ONTNU @
Norwegian University of B PO re La b

Science and Technology NTNU-UiO Porous Media Laboratory

Non-equilibrium thermodynamics in porous media
Thermodynamic stability of droplets, bubbles and thick
films in open and closed pores

Magnus Aa. Gjennestad, Qivind Wilhelmsen

2019-08-29



Norwegian University of
Science and Technology NTNU-UiO Porous Media Laboratory

Y
@NTNU @
Sl PorelLab

equilibrium thermodynamics in porous media

Thermodynamic stability of droplets, bubbles and thick
films in open and closed pores

Magnus Aa. Gjennestad, Qivind Wilhelmsen

2019-08-29






Possible structures




Possible structures

"

o
=)

{



Possible structures ° ‘

™




Possible structures




Possible structures







How?




How?

— Set up capillary model



How?

— Set up capillary model
e Helmholtz energy (closed pore)



How?

— Set up capillary model
e Helmholtz energy (closed pore)
F o= — pPeVe 4 (S N® | g% A% 4 oo geen
_per Ver + ’uerNer + O.eSAers + O_enAern
_pnvn 4 'unNn 4 s Ans




How?

— Set up capillary model
e Helmholtz energy (closed pore)

F — _pezvetz + MeZNe[ + O_ESAegS + O_enAegn
_per Ver + ’uerNer + O,esAers _|_ O_enAern
_pnvn _|_ ’LLIINI’I + O_HSAHS

e Grand canonical energy (open pore)




How?

— Set up capillary model
e Helmholtz energy (closed pore)

F — _pezvetz + MeZNe[ + O_ESAegS + O_enAegn
_per Ver + ’uerNer + O,esAers _|_ O_enAern
_pnvn _|_ ’LLIINI’I + O_HSAHS

e Grand canonical energy (open pore)
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— Identify stationary states
e Solve for Jacobian equal to zero
OF
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— Do stability analysis
e Compute eigenvalues and eigenvectors of Hessian
0’F
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e Locally stable if all eigenvalues are positive

O’F
_ T
=dxT QAQ" dx

e Compare energy of stable configurations
— Classification of instabilities

e Study eigenvectors associated with negative eigenvalues
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— Water described by the cubic-plus-association
Soave—Redlich—Kwong EOS
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Why?

— Input to pore network models

— Extend current knowledge of film stability
— Study capillary condensation

— Construction of flow channels in fuel cells
— Capillary trapping in CO» sequestration
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