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Fluctuations 
 
Particle velocity   c 
 
Mean velocity   ≡u c  
 
Velocity fluctuation   ≡ −C c u 
 
Granular temperature   2T C /3≡  
 
Energy Balance 
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Constitutive relations 
Frictionless, nearly elastic spheres 
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Constitutive relations 
Smooth, nearly elastic spheres 

 
Dense limit, 0.40 0.55ν≤ ≤  
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Simple shear 
 

u  and  T 0.′ ′ ′= χ = ν =  
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Energy Balance 

 
( ) S 0T χ′κ + − γ =′  
 

Solve for T:  
2 2J d

15 e
T

(1 )
χ

=
−

 



Boundary Conditions 
bumpy, frictionless, dense flow  

 
Tangential momentum 
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e.g. hexagonal close packed: / 6θ = π  
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Steady, Fully-Developed, Dens Flow 
between Identical, Bumpy Boundaries 
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 Solutions  
 

2k 0>  (internal dissipation) 
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 Boundary Conditions at H/2 
 

Fluctuation Energy: 
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Use this with the solution for w: 
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Boundary Conditions at H/2 
 
 Slip: 
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Steady, Fully-Developed Shearing 
between Parallel Horizontal Boundaries 

 

 
 
 
 
 
 
 

Know: V (total volume), P, and U 
 

Predict: S, H, u(y), T(y), ν(y), and p(y) 
 

Boundary conditions at y 0 and y H= = : 
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First-Order System 
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Conclusion 
 
 

Boundary value problems can be phrased 
for steady, fully-developed, shearing 
flows of frictionless, nearly elastic 

spheres. 
 
 

Analytic solutions can be found in the 
limit of dense flows. 

 
 

Numerical solutions are easy to obtain 
for more general flows.  


