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The incompressible Navier-Stokes Equations have become a popular method for the simulation of granular flows.
This has been made possible by modelling the viscosity of the granular material as a pressure depended term [1].
However, we have to keep in mind, that granular material is only affected by the effective pressure, which is the
total pressure reduced by the pore pressure.

The concept of effective pressure is well known since the pioneering work of Terzaghi [2]. However, within the
framework of incompressible Navier-Stokes Equations it is not straight forward to distinguish between effective
pressure and pore pressure. For subaerial granular flows, this is not a big issue, as pore pressure is negligible
small. However, pore pressure in subaquatic granular flows can be substantial and a proper decomposition of total
pressure is imperative.

A simple approach, assuming that pore pressure is hydrostatic has for example been presented by Savage et al. [3].
However, excess (positive and negative) pore pressure and all its consequences can not be modelled with this ap-
proach. A more complex but undeniably more powerful approach has been presented in the form of mixture theory
and critical state theory by various researchers [4,5]. Critical state theory introduces an additional equation, al-
lowing to determine the effective pressure and its dynamic evolution, depending on packing density, pore-pressure
and permeability. Moreover, mixture theory introduces a variable grain-pore ratio, leading to a quasi-compressible
flow model.

We apply both approaches to subaerial and subaquatic granular flows, using customized OpenFOAM [6] solvers.
While both approaches perform equally well under subaerial conditions, the critical state theory shows substantial
advantages for subaquatic cases. We validate simulations with respective experiments and highlight the importance
of excess pore pressure.

This work is supported and financed by SLATE (H2020-MSCA-ITN-2016-721403) - "Submarine landslides and
their impact on continental margins" European Training Network.

References

[1] P.-Y. Lagrée, L. Staron, and S. Popinet, “The granular column collapse as a continuum: validity of a two-
dimensional Navier–Stokes model with a µ(I)-rheology,” Journal of Fluid Mechanics, vol. 686, pp. 378–408,
2011.

[2] K. Terzaghi, “Erdbaumechanik auf bodenphysikalischer Grundlage,” 1925.

[3] S. Savage, M. Babaei, and T. Dabros, “Modeling gravitational collapse of rectangular granular piles in air and
water,” Mechanics Research Communications, vol. 56, pp. 1–10, 2014.

[4] Z. Cheng, T.-J. Hsu, and J. Calantoni, “Sedfoam: A multi-dimensional eulerian two-phase model for sediment
transport and its application to momentary bed failure,” Coastal Engineering, vol. 119, pp. 32–50, 2017.

[5] P. Si, H. Shi, and X. Yu, “Development of a mathematical model for submarine granular flows,” Physics of
Fluids, vol. 30, no. 8, p. 083302, 2018.

[6] OpenCFD, “Openfoam user guide,” OpenFOAM Foundation, vol. 2, no. 1, 2017.


