Exact Solutions and Upscaling for 1D Two-Phase Flow in Heterogeneous Porous Media



Abstract



cases including viscous, capillary, gravity domination and some combined regimes. The incomplete and brief



mathematically expressed as coordinate-dependent absolute permeability. For two-phase flow, the heterogeneity is



associated with each coarse-scale interface are computed from a global fine-scale simulations. The simulation



Eq. (2) for unknown s(x,#) contains a model function — fractional flow function f{s,x). The x-dependency of f{s,x) is



Here the characteristic starts at point (x4,0) in (x,£)-plane, and constant f~value is determined from initial conditions
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Figure 3. Exact solution for convex fractional flow curves FFCs (curves II and I from Figure 2 correspond to x=0 and x=1,



Shock velocity in Eq. (25) is obtained from Hugoniot-Rankine condition of mass balance on the front, given by
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7(1,0)), and ¢, after the arrival of the rear mixture front, (¢,>7.(1,0)). The profile at the moment #; is full shock and
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Eq. (28) determines the starting point of the front x=x.(?):
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/e (Si,xk)=f],a (s*,xk), k=12...
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Figure 9. Effects of the order of homogeneous parts in periodical two-piece porous media: a) schematic for the porous media
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core; the propagation speed is equal to /(S;). The saturation ahead of the first boundary S; between first and second
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S(1)=F ' (£,(0)=[ 17 (1 (0).)
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from the well. Therefore, underestimation of CO, saturation by the upscaled model yields underestimation of the
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Consider CT scan with the frame moving along the trajectory x¢(¢) from x=0 to x=1 and back several times during
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The combined method reflects measurements of water-cut until moment 7 with the following postmortem saturation
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saturation varies from zero to one, and the water-flux function U,(C) is calculated using Eq. (B7) for FFF. In single-
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This upscaling formula for F(S) is valid for three formulations of its determination for a given f{s,x): (i) from the
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Factoring out the constant phase densities in Egs. (B1, B2) and adding the results yields
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Symbols

Flux of gas

Flux of water

Dimensionless linear variable
Dimensional linear coordinate

[m/s]
[m/s]
[-]
[m]
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