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Abstract :

Microfocused X-ray Computed Tomography (CT) is a popular method providing 3D imaging of pore
space in geomaterials [1]. This technique is commonly used to provide an insight in the geometrical or
morphological properties of natural porous media. Computational Fluid Dynamics could also be used
in order to analyze flow, solute transport or heat transfer processes. In the framework of scale change in
porous  media,  the  results  of  CFD  could  be  integrated  in  order  to  estimate  macro-scale  effective
properties such as permeability, effective diffusivity, dispersivity or effective reaction kinetics. 
In this study, we address the question of the sensitivity of such results to the initial CT scan resolution.
The proposed methodology is based on the scaling of a high resolution scan resulting in a set of images
of  decreasing  resolutions  (i.e. increasing  voxel  sizes) [2].  A classical  image  processing  pipeline,
including filtering and segmentation, is applied to each image before computing some morphological
properties  (porosity,  specific  surface  and  pore  size  distribution)  and  some  transfer  properties
(permeability, effective diffusivity, dispersivity) [3]. All the CFD steps are based on the Finite Volume
method using the image voxel as a mesh element. The quality analysis thus combines purely geometric
effects  (change  of  shape  due  to  the  decreasing  resolution)  and  numerical  effects  due  to  the
discretization accuracy [4]. 

A Fontainebleau sand sample is used since it has been intensively studied at the lab scale. A set of data
including permeability and tracer breakthrough curves (BTC) could be compared with pore scale model
outputs. The CT scan was performed on a cylindrical sample of 8 mm in diameter and 10 mm in height
with  a  4.5  m voxel  size  resolution.  4  rescaling  factors  (between 0.75  and 0.125)  are  considered
leading to resolution respectively between 6 m and 36 m. The analysis focuses mainly on a cubic
region of interest (ROI) of 2.7 mm consisting in 6003 voxels at the best resolution (Fig.1). 

Figure 1: Pore Size Distribution map (a) and Velocity field (b) of a Fontainebleau sand sample (6003 voxels) 
The image resolution has a noticeable effect on both morphological and dynamic properties (Fig. 2 a
and b). Both specific surface and permeability diverge significantly from the value obtained at the best



resolution (rescaling factor = 1) as the rescaling factor decreases bellow 0.5. The analysis of the pore
size distribution (Fig. 2.c) put forward that this result is probably due to the lost of smallest pores while
the resolution decreases. However, considering the reasonable result obtained at rescaling factor 0.5,
the permeability and specific surface computation proves being very robust: In this case, more than
20% of the pore volume is contained in pores smaller than 30 m (i.e. about 3 voxels in diameter).
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Figure 2: Effect of the image resolution (rescaling factor) on (a) the specific surface, (b) the permeability, (c) the

cumulative pore size distribution

Preliminary  results  obtained  with  the  transport  model  seems  to  put  forward  a  much  stronger
sensitiveness  of  tracer  dispersivity  to  the  image  resolution.  Even  if  the  average  flow behavior  is
preserved for rescaling factors lower than 0.5, the local velocity field appears to exhibit significant
local changes promoting a drastic degradation of the advective transport model. After a final step of
validation of all the numerical procedure, the pore scale results will be compared with lab scale column
experiments.
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