Strategles to produce highest underwater
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Is there a unifying principle linking speed to kinematics?
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= fluid density

= fluid dynamic viscosity

= fluid kinematic viscosity
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= thickness boundary layer

Thrust : force generated by pushing the fluid mass of fluid times the fin acceleration

Drag :
Large swimmers: proportional to U*? (pressure drag)

Moderately large swimmers : proportional to U3/2 (skin drag or boundary layer drag)

Balancing Thrust and Drag : two scalings

U < Aw, for large animals
1/3

A*w?L |
U x » for smaller animals
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Does it work?
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o8 - ~50 years of experiments
~1000 data points

oF ~8 orders of magnitude in Re

Fish %Q) 1/3
— A*w*L
U « y ,Re < 3000

U X Aw,Re > 3000

Re = 0.4 Sw!02

Re = 0.029 Sw!3!
I Gazzola, Argentina,Mahadevan, PNAS 2015
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Experiments for a robotic swimmer

Forces sensor

Servo motor
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Sanchez, Celestini, Raufaste, Argentina, Phys. Rev. Lett 2021



Optimizing Swimming gaits ?

Complex fluid-structure
Interactions

NS

Machine Learning
(Reinforcement Learning)

Control theory
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What is the reinforcement learning ?
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Action: Left, Right, Shoot
Reward: Score increment
State: buffer of screenshots
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M‘ Reinforcement Learning for the robotic swimmer

Robotic swimmer

® State: Fy(t), Fy(t)
® Setof actions ¢, = —0.5,0,0.5(rad)
® Reward: F,(t)
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Reinforcement Learning for the robotic swimmer

Results
® |tlearned!
® 1.5h of training
® 50 episodes
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Learning with Images and a PPO RL approach

Robotic swimmer
® State : 4 successive pictures

® Setofactions & = —609,0,60°
® Reward: E.(t)
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M‘ A strateqgy to achieve highest velocities?

Results
® Square forcing gives highest velocities
® Frequency needs to be almost resonant
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A strategy to achieve highest velocities?
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A strategy to achieve highest velocities

2D numerical simulation of the fluid structure problem
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A strategy to achieve highest velocities?

2D numerical simulation of the fluid structure problem
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A strategy to achieve highest velocities
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