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Numerical Simulation of Immiscible Water-Gas Simultaneous Flow
in the absence of Capillary Force in a Single Fracture
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ABSTRACT

The constitutive relation among capillary pressure, saturation and relative permeability should
be predetermined in order to simulate immiscible water-gas flow in porous media. The relation
between saturation and relative permeability becomes more important when the capillary force
can be disregarded and viscous friction force governs the flow. In this study, a 2-dimensional
finite difference numerical model was developed, in which the variation of viscosity with
pressure and that of relative permeability with water saturation can be treated. Seven cases of
parallel plate tests were performed in order to obtain the characteristic equation of relative
permeability which would be used in the developed numerical model. It was not possible,
however, to match the curves of relative permeability from the plate tests with the existing
emperical models. Consequently a logistic equation was proposed as a new emperical model. As
this model was composed of the parameter involving aperture size, any aperture size of fracture
can be applied to the model. For the purpose of verification, the characteristic equation of
relative permeability was applied to the developed numerical model and the computed results
were compared with those of plate test. As a result of application of numerical model, in order to
check the field applicability, to single fracture surrounding an underground storage cavern, the
simultaneous flow of water and propane gas was able to be simulated properly by the model.
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Fig. 13. Propane gas flow at Case 4
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