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LEFT: Karman vortex 
street behind a cylinder 
(Re=150) and behind 
islands 
(Re=1011)  f D/U = 0.20 
 
 
 
 
BELOW:  Reverse 
Karman street behind a 
robotic tuna 
(Re=104) f A/D = 0.30 
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SWIMMING FISH  
AND FLYING BIRDS 

Why fish have no propellers? 
Why birds flap their wings? 
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A UNIVERSAL FREQUENCY OF SWIMMING 
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CYLINDER, St=0.20 
FOIL, St=0.30 
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St= fA/U 
    = 0.30 

ALL FISH FLAP 
THEIR TAILS AT NON-
DIMENSIONAL 
FREQUENCY CLOSE 
TO 0.30 
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STROUHAL NUMBER FOR THE HEART 
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STROUHAL NUMBER FOR BIRDS 
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ROBO-TUNA & ROBO-PIKE 
Optimal Propulsion 

Turbulence Reduction 
Vorticity Control 

Super-maneuverability 
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ROBOTIC TUNA 
A Laboratory Robot 
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VORTICITY CONTROL 
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VORTICITY 
CONTROL IN 
SWIMMING FISH 
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FISH:  
  
VORTICITY 
CONTROL 
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TURBULENCE REDUCTION 
IN FISH SWIMMING 



Waving Plate Apparatus 
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Turbulence Suppression in Wavy Fish-
Like Swimming Motions: CFD Results 

Zhang, 
2000 c/U = 0.4 c/U = 1.2 
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c/U Fp Ff Ft Ps Pt 
0.0     1.27 0.10 1.37 0.00 1.37 
0.4 0.64 0.17 0.81 0.50 1.31 
0.8 -0.30 0.18 -0.12 0.48 0.36 
1.2 -0.15 0.15 0.00 0.35 0.35 
2.0 -2.62 0.08 -2.54 9.70 7.16 

• Fp:  pressure force        
• Ff:  friction force       
• Ft: total force, Fp+Ff 

• Ps:  power for waving        
• Pt:  total power, Ps + U*Ft 

CFD WAVING PLATE: OPTIMAL SPEED 
1.2 TIMES FISH VELOCITY 
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Effect of phase speed on BL 
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Turbulence Intensity 
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SUPER-MANEUVERABILITY 
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PIKE 
ACCELERATE 
WITH 
MAXIMUM 
ACCELERATION 
25 g 



Turning  Maneuver  Of  Giant  
Danio 

DPIV  Image  Numerical  Result  
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FAST-STARTING FISH 
vorticity control 
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Formation Number N 

       N = A/(U ττ) 
A = Vortex ring size (Approx. 20% length) 

U = Average speed of maneuver 
τ = Time to perform maneuver 
THEORY: Formation of ring is 

energetically optimal for N around 
1/5 to 1/3 
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FAST-STARTING 
CHAIN PICKEREL 
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PERFORMANCE 
Robot 
vs Fish 
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FISH 
240 m/s2 

 
 
ROBOT 
40 m/s2 


