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  ABSTRACT 

Because Unmanned Aerial Vehicles (UAVs) provide surveillance and 
reconnaissance in a discrete, low-risk way, militaries utilize them to 
gather data from unauthorized territories. This often results in the 
enemy attempting to shoot down the aircraft. Once the UAV is shot 
down, the enemy can extract sensitive data recorded on it and improve 
their aerial vehicles' arsenal by analyzing the technology that built it. 
Since 2018, the number of UAVs crashing in conflict zones has 
skyrocketed. This significant increase in crashes prompted us to 
investigate how the aerodynamic forces of a UAV change when its 
wings have sustained battle damage. The goal was to provide results 
that can help improve a UAV's resiliency to extend its flight time after 
sustaining damage in the field. By extending the flight time, the UAV 
has a better chance at escaping retrieval by the adversary. The testing 
of two 3D-printed NACA-4409 aerofoils in a wind tunnel at a low 
Reynolds number was conducted to determine a battle-damaged 
wing's aerodynamic characteristics. The first wing had a span of 48 
inches and the second had a span of 24 inches. The chord length for 
both wings was 8 inches. The damage to the wings was simulated as 
cylinders. The small holes were 16.67 percent of the chord, and the 
large holes were 25 percent. These wings were tested at a wind speed 
of 10 m/s, and force measurements were recorded. With the force 
data, the lift and drag coefficients and the lift-to-drag ratios were 
recorded for both damaged and undamaged cases. Based on the lift 
coefficients and the lift to drag ratios found for both wings, it was 
concluded that the wing is most sensitive to damage that occurs to the 
center of the leading edge. It was also proven that larger damage sizes 
generate a more significant drop in the lift. 
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