
Thermodynamic Modeling of  Phase 

Behavior in Confinement 

Hulya Sarak, Istanbul Technical University / CSM 

1 

Research Summary 

UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 

Colorado School of Mines 

CSM 

UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 

Advisory Board Meeting, May 1, 2015, Golden, Colorado 



2 UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 

Problem Statement 

• In confined environments, the fluid behaves differently 

due to the proximity of the fluid molecules to the pore 

walls. 

 

• This impact reveals itself as suppression of the bubble 

point pressure for oil systems. 

 

• The impact of confinement in nano-pores needs to be 

understood for condensate systems. 
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Problem Statement 

PVT cell vs. pore-confinement 

𝑝𝑏𝑢𝑏𝑏𝑙𝑒 =? 

  PVT Cell (Bulk) 
 

The interface is flat 

Pliquid 

Pgas Pliquid 

Pgas 

At Equilibrium 

Confined Environment 
 

 The interface is curved 

𝑝𝑔𝑎𝑠 − 𝑝𝑙𝑖𝑞𝑢𝑖𝑑 = 𝑝𝑐 +𝛱 𝑝𝑔𝑎𝑠 = 𝑝𝑙𝑖𝑞𝑢𝑖𝑑 = 𝑝𝑏 

𝒑𝒅𝒆𝒘 =? 
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Scope of  Research 

• To investigate the impact of pore size 

distribution on the phase behavior of gas 

condensate in unconventional reservoirs. 

 

• To improve our understanding of fluid flow in 

unconventional reservoirs by focusing on the 

dew-point pressure behavior in nano-pores.  
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Firincioglu et al., 2013 (SPE 159869 and SPE 166459) : 

the bubble-point suppression in nano-pores  
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Approach 

Bakken  

(11 comp.) 
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Approach 

• VLE is solved for two 

pressures (PL and PG) 

for the two phases 
 

• Capillary K value (Kc ) 

definition is used 
 

• PR EOS is utilized 
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Flow Diagram 

Estimate: 𝒑𝑮 
Calc. : 𝒑𝑳, 𝒑𝒄𝒂𝒑 
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Applications (Black Oil Sample) 
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Applications (Black Oil Sample) 
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Applications (Black Oil Sample) 
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Applications (Condensate Sample) 
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Applications (Condensate Sample) 

2424 
2485 
2547 

61 psi 

123 psi 

pc @ 4 nm = 41 psi 

Actual Enhancement – Capillary Pressure = 82 psi 
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Future Work 

•  The impact of confinement should be  investigated 

using more condensate samples. 
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Future Work 

• 𝒑𝑮 − 𝒑𝑳 = 𝒑𝒄 +     

• Surface forces                     

• 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑠𝑡𝑎𝑡𝑖𝑐 

• 𝑽𝒂𝒏 𝒅𝒆𝒓 𝑾𝒂𝒂𝒍𝒔 

•  𝒂𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 

• Firincioglu et al (2012)  investigated the impact of the Van 

der Waals surface forces on bubble point suppression.  They 

found that these forces are negligible compared to the 

capillary forces.   
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Future Work 
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THANKS… 
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