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Math2Market GmbH
Some background information

B Math2Market creates and markets software for engineers and scientists
that want to analyze and design porous and composite materials based
on the material’s geometric inhomogeneity.

B The materials can come from uCT, FIB-SEM or models and are
represented as 3-dimensional images in the software.

B This software is called GeoDict, the Digital Material Laboratory.
B M2M is based in Kaiserslautern, Germany.

B M2M spun off from Fraunhofer
Institute for Industrial Mathematics. ~

® Visit us at our booth
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Math2Market GmbH
Services provided to our clients

GEODICT

FIowDict}zom

| Reference

User Guide

Consulting & Projects
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Math2Market GmbH
Cooperation with Fraunhofer ITWM

"The migration of our research and technology into
commercial software used to take ten or more years.
[Through M2M], this transfer takes now only 2-3 years!™

Dr. Konrad Steiner ZZ Fraunhofer

ITWM

Head of department “Flow and Material Simulation”

Fiber Media Cartridge Element
Nanometer S Micrometer p Millimeter S Centimeter
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Math2Market GmbH
Industries

. . Mostly automotive,
Filtration filter media & filters
Wipes, Feminine
Personal Care Care, Baby Care

. Fuel cell media &
Electrochemistry battery materials

Paper forming and

Weaves and Paper dewatering, Metal
Wire Mesh

. Mostly automotive,
CompOSIteS lightweight materials
. Digital rock physics,
Oil and Gas digital sand control
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Math2Market GmbH
GeoDict Material Engineering Workflow

I | Validation

Validation of real world experiment data
with the simulated experiment data from
GeoDict for the material model design.

Have your material and validate it by

o material modef ¢ fit,
(o)

a) import your material to GeoDict as
a CT scan B 0“0
ec_,\g
b) compute your material properties ©
based on the CT scan in GeoDict and
fit with experiments

c) create a material model and compute
its properties to fit with the
experiment

Yes

II | GeoDict Workflow Cycle

v

111 | Verification

Manufactor your new material

Verify predicted properties of your new
material by experiment
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How can simulations help to improve a filter?

Step 1: Understand the existing filter material
= CT Scan
= Simulations on CT Scan

Step 2: Create a model of the existing material
= Analyze CT Scan
= Create structure model
= Simulations on Structure model

Step 3: Modify the structure model

" GEO MATH



Sample Structure: Cabin Air Filter

= Commercially available filter

= CT scan by service provider
] RIL Micro&Analytic
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Step 1:

Understand the existing filter
material

GEODICT 9 T s



Characterize Materials

open and close porosity FFFLAIAFLFLIRER |

pore size distribution #4295
largest through pore SeAESREHIR
bubble point {28

surface area FEHEFH

fiber diameter FHEER
fiber orientation ZF4EA[A)

grain size distribution ERIR 957

solid volume fraction statistics E{AMAFH l:ljifﬁl'
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Characterize Properties

Permeability 215E=

o flow, pressure loss #iti% , [Ef#%

2.00e+00

acoustic absorption AR

1.00e+00

~ 5.00e-01 I
0.00e+00

large deformations KXZxH2

media scale filtration TENBRERISE

: ”. : filter scale filtration 1 TEE4 R ERTE
100%, _
elastic and plastic properties JEEFNZEMEIFIESEN FSmmPredeies)
83%l Compressed: 13.3mm

capillary pressure, 2-phase flow BHEE , WER

ol

=)

electrical & thermal conductivity Ef%_‘%'_iﬂgﬁﬂ?g s0%

e

advection, diffusion, adsorption Y&, # &X. IR

effective diffusivity, tortuosity factor B3 84 , R

Frequency [1/s]
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Determine Flow Rate or Pressure Drop

Stationary Navier-Stokes flow:

—uhu+pu-V)u+Vp=0 (momentum balance)
V-u=20 (mass conservation)
u=0onT (no-slip on surface)

P;, = P, + const (pressure drop is given)

: velocity

. pressure

: dynamic viscosity
: fluid density

T ET &
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Result for Clean Cabin Air Filter Media (Flat Sheet):
Pressure drop of 7.35 Pa at 0.1 m/s mean velocity
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Filter Efficiency Simulations

Basic idea:
1. Filter media model
2. Determine flow field

3. Track particles (filtered or not?) Result:
B Percentage of filtered particles

.".:.: :’ ®

A N
; ﬁw:iw*-ll!lp|v""':"" "‘,}’
S L e

G EO D I CT 14 © Math2Market GmbH MAQRT(EI-'!



Filter Life Time simulations

1. Filter model 2. Flow field 3. Track particles

4. Deposit particles 5. Flow field 6. Repeat ...
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Cabin Air Filter - Life Time Simulation

Initial pressure drop 7 Pa

Pressure drop after 1000s 101 Pa E
[m]

Total deposited dust after %

1000s 93 g/m? i

Total filter efficiency 93% (weigth)

© Math2Market GmbH
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Step 2:

Create a model of the existing
material
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Creating a filter model

Why create a filter model?

= A CT scan is an image!

= It can only be changed
voxel-by-voxel.

= It is not possible to
remove a fiber

= It is not possible to
change diameters or
shape

=> We need to “understand” the image!
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GeoDict Workflow

MCT image

v
Fiber

v

Fiber parameters

v

Fiber €

!

Virtual material

) ¥ Modified
Filter Fiber Parameters
A
\ 4

Material properties

{

> Compare

Desired material
properties
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Geometric Analysis I:

Media Thickness, Porosity, Pore Sizes,

Fiber Diameter
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Geometric Analysis 1II:
Fiber Orientation

How is fiber orientation measured?

0.33 |0 0 0.5 0 0.9 0 0
0 0.33 |0 0.5 0.05 (O
0 0 0.33 0 0 0.05

Orientation tensor describes probability of direction component.

GEODICT
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Orientation analysis - Visualization

B Arrows indicate the main fiber orientation for each block
® Long arrows correspond to strong preference in orientation

m Compare homogeny material (left) with material with two main fiber
directions (middle) and isotropic in plane (right)
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Comparison of CT Scan and Model

CT Scan
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Comparison of CT Scan and Model

CT Scan

Input parameters found by

CT-Scan analysis:

= media thickness

= porosity

= fiber diameter

= in-plane anisotropy

Input parameters taken from
assumptions:

straight fibers

fibers oriented in-plane
homogeneous distribution
circular cross section

GEODICT
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Filter Life Time
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Filter Life Time Simulation
Comparison CT Scan vs Model

100

~ 10% deviation!

co
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o
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o
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Comparison of CT Scan and Model

CT Scan
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Fiber Curvature and Curliness

In many applications, materials consist of curved fibers
= Nonwoven

= GDL (fuel cells)

= Insulation

To create an accurate model from a CT scan, one needs curvature
and curliness parameters

" GEO MATH



Curvature and Curliness - example
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Using estimated parameters to generate a Structure

0.50 0.50
= 040 = o404
5 030 T 0304
L [T
5 020 5 0.20
S S
0.10 | 0.10 —'—|_,_|1
O_O I 1 T T
0.0 1.00e+05 2.00e+05 0.0 1.00e+03 2.00e+05
Fiber Curvature [1/m] Fiber Curvature [1/m)]
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Step 3:

Modify the structure model
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Possibilities in GeoDict to Vary the Structure Model

1. Fiber diameter
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Possibilities in GeoDict to Vary the Structure Model

2. Fiber orientation
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Possibilities in GeoDict to Vary the Structure Model

3. Porosity
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Possibilities in GeoDict to Vary the Structure Model

4. Fiber cross sectional shape

5. Curved fibers instead of straight fibers

6. Density gradient in through-plane direction
7. Media thickness
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Porous Media Models

—

Nonwovens JEZRiEsEr

fiber reinforced composites F4ENIEAIE S
papers k3K
ceramic materials &%
Rocks &HA

dense (sphere) packing EIKIEFS

woven materials ZEfF}

Foams &k

Sponges 343

regular materials FLEAEL
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Summary

« GeoDict is the complete software solution for multi-scale 3D
image processing, visualization, simulation-driven property
characterization, material development, and process
optimization.

- The workflow of new material design cycle with GeoDict is
introduced, aiming at modeling structure automatically from CT-
scan.

« The function works for straight fibers with circular cross section,
and still on progress for curved fibers with circular cross section.

" GEO MATH



Thank you!

GEODICT

The Digital Material Laboratory

Standard Edition

© 2012 - 2015 Math2Market GmbH
© 2001 - 2012 Fraunhofer ITWM
All rights reserved.

info@mathZmarket.de
www.geodict.com

Software Design:

Dir. Jiirgen Becker, Liping Cheng, PhD,

Or. Erik Glatt, Dr. Swven Linden,

Dr. Christian Wagner, D', Rolf Westerteiger,
Micolas Harttig, Andreas GrieBer,

and Andreas Wiegmann, PhD
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Visit us @ www.geodict.com
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