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Elucidation of non-equilibrium phase change at gas-liquid interface mechanism
for mixture gas and its application to molecular multi-phase fluid dynamics
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In this study, the kinetic boundar¥ conditions at liquid surfaces in
contact with gas mixtures (condensable gas and non-condensable gas) were determined by using
molecular dynamics and mean-field kinetic theory analysis to determine the values of the evaporation
and condensation coefficients, especially in the gas-liquid non-equilibrium state.

As a result, it was confirmed that the values of condensation and evaporation coefficients are
affected by the number of non-condensable gas molecules regardless of the gas-liquid equilibrium or
nonequilibrium state. One reason for this is that the number of non-condensable gas molecules near
the gas-liquid interface increases when there is a large amount of non-condensable gas in the gas
phase. As a result, vapor molecules evaporating from the liquid are more likely to collide with
non-condensable gas molecules, and backscattering is suggested to have the effect of returning to
the liquid again.

Enskog-Vlasov



Boltzmann

1)

Ne

85K

D
e ol Ainl ik

85K

Ar

iyE

2)

(Enskog-Vlasov



(85K)

Molecular dynamics simulation of evaporation coefficient of vapor molecules
during steady net evaporation in binary mixture system, International Journal of Heat and Mass
Transfer, 188 122663 (2022)

2

Mean-
field kinetic theory analysis of vapor flow between evaporating and condensing interfaces in the presence
of non-condensable gas molecules, Physics of Fluids 33 122017 (2021)

1) @
Vapor condensation induced by fast-moving liquid film in the presence of
noncondensable gas molecules, International Communications in Heat and Mass Transfer 142 106622
(2023)
Evaporation
coefficient and condensation coefficient of vapor under high gas pressure conditions, Scientific
Repots 10 8143 (2020)

Molecular dynamics study on characteristics of reflection and condensation molecules at vapor-liquid
equilibrium state, PLOS ONE 16 €0248660 (2021)



5 5 0 4

Ohashi Kotaro Kobayashi Kazumichi Fujii Hiroyuki Watanabe Masao

33

Mean-field kinetic theory analysis of vapor flow between evaporating and condensing interfaces
in the presence of non-condensable gas molecules

2021

Physics of Fluids

122017 122017

DOl
10.1063/5.0073118

Tabe Hirofumi Kobayashi Kazumichi Fujii Hiroyuki Watanabe Masao

188

Molecular dynamics simulation of evaporation coefficient of vapor molecules during steady net
evaporation in binary mixture system

2022

International Journal of Heat and Mass Transfer

122663 122663

DOl

10.1016/j - ijheatmasstransfer.2022.122663

Ohashi Kotaro Kobayashi Kazumichi Fujii Hiroyuki Watanabe Masao 10

Evaporation coefficient and condensation coefficient of vapor under high gas pressure 2020

conditions

Scientific Reports 8143 8143
DOl

10.1038/s41598-020-64905-5

Tabe Hirofumi Kobayashi Kazumichi Fujii Hiroyuki Watanabe Masao 16

Molecular dynamics study on characteristics of reflection and condensation molecules at vapor- 2021

liquid equilibrium state

PLOS ONE €0248660
DOl

10.1371/journal .pone.0248660




Ohashi Kotaro Kobayashi Kazumichi Fujii Hiroyuki Watanabe Masao 142

Vapor condensation induced by fast-moving liquid film in the presence of noncondensable gas 2023

molecules

International Communications in Heat and Mass Transfer 106622 106622
DOl

10.1016/j - icheatmasstransfer.2023.106622

12 1 2

2022

2022

36

2022

Kotaro Ohashi Kazumichi Kobayashi Hiroyuki Fujii Masao Watanabe

Condensation Induced by Rapidly Moving Liquid Film Surrounded by Vapor and Non-condensable Gas

32nd International Symposium on Rarefied Gas Dynamics (RGD32)

2022




2021

2021

2021

2021

Kotaro Ohashi, Kazumichi Kobayashi, Hiroyuki Fujii, Masao Watanabe

Mean-Field Kinetic Theory Analysis of Evaporation Coefficient and Condensation Coefficient of Vapor

Pre-RGD32 Workshop

2021




183

2021

98
2020

98
2020

2020

2020




34

2020

https://tfp.eng.hokudai.ac.jp/

(Fujii Hiroyuki)

(00632580) (10101)
(Watanabe Masao)
(30274484) (10101)







