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Close Thermodynamic SystemClose Thermodynamic System Open Thermodynamic SystemOpen Thermodynamic System

LiquidLiquid

GasGas

Individual Volums

LiquidLiquid

Individual Volums

GasGas

Phase Exchange Phase Exchange + Transport
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Mass balance for each chemical component k :

Momentum balance for each phase (the Darcy law)
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Phase equilibrium :

Phase state :
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TT

HH
Gibbs “Rule of Phases” T=const

Number of equations = N+2
Number of variables  = 2N-2+3 = 2N+1

( ) , ,i i P i g lρ = ρ =
( ) ( ) ( ) , 1,...,k k
i ic c P k N= =

Difference = N-1 = vT = Thermodynamic Variance

vT = N-1

Huge Nonlinear ProblemHuge Nonlinear Problem
H & T H & T Coupled SystemCoupled System
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HHDimensionless canonical form

gas flow

liquid flow

transport of basic
components
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Characteristic parameters of the system

Perturbation parameter:

Relative phase mobility parameter:
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HHLimit behavior of the compositional model
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This subsystem can be integrated along streamlines 
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gas flow

liquid flow

transport of basic
components



Transformation of the transport sub-system
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Along a streamline l :
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A differential thermodynamic system 

This subsystem is transformed into a thermodynamic one along streamlines

~~

H T H T –– S P L I T T I N GS P L I T T I N G



Hydrodynamic subsystem

Thermodynamic subsystem
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“Delta-law”

H T H T –– S P L I T T I N GS P L I T T I N G



Interpretation of the New Delta-Law

Open Thermodynamic SystemOpen Thermodynamic System

Depend on the pressure only !
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Thermodynamic System Behaviours
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Delta Law for an Open SystemDelta Law for an Open System

Close or Open Close or Open ??

Open SystemOpen System

Phase Exchange Phase Exchange
+ Transport

Close SystemClose System
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8 Components Mixture: 
CO2, N2, C1, C2, C3, C4, F1, F2 

Specified temperature: 359 K

Data: ECLIPCE Close Thermodynamics (PVTi)

Delta Law
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3 Components Mixture: 
CH4, C2H6, C10H22

Open Thermodynamic System – Lines (NEW)
Thermodynamic Behaviours in an Open System – Circles (ECLIPCE 300)

New O T S. Case Test 2:
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New O T S. Case Test 4: Radioactive Waste Storage 
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4 Components Mixture: 
H2, H2O, N2, CO2Open Thermodynamic System – Lines (NEW)

Close Thermodynamic System – Circles (ECLIPCE PVTi)
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H-T Splitting  along streamlines 
- Contrast & Stabilisation 

C O N C L U S I O N SC O N C L U S I O N S

New Open Thermodynamic System
- Independent New Differential T. System
- New OT Simulator

Hydrodynamic Compositional System consists of 2 Equations
-Pressure & Saturation
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Gas-Condensate Well Representation 

Streamline Simulator for the 3D Dynamic Analysis
of the Compositional Flows in Oil Reservoirs

Transfer of the Gas Around Storage of Radioactive Waste

Enhanced Oil Recovery

Perspective



Gas-Condensate Well Representation 

Saturation

Eslipse

AHS

300 days

wellbore
average

numerical cell (100–300 m) 

Well
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Streamline Simulator for the 3D Dynamic Analysis
of the Compositional Flows in Oil Reservoirs

Saturation variation along the streamlines 
during the natural depletion of the gas-condensate reservoir

0 0.3 0.6Saturation
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Schlumberger 

gOcad
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