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• We investigate inertial effects in the pore-space fluid flow through natural porous media at varying Reynolds number.

• Tortuosity and energy distribution change with the structure of the flow in the microscale (vortex formation and
identification).

• We find scaling law for apparent permeability-tortuosity relation in the inertial regime (numerical study).

Sample

Fig. The slice of the intact clastic rock
sample filled with synthetic resin
(the photo of cross-sectional plane).

Methodology

Navier-Stokes equations for the fluid flow through the sample (pore-scale level):

• Solution with OpenFOAM (https://www.openfoam.com/)

• Semi-Implicit Method for Pressure-Linked Equations (SIMPLE) algorithm

Pore scale flow

Fig. The magnitude of the velocity field at Re = 0.03 (left) and Re = 9.62 (right). 

Fig. Surprising, backward flows at low Re (left) compared to typical vortex dominated flow at high Re (right).

Main Finding

Fig. Apparent permeability scales with tortuosity according to power law 
κapp ∝ τ−1/3 in the inertial regime.

Analysis with Re

Fig. Friction factor – no deviation from   
Darcy Law?

Fig. Three regimes of flow asymmetry.

Fig. Tortuosity (rapidly) rises with Re.

Fig. Participation number growth (rapid).

Fig. Negative streamwise v (lowRe!). 
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