Velocity distribution of default airfoil 

(a) NACA4406

(b) NACA4412

(c) NACA4418

[Fig. 10] Velocity distribution of attachment of blade 
erosion shield airfoil 
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[Fig. 11] Relationship between attachment of blade 
erosion shield and loss(%) 

in the surroundings of airfoils of NACA4406, NACA 
4412 and NACA4418. According to [Fig. 8] that 
shows the pressure distribution of airfoil attached 
with the erosion field, the pressure at around the 
0.3m point in the upper part of the airfoil, where the 
erosion shield was ended, was locally higher than the 
pressure in the surroundings. This phenomenon was 
observed equally in NACA4402, NACA4406, NACA 
4412, NACA4418, and NACA4424 that were used in 
this study.

Likewise, [Fig. 9] and [Fig. 10] show the pressure 
distribution in the surroundings of airfoils of NACA 
4406, NACA4412 and NACA4418. According to the 
pressure distribution of the airfoil attached with the 
erosion shield in [Fig. 10], the pressure was measured 
to be low at the same point as the one in the pressure 
distribution in [Fig. 8]. This phenomenon is reckoned 
to be the major cause of the reduction in the lift-to- 
drag ratio that is the indicator of airfoil performance.

[Fig. 11] shows loss that means the difference in 
the lift-to-drag ratio between without and with the 
erosion shield under the assumption that the lift-to- 
drag ratio of airfoil is 100% when the erosion shield 
is not attached. The difference in loss had the relatively 
similar values in the airfoils from NACA4402 to 
NACA4418. But the loss increased significantly in 
NACA4424. It can be said that when the maximum 
thickness of airfoil was more than 24%, the loss was 
high.

Ⅳ. Conclusion

In this paper, we used the Spalart-Allmaras model 
of FLUENT to predict the changes in power 
performance by NACA44XX-series airfoil when the 
erosion shield was attached to the blade used for 

hovercraft. The results are as follows.
1. The attachment of the erosion shield changes 

the shape of airfoil section of NACA44XX-series, 
which reduces the lift-to-drag ratio. This may 
decrease the power of blade.

2. It was shown that the decrease in the lift-to-drag 
ratio became bigger significantly when the maximum 
thickness ratio of airfoil was more than 24%.

3. The role of the erosion shield is essential to 
extending the life span of hovercraft blade. 
Therefore, in the future studies, it is necessary to 
examine the shape that shows the minimum loss in 
the lift-to-drag ratio depending on the form and 
material of the erosion shield.
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