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Abstract: Shale oil reservoirs are widely developed with nanoscale pores, in which strong confinement effects cause the fluid phase behavior
to deviate significantly from bulk conditions, making conventional theories difficult to apply to shale oil reservoirs. To investigate the phase
behavior of confined fluids, dew point experiments were conducted using micro — nanofluidic techniques in 10 pm and 100 nm pores, and
the condensation process and the liquid distribution within confined pores were systematically observed. Experimental results indicate that
the condensation mechanisms in both pore sizes involve the formation and growth of liquid films or bridges, which eventually evolve into
liquid columns. However, pore size exerts a pronounced influence on condensation dynamics and liquid distribution. In 10 pm pores,
condensation preferentially initiates at pore corners, but the final liquid fraction remains relatively low. In contrast, in 100 nm pores,
condensation is no longer restricted to the corners and tends to occur near the inlet, with a significant increase in liquid accumulation and a
more uniform distribution. A comparison between the measured dew point pressures and the predictions from the Peng—Robinson equation of
state reveals the limitations of conventional models in describing confined phase behavior at the nanoscale. To accurately predict the phase
behavior of confined fluids, a modified prediction model was developed based on the Peng - Robinson equation of state by incorporating
capillary pressure, adsorption effect, and critical point shift. The modified model achieves accurate characterization of confined fluid phase

behavior, with a maximum relative error of 5.30%. Further analysis reveals that confinement effects are most pronounced under low—
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temperature and low—pressure conditions, but tend to weaken as the temperature increases. This study integrates theoretical modeling and

experimental validation, providing experimental evidence and theoretical references for describing phase equilibrium in nanopores and

offering new insights for phase behavior prediction in shale oil reservoirs.

Keywords: Shale oil reservoirs; confinement effects; fluid phase behavior; Peng—Robinson equation of state; micro—nanofluidic experiments
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Fig. 2 Schematic diagram of micro—nanofluidic experimental platform
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Table 2 Dew point data of CH,/C;H, mixture in 100 nm
pores and theoretical prediction results

b bos inll

/K SEI A/ MPa MPa AHXR /%
288.48 1.39 1.32 5.30
295.49 1.82 1.76 3.41
300.35 2.08 2.13 2.35
305.54 2.58 2.56 0.78
315.03 3.60 3.56 1.12
315.56 8.95 8.93 0.22
317.74 8.90 8.87 0.34
319.38 4.18 4.16 0.48
320.91 8.72 8.70 0.23
321.77 8.66 8.64 0.23
324.41 8.45 8.42 0.36
324.52 5.05 5.07 0.39
327.89 7.80 7.79 0.13
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