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Water strider on water surface.
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Fig.6 Relationship between 
Phase Field and Levelset
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൝
min 𝜓 < 3 × ∆𝑥𝑛+1 × 𝑏

min 𝜓𝑜𝑏𝑗 < 𝐿 × (𝑛𝑚𝑎𝑥 − 𝑛)

൝
min 𝜓 < 3 × ∆𝑥𝑛+1 × 𝑏

𝑛 < 𝑛min _𝑔𝑙

𝜓
𝜓𝑜𝑏𝑗

𝑏

𝐿 = 50 × ∆𝑥𝑛𝑚𝑎𝑥

𝑛min _𝑔𝑙 = 𝑛𝑚𝑎𝑥 − 3
Mesh refinement based on Level Set function.
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Interpolation between level difference.
Upper left: Interpolate for fine grid.
Upper right: Interpolate for coarse grid.
Lower left: Direct copy for coarse grid. 
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Properties

Case1 Case2

Particle diameter[mm] 1.74 1.92

Particle density[kg/m3] 1990 1320

Initial velocity[m/s] 0.90 0.78

Contact angle[deg] 154

Liquid Water

Gas Air

Domain size[-] 4D×4D×6D

AMR tree[-] 2×2×3

Max AMR level[-] 5

Resolution[mm] D/64

𝑣0
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Case1( D = 1.74 mm, ρ = 1990 kg/m3, V0 = 0.90 m/s )

Transition of central position
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Transition of central position

Case2( D = 1.90 mm, ρ = 1320 kg/m3, V0 = 0.78 m/s )
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Properties

Leg length[mm] 10.0

Leg diameter[mm] 0.1

Load[g] 2.0e-5

Contact angle[deg] 120

Guard angle[deg] 0, 10, 20, 30

Liquid Water

Gas Air

Domain size[mm] 25×5×5

AMR tree[-] 5×1×1

Max AMR level[-] 7

Max Resolution[mm] 9.76562e-3

Guard angle 𝜃𝑔
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(a) 𝜃𝑔 = 0° (b) 𝜃𝑔 = 10°

(c) 𝜃𝑔 = 20° (d) 𝜃𝑔 = 30°
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3D model of water strider. Stroke property of  middle leg
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Transition of water 
strider swimming
Upper let: Acceleration.
Upper right: Velocity.
Lower left: Displacement.
Lower right: Propulsion. 
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Properties

Body length[mm] 11.0

Leg diameter[mm] 0.1(0.19)

Body weight[g] 2.0e-5

Contact angle[deg] 120

Liquid Water

Gas Air

Domain size[mm] 120×40×20

AMR tree[-] 6×2×1

Max AMR level[-] 9

Max Resolution[mm] 9.76562e-3
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• Δx 10μm 10cm
Δt Δx
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