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materials. These methods present shortcomings in high porosity media (e.g. metallic foams).
permeability seems to be a function of the bulk properties and occupancy averaged over th

of our results with the Packed
sure and velocity in an accurately
y tomography, yielding voxel
ion in computing times of the FD

the Packed Spheres scenario. The ratio Vol(Q21,)/Vol(Qs) is around 103, The co
Spheres example yields a prediction error of 5% for the permeability. We also
modelled porous medium. Our geometric modelling of the porous domain s
information, which is particularly appropriate for FD. Ongoing work conce
method, consideration of other materials and fluids, and the enlargin, peri
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1 Introduction

Iters of ¢ foam, porous implants and other applications that
rticle we estimate the permeability of high porosity Aluminium foam
e numerical estimation of the permeability for metallic foams the

Permeability is an important property in the design
require a flow through a porous medium ( [1]). In
(e > 0.8) employing the Finite Difference me

following methods have been used: (1) Fini attice Boltzmann, (3) Finite Difference Method. Gerbaux et al.
([2]) calculate the permeability of 3 real ms by solving the Stokes equation in the porous medium with the Lattice
Boltzmann method and the finite volume me Xu et al. ([3]) perform a finite volume analysis to estimate the permeability
of some foams cells with different pétesiti orous diameter.

Petrasch et al. ( [4]) determine porQ nedia erties such as porosity and permeability from a digital representation of
reticulate porous ceramics gene by X-ray tomographic scans. Nabovati et al. ( [5]) calculate the permeability for fibrous

the computing expenses 1nyélved. In response to such limitations we implement FD, that is highly compatible with 3D
Computer Tomo

2 ology

Wi e a straightforward method to estimate the permeability of porous media: (1) Discretization of equations 1 and 3 on
taggeredgrid by using a 2nd order FD method with periodic boundary conditions for velocity in the inlet and outlet of the
channel (Fig.“P). (2) Solution of the resulting equation system (Eq. 6, 7, 8, 9) with the method Gauss-Seidel iterative. This

od does not require the storage of a coefficient matrix, therefore allowing to simulate larger domains. (3) Calculation of

volume average velocity u,, from the velocity field computed in step 2. (4) Estimation of the medium permeability with

Datey’s law (Egs. 5). The notation used is: K p = Porous medium permeability according to Darcy’s law, ;¢ = Fluid dynamic
osity, u,,, = Volume average velocity of the fluid in the free volume, AP = Pressure drop in the flow direction.

Vp = uV3u (1) V-u=0 (2 V-Vp=0 3)
fv ludV WLy,
U v, “) D Ap &)
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Fig. 2: Regular packed sphere case

Fig. 1: Domain 400 x 400 x 400 voxels
(24mm X 24dmm X 24mm).

Pz +pyy + P2z = 0 (6) Pz z T y + uzz) (7)

Py = ,Uf('vzz + Vyy + vzz) (8) Pz T Yy + wzz) (9)

2.1 Method Validation

The method was validated with a regular packed sphere case 1 g./2) whose permeability can be calculated with the
Carman-Kozeny model proposed in [6] (Eq. 10) and ¥ Gupte model proposed in [7] (Eq. 11). The notation
used is: K¢ = Permeability by Carman-Kozeny m bility by Rumpf and Gupte model, d = Sphere diameter
and e = Medium porosity (Volume free / Volu The relative error between the estimated permeability for a regular
pack of spheres in a channel with 10 spheres ifi'direction 'ph., = 10) and the Rumpf and Gupte model was 5.5% .

3 5.5

d2 (10 Kp= o g2 11
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3 Results

The permeability of an 3
Figure 3 shows the velocit
1072 m/s and K

single process

1 foam'was estimated for a domain of 24mm x 24mm x 24mm (400 x 400 x 400 voxels).
direetion on plane YZ at x= 12mm. The calculated results for this case are u,, = 6.5093 x*
10~ m?2. Our implementation allowed the computation of 256 * 105 degrees of freedom in a

4 ions and Future work

ability of a lattice of aluminium foam was calculated with the Darcy’s law, using Finite Difference method to

iscous flow through the porous medium. The proposed method optimizes memory usage, therefore allowing to

simulate largéfdomains in single processors. Future work includes the reduction in the computing time, the modification of
parameters such as the input flux and the estimation of the permeability of materials with different porosities.
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