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Abstract

Numerical simulations are conducted to investigate the mechanism for force generation of an insect with
tandem wing configuration. Various stroke amplitudes, stroke plane angles and phase difference between the
fore- and hind-wings are considered. The Reynolds number is 150 based on the chord length and maximum
translation velocity of the wing. When an insect requires high lift such as takeoff, it flaps its wings in parallel
at a lower stroke plane angle and a bigger stroke amplitude than those in the hovering. With wings in counter-
stroke, the lift fluctuations decrease, and moreover mean lift force decreases. Interactions among the fore-
wing, hind-wing and vortices are examined to explain the force variations
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Fig. 1 Flapping motion of the wing.
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Fig. 2 Variation of ¢, in time.
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Fig. 3 Variation of the vertical force coefficient with
respect to the stroke plane angle and the stroke amplitude.

For A, =25¢, O, (G):2, (&), O0 (&), +(G), s
for A, =40c, @, (C,) A, (C,),; ® (C) +(C),-

Fig. 4 Variation of the vertical force coefficient with
respect to the phase difference and the distance between
fore- and hind-wings at Re=150: - (C), 5 === (Cy),

—. (&), +(c,), (@ A=1.2c; (b) A=15c; (c)A=2.0c.
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Fig. 6 Time histories of the vertical force coefficient
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Fig. 7 Contours of the instantaneous spanwise
vorticity at t/T=0.16 : (@ A=1.2c; (b) 4=15c; (c)
A=25c; (d) single wing. The vorticity contour levels
are w,.c/u,, =-30~30 by increments of 1.
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Fig. 8 Contours of the instantaneous spanwise
vorticity: (@) A=12cat t/T=041; (b) A=20c at
t/T=041; (c) A=20c at t/T=054; (d) velocity
vectors 4 =2.0c at t/T=0.54 . The vorticity contour

levels are w,c/u,, =-30~30 by increments of 1.
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Fig. 9 éontours of pressure: (@) A=15c at

t/T=016; (b) A=1.5c at t/T=0.29. The pressure
contour levels are p/pu,. =-15~15 by increments of
0.01.
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Fig 10 Contours of the instantaneous spanwise
vorticity (a) A=1.5¢c at t/T=057; (b) 2=2.0c at

t/T=057; (c) A=15c at t/T=029; (d) A=12c at
t/T=0.48 . The \vorticity contour levels are
w,c/u,.,, =-30~30 by increments of 1.
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