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Introduction: Lift Mechanisms Across Species
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Introduction: Challenge for Tiny Animals Introduction: Sea Butterfly

For tiny animals, Reynolds number Re |, viscous effect 1
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Objective: Use CFD to uncover the underlying flow mechanisms
behind its propulsion
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Methodology: Fluid—Structure Interaction (FSI) Framework
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Validation: Wing Kinematics
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Motion captured software: DLT dv7
Numerical processing:
Thin Plate Spline (TPS), Non-Rigid ICP
The left wing kinematics is from the mirroring of the
right wing.
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Result: Swimming Animation
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Vortex Visualization by Q-criterion,
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Pressure field

® | cading-edge (LEV) and trailing-edge (TEV)
vortices persist throughout the flapping cycle.
® [ EVs generate low-pressure regions along the front

edge of the wing, enhancing and sustaining lift

while stroking.

® Wing-wing interaction induces alternating low-

and high-pressure zones between the wings.

® This pressure modulation promotes LEV formation

in the next stroke.



Result: Wing Force Decomposition (Lift and Drag)
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Lift consistently contributes more than drag,
indicating a lift-based propulsion strategy.
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Phase I: Stroke
from back to front

Phase III: Stroke
back

Phase II: Interaction
in front of body

Phase IV: Meet at
back of body




Result: Wing Force Decomposition (Vertical and Horizontal)
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Vertical force comes mainly from lift which
is the main source to pull the animal upward.
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Result: Wing Force Decomposition (Pressure- and Shear-Based)
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Lift is mainly pressure-driven, while drag is
dominated by shear stress on the wing surface.
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Result: Efficiency and Wake Vortex Structure
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Conclusion:

7
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Geometry Reconstruction: Wing kinematics and body shape were accurately reconstructed from experimental videos.
Stable Lift Mechanism (LEV): Stable LEVs persist throughout the stroke and sustain lift via low-pressure generation.
Pressure Modulation by Wing-Wing Interaction: Wing—wing interaction modulates pressure and supports LEV
formation in the next stroke.

Lift-Dominated Propulsion: Swimming is lift-dominated, with vertical force mainly from lift, horizontal force aided by
drag.

Lift and Drag Components: Lift is pressure-driven; drag is shear-based.

Most Efficient Reynolds Number: Peak swimming efficiency occurs at Re = 400 — 500, where vortex shedding is
coherent.

Wake Structure Matters: Both viscous dominated and chaotic flow regimes reduce efficiency due to poor wake

structure.

Future work:

Investigate the underlying mechanism of lift enhancement due to wing—wing interaction. 10
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