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Flow visualization around hummingbird-inspired flexible flapping wings by P1V
O% W AR, E @Y AT
Tomoya FUJIT"!, Hiroto TANAKA™,
RO T¥EKRT Tokyo Institute of Technology

Flapping wings are expected to be beneficial to small flying robots in terms of the large lift with large angle of attack in low
Reynolds number flow. We are focusing on hummingbirds which are the only birds capable of sustained hovering flight, and
are conducting research toward the realization of small flying objects that imitate them. Although the wing flexibility can
improve the aerodynamic lift and efficiency, resultant flow field around the flexible flapping wings have not been fully
understood yet. Here, we created two types of hummingbird-mimetic wings and compared their lift, efficiency, and flow field
by means of an electric flapping mechanism and PIV (particle image velocimetry). The design difference between the two
wings was the number of wing shafts: one has four shafts and the other had eight shafts. The flow field on the wing cross
sections near the mid-stroke was two-dimensionally visualized at the flapping frequency of 20 Hz. As a result, the leading-edge
vortex was found to be attached to the 4-shafts wing at distal region, producing notable downwash. The efficiency of the 4-

shafts wing was better than that of the 8-shafts wing while the lifts are similar to each other.
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Fig.1 (a) Design of the 4-shafts. (b) Fabricated 4-shafts and 8-shafts wings (/V indicates the number of the representative wing shafts).
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Fig. 4 Lift measurement setup Fig.5 PIV setup
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Table 1  Results of lift measurement test

Number of wing shafts|Lift, F [mN]|Power, P [W]|Efficacy, 7 [mN/W]

4 64.2 2.37 27.1
8 62.2 2.64 23.6
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Flapping direction

(d) 50%, 8 shafts

Fig.6 Vort101ty of the world coordinate and streamlmes at 50% wing length on the wing coordinate

for the 4-shafts wing (a, b) and 8-shafts wing (c, d), respectively (Re = 1.8 x 10%).

Fig.7 Vorticity on the world coordinate and streamlines on the wing coordinate system. The 4-shafts wing (a, b) and 8-shafts wing (c, d) at 25%
wing length (Re = 1.3 x 10%), respectively. The 4-shafts wing (e, f) and 8-shafts wing (g, h) at 75% wing length (Re = 2.0 x 10%), respectively.
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