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Thermal Protection Systems (TPS) @'

Need for Thermal Protection Systems i Ground-based Testing
- . P. Agrawal et. al. 2016. "
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Computational modeling is critical for entry systems



Heat Shields at Multiple Scales @'
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Heat shield materials have complex microstructures that govern their behavior



Typical Microscale Simulation Workflow
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The traditional workflow for materials modeling is time consuming for image-based simulations



PuMA Workflow
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The traditional workflow for materials modeling is time consuming for image-based simulations



PuMA Workflow
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PuMA was developed to simplify the workflow of image-based simulations



PUMA &

Porous Microstructure Analysis:

The PuMA software
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[1] Ferguson JC, Panerai F, Borner A, Mansour NN. PuMA: The Porous Microstructure Analysis software. SoftwareX. 2018.
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Rarefied Tortuosity

Permeability
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PuMA is an all-in-one toolbox for microstructure analysis




Permeability
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Pressure driven Darcy flow through fibrous porous material [1]
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material characterization of large image-based microstructures. Computational Materials Science. 2023
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PuMA can determine many material properties from microstructural data



Orientation Estimation

Predicting local orientation of weave from X-ray microtomography [1]

Microscale Oxidation [2]
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Heat transfer in fibrous and woven materials [4]

Effective Elasticity

Elasticity of anisotropic porous 3D woven materials [5]
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Recent Development #1:

Cut-Cell Poisson Solver for Effective
Thermal Conductivity and Tortuosity
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Surface Representation in Numerical Solvers @/

Voxel Mesh

Triangulated Surface Mesh

» Useful for particle methods. Used in rarefied tortuosity solver

Interpolated Surface Mesh

voxel mesh triangulated mesh

* Used in microscale oxidation solver. Useful to avoid re-meshing
Simple to generate from X-ray microtomography datasets during shape change
Relatively simple to implement numerical methods with

low memory requirements

Used in isotropic conductivity, continuum tortuosity,
permeability, anisotropic conductivity, and elasticity solvers
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Voxel Mesh Accuracy
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Cut-Cell Poisson Solver @’
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Basic governing equation:

PBRYIE VT’f = f(z,y,2)V
Sum of all the fluxes across f

the boundary faces is )\ .
equal to the source term = Thermal conductivity i
9 vT = Face temperature gradient

(usually zero) at steady Af — Face area f
state

In some instances, the cut-cell solver retains significantly higher accuracy for poorly resolved microstructures 14/22



Recent Development #2:

TomoSAM: A Weave Segmentation Tool

Based on the Segment Anything Model
(SAM) from META
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TomoSAM: A Weave Segmentation Tool
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TomoSAM is a weave segmentation tool based on the Segment Anything Model (SAM) released by META 16/22



TomoSAM Demo
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Recent Development #3:

Multigrid Acceleration of PuMA Solvers
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Multigrid Poisson Solver

* Multigrid methods can be used to significantly
accelerate the convergence of PUMA solvers
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Solver convergence for voxel isotropic conductivity solver in PuMA,
demonstrating the significant solver performance improvement of

Example V cycle and W cycle for a multigrid solver multigrid preconditioning.

Multigrid methods can be used to dramatically accelerate convergence of iterative solvers



PuMA Resources

Installation: conda install -c conda-forge puma

Open-source repository: https://github.com/nasa/puma
Documentation: https://puma-nasa.readthedocs.io
Community chat: https://gitter.im/puma-nasa/community
Tutorials: PUMA YouTube channel and online Colab notebook

Mac, Linux, Windows Mac, Linux Mac, Linux
Numpy Arrays ’ i ‘ r . 1 | #include "puma.h" | Data Structures
Matrix (X,Y,Z) import pumapy Graphical User P 3D Matrix
Orientation (X,Y,Z,3) | t rf G U | Vector
. Python API nterface ( ) C++API Linear Solvers
Scipy and e Gt
= onjugate Gradient
FEniCS Solvers Import/Export: Import/Export: BiCGSTAB
I tiff, vtk, stl, bin tiff, vtk, stl, bin |
[ pumapy.Workspace ]— e T —[ Workspace ]
I Segmentation Processing [
PhySICS Solvers Microstructure Microstructure PhySICS Solvers
= Isotropic Diffusion Generation Generation » Isotropic Diffusion
= Anisotropic Diffusion (MPFA) - - = Anisotropic Diffusion
= Stress Analysis (MPSA) Mate"_al = Explicit Jump Diffusion
= Stokes Permeability Properties Properties = Random Walk Diffusion
= Marching Cubes Isosurface - Db N = Marching Cubes Isosurface
= Particle-based Radiation C++ functions wrapped as = Particle-based Oxidation

i i i Visualization Response . i i i
Orientation Detection modules under pumapy.cpp P! Orientation Detection
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Youtube Channel

https://www.youtube.com/channel/UCB

PuMA: Porous Microstructure Analysis
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The PuMA YouTube channel includes tutorials for all major software functionalities 21/22
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