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Introduction: Results:

Conclusion:

In this study, a pore-network (PN) model was developed to
investigate the pore-scale structure and flow inertial effects on
macro-scale transport processes within the laminar Darcy and
non-Darcy flow regimes. To model the non-Darcy flow at the
macro-scale, normally, Forchheimer’s equation [1] is applied,
while solute transport can be modeled using the following 1D
advection-dispersion equation (ADE) (1).

where C is the concentration of the conservative solute, u is the
fluid average pore velocity and x is the longitudinal spatial
coordinate in the mean flow direction, DL is the longitudinal
dispersion coefficient and t is the elapsed time.

Method :

• Based on the solute residence time in each PTh, three cases have been defined
to calculate !"#$%&&; asymptotic Fickian, pre-asymptotic time dependent and pure
advection regime, and when DL/Dm is plotted versus Pe, a good match between
the proposed model results and the previous work has been observed.

• After the onset of non-Darcy flow, DL increases linearly when the fluid velocity
increases. If the inertial forces are not accounted, this causes overestimation in
the Péclet number and DL, which is 1.3 times higher for the tested medium.
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Convert the porous medium into 
an equivalent PN.

Solve the flow and pressure 
fields at the pore-scale. 

Solve the transport equations 
each time step at the pore-scale. 

Produce the breakthrough curve 
(BTC) and fit it to the 1D ADE to 

obtain DL.

a) C/Co=0.25, b) C/Co=0.50, c) C/Co =0.75 when ΔP=0.1 pa (diffusion dominated regime); d)
C/Co=0.25, e) C/Co=0.50, f) C/Co=0.75 when ΔP=10000 pa (Advection dominated regime). Co is
the concentration of the solute injected continuously at the inlet boundary.

Fig. 4. The DL scaled by Dm vs. Pe compared to previous experimental and numerical data.
The blue vertical dashed line represents the onset of non-Darcy flow, when Pe=2570.

Fig. 2. The length and pressure drop
through a PTh and its connected PBs.

Fig. 1. The methodology (left), and (right) a)
the pore spaces of Berea Sandstone by [2]
and b) its equivalent PN.

Fig. 3. Snap shots of concentration distribution at different time steps;

Flow 
direction


