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Vacuum interrupters (VIs) are devices used in high voltage electric networks in order to 

interrupt short circuit currents [1]. They consist of an evacuated container, where a metal 

vapor arc forms between two open contacts in the current interruption phase. During the 

arcing metal (copper) vapor is produced from the strong evaporation from the two contacts 

and can be deposited anywhere in the container. After a number of short circuit interruptions, 

the amount of metal especially on the ceramic body of the container can be so large, that the 

vacuum interrupter fails to withstand the high voltage applied to it [2, 3].  

In order to understand the deposition of the metal on the different parts and positions inside a 

VI we have simulated the process of metal vapor condensation using “dsmcFOAM” as the 

direct simulation Monte Carlo (DSMC) code [4, 5]. It provides already a good basis for a 

simulation of this kind, including the possibility to use a detailed geometry and a realistic 

interaction model for the metal vapor atoms. Parallelization is also already available.  

We have adapted the OpenFOAM code to allow for absorbing and reflecting boundary 

conditions, as there is a high probability for the metal atoms to stick to the surfaces. Based on 

the existing “MixedDiffuseSpecular” wall interaction model, we have implemented a new 

“AbsorbingWall” class, allowing for the removal of particles at the surfaces. Fixed absorption 

coefficients where used both for the ceramic and metal surfaces. In addition, we have 

obtained the parameter for the variable-hard-sphere (VHS) interaction model from collision 

integrals and compare them with those found in the literature [6, 7]. The flexibility of the 

meshing and parallelization was used in order to split the simulation domain into regions 

according to the density of the vapor.  



We show results of the simulations and its dependency on the different model parameters. We 

also discuss possible improvements for future applications. 
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Fig. 1: Simulation result showing the copper vapor leaving the gap between the two 

contacts at the bottom. Individual particles as well as the density is shown in the figure. 

As the density is highest in the gap, a more refined mesh is used there. 


