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Flow visualization in 3D porous media 
Context: 
Geomaterial are complex porous material presenting a wide diversity of structures, which set how a fluid will flow through it. 
When rainwater flow through soils, it flows through an interconnected network of pores with a given permeability distribution. 
However, geomaterials can also exhibit strong local heterogeneities such as cracks, clogged pores or internal erosion channel, 
which will dramatically alter the transport processes. Such transport processes occur redundantly within these tortuous 
geometries. On the first hand, when expansive resin is injected to stabilize a soil and reinforce its mechanical properties to prevent 
cracks, during pollutant transport in soils and aquifer, or during bacteria injection for bio-cementation to reinforce hydraulic 
structures and prevent catastrophic landslides or dam failure, the pore network drives how the solute is dispersed and 
homogenized in the surrounding media. On the second hand, transport by the interstitial fluid of fine particles in suspension may 
locally clog pores and thus affect the overall flow kinematics: internal suffusion eroding tiny particles and hydraulic clapping 
performed to reduce sensitivity to liquefaction, are two examples of such processes. Furthermore, in a context of climate change, 
unpreceded solicitations (e.g. more frequent and heavier precipitations or sea level rise) will be applied to materials and hydraulic 
infrastructures, increasing the occurrence of transport processes that may alter the geomaterial properties. During a flood, the 
excess of water in a dike microstructure may lead to dramatic consequences on its structural integrity with potential tremendous 
costs to human life, infrastructure, and environment. 

The understanding of the mechanisms controlling the flow kinematics at the pore scale is therefore decisive to predict and control 
the transport processes (dispersion and mixing) and to relate them to the macroscale behaviour of porous materials. This is of 
crucial importance not only for geomechanics, but also for a broad spectrum of fields and applications, ranging from heat 
exchangers, filters and catalytic processes in chemical and energy industries, to drug delivery and nutrient transport in brain and 
plant tissues. 

Because of the opaque nature of porous media, the flow visualization and characterization of the velocity fields within a porous 
media is particularly challenging in three-dimensional (3-D) porous media. However, recent development of experimental 
techniques including index matching [1], allow to develop transparent porous media to perform direct visualization of the flow in 
these artificial material. These promising techniques allow to provide highly resolved experimental reconstruction of the 3-D 
Eulerian fluid velocity field. Such approach have already been successfully implemented to study porous media composed of 
randomly packed solid monodisperse spheres, and to investigate how a blob of injected dye stretches and get mixed [2].

Research work and objectives: 
During this experimental internship, we aim to characterize the flow in 3-D porous media by developing direct visualization 
techniques in an artificial porous media which is made of a random pack of polydisperse spheres, to compare it to the (already 
characterized) monodisperse configuration. 

The porous media will be made transparent by use of iso-optical index matching techniques. The porous media will be composed 
of a solid matrix made of randomly packed transparent PMMA beads. A fluid of corresponding optical refractive index (such as 
Triton X-100 or an aqueous solution of ammonium thiocyanate) will be volume-controlled injected within the interstitial pores, at 
low Reynolds number to avoid inertial effects. Using Particle Image Velocimetry techniques (PIV), successive scans of the velocity 
field will be measured to experimentally reconstruct the 3D velocity field in the bulk of the porous media. 
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The main tasks of the internship project are to: 

1. Contribute to the assembly of the experimental set up 
2. Match the optical refractive index of both the fluid and the solid phase to make the medium transparent 
3. Perform PIV experiments in the bulk of the media, which involves image analysis 
4. Explore the effect of bi-dispersity over the interstitial flow 
5. Explore the effect of polydispersity 

Through the course of the project, the intern will learn advanced experimental techniques in fluid mechanics, design and 
assembling of experimental setup, datas acquisition and image analysis. 

Expected profile and requirements for the position 
We are looking for a candidate following a master of research in mechanics – fluid mechanics – geotechnical engineering. The 
candidate is expected to have a potent inclination for experiments and good knowledge in fluid mechanics. Based on the course 
of the internship, the project is considered to get extended in a PhD thesis. 

Expected skills : motivation for research work, faculty for working independently and in a team, capability to formulate concepts, 
curiosity, constructive criticism, perseverance and scientific rigour. A good level in English would be beneficial. 

Practical informations 
Duration :  The internship is planned to start in February 2023 for six months 

Place :  The intern will be hosted within the G2DR research team of the INRAE (Institut National de Recherche pour 
l'Agriculture, l'Alimentation et l'Environnement) research unit RECOVER, located at 3275 Route de Cézanne, 
13100 Le Tholonet, few kilometers from Aix-en-Provence and Marseille (south of France). 

Allowance :  The intern will receive an allowance of approximately 560€/month. He/she will also benefit from subsidies at 
the collective restaurant. 

Supervisors : The intern will be supervised by Mathieu Souzy (mathieu.souzy@inrae.fr) and Pierre Philippe 
(pierre.philippe@inrae.fr). 
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