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Visualization of Flow Field around the Flapping Wing of Beetles

NOSE Yuta and HASEGAWA Junta (Graduate School, Dept. of Mechanical Engineering,
Aichi Institute of Technology),
KITAGAWA Kazutaka (Dept. of Mechanical Engineering, Aichi Institute of Technology)

ABSTRACT
The insect flight is given by flapping flight properties necessary for micro-air-vehicle (MAV). Therefore, studies of insect

flight are important to be developed MAV. This study is aimed to investigate the flapping flight properties of the scarab

beetle. The velocity field around the flapping wing of the scarab beetle and the generation mechanism of vortex formation

were visualized with smoke-wire method and particle-image-velocimetry (PIV). The flapping flight of the scarab beetle

can be divided into 4 phases: upstroke, feathering (high angle of attack-low angle of attack), downstroke and feathering

(low angle of attack-high angle of attack). Measured frequency in this experiment is of 92.4+2.8Hz. Streamlines show

that the vortexes are generated during the upstroke and downstroke process. PIV shows that the velocity of downstroke

process is larger than upstroke ones. These results indicate that the scarab beetle is produced substantial lift and thrust

forces during the downstroke.
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Tablel Experimental conditions

Experiment ‘Wing motion Smoke wire method PIV
Camera position A A, B B
Distance[mm] 478 A 478, B:642 305
Frame rate[fps] 10,000 — —
Shutter speed[sec] 1/10,000 — —
Resolution[pixel] 768x528 o 768x768
(87[mm]*60[mm]y (67[mm] %67 [mm])
Lenz[mm] 60Macro — «—
Aperture 2.8 — —
Velocity[my/s] No wind 2.50 1.12
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Fig.7 Trajectory of wingtip of Protaeria orientalis
submarmorea at x-y plane
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Fig.6 The wing motion of Protaeria orientalis
submarmorea
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(d) Downstroke (d) Downstroke
Fig.9 Smoke wire visualization of airflow around a Fig.10 Smoke wire visualization of airflow around a
flapping wing of Protaeria orientalis submarmorea at flapping wing of Protaeria orientalis submarmorea at
wing center wing tip
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Fig.11 Smoke wire visualization of airflow around a Fig.12 Smoke wire visualization of airflow around a
flapping wing of Protaeria orientalis submarmorea at flapping wing of Protaeria orientalis submarmorea at
wing center wing tip
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Table2 Type and size of insects and dimensionless parameters

Protaetia orientalis

Agrius convolvali  Apis mellifera submarniorea
Body length[mm] 37~43 15~16 19-~25
Wingtip length[mm] 45~52 9.3~9.8 23~25
Mass[mg] 1800 +200 94.5+7.35 800 +200
Flapping frequency [Hz] 23£5 23010 92.41+2.8
Stroke amplitude[deg] 1131£2.0 90.81+8.6 90+4
Reynolds number for ¢ 5 1 4 g5 11234813 3680+ 420
fapping speed [-]
Reduced frequency [-] 0.291+0.02 0.25+0.02 0.341+0.05
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Fig.12 Velocity distribution of flow around the flapping Fig.13 Velocity distribution of flow around the flapping
wing of Protaeria orientalis submarmorea at wing center wing of Protaeria orientalis submarmorea at wing tip

Table2 Result of calculation

Protaetia orientalis submarmorea

parameter Upstroke Downstroke
Angle of downwash[deg] 149 39+14
Downwash velocity[m/s] 2.46+0.38 2.56 +0.81
Vertical velocity [m/s] 0.57+0.39 1.62£0.73
Horizontal velocity [m/s] 2.36£0.39 1.91%+0.67
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