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Soil erosion is an important environmental phenomenon that reduces soil productivity and 

transports pollutants. Investigations of soil erosion mechanisms are sometimes difficult to 

carry out in the field due to heterogeneity, something that can be controlled in the laboratory. 

Recently, we carried out flume experiments in which grain size distributions in the flume 

effluent suggested resorting of previously eroded material that was deposited on the soil 

surface [1]. To understand better this hypothesis, here particle rearrangement in saturated soil 

as a result of raindrop impact is studied. 

Figure 1 shows an experimental setup to examine particle rearrangement due to raindrops. A 

raindrop with specified diameter falls into the container of saturated soil and causes agitation 

of solid grains inside the container. The aim is to visualize possible grain motion under 

different raindrop diameters, particle size and particle physical properties. The numerical 

solution consists of two steps. At first, the raindrop impact on the water surface is simulated 

using Large Eddy Simulation combined with the VOF method so that the pressure change of 

the overlying water layer can be determined. Then, the profile of the pressure wave is applied 

on the mixture of water and particles in order to simulate the fluid-particle interaction using 

the Particle-in-Cell (MP-PIC) method [1]. 

This simulation revealed the conditions under with particle rearrangement occurs, and the 

extent of particle motion. For a single raindrop, horizontal particle movement is controlled by 

impact stress on the water surface. The water acts like a shield protecting the particles, with 

increasing depth providing increased protection. If raindrop impact location is treated as 

random, particle motion in the vertical, and hence rearrangement, is spatially uniform on 

average. Horizontal motion can be induced by imposing the impact locations. 
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This study allows an assessment of the ability of the latest version of OpenFOAM (v 2.3) to 

simulate dense particle interaction. We discuss the possibility of development of the solver to 

include a more robust two-way coupling between CFD and particle-based methods such as the 

Discrete Element Method (DEM).   

 

Figure 1. The schematic of numerical simulation: The raindrop and particle diameter are    

and   , respectively. Parameter   represents the height from which the droplet falls and    

is the water depth on the saturated soil. 
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