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Experimental chute setup and coordinate system
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Derivation of the depth-averaged equations
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Upslope propagating granular bores
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Proposed defence for the Schneefernerhaus, Zugspitze
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Weak, strong and detached oblique shocks



Weak Oblique Shock



Strong Oblique Shock



Detached Oblique Shock
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Granular jets and hydraulic jumps on an inclined plane
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Fluid and solid-like regions
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Coupled avalanche model for flow in a rotating drum
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Steady-state solutions
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Steady-state drum solution and associated particle-paths



24

Mixing of mono-disperse grains in a circular drum
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Lagree, Staron & Popinet 2011



Staron, Lagree & Popinet 2011
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USGS debris flow flume experiments summer 2009
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Measure velocity and levee emplacement time with 2cm cubes
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Surface velocity in stationary and front centred frames
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A simple kinematic model for 3D velocity field in the moving frame
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Reconstruction of the 3D velocity field 
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Formation of coarse grained lateral levees and finer grained interior
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Large particle tracer stone heights
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4-5 metres from flume mouth
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At the flow front
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Schematic diagram of the levee formation process


