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Frequency analysis and investigation of flow arrangement on two
infinite wings with simple and sinusoidal leading-edges

Hossein Jabbari, Mohammad Hassan Djavareshkian® and Ali Esmaeili

Abstract

In this research, a different view of the study of the pattern and behavior of turbulent flow on the two full-
span wings of baseline and sinusoidal leading-edge with periodic boundary condition by a numerical
method is introduced. In this simulation, the Navier-Stokes equations are discretized by the finite volume
method and solved using the improved turbulence model (IDDES). In other words, in the current study, to
enhance the maneuverability of a fix-winged MAV, a passive flow control method was employed, which
was inspired by the buoyancy fin of a special species of whale called a humpback. In order to study the
performance of this type of infinite wing, the Reynolds number was considered equal to 140000. In this
regard, it can be pointed to the difference in the frequency of vortex shedding. The difference in the
resonance frequency of a simple infinite wing at z/c,.; = 0.52 is 50% higher and at z/c,., = 1.01 is 20%
lower than the infinite tubercle leading edge wing. Such changes are related to the flow pattern. The
results show extensive variations between these two types of full-span wings. The sinusoidal leading-edge
full-span wing, in contrast to the baseline infinite wing, has severe fluctuations in pressure distribution
and flow pattern at the pre-stall region. These variations are caused by the dominance of lateral flows
over longitudinal flows on this type of infinite wing. Such a pattern is also seen in pressure coefficient
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curves. Indeed, the regular behavior and small variations in the time-average pressure coefficient on the
simple infinite wing versus extensive changes in all portions of the infinite sinusoidal leading-edge wing

interpret the asymmetry of the flow on this sample.

Keywords: Sinusoidal leading edge- Passive flow control- Flow symmetry and asymmetry-
Aerodynamic performance- Critical Reynolds- Frequency analysis
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