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Many of the 2D approximations used for flapping studies at low Reynolds number are question-
able. In 2D, the predictions of power are overpredicted in reduced frequency[1]. In this work,
the 3D fluid effects of oscillating foils are studied extensively through the comparison of their
thrust force, power and propulsive efficiency. The objective of this study is to find out which
characterics nature gives to get the best propulsion and how these characteristics can be useful
for biomimetic robots.

In this work, we simulate the unsteady flow with the Boundary Data Immersion Methods, which
is documented to accurately predict low Re stationary and dynamic foils up to Re 105[2]. As
the first step, a single flapping foil with heaving-pitching combination is studied to see where
the 3D starts to be important. This work shows that as the amplitude is decreased, the 3D
fluid effects become more and more critical to the foil performance. The following step is to
study finite wing span geometries, like mostly natural shapes of wings, and motions by varying
the aspect ratio and the vertical plane kinematics. The change in 3D flow features over the
variation of aspect ratio and the change from heaving to rolling motion is presented, as well as
the integrated properties such as propulsive efficiency.
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