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Dense inclined granular flow
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Steady, fully-developed force balance

Force balance
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Newtonian viscous fluid

Constitutive relation
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Newtonian viscous fluid
turbulent flow
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Shallow flows, far sidewalls, bumpy base

Pouliquen, Phys. Fluids 1999
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Shallow flows, far sidewalls, bumpy base
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Granular temperature
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Transport coefficients

viscosity

conductivity

dissipation

equation of state

µ = ρsd T f1 ν;g12( )

κ = ρsd T f2 ν;g12( )

γ = f3(ν;g12;e)ρsT
3/2 / d

N = f4 (ν;g12 )ρsT
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Kinetic theory cartoon
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Simula'ons:	   
Nicolas	  Taberlet

same core  
shear rate

same core  
volume fraction

bumpy base

bumpy flat

large slip  
at the bottom

flat, frictional base

Flat, frictional base Delannay,	  et	  al,	  Nature	  Mat.	  2007	  



Flat, frictional base experiments

Louge	  and	  Keast,	  Phys.	  Fluids	  2001
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Louge	  and	  Keast,	  Phys.	  Fluids	  2001
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Flat, frictional base cartoon
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Inertial number
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“Non-local” extension
Kamrin & Koval 2012

Bouzid et al 2013

µ =
du / dy
f “fluidity” length scale

Accounts for long-range interactions  
and behavior at low shear rates.

local fluidity

ξ  and f0  empirical functions
Boundary conditions?

∇2 f = f − f0
ξ 2



Profile concavity and viscosity
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Moderate increase in viscosity with depth for core flows 
over a bumpy base
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Rapid increase in 
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Role of side walls
Sidewall-stabilized heap
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What about  
an erodible base  

with  
far side walls?

dissipative,  
soft base

Alexandre Valance

far side 
walls
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Fiber-Bragg-grating geotextile

ML, A. Valance, P. Lancelot, R. Delannay, O. Artières, PRE 92, 022204 (2015)



Fiber-Bragg-grating geotextile
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Erodible base

dissipative,  
soft base

low mean volume fraction
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Erodible base
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Erodible base
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Erodible base
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Mass flow rate versus flowing depth
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Boundaries matter.

hDp://grainflowresearch.mae.cornell.edu

µI = 0.14


