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Filtering water and brewing coffee are familiar processes that rely on transport in a porous medium. This process also underlies many technological 
applications, including oil recovery, groundwater remediation, and drying of coatings. When sufficiently slow, transport is typically modeled using a 
simple continuum approach. However, while appealing, such an approach neglects heterogeneities in transport that can strongly impact bulk behavior. 
In this talk, I will describe two different examples of how we investigate heterogeneous transport, and its implications, in porous media. First, I will 
describe how we visualize the flow of multiple immiscible fluids within a disordered porous medium, in 3D, over length scales ranging from smaller than 
a pore to that of the entire medium. This capability enables us to elucidate the physics underlying the mobilization of a trapped non-wetting fluid. 
Surprisingly, we find that addition of a surfactant does not enhance mobilization through a simple decrease of fluid interfacial tension; instead, it 
appears to enable a new mechanism of oil mobilization. Second, I will describe how we combine experiments and simulations to investigate the drying 
of a soft, shrinkable porous medium. In some cases, the capillary stresses that develop in the drying fluid cause the medium to fracture. We show how 
fracture evolution is sensitive to spatial heterogeneities in the drying profile, suggesting a way to control material behavior in this complex system. 
Ultimately, this research stimulates new findings and questions at the interface of Engineering, Physics, and Materials Science.
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