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Fig. 1. Schematic of the simulation of the Couette
flow. The flowfield is composed of near wall region

and bulk flow region.
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Table 1. Simulation details of Couette flows under

determined k.

p/kg-m~3 A/nm H/nm Kn k
3.73 30.75 5.45 5.64 5.0
1.86 61.51 10.90 5.64 5.0
1.25 91.80 16.35 5.61 5.0

B2 k=>5.00FEESE T Couette RATTRIEE

Fig. 2. Snapshots of various height channel simulation

domains at k = 5.0.
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Fig. 3. (a) Density and (b) normalized density dis-
tributions for k = 5.0 flows inside 5.35, 10.9, and
16.35 nm height channels, respectively. Normaliza-
tions are made using the channel center densities of
3.73, 1.86, 1.25 kg/m3.
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height channels with the density of 1.86 kg/m3.
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Fig. 5. (a) szz and (b) normalized sgs distributions for
k = 5.0 flows inside 5.35, 10.9, and 16.35 nm height chan-
nels, respectively. Normalizations are made using the chan-
nel center normal stress of 222.87, 109.2, 76.23 kPa.
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10.9, and 16.35 nm height channels, respectively.
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Table 2. Simulation details of Couette flows under different potential coefficients.
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H/nm Kn k

0.5, 1.0, 2.0, 3.0, 4.0 3.73

60.51

10.90 5.64 5.0

Bl11 C = 1.0—4.0 K Couette HiZh RGRIK
Fig. 11. Snapshots of Couette flows with various C(1.0-4.0) values.
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Abstract

Molecular dynamics method is used to investigate gas flows in nanoscale channels. A set of Couette gas flows with
the same Knudsen number but different channel heights and densities is simulated to study the dimensional effects on
dynamically similar flow conditions. Results show that the gas flow in the channels is divided into two regions: near wall
region affected by a wall force field and bulk flow region affected by no wall force field. The flow characteristics in the
bulk flow region are in good accordance with the kinetic theory predictions, which are characterized by constant density,
normal stress, shear stress and linear velocity distribution while within the near wall region, the velocity, density, normal
stress and shear stress distributions exhibit deviations from the kinetic theory predictions. The density and velocity
sharply increase, accompanied with a single peak appearing. The normal stress which is dominated by the surface virial
is anisotropic and changes drastically. Shear stress value is constant in bulk flow region and part of the near wall region,
while the surface virial induces variation at a place about one atom diameter far from the wall. In the near wall region, the
normalized density, velocity and stress tensor are constant under different channel heights and densities, which indicates
that the gas flow characteristics in this area are determined by the wall force field. Besides, the tangential momentum
accommodation coefficient (TMAC) values for different cases can be obtained through the relationship between TAMC
and shear stress. It is found that under the same Knudsen number, the TMAC remains constant no matter what the
height and density are. Furthermore, another set of Couette gas flows with different gas-surface potential strength ratios
but the same channel height and density is simulated to study the gas-surface interaction effects on nanoscale gas flow.
The results show that the gas density and velocity in the near wall region increase with increasing potential strength ratio
between wall atoms and gas molecules. Large potential strength ratio cases (C' > 3.0) result in velocity sticking on the
surface, which is induced by the gas molecule accumulation and surface adsorption. Using the same approach, the TMAC
values for various potential strength ratios are calculated, varying from 0.63 to 0.96 for different cases (C' = 0.5-4.0),
which indicates that the stronger the potential energy acting on the gas molecules, the more easily the gas molecules

generate the diffuse reflection on the walls

Keywords: nanoscale gas flow, surface force effects, shear stress, tangential momentum accommodation

coefficient
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