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Abstract:

Spatial averaging over a Representative Elementary Volume (REV) of intensive quantities product leads to 

concurrent PDE's, describing macroscopic balance equations of the phase extensive quantity at the REV 

spatial scale and the one associated with the deviation from that extensive quantity at a much smaller scale. 

The hydrodynamic characteristics at the smaller scale are governed by pure hyperbolic PDE’s (Sorek et al. 

(2005); Sorek et al. (2010); Sorek and Ohana, 2015). Field observations of condensed colloidal parcels motion 

(Ronen et al., 1992) under natural gradient flow validate the suggestion of hyperbolic PDE’s addressing the 

fluid momentum and components mass balance at the smaller spatial scale. 

At the REV scale, Sorek et al. (2005) obtain extended forms of the macroscopic Navier-Stokes (NS) equation. 

These can vary from inertia fluxes in the form of a nonlinear wave equation, Forchheimer's law expressing the 

microscopic NS fluid inertia transmitted to the solid matrix through the solid-fluid interface (Sorek et al. 

(1992);Sorek et al. (1992);Levy et al (1995);Levy et al., (1999)), or conform to Darcy's law when friction at that 

interface is dominant.

Controlled experiments supplemented by numerical predication of the primary and secondary macroscopic 

balance PDEs are needed to study the hydrodynamic interrelation between these two adjacent spatial scales.
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