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Liquid Inside Hair On Hair Surface



12
Image Courtesy of La Corivo



13

Barba, C., et al. "Moisture sorption/desorption of protein fibres." Thermochimica acta 552 
(2013): 70-76.



13

Barba, C., et al. "Moisture sorption/desorption of protein fibres." Thermochimica acta 552 
(2013): 70-76.



13

Barba, C., et al. "Moisture sorption/desorption of protein fibres." Thermochimica acta 552 
(2013): 70-76.



Where does the liquid live?

14

Liquid Inside Hair On Hair Surface
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Simulating Liquid on Hair Surface
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Full discretized simulation is too costly ❌
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Momentum Conservation for 

Eulerian-on-Lagrangian Flow
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Discretization & Pipeline

1. Semi-Lagrangian advection

2. Add external force, pressure, 

and update flow velocity 𝑢

3. Solve for the continuity 

equations

4. Update hair velocity.
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Interpolate between Cohesive & Repulsive Effect
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Preconditioning with Local Solves
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Global Solve Pre-factorized LDLT in Parallel Preconditioned Conjugate Gradient

Precondition

Benefits

Exact local solves to minimize stretching.

Similarity between the local and global matrices 

increases the rate of convergence.
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Reversible Pressure Gradient 
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Viscous Drag Force
(Friction)

Hairs and Liquid as a Continuum
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Reversible Pressure Gradient 
(Buoyancy)

Viscous Drag Force
(Friction)

Hairs and Liquid as a Continuum
Related to [Daviet & Bertails-Descoubes 2017, Tampubolon et al. 2017]

𝛻𝑝 = 𝛻 ⋅ 𝒖 𝑓 𝛿𝒖 = 𝐴𝛿𝒖
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Reversible Pressure Gradient 
(Buoyancy)

Hairs and Liquid as a Continuum
Related to [Daviet & Bertails-Descoubes 2017, Tampubolon et al. 2017]

𝛻𝑝 = 𝛻 ⋅ 𝒖

𝒖

𝛿𝒖

𝑓 𝛿𝒖 = 𝐴𝛿𝒖 + 𝐵|𝛿𝒖|𝛿𝒖

Quadratic Drag Force
(Friction + Wake Turbulence)
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Timing
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Hairs

32,768 strands
63 DoFs / strand

Grid Res

128x128x256

Time Step

0.003 s

Computational 

Time / Step

41.78 s

Xeon E5-2687W x 32 cores

5.85 s / step

5.60 s / step

30.33 s / step
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