Advances in Porous Flow Bl /7243, 2018, 8(3), 53-62 Hans )i
Published Online September 2018 in Hans. http://www.hanspub.org/journal/apf
https://doi.org/10.12677/apf.2018.83007

Percolation Characteristics of Oil-Water
Two-Phase Fluids in Micro Channels

Min Li, Dongxu Liu, Mingtao Yu, Lei Liu”

State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an Shaanxi
Email: ‘min_lee56@163.com

Received: Aug. 20th, 2018; accepted: Sep. 3rd, 2018; published: Sep. 11"’, 2018

Abstract

The flow in micro channels is the microscopic foundation of the flow in porous media. Based on
the flow in micro channels, the percolation unit model was developed for the oil-water two-phase
flow in a porous medium. This model indicates that the relative permeabilities of oil-water
two-phase flow in a porous medium are related to the phase geometry distribution and fluid satu-
ration in micro channels, but have nothing to do with the porosity of the porous medium. An expe-
rimental device is designed in which the micro channels are fabricated by microfluidic technology.
The percolation characteristics of two-phase flow in the micro channels are experimentally inves-
tigated in such device with immiscible oil and water as fluids. The experimental data show that the
relative permeability curves of oil-water two-phase flow are approximately the same for the micro
channels with similar geometry sizes, but obviously different for the micro channels with distinct
geometry sizes. In addition to the fluid saturation and the pressure drop, the total volume flow
rate is discovered to be a parameter affecting the relative permeability of oil-water two-phase
flow. The experimental results are consistent with the inferences drawn from the percolation unit
model developed.
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Figure 1. Percolation unit model
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Table 1. Geometry of microchannels
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Figure 2. The experimental device of micro flow
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Figure 3. Change of flow rate with differential pressure and oil volume fraction. (a)
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Figure 4. The curve of relative permeability and oil content
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