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Experimental study on slippage effects of gas flow in compact rock
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Abstract: Due to low porosity structure and low permeability, the gas flow in small pore throats in compact rock is usually
affected by the gas slippage effects. In this study, the compact sandstone at a test site in Hunan Province is taken as an example,
the micro-structure is studied using the scanning electron microscopy (SEM), and the permeability and flow rate of the
sandstone under different pore pressures and confining pressures are measured. It is verified by the experiment that the gas flow
in the compact rock does not meet the Darcy’s law due to the effect of gas slippage, and that the measured permeability should
be corrected by the gas slippage effects. The results show that the impact of slippage on the gas permeability is different due to
the change of the confining pressure and pore pressure. Under the same confining pressure, when the pore pressure is smaller,
the gas slippage effects are more obvious, leading to that the measured permeability is greater than the absolute permeability.
Under the same pore pressure, after the confining pressure reaches a certain value, it has a limited impact on the slippage, and
the confining pressure has a limited impact on the rock compaction. The relationship between the average pore pressure and the
gas permeability obeys the quadratic term equation of Knudsen’s permeability. The calculated Knudsen number (K,) states that
under relatively high confining pressure and low pore pressure, the gas flow is between slip flow and transitional flow, the
traditional fluid dynamics N-S equation starts to fail, and it is safer to use Knudsen’s diffusion equation.
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Table 2 Regression results of sandstone
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Table 3 Impact rates of gas slippage effects under different confining pressures and pore pressures
FLERIE 77 [ /M Pa
/MPa 2.5 3.0 5.0 10.0 12.5 15.0 17.5 20.0 22.5 25.0
2.00 — 5.5 4.1 22 0.6 0.1 0.7 1.9 2.9 3.1
1.80 — 8.6 6.9 6.6 7.3 7.3 7.7 8.5 8.8 9.1
1.60 — 18.9 16.5 15.1 14.7 14.2 14.6 14.7 14.9 14.6
1.50 12.7 — — — — — — — — —
1.40 — 28.4 25.4 21.9 21.5 20.5 20.6 20.6 20.2 19.9
1.20 26.9 37.0 333 29.8 28.1 26.9 26.5 26.1 25.2 25.3
1.00 36.1 44.2 40.7 36.3 34.2 32.8 322 314 30.5 30.5
0.80 44.0 51.8 47.2 43.0 40.1 38.5 37.8 37.0 36.0 35.8
0.60 50.4 58.1 54.1 48.9 45.6 44.2 43.7 43.0 42.1 41.7
0.50 — 61.1 57.1 52.0 48.9 47.4 46.8 46.1 45.0 44.9
0.40 57.6 64.1 60.1 55.3 523 50.9 50.3 49.7 48.6 48.5
0.30 — 67.0 63.3 58.7 56.0 54.9 543 53.9 52.9 52.8
0.20 64.8 70.4 67.1 62.9 60.7 59.2 59.3 58.7 57.9 57.6
0.15 — 71.8 68.6 64.9 63.0 61.7 61.3 61.0 60.4 60.4
®4 TRIEEMALBEENMERTHRSRE K,
Table 4 Knudsen numbers (K),) of sandstone under different confining pressures and pore pressures
i FLER 5 /1/MPa
/MPa 2.0 1.8 1.6 1.5 1.4 1.2 1.0 0.8 0.6 0.5 0.4 0.3 0.2 0.15
2.5 03400 0.3777 0.4250 0.4533 0.4857 0.5666 0.6799 0.8499 1.1332 1.3599 1.6999 2.2665 3.3997 4.5330
3.0 0.2024 0.2249 0.2530 —  0.2891 0.3373 0.4048 0.5059 0.6746 0.8095 1.0119 1.3492 2.0238 2.6983
5.0 0.1251 0.1390 0.1563 ~—  0.1787 0.2084 0.2501 0.3126 0.4169 0.5002 0.6253 0.8337 1.2506 1.6674
10.0 0.0926 0.1029 0.1158 —  0.1323 0.1544 0.1852 0.2315 0.3087 0.3704 0.4631 0.6174 0.9261 1.2348
12.5 0.0841 0.0935 0.1051 —  0.1202 0.1402 0.1682 0.2103 0.2804 0.3365 0.4206 0.5608 0.8411 1.1215
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