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When we inject CO2
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CO2-C3H8-heavy oil mixture, Li et al. (2013)

Thermodynamic equilibrium

▪ Equilibrium state:

▪ 𝑇, 𝑃, 𝜇𝑖 are uniform

▪ Entropy 𝑆 is at global maximum

▪ State completely described by surfaces: 

𝑈, 𝑆, 𝑉, 𝑛 , 𝐻, 𝑆, 𝑃, 𝑛 , 𝐺, 𝑇, 𝑃, 𝑛 or (𝐴, 𝑇, 𝑉, 𝑛)

▪ State specifications

(𝑇, 𝑃, 𝑛) – unconstrained minimization of Gibbs energy 𝐺(𝑇𝑠 , 𝑃𝑠 , 𝑛)

(𝑇, 𝑉, 𝑛) – (un)constrained minimization of Helmholtz energy 𝐴(𝑇𝑠 , 𝑃, 𝑛)

(𝑃, 𝐻, 𝑛) – constrained maximization of entropy 𝑆(𝑇, 𝑃𝑠 , 𝑛)

s.t. 𝐻 𝑇, 𝑃𝑠 , 𝑛 = 𝐻𝑠

𝑈, 𝑉, 𝑛 and 𝑃, 𝑆, 𝑛 – constrained minimization of −𝑆 and 𝐻
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CO2-C3H8-heavy oil mixture, Li et al. (2013)



Thermodynamic models for fluid phases

▪ Van der Waals family EoS

𝑃 =
𝑅𝑇

ത𝑉 − 𝑏
−

𝛼 𝑇 𝑎

( ത𝑉 + 𝛿1𝑏)( ത𝑉 + 𝛿2𝑏)
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▪ In aqueous phase:

▪ Polar and associating molecules

▪ Ionic and coulombic interactions

▪ Adequate alternative?



Multiphase equilibrium
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▪ Stability test with 𝒀, 𝐥𝐧 𝒀 or 𝜶

▪ Problem size: NC

▪ SPD: Cholesky decomposition of 𝑯

▪ Not PD: perform SSI step

▪ Multiphase split with 𝒏 or 𝐥𝐧𝑲

▪ Problem size: (NP-1)NC

▪ Better scaled, condition number improved in 𝑱

▪ Non-symmetric: LU factorization of 𝑱

▪ Or: solve 𝚫𝒏 and update 𝚫 𝐥𝐧𝑲 = 𝑼𝚫n

Petitfrere and Nichita (2015, 2016)

𝑔𝑖 =
𝜕𝐷

𝜕𝑌𝑖
= ln𝑌𝑖 + ln𝜑𝑖(𝒀) − 𝑑𝑖

𝐷 = 1 −
𝑖=1

𝑛𝑐
𝑌𝑖 +

𝑖=1

𝑛𝑐
𝑌𝑖 ln𝑌𝑖 + ln𝜑𝑖(𝒀) − 𝑑𝑖 𝐺 =

𝑖=1

𝑛𝑐


𝑘=1

𝑛𝑝
𝑛𝑖𝑘 ln𝑓𝑖𝑘

𝑔𝑖 𝑘 =
𝜕𝐺

𝜕𝑛𝑖𝑘
= ln𝑓𝑖𝑘 − ln𝑓𝑖𝑅 = ln𝐾𝑖𝑘 + ln𝜑𝑖𝑘 − ln𝜑𝑖𝑅

Mass balance derivatives

Fugacity derivatives



Gibbs energy analysis of H2O-CO2 system
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Multicomponent systems: depleted gas field
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Data from Qin et al. (2008)



Multiphase equilibria

Data from Huang et al. (1985)



Thermodynamic models for hydrates

▪ Van der Waals and Platteeuw (1958)

▪ Chemical potential change upon cage filling

▪ Fugacity related to reference phase

▪ Langmuir 'adsorption'
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Sloan (2003)

Ballard (2002)



At hydrate formation conditions
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Multicomponent hydrates
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Free-water flash – selective solubility

▪ Not every chemical species is present in every phase

▪ Brine – H2O, ions, CH4, CO2, others?

▪ Hydrates – H2O and CH4, CO2, N2, etc.

▪ Ice – H2O

▪ Salt – NaCl, CaCl2, etc.

▪ Wax, asphaltenes

▪ Solid solutions

▪ More details by Juan!
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3-phase envelope of water/CO2/NWE mixture

3-phase envelope of water/CO2/NWE mixture



Multiphase equilibrium at other state specifications

▪ 𝑃𝑇 – Isobaric-isothermal

▪ Both stability and flash are formulated as unconstrained optimization problem

▪ 𝑷𝑻-flash not able to capture phase transitions

▪ 𝑃𝐻𝑁 – Isobaric-isenthalpic

▪ Able to capture phase transitions

▪ Suitable for thermal-compositional simulation of isenthalpic processes like in CO2 injection

▪ 𝑃𝑆𝑁 – Isobaric-isentropic

▪ Compressor and turbines design

▪ 𝑉𝑇𝑁 – Isochoric-isothermal 

▪ Phase equilibrium in closed vessels

▪ 𝑈𝑉𝑁 – Isoenergetic-isochoric

▪ Simulating two-phase pipe flow
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Isenthalpic flash

▪ Used to avoid convergence issues in thermal-compositional reservoir simulator

▪ Nested loop – a root-finding method (Brent, 1973) that uses 𝑃𝑇-flash to update enthalpy 𝐻(𝑃, 𝑇, 𝒏)

▪ More details by Lingfei!
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Narrow-boiling behaviour

Enthalpy x Temperature for a C1-C4 mixture 

at 30  bar
Pressure x Temperature for a C1-C4 mixture



DARTS-flash v1.0.0
▪ Features

▪ Robust and efficient multiphase PT/PH-flash with hybrid-EoS

▪ Augmented free-water flash/Selective solubility methods

▪ Solubility curves, phase diagrams, EoS computations, hydrate equilibrium curves

▪ (derivatives of flash for process and reservoir simulation)

▪ Interface

▪ C++

▪ Python

▪ GUI

▪ gitlab.com/open-darts/darts-flash

▪ pip install open-darts-flash
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