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A flapping flight mechanism of a Red-crowned crane (Grus japonensis) in
migration was estimated using a two-jointed arm model having an unsteady
aerodynamic performance. Inverse drag forces were generated and lift forces
were enhanced during downstroke. A pair of flapping advantage vortices (FAV)
was generated alternatively in the wake. The first fully developed FAV was
developed around 6.6 m from the wing tip of the crane ahead. The width of FAV,
corresponding to the wing tip spacing was about 0.62 m in the spanwise section.
A crane behind saved about 18.5% of energy by using the induced power caused
by FAV in V-formation and by changing wing morphology. Phase difference of
flapping between the crane ahead and behind was estimated to be around 68.14°
to use aerodynamic benefit caused by FAV. Our results can be applied to

engineering flying devices.
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Fig. 1 Computation domain to estimate the aerodynamics forces
around the flapping wing (A) and airfoil (Seagull) (B)

- . ~
2 B /
- S
4

Fig. 2 Typical migration flapping morphology of a Red-crowned
crane’s wing'™
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Table 1 Numerical conditions were given that cranes migrate
at an altitude of 1,000 m"****! (Re is pUxc/u and St

is 2hflUx)
Variable Value
Chord length (c) 0.53 m
Single wing size 1.2 m
Migrating speed (U.) 18.9 nm/s
Amplitude (2h) 1.1024 m
Wingspan (b) 24 m
Pressure (P) 8.98x10* Pa
Density (p) 1.11 kg/m’
Dynamic viscosity (u) 1.76x10° Ns/m®
Temperature (7) 281 K
Single wing area (S) 0.548 m?
Kinematic viscosity (v) 1.58x10° m?/s
Reynolds number (Re) 6.34x10°
Strouhal number (St) 0.21

7H @73 2] 1/Achord lineS whebA] AHE FAdoltt F7
nj o] A H|g) wAYSE Al 7He] 21 the arm wing angle
w1, the hand wing angle 5, the sweep angle ¢, (Figs. 2A and
2B)ell oJ3 T Z4H9] T degree]th Al 719 29
9= Fig. 29} 221, Fourier seriesE 53] Aol thdh 4=
2 ¥ddn.

v ( Coo Z[
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é, ( C¢zo+2[ 4on Sin(n0t )+ B, cos(nwl)].
A7IM, o we =3 2

G, =83065, C,, =-44519, B, =253910,

C,, =—-1.8092, B, =-0.5889;
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C,, =-3.7029, B,,, =—4.5122;
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Fig. 3 Velocity and vorticity fields around the wing surface (y-z
plane) and airfoil (x-y plane) for typical flapping (A, C)
and naturally outstretched flapping (Case 3) (B, D)
mechanisms
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Upstroke.

Fig. 5 A pair of 3-D spiral FAV behind the wing on the x-y
and y-z planes for x=6.56 m; (A) r=0.42s, (B) t=

0.56 s
Upstroke (1 = 0.42 s)
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Fig. 6 The v-velocity (y-direction) profile from y =-0.3 to 0.3
m at x=6.56m; (A) r=0.42s, (B) r=0.56s
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