 Nonequilibrium Molecular Dynamics Simulation of 

Evaporation and Condensation

Zun-Jing Wang,  Min Chen,  Zeng-Yuan Guo

Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China

Tel: 86-10-62782982   Fax: 86-10-62781610   E-mail: mchen@mail.tsinghua.edu.cn
Evaporation and condensation at the liquid-vapor interface draw considerable attention from the physical and chemical community. Extensive researches have been carried out, which involve the liquid-vapor interface, the interphase transport dynamics, condensation coefficient, etc.. The condensation coefficients and some interfacial and interphase transport properties have been obtained experimentally, but there is often discrepancies between the measured condensation coefficients from different experiments[1, 2], and some of the experimental results still can not be reasonably interpreted[3]. The theories are also frequently plagued by inherent or practical limitations.  The classical theories of evaporation and condensation are generally limited by the crude interfacial thermodynamics[4]. The transition state statistical theory is also puzzled about the interpretation of the activated complex in phase change process [5]. As an alternative, molecular simulations can provide microscale information of interface and interphase transport. With molecular dynamics method, Mosumoto et al.[6], Tsuruta et al.[5] and Wang et al.[7] have given some dynamics information on interface and interphase transport and statistically computed the condensation coefficients. However, since the experiments are carried out under quasi-equilibrium and nonequilibrium conditions, while these currently available molecular simulations are under equilibrium conditions, it is difficult to make comparisons between these simulated and measured results, and to develop the nonequilibrium theory of evaporation and condensation.

 In this contribution, the evaporation and condensation process under nonequilibrium situations are studied by using molecular dynamics method. 
For the net evaporation process in the NVT ensemble, the evaporation flux[8] is 
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(1)

where (c is the condensation coefficient, R is the universal gas constant, T is the temperature of the system, Pl, Pv are the pressure of the bulk liquid and the bulk vapor respectively. When the liquid-vapor equilibrium achieved, we have je=jc, that is 
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(2)

where S is the interface surface area, ml is the total mass of liquid, mv is the total mass of vapor. For the ideal gas, 
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(3)

where V is the vapor volum. From equations (1), (2) and (3), 
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where 
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.  By relating the time dependence of the variation of pressure difference between the bulk liquid and the bulk vapor to the phase change flux in the NVT ensemble, the evaporation/condensation coefficients of argon is statistically calculated at different temperatures. In the simulations, the pressure is statistically calculated by the method presented by Hoover[9]. With the nonequilibrium molecular dynamics simulations, the condensation coefficients are related with the thermodynamic parameters of the two phases, and compared with experiments. In addition, the interface thermodynamics and the liquid-vapor phase change dynamics are analyzed. 
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