Motivation

Strong coupling: mutual interaction between different physical phenomena
Coupling terms leading to numerical difficulties
Different numerical methods for each physics

Different dynamics per Different models per
physics physics

Model for physics 1 Model for physics 2
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Need for a suitable and modular coupling strategy
* Case of application: nonlinear strongly coupled thermo-poroelasticity

Solid physics admissibility Fluid physics admissibility Thermal physics admissibility
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Q Constitutive coupling relations

Nonlinearities:
heat convectively transported by the fluid
viscous dissipation in the fluid
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=\ Separate coupled and decoupled equations Dureisseix et al 2003

[ Local equations possibly ]

coupled and nonlinear Decoupled stage solved with Proper

. T Generalized Decomposition (PGD)
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Decoupled and linear equations
possibly global
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(@/‘) Using the solver to perform several

computations with material variability

a Reuse the solution of the previous computation as an initialization

e Enrich the basis created all along the previous computations
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_ Context:
Filtrate

Channels Ceramic membranes used to filter fluids

Different layers constituted of porous
materials

Bacterian retained by the pores when fluid
crosses the ceramics

Intermediate layer

| .
Support layer Membrane developed by Mantec and using the

Star — Sep™technology.

Separation layer
(membrane)

Quarter of the structure studied due to symmetries
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|N Results for a single computation att = 25 ms
PGD modes:

Displacement: 15 modes
Pore pressure: 6 modes

Temperature: 18 modes

B

U Magnitude [m] Fluld pressure [MPa] Temperature [K]
2.9e-07 2e-6 3.5e-6 5.1e-06 0 0.6 8.0e-01 2.9e+02 320 340 3.7e+02

‘ ﬂ Results for a parametric study with 343 computations

@ Gain of the method
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Multirate and multimesh approach:

Use different time discretizations and meshes for each physics

Multimodel approach:

Coupling data-based model with a finite element one
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Adapting the LATIN-PGD coupling strategy to non-Newtonian fluids using internal
variables

Junker, Wick 2025 =

Velocity Magnitude [m/s]
0.0e+00 0.002 0.003 0.004 0.005 0.006 0.007 0.008 9.1e-03
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First results on laminar Newtonian flows: coupling between velocity and pressure
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