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delay stall and enhance post stall performance. A series of wind tunnel tests on 14 different 

wings with NACA 0021 profile and with different leading-edges are performed. The tests were 

divided into two groups: one of aspect ratio 7 which is as a convenient representative to a 

conventional airplane’s wing, and the other group is with aspect ratio 2 as a convenient 

representative of a control surface aspect ratio or a MAV wing. These experiments led to the 

discovery of a wing leading-edge geometry constructed with peaks of the sine wave that proved 

to reduce the drag coefficient up to 28% and increase the lift to drag ratio up to 48% relative 

to its comparable sinusoidal wing. They also led to suggesting an additional design parameter 

that should be included in the design process to maximize the aerodynamic gains of the wings 

with tubercles which is the peak (or trough) width. 
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Abstract 
 

 

 

This work aims to answer some questions about the humpback whale flipper with its 

ability to delay stall and enhance post stall performance. A series of wind tunnel tests for 14 

different wings with NACA 0021 profile and with different leading-edges are performed. The 

tests were divided into two groups: one of aspect ratio 7 which is as a convenient representative 

to a conventional airplane’s wing, and the other group is with aspect ratio 2 as a convenient 

representative of a control surface aspect ratio or a MAV wing. 

 These experiments led to the discovery of a wing leading-edge geometry constructed 

with peaks of the sine wave that proved to reduce the drag coefficient up to 28% and increase 

the lift to drag ratio up to 48% relative to its comparable sinusoidal wing. They also led to 

suggesting an additional design parameter that should be included in the design process to 

maximize the aerodynamic gains of the wings with tubercles. This suggested design parameter 

is the peak (or trough) width. These questions also drew the attention to the tubercles found 

near the tip of the trailing edge of the humpback and its potential to enhance the post-stall 

hydrodynamic performance of the whale. They extended the idea of this configuration found 

in nature to a fully sinusoidal trailing edge to see if further aerodynamic enhancement can be 

captured. 

 This work also tested leading edge functions other than the sine wave approximation 

for the tubercles by studying elliptic and triangular functions spread along the leading edge of 

the wing and comparing them to a sinusoidal leading-edge wing to quantify the differences. It 

also studied the effect of some important aerodynamic parameters such as the sweep back angle 

and Reynolds number on the wings with tubercles.  

 

Keywords: Sinusoidal leading-edge wing, Wings with tubercles, Wavy leading-edge wings, 

Humpback whale flipper. 

 

 

 

 

 

 

 


