Fluid-Structure Interactions in Phase
Field Models

Dendrite modeling

James Warren, NIST




Floating Crystals

Motivation: dendrites move, rotate, deform
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Flemings, 1991




Recall: oscillating liquid droplet
Add convection to Cahn-Hilliard conservation equation
do

5, TEVe = ViV (BY'(¢) + aV?o)+k (BV2E () + aV*V?9)

Navier-Stokes
Dd
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Coupling between phase, velocity
Fipt = _‘i’vﬂ

Velocity-Phase Coupling

Oscillating liquid drop benchmark

Results: 40x40, t=0




Velocity-Phase Coupling

Oscillating liquid drop benchmark

Results: 40x40, t=0.0127
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Velocity-Phase Coupling

Oscillating liquid drop benchmark

Results: 40x40, t=0.0257

EET e




Fluid-Structure Interactions
Solve very different equations in fluid, solid

m Fluid: Navier-Stokes, calculate velocities
V-uv=0
p% = —Vp+nVii+ F
m Solid: calculate displacements
V-o+F=0
Tij = CikjlEkl

€kl — Up,i + Uy, x

m Match displacements, tractions at interfaces

Applications: aeroelasticity, flexible constraints, motion of particles




Blood Cell Motion and Deformation

Cells are viscoelastic, fluid is viscous

Mesh for Blood Flow Model
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Requires a sharp interface
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Phase Field + Fluid-Structure Results

Oscillating solid drop

Results: 40x40, t=0.0078

Phase Field + Fluid-Structure Results

Oscillating solid drop

Results: 40x40, t=0.0257

Reasons for rounding:
« High diffusivity (to quickly establish interface)
= Strain convection central differencing -> numerical diffusion!
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Current Focus
m Improve shear strain convection (upwind), add rotation

m Explore behavior at interface
® Artificial erosion of solid?

m Behavior for very different fluid/solid properties

m Anisotropic systems
» Rotate crystalline orientation using vorticity

m Floating 3-D dendrites!

Conclusions

m "Mixed stress” formulation permits combination of phase field,
fluid-structure interactions methodologies

m Elastic strain is overlaid on fluid velocity to provide solid
behavior

m Formulation demonstrated using isotropic Cahn-Hilliard system
m Straightforward extension to anisotropic systems and 3-D

m Toward Modeling Solidification of Crystals Floating in a
Moving Liquid
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