
Particle Segregation 
in 

Binary Mixtures of Disks 
 
 
 

David Yoon and James Jenkins 
Theoretical and Applied Mechanics 

Cornell University 
 
 
 

The influence of non-equipartition of 
energy on the segregation of disks with 

different sizes and/or masses in an 
agitated system under gravity 

 



System 
 

 
 

Mass densities: A A A B A Am n ,  m nρ ≡ ρ ≡  
 

A Bn n n≡ +  and A Bρ ≡ ρ + ρ  
 

Diffusion velocities: A Bw , w ; A A B Bw w 0ρ + ρ =  
 

BBA Aww w≡ −  
 

Temperatures: A BT ,T ; A A B Bn  n TT n T≡ +  
 

AA B B T T ,  T T= + = +θ θ  

Masses 
mA, mB 
 

Radii 
rA, rB 

Number 
densities 
nA, nB 

g 
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Segregation 
 

Species momentum balance 
 

Partial pressures: A B,π π ; Collisional exchange φ 
 

A A0 g′= −π − ρ + φ 
 

B B0 g′= −π − ρ − φ 
 

Sum 
 

p g 0′− − ρ =  
 

A Bp ≡ π + π  

 
Weighted difference 

 
B A A B 0′ ′−ρ π + ρ π + ρφ =  



 
Species energy balance 

 

Collisional dissipations A B,γ γ ; Energy source s 
 
A A0 s= −γ + ρ  
 
B B0 s= −γ + ρ  
 

Sum 
 

A B0 ( ) s 0= − γ + γ + ρ =  
 

Weighted difference 
 

A B

A B

0γ γ
− + =

ρ ρ
 



Constitutive Relations: Momentum 
 

i i

2 i k
ik ik i k

k A,B

i

k

i

i

k

n (T )

m mg r n n T
2 m=

π θ

θ

= +

 θ π +
+ + 

 
∑

 

 
AB A Br r r≡ +  and AB A Bm m m≡ +  

 
( )A A B Bi k

ik 2
ik

n r n r1 9 r rg
1 8 r (1 )

π +
= +

− ν − ν
 

 
2 2

A A A B B B A Bn r    n r    ν = π ν = π ν = ν + ν  
 

( )2 B A
AB AB A B

AB

1/ 2

A
BA

A B

B AB AB

m mg r n n T ln T
2 m

n 4 2 m mln
n m

w
r T

π − ′φ = 


′    + +    π    

 

 



Constitutive Relation: Energy 
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Energy 
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Momentum 

(nearly homogeneous) 
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B dilute in dense A  
 

B A(n / n 1), A Br / rη ≡  
 

( )AA 2
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Then A B B A/ n / n 1θ θ = −  and with s s

B A/µ ≡ ρ ρ  
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B dilute in dense A  
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BAw 0>  (B rises) when A BR m / m<  
 
 

Plot  A BR m / m 0− =  for e 0.7,  0.9,  1.0=  
 



  
 
 

 


