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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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C. L. M. H. Navier (1785-1836) 
Mem. Acad. R. Sci. Paris 6 (1823),

389-416.
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-/beta/Delta_{/mathbf u}/varrho_0/nabla_{/mathbf u}/varrho_0 +/varrho_0/mathbf b_{/mathbf u}
/quad {/rm in}/ Q_T,
/end{array}/right.
/end{align*}
http://maru.bonyari.jp/texclip/texclip.php?s=/begin{align*}
/left/{
/begin{array}{l}
/mathbf u|_{t=0}=/mathbf v_0/quad/mbox{ in }/Omega,
//[3pt]
/mathbf u/cdot/mathbf n_{/mathbf u}=0,/quad
/mathbf u+K_{/mathbf u}/Pi_{/mathbf u}/mathbb T_{/mathbf u}/mathbf n_{/mathbf u}=/mathbf 0 
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/end{align*}
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http://maru.bonyari.jp/texclip/texclip.php?s=/begin{align*}
/mbox{/it Furthermore, if }K/equiv k,/ T'
/mbox{/it  can be taken uniformly in }k/ge0.  
/end{align*}
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Convergence results concerning problem (3)

Theorem 1 (NN-Tani) －concerning the limit of slip rate as －
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Related Results

Concerning Inhomogeneous fluids (problem (1) or (3)):

Concerning Navier’s slip problem:
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Out line of the Proof
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+ 2/nu'(/varrho_0)/mathbb D_{/mathbf u}(/mathbf u)/nabla_{/mathbf u}/varrho_0
//[3pt]/qquad/quad/
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3. Steady Simple Shear Flow (2)

• Governing equations:

• Boundary conditions:
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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.

2010/3/13
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