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Porous Microstructure Analysis (PuMA) software
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Challenges 1in Micro-scale modeling
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Objectives

Formulate, implement and validate:

1. Finite Volume (FV) method to find the

effective thermal conductivity due to

anisotropic solid heat conduction

2. Ray Casting method for estimating the

fiber orientation in CT reconstructions

3. Collision based Monte-Carlo method to
find the View Factors (VF) to compute

the effective radiative coefficient
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Computing the effective thermal conductivity
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Finite Volume Method
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Multi-Point Flux Approximation (MPFA™)

* Integration carried out inside Control Volume (CV)

* Continuity of flux enforced inside Interaction Volume (I'V)
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Transmissibility Matrix
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FIBER ORIENTATION



Ray Casting Method ._ .EEE
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FiberForm 8003
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F. Panerai et al., Micro-tomography based analysis of thermal conductivity,
diffusivity and oxidation behavious of rigid and flexible fibrous insulators,

Int. Journal of Heat and Mass Transfer, 108-801-811,2017.
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Radiation Model

* Marching Cubes for surface triangulation

* The total heat flux is computed by iteratively |
solving the sparse coupled linear system: :

4 : :
Ji = €01, + (1 — Ez’) SJ Fz‘j Jj T: Temperature of surface i
1] ~ \ T g €;: Emissivity of surface i
1 Total radiation  Emitted Reflected F;;: View Factor, fraction of radiation
== from surface /  radiation radiation from surface j reaching surface i)
1

* View Factors are determined by projecting
rays from each surface as:
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Heat Transfer Calculation

Through-thickness Conductivity
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