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An explanation of unstable wetting fronts in soils
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Despite the findings of Raats on unstable wetting front almost a half a century ago, simulating wetting fronts in
soils is still an area of active research. One of the critical questions currently is whether Darcy law is valid at the
wetting front. In this talk, we pose that in many cases for dry soils, Darcy’s law does not apply because the pressure
field across the front is not continuous. Consequently, the wetting front pressure is not dependent on the pressure
ahead of the front but is determined by the radius of water meniscuses and the dynamic contact angle of the water.
If we further assume since the front is discontinuous, that water flows at one pore at the time, then by using the
modified Hoffman relationship - relating the dynamic contact angle to the pore water velocity - we find the elevated
pressures at the wetting front typical for unstable flows that are similar to those observed experimentally in small
diameter columns. The theory helps also explain the funnel flow phenomena observed in layered soils.



