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Fig. 1. Three surface roughness structures.
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Fig. 2. Schematic diagram of the incident polar angle 6 and
the decompositions of molecular scattering velocity in

Cartesian coordinate.
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Table 1.  When the incident polar angle is 5°, the mean velocity and energy of gas molecules that with different velocities
after scattering on different surfaces.
Vi /V2ksT States Vi/(o-771) Va/(o-771) Ei/e E./e E/e
1.0 Incident 3.0566 -0.8191 4.6720 0.3355 5.0083
Re-R=0A 2.1165 1.8812 3.1534 2.0912 5.2478
Re-R =05 A 0.2948 1.8122 2.2248 1.9670 4.1892
Re-R=1.0 A 0.1625 1.7772 1.9206 1.9334 3.8632
2.0 Incident 6.1133 -1.6382 18.692 1.3420 20.034
Re-R=0A 5.6211 2.2725 16.724 3.1156 19.829
Re-R = 0.5 A 2.0090 2.9777 9.8840 5.6781 15.547
Re-R=1.0 A 0.2579 3.3517 7.4644 6.7519 14.216
4.0 Incident 12.226 -3.2766 74.766 5.3679 80.135
Re-R = 0.0 A 11.937 3.0014 72.802 5.1488 78.079
Re-R = 0.5 A 5.7585 5.6367 34.796 18.909 62.501
Re-R=1.0 A 1.0305 6.6301 26.878 25.619 52.504
8.0 Incident 24.452 —6.5532 299.06 21.472 320.54
Re-R=0A 24.021 6.0509 293.14 19.210 312.38
Re-R = 0.5 A 16.386 9.6325 209.77 49.747 259.52
Re-R=1.0A 2.0656 12.770 117.64 95.714 213.20
16.0 Incident 48.906 -13.106 1196.3 85.880 1282.1
Re-R=0A 47.378 12.256 1143.2 79.050 1220.8
Re-R = 0.5 A 32.525 16.818 832.86 177.59 1009.5
Re-R=1.0 A 2.9900 23.156 474.64 318.22 790.68
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Fig. 3. When the incident angle is 5°, the variations of mole-
cular velocity and energy in the collision with a smooth sur-
face: (a) Variation of molecular velocity; (b) variation of

molecular energy.
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Fig. 4. Normal momentum accommodation coefficient
(NMAC) of gas molecules on different rough surfaces when
the incident polar angle is 5°.
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Fig. 5. Energy loss rate of gas molecules on different rough

surfaces when the incident polar angle is 5°.
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Table 2.  When the incident polar angle is 75°, the mean velocity and energy of gas molecules that with different veloci-

ties after scattering on different surfaces.

Vi //2kgT States Vi/(o-771) Va/(o-171) Ei/e E,/e E/e
1.0 Incident 3.0566 -0.8191 4.6720 0.3355 5.0083
Re-R=0A 2.1165 1.8812 3.1534 2.0912 5.2478
Re-R=05A 0.2948 1.8122 2.2248 1.9670 4.1892
Re-R=1.0A 0.1625 1.7772 1.9206 1.9334 3.8632
2.0 Incident 6.1133 -1.6382 18.692 1.3420 20.034
Re-R=0A 5.6211 2.2725 16.724 3.1156 19.829
Re-R =05 A 2.0090 2.9777 9.8840 5.6781 15.547
Re-R=1.0A 0.2579 3.3517 7.4644 6.7519 14.216
4.0 Incident 12.226 -3.2766 74.766 5.3679 80.135
Re-R=0.0 A 11.937 3.0014 72.802 5.1488 78.079
Re-R =05 A 5.7585 5.6367 34.796 18.909 62.501
Re-R=1.0A 1.0305 6.6301 26.878 25.619 52.504
8.0 Incident 24.452 —6.5532 299.06 21.472 320.54
Re-R=0A 24.021 6.0509 293.14 19.210 312.38
Re-R =05 A 16.386 9.6325 209.77 49.747 259.52
Re-R=1.0A 2.0656 12.770 117.64 95.714 213.20
16.0 Incident 48.906 -13.106 1196.3 85.880 1282.1
Re-R=0A 47.378 12.256 1143.2 79.050 1220.8
Re-R =05 A 32.525 16.818 832.86 177.59 1009.5
Re-R=1.0A 2.9900 23.156 474.64 318.22 790.68
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Fig. 6. When the incident angle is 75°, the variations of
molecular velocity and energy in the collision with a smooth
surface: (a) Variation of molecular velocity; (b) variation of

molecular energy.
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Fig. 7. When the incident angle is 75°, the variations of
molecular velocity and energy in the collision with a rough
surface: (a) Variation of molecular velocity; (b) variation of

molecular energy.
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Fig. 8. Tangential momentum accommodation coefficient
(TMAC) of gas molecules on different rough surfaces when

the incident polar angle is 75°.
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Abstract

With the rapid development of micro-nano technology and aerospace technology, researches related to
rarefied gas flows have received more and more attention. For micro-/nanoscale systems and spacecraft in a
rarefied environment, the reduction in the frequency of intermolecular collisions in the flow field makes the
interaction between gas molecules and the solid surface develop into a major factor affecting the flow state.
However, the mechanism of gas-surface interaction in rarefied flow has not been fully revealed due to its
microscopic nature and physical complexity, and the existing simulation methods cannot accurately reflect the
effect of this process on the flow state. In this paper, molecular beam method is adopted to simulate the
scattering process of argon molecules on platinum surface, and the impacts of incident velocity, angle and wall
roughness on the momentum and energy conversion mechanism are explored. By simulating the molecular
scattering process under the two incident angles of 5° and 75°, the following conclusions are obtained. When
colliding with the wall at an angle close to vertical, both components of the momentum of the gas molecules are
lost. The normal energy transfers to the tangential direction, and when the molecular velocity is not less than
2.0, the transfer rate is not significantly affected by the incident energy of the molecule and the surface
roughness. The total energy loss of gas molecules after scattering becomes significant with the increase of
incident velocity, and it is not sensitive to changes of surface roughness. When the gas molecules are incident at
75°, the roughness of the surface has a significant impact on the conversion mechanism of molecular momentum
and energy. After colliding with a smooth wall, the momentum and energy values of the gas molecules remain
basically unchanged, only the direction of the momentum is reversed. The motion state of molecules is close to
the mirror reflection, and the conversion between momentum and energy components is not obvious. The
introduction of roughness enhances the degree of accommodation between gas molecules and metal surface, and
promotes the transfer of molecular tangential momentum and kinetic energy to the normal direction. When
incident at a large polar angle, as opposed to the small-angle cases, the total energy loss of molecules is not
sensitive to changes of incident velocity, it goes up significantly with the surface roughness increasing. The
research in this article not only explores the gas-surface interaction mechanism, but also provides a useful
reference for the high-fidelity simulation of rare gas flow and the development of appropriate gas-surface

interaction models.

Keywords: gas-surface interaction, molecular dynamics, momentum and energy conversion

PACS: 47.61.-k, 47.11.Mn, 68.47.-b, 47.45.Gx DOI: 10.7498/aps.70.20201192

* Project supported by the National Natural Science Foundation of China (Grant No. 11472004).
1 Corresponding author. E-mail: zr07024221@126.com

024702-10


http://doi.org/10.7498/aps.70.20201192
http://doi.org/10.7498/aps.70.20201192
mailto:zr07024221@126.com
mailto:zr07024221@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

