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How does the power law dependency of flow rate on
pressure gradient when viscous and capillary forces

compete, scale with system size?
Tuesday, 1 June 2021 20:00 (1 hour)

When two immiscible fluids flow in a porous media at rates where the capillary and viscous forces compete,
there is growing experimental,
numerical and theoretical evidence that the flow rate depends on the pressure gradient minus a threshold
pressure to a power between 1.5 to 2
[1]. At higher flow rates, where viscous forces dominate, the flow rate becomes proportional to the pressure
gradient.

Imagine a porous medium of linear size L. There is a pressure difference∆P between inlet and outlet, result-
ing in a flow rate
Q across it. When the viscous and capillary forces compete, we have Q ∼ (∆P − Pt)

β where Pt is the
threshold pressure. When the viscous forces dominate, we have Q ∼ ∆P . We pose here two
questions: (1) what happens to the threshold pressure Pt as L → ∞ and (2) what happens to the pressure
difference
∆Pc at which Q goes from non-linear to linear dependence on ∆P ?

Based on analytical result from the capillary fiber bundle model and numerical evidence from a dynamic
network simulator [2], we demonstrate that Pt → 0 and ∆Pc → 0 in this limit, L → ∞.
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