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Fig. 1. Physical model of interaction between Ar
molecule and Pt(100) surface for molecular dynamics

simulation.
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Fig. 2. Nanostructures of pyramid type roughness.
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Table 1. Scaled units of molecular dynamics simulation.
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Fig. 3. Representation of 6 and ¢ in the Cartesian

coordinate system.
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Fig. 4. Maxwell-Boltzmann distribution in tangential and

normal direction of gas under equilibrium condition.
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Fig. 5. Molecular dynamics scheme for scattering pro-

cess of gas atom on solid surface.
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Fig. 6. Comparison of TMAC value between present
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Table 2. Mean values of velocity and energy of incident

molecular.

C Unn/o/T WinJo/T KEXin/e KEZiy/e KEin/e
0.5 0.7912 —1.1180 0.313 0.6261 1.2521
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Fig. 8. Potential energy contour of Ar molecule applied by smooth surface: (a) Potential energy contour of XOY plane at

the height of 1.00 above the surface; (b) potential energy contour of YOZ plane at the position of X = 0.5750.
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Fig. 9. Typical collision trajectories and curves of the velocities versus time on a smooth surface.
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Table 3. Mean velocity and energy values of outgoing gas molecular on a smooth surface under different

incident velocities.

C Collisions Probability Uout/o/T Wout /o /T KEXout/e KEZqyu /e KFEout/e
0.5 1 0.4413 0.1049 1.2825 0.4421 0.9973 1.8790
2 0.1539 0.3953 1.2671 0.3954 0.9896 1.7808
3 0.3139 0.2868 1.1816 0.4091 0.8774 1.6983
=>4 0.0909 0.0997 1.1017 0.3521 0.7728 1.4725
Average 0.2062 1.2320 0.4164 0.9381 1.7702
1.0 1 0.7598 0.8721 2.2641 1.1309 2.9279 5.1931
2 0.1117 1.5232 1.8048 1.5396 1.9383 5.0241
3 0.1181 1.4255 1.6519 1.5353 1.6638 4.7331
>4 0.0104 1.3145 1.5394 1.5149 1.4701 44771
Average 1.0148 2.1329 1.2284 2.6529 5.1123
1.5 1 0.9026 1.7083 3.1522 2.6008 5.6524 10.8499
2 0.0513 2.5391 2.0935 3.6423 2.6176 9.9570
3 0.0423 2.4873 1.8786 3.7098 2.1785 9.6856
>4 0.0038 — — — — —
Average 1.7868 3.0387 2.7053 5.3354 10.7489
2.0 1 0.9765 2.4309 4.0195 4.5836 9.1119 18.2935
2 0.0130 3.4341 2.2534 6.3909 3.0646 15.6797
3 0.0096 3.4355 1.9721 6.5847 2.4132 15.4492
>4 0.0009 — — — — —
Average 2.4544 3.9749 4.6278 8.9626 18.2287
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Fig. 12. Velocity distribution of gas molecular after scattering for different incident velocities.
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Fig. 16. Potential energy contour of Ar molecule applied by rough surface: (a) Potential energy contour of XOY plane at

the height of 1.00 above the surface; (b) potential energy contour of YOZ plane at the position of X = 1.7250.
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Fig. 17. Typical collision trajectories and curves of the velocities versus time on a rough surface.
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Table 4. Mean velocity and energy values of outgoing gas molecular on rough surfaces under determined incident

velocity.

Roughness type Collisions Probability Uout /o /T Wout /o /T KEXout/e KEZout /e KFEout/e
Smooth 1 0.7598 0.8721 2.2641 1.1309 2.9279 5.1931
2 0.1117 1.5232 1.8048 1.5396 1.9383 5.0241
3 0.1181 1.4255 1.6519 1.5353 1.6638 4.7331
>4 0.0104 1.3145 1.5394 1.5149 1.4701 44771
Average 1.0148 2.1329 1.2284 2.6529 5.1123
Type 1 1 0.7085 0.3065 2.0683 0.9561 2.6124 4.5227
2 0.1513 0.1506 1.6551 0.8636 1.7345 3.4722
3 0.1278 0.0184 1.3781 0.5921 1.2632 2.4481
=>4 0.0124 0.0079 1.0810 0.2985 0.7696 1.3709
Average 0.2424 1.9054 0.8875 2.2844 4.060
Type 2 1 0.6669 —0.0557 1.8742 0.8732 2.1258 3.8801
2 0.1424 0.0076 1.5806 0.7383 1.5866 3.0491
3 0.1203 —0.0079 1.3101 0.5118 1.1565 2.1822
>4 0.0111 —0.0050 1.0608 0.3197 0.7643 1.4008
Average —0.0038 1.7407 0.7965 1.8908 3.4870
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Fig. 18. Velocity distributions of gas molecular after 1, 2 and 3 collisions on the rough surface with roughness type

1 under determined incident velocity.
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Fig. 19. Velocity distributions of gas molecular after 1, 2 and 3 collisions on the rough surface with roughness type

2 under determined incident velocity.
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Fig. 20. Velocity distribution of gas molecular after scattering for different rough surface.
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Abstract

Molecular dynamics method is used to investigate the scattering characteristics of Ar molecule on smooth and
rough Pt(100) surface. In this paper, a velocity sampling method is proposed to obtain the tangential momentum
accommodation coefficients (TMACs) and the sticking probabilities of gas molecules on smooth and rough surface under
different temperature conditions. The results show that the TMAC and the sticking probability decrease with increasing
temperature under smooth surface condition. The results of our work are in excellent agreement with the results of the
reference for a three-dimensional gas flow in a nanochannel. Unlike the scenario of smooth surfaces, the roughness of rough
surfaces greatly promotes the accommodation of tangential momentum between the gas molecules and surfaces. When
the roughness becoming larger, the TMAC approaches to 1.0 and the sensitivity to temperature decreases gradually.
Unlike the relationship between TMAC and roughness, although the sticking probability of gas molecules increases with
roughness increasing, its dependence on temperature does not change. Furthermore, the beam method where the incident
velocity and angle are determined is used to quantitatively analyze the scattering characteristics of gas molecules on
different surfaces. According to the number of collisions between gas molecule and the surface, we classify the scattering
of gas molecules on a smooth surface into two types: single collision scattering and multiple collision scattering. For
those gas molecules that experience one collision, their average tangential momentum decreases to a certain extent,
however, the gas molecules scattered after multiple collisions tend to maintain the original tangential momentum. For
gas molecules reflected from the smooth surface, their velocity distribution exhibits a typical bimodal distribution. The
position of the first peak appears at the incident velocity value, and the position of the second peak appears at a velocity
value of zero. Regarding rough surfaces, the existence of roughness changes the mode of exchange of momentum and
energy between gas molecules and walls, resulting in a significant decrease in the average tangential momentum of gas
molecules scattered on rough surfaces. Besides, the more the gas molecules colliding on the surface, the more severe
the energy loss after scattering will be. For gas molecules reflected from the rough surfaces, their velocity distribution

conforms to the characteristics of Gaussian distribution.

Keywords: gas-surface interaction, surface roughness effects, sticking probability, tangential momentum

accommodation coefficient

PACS: 34.35.4a, 47.11.Mn, 34.50.-s, 47.45.Gx DOI: 10.7498/aps.67.20181608

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

223401-16


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20181608

	1引    言
	2气体-表面相互作用的三维分子动力学模拟
	2.1 物理模型及分子间势能函数
	Fig 1
	Fig 2
	Table 1

	2.2 切向动量适应系数计算方法
	Fig 3

	2.3 入射气体分子速度的选取
	Fig 4

	2.4 模拟控制细节
	Fig 5


	3结果与讨论
	3.1 气体分子在光滑表面的散射特性
	3.1.1 温度对切向动量系数的影响
	Fig 6
	Fig 7
	3.1.2 气体分子在光滑表面的动力学特性
	Table 2
	Fig 8
	Fig 9
	Fig 10
	Fig 11
	Table 3
	Fig 12
	Fig 13

	3.2 气体分子在粗糙表面的散射特性
	3.2.1 粗糙度对切向动量适应系数的影响 规律
	Fig 14
	Fig 15
	3.2.2 气体分子在粗糙表面的动力学特性
	Fig 16
	Fig 17


	4结    论
	Table 4
	Fig 18
	Fig 19
	Fig 20


	References
	Abstract

