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	On the sea shore or in sand-bed rivers, one can observe various erosion structures. In many experimental setups (water channels flowing over a bed of small glass beads or of sand grains) one can observe the same patterns. Shapes are similar even if the flow is laminar instead of turbulent. Some of those structures are perpendicular to the stream, they are called ripples (and may be considered as two dimensional). Others structures are transverse to the stream (and are then three dimensional), they are diamond-shaped and are called rhomboid erosion patterns. All those patterns migrate slowly downstream. We claim that most of those structures may be explained by a coupled instability. It means that the fluid flow and the erodible bottom are coupled trough a relation between the shear tress of the fluid (Shields number) and the flux of sediments (this is the erosion law and Exner equation). This erosion flux relation is the least know in the literature, especially over a wavy bed. We present two models for the erosion generated by this viscous free-surface flows over the erodible bed. The first one is based on the shallow water equations and the lubrication approximation. The second one uses the full 3D Navier Stokes equations. We link simple Barré Saint Venant models with full 3D instability, focusing on what may or not be described by shallow-water equations.

Depending on the control parameters (Froude Number, slope and aspect ratio of the channel, Shields parameter), and on the chosen erosion law, we show by a linear stability analysis the transition from ripples to various bar instabilities. We then propose a numerical simulation of a reduced linear model for the flow with a non-linear erosion law. We show that this model reproduces the alternate bar instability and leads to the rhombus-shaped pattern.

Finally, we propose experimental evidences of the validity of the theory. The experimental setup consists of a two-meters long inclined channel, which bottom is covered with silica beads. Discrepancies between theory and experiments are discussed. They are mainly due to the lack of any reliable two-dimensions erosion law able to describe the granular flow.











