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We regard motion of dense granular materials
as a flow of a continuum Fluid Mechanics

The “density” 
should be regarded as 
the volume fraction

Void volume can vary 
through the process
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• Incompressible motion
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“sufficiently” dense
interstitial working is relatively negligible

The body is regarded as incompressible

Consider a continuum model for 
Inhomogeneous Incompressible 
Fluid-like Bodies (IIFB).

Volume fraction at each point still varies 
(= regarded as inhomogeneous media)
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Initial and Boundary Conditions

• Initial conditions

• Boundary conditions
- Adherence condition: 

or

- Generalized Navier’s slip boundary conditions:
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3. Steady Simple Shear Flow (2)

• Governing equations:

• Boundary conditions:

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



3. Steady Simple Shear Flow (2)

• Governing equations:

• Boundary conditions:

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



3. Steady Simple Shear Flow (2)

• Governing equations:

• Boundary conditions:

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



Decoupling

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



Decoupling

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



Decoupling

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



Decoupling

Existence Theorem (NN-Tani)

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



Decoupling

Existence Theorem (NN-Tani)

International Workshop on Mathematical Fluid Dynamics           Naoto Nakano           Keio University2010/3/13



Concluding Remarks
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• Key word: density gradient
• A slow and dense granular flow can be described by IIFB model.

• The difficulties arising from such terms can be removed by using the 
Lagrangian coordinates.

• When the slip coefficient is constant, i.e.,                          , the estimates 
used here can be deduced independently of     . Then one can see that the 
solution obtained here converges to the solution in the case             .  

• Even for a steady simple shear flow down an inclined plane there is 
interesting difference from the usual Newtonian fluid. (=> necessary 
condition)

• In some special cases we can prove the solvability of the steady problem 
above.
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