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Dynamic flows of grains … and powders?



2

The μ(I)-rheology and the μ(I),Φ(I)-rheology for dry grains  
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The tensorial form of the incompressible  μ(I)-rheology



Lagree, Staron & Popinet 2011



Staron, Lagree & Popinet 2011
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Well-posed and ill-posed behaviour of the incompressible μ(I)-rheology
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The partially regularized incompressible μ(I)-rheology 
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Granular roll waves on an inclined plane 
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Particle segregation in bidisperse granular flows   
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Single intruder refractive index matched shear box experiments 
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Trajectories of a single large intruder with varying grain size ratio
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Trajectories of a single large intruder with varying shear rate
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Trajectories of a single small intruder with varying shear rate
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Trajectories of a single small intruder with varying grain size ratio
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Collapse of the intruder data suggests
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Coupling I:  bulk flow with prescribed segregation rate
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Coupling II: Segregation induced feedback on the bulk flow



Bidisperse segregation in a triangular rotating drum



Coupling III: Simulation in a triangular rotating drum



Coupling III: Simulation in a triangular rotating drum
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Compressible I Dependent Rheology (CIDR) 
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Compressible I Dependent Rheology (CIDR) 
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1/. The μ(I),Φ(I)-rheology and Inertial CIDR 

$\mu(I),\Phi(I)$-rheology
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The μ(I),Φ(I)-rheology and Inertial CIDR 
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Simple shear simulations with μ(I),Φ(I)-rheology and Inertial CIDR 

$\mu(I),\Phi(I)$-rheology

Blows up

Relaxes to 
steady state
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Simple shear simulations with inertial CIDR 

$\mu(I),\Phi(I)$-rheology

Comparison 
to DEM 



28

Critical State Soil Mechanics 
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2/.    CSSM CIDR for solid-like deformations 

CIDR therefore provides a very general framework for 
formulating well-posed granular flow models that span 
fluid-like and solid-like regimes.
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Frictional hysteresis and the formation of ℎ𝑠𝑡𝑜𝑝 and ℎ𝑠𝑡𝑎𝑟𝑡 layers
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The ℎ𝑠𝑡𝑜𝑝and ℎ𝑠𝑡𝑎𝑟𝑡 can be used to determine the friction µ
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Monodisperse leveed channels



Depth-averaged models incorporating hysteresis and viscosity  
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Erosion-deposition waves on an erodible bed of red sand
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Summary and conclusions  


