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Sub-volumes for permeability calculations ﬁfEE““
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Example of similar use: variability a?g?a“

Spatial distribution of permeability of random unit cells.

Random unit cells comprise a virtual Homogenisation done using A- and H-averaging

sheet of fabric.

;gtzzg/ms [Bodaghi, M., erschot, S mov and N. Correia (2017) Comp A 101: 394-407]
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Tangential to flow boundaries

Benchmark exercise on image-based permeability determination of
engineering textiles: Microscale predictions

Boundary in
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Sub-volumes solutions vs all benchmark results fesials
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General trend (permeability along fibres) e
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General trend (transverse permeability)
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A similar decreasing trend as for axial
permeability is observed for the transverse
permeability with increasing number of
subdivisions of the domain.
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16 sub-volumes (Skoltech)
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ANSYS CFX
240*240*124

Intel® Xeon® CPU E5-2630B4 @2.20GHz
calculation time 1h / volume (16 h total)
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648 sub-volumes (KU Leuven) i
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time for a sub-volume ~ 30 s, total per volume 5.5 h.
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Distribution of sub-volume permeability (along fibres) ?555“"15
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Correlation with fibre volume fraction — 1
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Correlation with fibre volume fraction — 2
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Darcy averaging — 1 eets
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Staggered grid location of unknowns for the MAC scheme. The discrete pres-
sure p is defined at cell centers (). The discrete velocity u and v are defined at
vertical edges centers (%) and horizontal edges centers (o), respectively. staggered nodes

interpolation to get ks in the

[Wang, Chen J Sci Comp 2013]
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BENCHMARK PAPER

¢ The higher the number of cropped sub-volumes, i.e. the higher the number of artificial boundaries introduced
into the domain, the lower the predicted permeability is.

¢ Calculating the permeability of the entire sample by this renormalization approach can be a good solution if the
number of sub-volumes is not too high and in cases where the computational resources are limited in terms of
memory or time.

¢ The minimal number of sub-volumes (10) used in the benchmark study resulted in only 15% deviation from the
cluster average value.

DARCY HOMOGENISATION

* Darcy homogenisation of subdomains is very close to the analytical “arithmetic — harmonic mean”
¢ Analytical averaging cannot represent the skew terms of K tensor; Darcy can.
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