Aerodynamic effects of the transition between strokes in bird flight, wind tunnel study with a robotic wing

How birds flap their wings, or their kinematics, vary between species, but also individual birds show variation between their wingbeats depending on the flight conditions. Understanding the aerodynamic effects of different wing kinematics can help us explain when and why birds select certain kinematics. A crucial aspect of flapping flight is the transition between successive up- and down-strokes. The pitching motion that occurs at these stages of the flapping cycle, and potential interactions between the wings, may have a large impact on the force production. This is well known for hovering flight but has not been extensively studied in forward flight.
In this presentation, we discuss experiments that were conducted using a robotic, flapping wing in a wind tunnel. The wing kinematics used different timings for the pitching motion in relation to the transition between strokes, and the flapping motion was centered around different mean elevation angles. By measuring the flow behind the wing and analyzing the obtained velocity field, we computed the aerodynamic forces produced by the flapping robot. Our results show that these understudied kinematic parameters affect the absolute and relative production of lift and thrust in flapping flight. Notably, since they have different impacts on the horizontal and vertical forces, they could explain differences in flapping strategies observed in birds at different speeds and in different conditions. The results of this research can thus contribute to understanding bird flight, but also to the design and control of flapping drones.
