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Aerodynamic investigation of a lambda-wing UAV with a sinusoidal
leading edge in the stall range
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Abstract

This study investigates the aerodynamic effects of introducing a sinusoidal leading edge on a tailless
flying wing UAV configuration. The baseline geometry consists of a wing with a sweep angle of 56°
and a twist of -3°, which was modified by applying a sinusoidal wave pattern to the leading edge while
maintaining the overall wing planform area. Unsteady numerical simulations were conducted in
ANSYS Fluent using the SST k—w turbulence model and Reynolds-Averaged Navier—Stokes (RANS)
equations. Simulations were executed for angles of attack ranging from 25° to 40° and the
aerodynamic behavior of the modified and baseline configurations was compared. To better understand
stall-related phenomena, flow field data—including velocity and pressure contours as well as
streamline distributions—were extracted from three spanwise sections across the wing. The results
demonstrate that the wavy leading edge induces organized vortex structures near the crests, which help
delay flow separation and reduce the severity of stall compared to the straight-edge design.
Furthermore, aerodynamic coefficients indicate that the sinusoidal leading-edge wing exhibits a slower
post-stall lift drop and more stable pitching moment behavior. These enhancements improve stability,
controllability, and flight safety under high-angle-of-attack conditions for tailless UAVSs.

Keywords: Flying wing, Sinusoidal leading edge, Numerical simulation, Stall
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. Reynolds
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. Transition-SST

. Incompressible Flow

. Pressure base

. Turbulence Intensity

. Navier-Stokes equations
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