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Multiphase flow in porous media under steady-state conditions: Can we use thermodynamics to describe it?

Alex Hansen
Department of Physics

NTNU

Two immiscible fluids competing for the same pore space in a porous medium undergo instabilities upon instabilities with
extremely complex structures as a result. Understanding these structures has value beyond the purely scientific one: some
40 % of the oil in oil reservoirs is deemed unrecoverable due to these structures. The standard approach to this problem has
been to study flooding where the porous medium is filled with one of the fluids. The other fluid is then injected and the
evolution of the interface between them then followed. An easier situation is, however, to imagine a representative volume
element deep inside the porous medium (e.g. the reservoir) and then to follow what happens inside it when a mixture of the
fluids is injected into the porous medium at a distance sufficient far away from the representative volume element for local
steady state to have set in by the time the fluids reach it. It turns out that this situation has almost been overlooked in the
literature. We claim that the structure of the flow under such steady-state conditions is a state in the sense that it only
depends on a small set of macroscopic control parameters. Perhaps a "thermodynamics" may be constructed to describe it?
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Nine years ago…
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…and lots and lots more… 
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Dealing with thermodynamics
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Dealing with thermodynamics
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Gérard A. Maugin, 
The Thermodynamics of Nonlinear Irreversible Behaviors
(World Scientific, Singapore, 1999)



Three Laws of Thermodynamics
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1. dE = T dS + dW.
2. dS  0.
3. S → 0 as T → 0. 
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1. You cannot win.
2. You cannot break even.
3. You cannot leave the game. 
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Transp. Porous Media 116, 869 (2017)

Thermodynamics: Two-Phase Flow
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Frontiers in Physics 6, 126 (2018)

Thermodynamics: Two-Phase Flow
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Thermodynamics: Two-Phase Flow

Frontiers in Physics 6, 150 (2019)
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Transport in Porous Media, 125, 565 (2018)

«Thermodynamics»
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Core idea of thermodynamics: 
Euler homogeneous functions and energy conservation

«Thermodynamics»
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Co-moving velocity

«Thermodynamics»
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Mass conservation

«Thermodynamics»
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«Thermodynamics»
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Constitutive equations

Constitutive Equations
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Constitutive Equations
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Where relative permeability is ok.

Constitutive Equations
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Imbibition
Non-wetting fluid

Wetting fluid

Immiscible Two-Phase Flow
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Drainage

Wetting fluid

Non-wetting fluid

Immiscible Two-Phase Flow
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Sending draft of paper to signe.kjelstrup@ntnu.no
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Sending draft of paper to signe.kjelstrup@ntnu.no

Receiving corrections from signe.kjelstrup@ntnu.no

4 minutes New time unit: 1 kjelstrup (kj)
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