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Project Objective

The overall objective of this project is to develop, test, and validate a general drag model for
multiphase flows in assemblies of non-spherical particles by a physics-informed deep
machine learning (PIDML) approach using artificial neural network (ANN).
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Project Status
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Motivation
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Motivation
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Current State-of-the-Art
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Data collection and Features identification (Task 2)
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Settling Orientation Study
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Drag Coefficient Correlation-aided Deep Neural
Network (DCC-DNN) (Task 3)
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Makeshift Integration with CFD (MFiX)

MFiX .
1. MFiX is written on Fortran Particles
2. Neural network model is written on data
Python DEM Loop

Drag /
values

MFiX — TensorFlow Interface ° Common

c WFK D block
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Python/TF Interface (/tfpyapi/tf_loading_nn.py)
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* File writing takes place only once
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Fluidized bed Simulation
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Fluidized bed Simulation

Vollmari’s Fluidized bed Experiments
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Results
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Effect of Volume Fractions on Drag for Re = 500
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Modelling Volume Fraction Using Neural Network
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Final Integration with MFiX (Task 4)

» Fortran PyTorch Lib (Ftorch) is developed by Cambridge M Simulation time
ICCS (Institute of computing and climate science)

- We compiled this library for MFiX and developed it. MFiX-Python file  ~30 days
« The complex DNN model is transferred using the tracing sharing method for
command. each particle.
MFiX MFiX-Python file ~1 day

sharing method for

all particle together.

MFiX-FTorch < 2 hour

DEM Loop

Drag value

Common
block

Usr drag

19



Result (Task 5)
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Volume Fraction study for Additional data

Fluidized particle STL to CAD
arrangement
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Volume Fraction study for Additional data
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Conclusions

« Drag force on non-spherical particles depends on shape factor and Reynold number.
« Gated DNN model gives better predictions compared to previous correlations.

 DNN-assisted fluidized bed simulations shows excellent predictions in terms of pressure
drop.

 The solid volume fraction effect are now accounted in the second level of DNN model.
* The volume fraction DNN have improved the prediction performance.

« Additional data for volume fraction is generated using PR-DNS of realistic arrangements of
particles

* Physics simulations are effective in mimicking fluidized arrangement of particles.
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Future Study
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Regqular vs. Irregular Shaped Particles
Particle Shape Sphericity

D= 5.03 mm
' ‘ . Sphere 1
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A particle of geometric - Cylinder  0.87

parameters such as volume and P = 1924 mm

surface area that can be Cube 0.805
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—
mathematically determined e BN z

Cone 0.778

Irregular shaped particles: S e

* An arbitrary random particle
whose geometric parameters

cannot be precisely calculated Irregular-shaped
Particles' @ v o

Pyramid 0.718

Tetrahedron 0.671

'Dioguardi, F., D. Mele, and P. Dellino. "A new one-equation model of fluid drag for irregularly shaped Reg u Ia r_Sha ped

particles valid over a wide range of Reynolds number." Journal of Geophysical Research: Solid Earth .
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