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Many mechanisms have been  

proposed to explain shear thickening. 

• hydroclusters 

• dilatant 

• … 
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Qualitatively similar patterns  

as MD simulation. 
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Nonequilibrium statistical mechanics 

approach to explain shear thickening 

• Especially for dilute cohesive system 

• Development of kinetic theory based on  

Boltzmann equation for cohesive granular gases 

• Derivation of shear viscosity 

Theoretical explanation of shear thickening is poor. 

Can we derive shear thickening theoretically? 



𝑚 𝑑

𝑒 𝑟 = 𝑑

𝑛𝑑3 ≪ 1 𝑛

𝑒 ≲ 1

Assumption We ignore the trapping process. 



Velocity distribution function = (lowest order of Grad expansion) 

Starting point: 

Boltzmann equation under a plane shear 

Santos et al. PRE (2004) 



𝑏 𝑣

(a) Inelastic collision 

(𝑏 < 𝜈𝑑) 

(b) Grazing collision  

               (𝜈𝑑 < 𝑏 < 𝜆𝑑) 
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☛ Landau Lifshitz “Mechanics” 



Inelastic collisions Grazing collisions 

Time evolution of stress tensor 

We focus only on the steady state. 



parameter 

Question: 

Which branch is stable in this region? 

shear thickening 

shear thinning 

shear thickening & 

shear thinning? 



To check the stability,  

we perform a linear stability analysis around the steady state. 

We add a small perturbation 

If                                  , this state is stable. 

Otherwise, unstable. 



The upper branch is stable. 

⇒ shear thickening ! 

Do we need further analysis to check the stability of this region? 

⇒ Future work 

Linearly stable 

unstable 



We also check μ-I rheology. 

High T 



What happens in  

the shear thinning region? 

Shear is weak. 

 

Particles might form clusters due to attractive force. 

= The system cannot be keep uniform. 

Event-driven simulation is needed. 

We have not implemented a code… 




