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A Study on the Passive Pitching and Lift Generation in Crane-Fly’s Flight

Daisuke ISHIHARA®®, Yu YAMASHITA,
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* Department of Mechanical Information Science and Technology, Kyushu Institute of Technology,
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In this study, we evaluated the lift force generated by the crane-fly’s flapping wing with the
passive pitching using the dynamically scaled model. Since the wing and the surrounding fluid
interact with each other, the dynamic similarity between the model and actual crane-fly flights was
measured using not only the Reynolds and Strouhal numbers but also the mass and Cauchy numbers.
Although there existed the difference between the mass number due to the constant acceleration of
the gravity, but the lift coefficient simulated by our model indicated that the flapping wing with the
passive pitching produces the enough lift force to support the crane-fly's weight.
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Fig. 1 The typical kinematical pattern of the wing
pitching motion. The gray lines indicate the wing chord,
the black circles indicate the leading edge and the arrows
indicate the direction of chord travel.
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Fig. 2 The torsional flexibility of the insect wing and the
passive pitching wing model.
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Fig. 83 Modeling of the wing torsional flexibility,
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Fig. 4 The shape of the model wing geometrically similar
to the crane-fly wing.
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Fig. 5 The flapping motion of the model wing. The axes of
the camera view points A and B are approximately coaxial
with the y~ and zaxis, respectively.
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Fig. 6 The experimental apparatus.
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Fig. 7 Schematic of an implementation of the model wing.
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Fig. 8 The time histories of the flapping angle ¢, the flapping
angular velocity dgdt, the lift force . and the pitch angle & The
data of @ and A, were collected simultaneously and five-times. In
the time histories of lift forces for the cases (1) (2) and (3), the
average data of 5 collections have been used. dgdt was derived
using a numerical time differential of ¢
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Fig. 9 Sequence of snapshots for our model wing motion
in up-stroke. The model wing flaps from left to right.
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Fig. 10 Sequence of snapshots for our model wing motion
in down-stroke. The model wing flaps from right to left.
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