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Motivation: multi-everything problems
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Energy consumption is governed by the relationship 
between capillary pressure and saturation

Foam Paper Oil extraction
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FSI overview

cThruAMR decomposes mesh 
into conforming gas, liquid, solid

Fluid Solid

Solve fluid and 
transfer fluid forces

Solve solid and transfer 
displacement and velocity

𝒇 = −𝑝𝒏 + 𝒏 · 𝜇 ∇𝐮 + ∇𝐮T − 𝜎𝛿Γ𝒕

𝒇

Inputs at 𝑡𝑛, 𝑡𝑛−1, … 

Outputs at 𝑡𝑛+1, 𝑡𝑛+2, … 

CDFEM: Noble, D.R., Newren, E.P. and Lechman, J.B. (2010), A conformal decomposition finite element method for 
modeling stationary fluid interface problems. Int. J. Numer. Meth. Fluids, 63: 725-742. https://doi.org/10.1002/fld.2095

cThruAMR: https://www.osti.gov/servlets/purl/1899670
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FSI overview

Example 
schemes:

Solid

Fluid
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Conventional Serial Staggered (CSS)
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Improved serial stagged procedure (ISS)
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CSS with subcycling
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𝑡𝑛+1/2

Fluid Solid

Solve fluid and 
transfer fluid forces

Solve solid and transfer 
displacement and velocity

𝒇 = −𝑝𝒏 + 𝒏 · 𝜇 ∇𝐮 + ∇𝐮T − 𝜎𝛿Γ𝒕

𝒇

Inputs at 𝑡𝑛, 𝑡𝑛−1, … 

Outputs at 𝑡𝑛+1, 𝑡𝑛+2, … 

cThruAMR decomposes mesh 
into conforming gas, liquid, solid
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Results: 
capillary flow
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Capillary flow through a rigid foam
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~32.8 million 
elements
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Next steps: scale up
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~395 million elements
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Results: FSI 
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Rigid results
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cThruAMRALE
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Rigid results
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Elastic results
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Next steps: apply to foam
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Backup


