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Fig. 1. Secondary microstructural base unit.
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Fig. 2. Top view and front view of different micro-column geometric surfaces: (a) Change the width of the column; (b) change of

column spacing; (c¢) change the height of the column; (d) change the shape of the column.
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Fig. 3. Physical model of steam condensation on the sur-

face of secondary microstructure.
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Table 1.  Simulation parameters of each atom in
L-J potential function.
e/eV a/A HLfi /e
H—H 0 0 0.5242
0—0O 0.0070 3.1644 -1.0484
Cu-1—H 0 0 0
Cu-1—0 0.0216 2.2307 0
Cu-1—Cu-1 0.5203 2.2973 0
Cu-2—H 0 0 0
Cu-2—0 0.0144 2.2307 0
Cu-2—Cu-2 0.5203 2.2973 0
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Fig. 4. Diagram of contact Angle variation with potential
well depth.
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Fig. 5. Droplet morphology in different morphology main
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view: (a) Cuboid droplet in initial morphology; (b) droplet
morphology without external action; (c) droplet morpho-

logy with copper plate action.
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Fig. 6. Change of real layer temperature of copper plate

wall with time.
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Fig. 7. Change of the density of condensate with time.
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densed water molecules and time under different column
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Fig. 11. Change of droplet nucleation time with column width.
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Fig. 12. Change of droplet nucleation time with column spacing.
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Fig. 13. Change of droplet nucleation time with column structure.
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Fig. 14. A snapshot of droplet behavior on the surface of
secondary microstructure at different times under different

column widths.
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Fig. 15. A snapshot of droplet behavior on the surface of
secondary microstructures at different times under different
column spacing conditions.
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Fig. 16. A snapshot of droplet behavior on the surface of
secondary microstructures at different times under different

column spacing conditions.
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Fig. 17. Relationship between the total number of water
molecules in the maximum condensed drop and time under

different column widths.
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Abstract

Steam condensation is a common physical phenomenon in nature and plays an important role in various

industrial processes. Therefore, the regulation mechanism of steam condensation process has been widely

concerned by scholars in recent years. In this paper, the molecular dynamics simulation method is used to study

the vapor condensation behavior of copper surface by establishing a secondary microstructure model. The

influences of different geometrical characteristics on the condensation process are discussed by analyzing the

nucleation and merging time of droplets, the vapor condensation snapshot, the total number of condensed water

molecules, and the total number of water molecules in the maximum condensed drop. With the increase of

column width or column height ratio, the molecular weight of the total condensed water first increases and then

decreases.

Keywords: molecular dynamics, vapor condensation, secondary microstructure, nanostructure

PACS: 31.15.xv, 68.03.Fg, 64.70.F—, 47.61.-k

CSTR: 32037.14.aps.74.20250324

DOI: 10.7498 /aps.74.20250324

* Project supported by the National Natural Science Foundation of China (Grant No. 52106075).

1 Corresponding author. E-mail: ylguo@dlut.edu.cn

143101-11


https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.61.150508
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.69.20200463
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.7498/aps.72.20221562
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121526
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.1007/s00231-021-03091-0
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.68.20190228
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.020
https://doi.org/10.3390/nano14131137
https://doi.org/10.3390/nano14131137
https://doi.org/10.3390/nano14131137
https://doi.org/10.3390/nano14131137
https://doi.org/10.3390/nano14131137
https://doi.org/10.3390/nano14131137
https://doi.org/10.1016/j.surfin.2024.104981
https://doi.org/10.1016/j.surfin.2024.104981
https://doi.org/10.1016/j.surfin.2024.104981
https://doi.org/10.1016/j.surfin.2024.104981
https://doi.org/10.1016/j.surfin.2024.104981
https://doi.org/10.1016/j.surfin.2024.104981
http://doi.org/10.7498/aps.74.20250324
https://cstr.cn/32037.14.aps.74.20250324
mailto:ylguo@dlut.edu.cn
mailto:ylguo@dlut.edu.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

PREERTE J LR KR SR G R R 2T 30 /1B

RIEZ RER W LW AR

Molecular dynamics study on influence of geometric characteristics of microstructure surface on steam
condensation

GONG Luyuan  WEI Xinding HANTao GUO Yali SHEN Shenggiang

5] Fi{i5 &, Citation: Acta Physica Sinica, 74, 143101 (2025) DOI: 10.7498/aps.74.20250324

CSTR: 32037.14.aps.74.20250324

TELERE View online: https:/doi.org/10.7498/aps.74.20250324

BN 2 View table of contents: http://wulixb.iphy.ac.cn

LT RO H A R

Articles you may be interested in

SIS T GO EE R 2 T Y [ — 5 T e PR

Heat transfer characteristics of solid-liquid interface on nanostructure surface under external electric field

YrH2E 4. 2024, 73(15): 156801  https://doi.org/10.7498/aps.73.20240698

ZRR A A S AR PR A T O ) R

Effects of base angle and wettability of nanostructures on droplet wetting behaviors

WIEEAEAR. 2021, 70(12): 126101 https://doi.org/10.7498/aps.70.20201584

T R AN R IR 2 T 5K 1 B 3-8 1o ke
Molecular dynamics study on the surface tension of succinic acid—water nano—aerosol droplets

WIFEAEAR. 2023, 72(11): 114701 hitps://doi.org/10.7498/aps.72.20222371

B AR IR MERENLES MR 1 731 Bl A5
Molecular dynamics study of special quasirandom structure of Zr—-Nb alloys

WIFEAEA. 2021, 70(3): 033103 https://doi.org/10.7498/aps.70.20201407

PN PRl a0 R T DIk = e Ry A SR S e AR 2 S )

Molecular dynamics simulation of effect of terahertz waves on the secondary structure of potassium channel proteins

YIBR2FA. 2021, 70(24): 248701  https://doi.org/10.7498/aps.70.20211725

IR ZR AR SR B BRI I i 3l 22k

Dynamic characteristics of bubbles in spherical bubble group considering evaporation and condensation of water vapor

PyFEEEAR. 2021, 70(19): 194301 https:/doi.org/10.7498/aps.70.20210045


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250324
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240698
https://doi.org/10.7498/aps.73.20240698
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201584
https://doi.org/10.7498/aps.70.20201584
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222371
https://doi.org/10.7498/aps.72.20222371
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201407
https://doi.org/10.7498/aps.70.20201407
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20211725
https://doi.org/10.7498/aps.70.20211725
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210045
https://doi.org/10.7498/aps.70.20210045

	1 引　言
	2 模型与模拟方法
	2.1 模型介绍
	2.2 计算方法
	2.3 模型验证

	3 结果与讨论
	3.1 变结构微表面凝结水分子总数变化规律
	3.2 微表面几何结构对液滴成核时间的影响
	3.3 液滴合并动态特性
	3.4 最大凝结液滴动态演化规律

	4 结　论
	参考文献

