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Discrete Element Modeling
Part 3. Two Phase Flow

Bruno Chareyre
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Part 3. Two Phase Flow

- macro-continuum scale
- micro-continuum scale
- pore scale
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Capillarity
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Macro-scale modeling
Unknowns:

air pressure p
n
,

water pressure p
w
,

water content S
r
 (“sat. degree”) 

Equations:
div(v

w
-v

s
) + dS

r
/dt = 0 (mass balance)

p
c
=p

n
-p

w
=p

c
(S

r 
) (water retention)

K=K(S
r 
) (Darcy with partial perm.)

'=-S
r 
p

c 
I                (Bishop's effective stress)
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Macro-scale modeling

Relative permeability, Brooks & Corey (1964)
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Macro-scale modeling

Relative permeability, Brooks & Corey (1964)



Numérique avancé – ENSE3 2017 p. 9

Micro-scale modeling

Unknowns: Jurin's law

air pressure p
n
,

water pressure p
w
,

geometry of phases and interfaces

Equations:
Young-Laplace
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Micro-scale modeling
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Micro-scale modeling
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Micro-scale modeling

Fluid flow in such system goes through various processes:
- 1-phase flow in saturated subdomains
- film flow at the surface of the solid phase or “corner” flow
- movement of interfaces (e.g. moving bubbles or change of S

r
) 

- vapor transfer
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Micro-scale modeling

At low water content levels
interfacial phenomena lead to

 intergranular water menisci



Numérique avancé – ENSE3 2017 p. 14

Micro-scale modeling: pendular bridge
Young-Laplace equation:

2
00cap πΔuy+πσy=F 2

  dxxyπ=Vcap .2
2
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Micro-scale modeling: numerical methods

2

Minimzation techniques

Surface Evolver
http://facstaff.susqu.edu/brakke/evolver/evolver.html
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Micro-scale modeling: numerical methods

2

Lattice-Boltzman method, Shan & Chen 2-phase field
(and live examples)
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Pore-scale modeling
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Pore-scale modeling
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Pore-scale modeling
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Pore-scale modeling
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Pore-scale modeling

The 3-sphere problem
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Pore-scale modeling

The 3-sphere problem
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Pore-scale modeling
Network evolution and disconnected phases

An idealized view of primary drainage 
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Pore-scale modeling
Network evolution and disconnected phases
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Pore-scale modeling

Model verification
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Pore-scale modeling

Model verification
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Pore-scale modeling

Model verification
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Pore-scale modeling
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Pore-scale modeling



Numérique avancé – ENSE3 2017 p. 30

Pore-scale modeling
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Pore-scale modeling
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Pore-scale modeling
Conclusion:
The optimal water content for a sand castle is S

r
=1 (?!!...)
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