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Fluctuating term models
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Lattanzi et al. (2022)

Stochastic model Probability driven model NN (FNN, PINN, CNN, GNN)

Computationally 
expensive

Non-scalable on 
O(1000) cores

Accurate
Capture particle 

DOFs



Particle-laden flow solver
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Step 1 Step 2 Step 3 Step 4

Converts one 3D problem into 
three 1D problems !!!

Goyal and Wachs (2023, 2024)

Velocity prediction

Penalty step

Pressure prediction Pressure correction



Fixed rigid bodies in solver
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Modifications for 
particle-laden simulations

Nodes presence in 
particles or fluid

Diffusion stencil Divergence stencil Surface stress

These methods can work for any particle shape.

Goyal and Wachs (2023, 2024)
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Overall Framework in PacIFiC

Direction_Splitting

DS_NavierStokes DS_HeatEquationDS_AllRigidBodies

DS_RigidBody

DS_Sphere DS_3DboxDS_Cylinder DS_STL

Grains3D*

* A. Wachs et al. (2012)



Validation: Random non-spherical rigid bodies
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Data generation
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Force and torque distributions
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Microstructure-based Probability-driven Point-particle model
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Physics Informed Neural Network (PINN)
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– Each NN block handles one neighbor with three input parameters.

– All NN blocks share the same set of parameters.



Convolutional Neural Network
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PINN vs. CNN
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CNN

PINN
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