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AIRFOIL DESIGN OPTIMIZATION FOR IMPROVING AERODYNAMIC PERFORMANCE OF UAV
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A computational study for improving aerodynamic performance was conducted by optimizing the airfoil
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shape of an Unmanned Aerial Vehicle (UAV). The baseline airfoil, FX73-CL2-152, was selected, and based on
this shape, a Kriging approximation model and genetic algorithm were used to find an airfoil shape that
maximizes lift and minimizes drag. The optimized airfoil shape was applied to a full-scale model similar to the
MQ-1 Predator, and it was confirmed that the lift coefficient and endurance factor increased by 9.5% and 7.3%,
respectively. These results demonstrate that the optimization of the airfoil can significantly contribute to the
overall performance of the UAV, including reducing takeoff and landing distances, improving structural stability,
and increasing fuel load. Furthermore, this research could contribute to enhancing UAVs' operational
capabilities and mission performance in various mission environments. In the future, this research can be
extended to the optimal design and computational analysis of a full-scale model applied to multi-element airfoils
equipped with flaps. It can also be utilized in building a high-accuracy aerodynamic database using high-fidelity
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Fig. 1 C-type mesh for NACA 0012 airfoil
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Fig. 2 Comparison of wind tunnel test and simulation result
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Table 1 Simulation condition for a validation

Fuselage Length 4.839 m
Wing Span 1.676 m
Mach Number 0.189
Angle of Attack 7.5, 10 deg
Temperature 288.84K
Reynolds Number 2.4 %< 10°
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Fig. 4 Comparison of pressure coefficient by wing section

Fé-based wing configuration
no horn

sepavation region

F6-based wing configuration
with horn

Airfoil Max Thickness Max Camber
FX61-163 16.4% 2.6%
FX72-MS-150B 15.0% 9.7%
FX73-CL2-152 15.2% 6.6%
NACA 4415 15.0% 4.0%
NACA 6414 14.0% 6.0%
Fig. 6 Visualization of streamlines near in-board NACA 23015 15.0% 1.8%

Fig. 7 C-type mesh for airfoil

Table 2 Airfoil characteristics
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Table 5 Airfoil characteristics

Baseline Opimized 1 Opimized 2
Objective Function Constraint Function gl 01 08296%63 ()10542?5(?3 01 692365073
s Max thickness d - : :
1 Minimize C, at 10°
a >15.2% Endurance 99.87 100.24 103.43
X actor
Max thickness Max
2 Maximize C; at 10° >15.2%, Thicknéss 15.2% 17.1% 16.6%
Cu,opti < Ci, base Max. Camber| __ 6.6% 7.19% 8.38%
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Fig. 14 Grid distribution of flow field
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