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The Darcy-Brinkman Model

Darcy’s	Law

Navier-Stokes
D 45
67 = −:; + ∇ ⋅ ? + 4@

∇; = − AB
C 5
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Note that U here represents the 
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The Darcy-Brinkman Model
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The Darcy-Brinkman Model

Approximates		
Darcy’s	Law

Approximates	
Navier-Stokes

D(9:)
<=

= −@A + ∇ ⋅ E + 9F + GHI=JK Brinkman, H. (1947)
Whitaker (1985, 1999)14



The Darcy-Brinkman Model

Approximates		
Darcy’s	Law

Approximates	
Navier-Stokes

D(9:)
<= = −@A + ∇ ⋅ E + 9F − GH

IH
J : Neale & Nader (1974)

Brinkman, H. (1947)
Whitaker (1985, 1999)15



D(#$%$)

'(
= −+$,.̅ + ∇ ⋅ ̅2 + +$#$3 + 45678 + +$497:;<<76=

The Extended Darcy-Brinkman Model

Carrillo F.J., Bourg I.C., & Soulaine C., JCP (2020)
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Note that this equation results from integrating the mom equation 
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The Model’s Fluid Equations

Carrillo F.J., Bourg I.C., & Soulaine C., JCP (2020)

!"#
!$ + & · () = 0

Averaged Momentum Conservation Equation:

0 = −-)&/̅ + -)0)1 + ∇ ⋅ 45 + 6789: + -)6;,= + -)6;,>

Averaged Mass Conservation Equation:

!"#?@
!$ + & · AB() + & · -)ABAC(8 = 0

Averaged Saturation Conservation Equation:

Essentially  
Volume-of-Fluid

+
Drag and 
Capillary 

Penalization 
Terms 

Here are the equations but we are going to 
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Toolbox: hybridPorousInterFoam

Carrillo F.J., Bourg I.C., & Soulaine C., JCP (2020)

Everything implemented in OpenFoam®
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Mention that you can apply a contact angle 
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The Extended Darcy-Brinkman Model

Can	we	make	
this	move?	
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Carrillo F.J., & Bourg I.C.,WRR (2019)
Carrillo F.J., & Bourg I.C.,WRR (2021)22



Solid Momentum Conservation Equation:

−" ⋅ $%& = −()"+̅ + ()-. − /0123 − (4/5,7 + ()/5,8

Solid Mass Conservation Equation:
9:;
9< + " · >) = 0

Combine Fluid + Solid 
Momentum Equations Gives

Biot Theory

The Model’s Solid Equations

Carrillo F.J., & Bourg I.C.,WRR (2019)
Carrillo F.J., & Bourg I.C.,WRR (2021)23



Modeling Framework: Obtaining Biot Theory

Averaged Fluid Momentum Conservation Equation:

Averaged Solid Momentum Conservation Equation:

−" ⋅ $%& = −()"+̅ + ()-. − /0123 − (4/5,7 + ()/5,8

0 = −(4"+̅ + (4-4. + ∇ ⋅ ;< + /0123 + (4/5,7 + (4/5,8

" · $%> = ∇+̅ − ()-) + (4-4 . − /5,8

+

Biot Theory!

B. Jha & R. Juanes, WRR (2014),  J. Kim et. al., SPE (2013)

In Porous 
Domain

/5,8 = −+?∇@A
24
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The Extended Darcy-Brinkman Model

Approximates
Multiphase	
Biot	Theory	

Approximates	
Navier-Stokes

Carrillo F.J., & Bourg I.C.,WRR (2019)
Carrillo F.J., & Bourg I.C.,WRR (2021)25



Toolbox: hybridBiotInterFoam

A

B

E F

DC

G H

Everything implemented in OpenFoam®

Carrillo F.J., & Bourg I.C.,WRR (2021)26



Conceptual Application: 
Poroelastic Barriers

Water

Porous 
Media

Carrillo F.J., & Bourg I.C.,WRR (2021)27
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Coarse Grains

Modeling Sedimentary Rock Permeability

2-D spherical
packed bed

A B C

Populate it with
swelling clay

Induce swelling
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%)*+,"-.
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%)*+,"-.

Carrillo F.J., & Bourg I.C.,WRR (2019)31
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Modeling Sedimentary Rock Permeability

Carrillo F.J., & Bourg I.C.,WRR (2019)32



Modeling Sedimentary Rock Permeability

Carrillo F.J., & Bourg I.C.,WRR (2019)33
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Zhang F. et al. 2013;

Model Applications: Fracturing
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Model Applications: Fracturing

Changing the:
1) Injection flow rate
2) Permeability
3) Solid yield stress
4) Entry capillary pressure

Carrillo F.J., & Bourg I.C., PRE (2021)41
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Model Applications: Fracturing

The transition from fluid invasion to 
fracturing ca be described by two 
non-dimensional numbers:

Carrillo F.J., & Bourg I.C., PRE (2021)42



Characterization of Fracturing Types

Carrillo F.J., & Bourg I.C., PRE (2021)
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Characterization of Fracturing Types

Carrillo F.J., & Bourg I.C., PRE (2021)
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Characterization of Fracturing Types

Carrillo F.J., & Bourg I.C., PRE (2021)
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Characterization of Fracturing Types

Carrillo F.J., & Bourg I.C., PRE (2021)
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Conclusions

We developed a new framework to model multiphase flow through 
and around deformable porous media

The model is accessible and highly
flexible with regard to its applications

The permeability of sedimentary rocks is clay-content
dependent and can be described by an error function

Fracturing during drainage exhibits three different 
deformation regimes
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