Mem. Fac. Fish. Kagoshima Univ.,
Vol. 49, pp. 17~25 (2000)

= Ok VK 0 B BE o B R b

FLTTEY, ABRBFERY, EEBET

Study on Tail Motion of High-Speed Swimming Fish

Motoaki Hirayama*', Tetsuo Nagamatsu*!, and Kohei Ueda*!

Keywords : Tail fin, Oscillating fin, Tail shape, Lift, Machine fish

Abstract

It is well known that fishes and cetaceans can achieve extraordinary propulsive performance, acceleration and

maneuverability. The present study gives an attention to the propulsion of carangiform swimming motion which

produces thrust mainly by oscillating the tail fin. The two-point hinge oscillating wing theory is adopted to

simulate the motion of tail fin, which is coupled with swaying and yawing motions. Parameters of the theory are

an advance speed, frequency of the tail fin, amplitudes of swaying and yawing motions, and phase lag between

both motions. Experiments were conducted to obtain the lift and drag coefficients against angles of incidence for

6 kinds of tail fin and a rectangular wing. As examples, the amplitudes and phase lag of swaying and yawing

motions are analyzed from video records of swimming fishes. Based on the above theory and experiments,

parametric calculations were made in order to obtain data for design of a robotic machine fish. It is found that

there exists a proper choice among frequency, amplitudes and phase lag of oscillating motions.
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Fig. 2 Models of tail fin wing.
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Fig. 3 Lift and drag coefficients measured for the tail fin
wing of mackerel.



20 FBRBRFKEFRLE 5£49% (2000)

15 1.5 r

1.0

-10 -
-1.0 -
Fig. 4 Lift and drag coefficients measured for the tail fin Fig. 7 Lift and drag coefficients measured for the tail fin
wing of carp. wing of great white shark.
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Fig. 8 Lift and drag coefficients measured for the tail fin
wing of tuna.

Fig. 5 Lift and drag coefficients measured for the tail fin
wing of skipjack.
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Fig. 6 Lift and drag coefficients measured for the tail fin Fig. 9 Lift and drag coefficients measured for the rectan-

wing of sailfish. gular wing.
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Fig.10 Comparison of lift-curve slope among the tail fin
wings.
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Table 1 Fish swimming motion analysis

Source Kaparang®’ Nekton®™
Name Jafll)j:seese Yellowtail meTc;i::l:;u:us Diplodu:s
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L (m) 0.298 0.173 - -
U. (m/s) 0575 0575 0.85 - -
f (Hz) 3.3 4.5 5.5 - -
K=U./fL 0585 0.739 0.893 - -
6o (deg.) 20 20 25 20 20
B, (deg.) 33 33 40 40 40
e (deg.) 320 300 310 300 290
T* (g) 5.3 14 1.9 - -
F (2) 2.6 04 1.0 - —
Tn (g) 7.9 1.8 2.9 - -
Cr 0.308 0.208 0.230 - —
R: (g) 4.8 1.9 3.7 — -
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Table 2 Dimensions of robotic machine fish
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Length (m) 0.600
Breadth (m) 0.098
Height (m) 0.143
Wetted surface (m?*) 0.1645
Displacement volume (m?) 1.856x10°
Area of tail fin (m?) 0.00355
Span of tail fin (m) 0.152
Estimated resistance coefficient 0.304
K=0.79
. - 6 0=20(deg.
Parameters of motion of tail fin 8.=35( dez.;
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Swimming velocity (m/s) 1.0 2.0 3.0

Frequency of tail fin (Hz) 2.0 4.2 6.3
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Fig.14(a) Variation of angle of incidence and thrust coeffi-
cient in case of ¢ =270 deg. for one period.
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Fig.13 Calculated thrust coefficients vs phase lag between
swaying and yawing motion of the tail fin wing.
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Fig.14(b) Variation of angle of incidence and thrust coeffi-
cient in case of ¢ =300 deg. for one period.
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Fig.16 Thrust coefficient vs non-dimensional velocity
coefficient K.
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