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Background

Key parameters affecting gas flow regimes
« Knudsen number
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Background

« Slip flow model

> 1t order model (Kn<0.03)
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> 2nd order model (Kn<0.2)
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Beskok & Karniadaki, 1999; Zhang et al., 2012;
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Background

« Klinkenberg effect
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Background

« Slip flow model and Modified Darcy'’s law

2—o H 7RT C is a function of geometry
b=C——- — C=4 for tubular flow; i.e. Pore-throat
o r\2M C=6 for planar flow; i.e. fractures
(Wang, 2014)

Gas flow model is critical for reservoir evaluation/simulation.

But can we use 15t order slip model to modify Darcy’s law?

When should we switch to 2"9 order slip model?
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Experimental set up

e Gas flow in rocks
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1. Pre-stressed for 2-3 days with 25% higher than expected effective stress
2. Gas injection with constant inlet pressure and controlled back pressure
3. Steady-state measurement
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Experimental set up

« Nanofluidics
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Experimental set up

Gas flow in nanofluidics
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Capillary tube Nano-chip on heating stage @ Pressure gauge

(size exaggerated)
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1. Leakage test for 2-3 days
2. Gas flow with controlled inlet and back pressure
3. Steady-state measurement
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Results & Discussions

Gas flow in rocks : 2—0 u |[7RT
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Results & Discussions

« Gas flow in nanofluidics
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Results & Discussions

« Gas flow in nanoporous media

C(2-0,)n |ZRT > Inverse scaling
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Results & Discussions

« Summary

Different slippage factor of methane and nitrogen reflect:
> Interactions between pore wall and different gases;

» Adsorption effect in the pore;

In nanofluidics, data from one chip within 15" order slip.

> TMAC for methane is 0.95, consistent with literatures

> To validate TMAC by measuring gas flows in other depths
l.e. 100 nm and 50 nm in the future
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Conclusions

» The inverse scaling model shows that 15t order slip model can
fundamentally cover slip flows in both rocks and nanofluidics.

» The slip factor is mainly controlled via pore size and gas
properties.

» The Klinkenberg factors obtained from nanofluidic experiments
indicated that rocks may have less slip than nanofluidic channels
of the same dimension, due to surface roughness, pore tortuosity
and adsorption
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Many thanks to our sponsor
Thanks for your attention.

All questions are welcomel
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