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• Background

• Review of previous work

• New interpretation & discussions

• Conclusions
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Outline
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• Key parameters affecting gas flow regimes
• Knudsen number
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Background
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Review of previous work

• Gas flow in nanofluidics experiment set up

1. Leakage test for 2-3 days
2. Gas flow with controlled inlet and back pressure
3. Steady-state measurement

2 2

atm atm in out channel

channel
2

kZ T p p AV

t pT Z Lµ
−∆ =

∆

Advisory Board Meeting, Nov 3, 2017, Golden, Colorado



11/2/2017

3

• Previous calculated k (3.47mD) do not agree with 
predicted k (20 mD based on 500nm depth)

• Since last meeting, we checked the dimensions of 
channels and redid the calculations.
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Review of previous work
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y = 78.824x + 3.4705
R² = 0.9918
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Nanofluidics

• Design depth=500nm
• Etched on silicon wafer

400 µm

20 channels, 600 µm

13 µm width
(not 25 µm)
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Nanofluidics

• Depth characterization with profilometer
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455.4±34.8 nm
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Nanofluidics

• Depth characterization with profilometer
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365.6±69.6 nm
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Nanofluidics

• Depth characterization with profilometer
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458.7±29.5 nm
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Results and Discussions

• Verification of slip-flow theory
• From N-S equation with slip B.C.

• TMAC or σ=1; W=13 µm; L=400 µm;

• Solve for channel depth for different Q, Pin, Pout sets

• According to the slip flow theory, calculated h should 
be consistent with measured h. 
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Results and Discussions

• Verification of slip-flow theory

• Now measured slip flow rates are consistent with the 
prediction of the 1st order slip flow theory 

• Klinkenberg coefficient b can be calculated with h
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TMAC AVG H, nm b, psi k, mD

New calculation 1 431.38±2.55 25.95 15.7

Previous 
calculation

0.95 284nm 22.7 3.47
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Results and Discussions

• Compared with core experiment
• The circled 3 points are outside 95% confidence interval
• It appears that nanofluidics would have more slip than 

rocks of the same k/phi.
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Conclusions

� The design chip dimensions are different from actual chip 

dimensions.

� The consistency between measured h and calculated h 

shows that 1st order slip model can depict slip flows in 

nanochannels.

� Nanofluidics would have more slip than rocks of the same 
k/phi.
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Planned work in the future

� Measure slip flow on 100nm(design depth) chip with small tubing (1.6mm)
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h in, psia out, psia Q at atm, m3/s rate, mm/hr with ID=1.6mm

100nm 42.5 12.5 1.14E-11 2.04E+01

100nm 312.5 12.5 3.24E-10 5.80E+02

100nm 612.5 12.5 1.11E-09 1.99E+03
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Thanks for your attention.

All questions are welcome!

16UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT

Back-up

• Calculated Channel Depth from different TMAC values
• H is within the range of profilometer data
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TMAC 1.000 0.900 0.800 0.700 0.608

AVG H, 
nm

431.38 429.92 428.12 425.82 423.07

STD, 
nm

2.55 2.31 2.05 1.79 1.65
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Back-up

• Slippage factor b calculated based on depth and TMAC

Advisory Board Meeting, Nov 3, 2017, Golden, Colorado

TMAC 1.000 0.900 0.800 0.700 0.608

AVG H, nm 431.38 429.92 428.12 425.82 423.07

STD, nm 2.55 2.31 2.05 1.79 1.65

b, psi 25.95 23.42 18.82 15.17 12.32

k, mD 15.68 15.54 15.37 15.16 14.92
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