
  
   

 
   

 
   

  
   

Results and Discussions 

  
   
Suppression of wall erosion by vapor shielding at low-Z and high-Z walls 
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Introduction 
During high heat flux irradiation at solid walls under transient events of a 

future fusion reactor, vapor shielding are expected as an inherent relief 

of wall erosions. A simulation code using a weighted particle model was 

developed in order to estimate the dissipation of the incoming heat flux 

by the vapor shielding.  

Summary and future works 

 Be likely dissipates ions and 
electrons energy via collisions 
and radiations. In contrast, W 
less likely dissipates incoming 
electron energy. 

Particle-In-Cell simulation: PIXY code 

PIC code treats 
• 1 dimensional in space and 3 dimensional in velocity (1d3v) 
 Sheath & magnetic pre sheath calculation 

•Sputtering by particle bombardments based on a semi-empirical model. 

•Monte-Carlo collision for ionization & Recombination (OPEN-ADAS based) 

•Radiation cooling due to line and Recomb&Brems. (OPEN-ADAS based) 

•Other collision processes (Coulomb, Ion-neutral) are turned off at first. 

K. Ibano et al. CPP(2016); K. Ibano et al. NME(2017) 

vapor 
Because of strong variations in ejection flux as a 
function of surface temperature, vapor particles are 
needed to be analyzed by weighted particles. 

Special attentions were paid for Collision, Ionization, 
Recombination and Radiation cooling. 

New model for Coulomb collisions between weighted 
particles was developed (Tanaka, CPP2018). 

Heat transfer calculations include the temperature drop 
due to the latent heat. 

 1-d PIC (multi components) and heat transfer models were coupled to simulate vapor shielding 
phenomena at a solid surface. 
Weighted PIC was applied in order to treat the temperature dependent vapor flux.  
Radiation cooling and ion-neutral collisions need to be considered for the energy dissipations. 
Less effective electron energy dissipations via radiation was observed for W, but ion energy 
dissipations via collisions was observed.  
In contrast, Be, good radiator, dissipates both ion and electron energy.  
1mm of Be layer effectively shields ~10 GW/m2 heat flux for 200 ms. 
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Line 

Recomb.+Brem. 

Transient heat flux under a reactor condition is simulated by the code. 

Simulation shows that the ion-neutral collision as well as radiative 

cooling are dominant phenomena 

  

 

for the heat flux dissipation. In 

this study, suppression of erosion 

amounts for W and Be walls were 

examined.  

  

 
Schematics of plasma-surface 

interactions during transient heat loads 
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Temporal changes of heat flux on Be (left) and W(right) walls during transient loads.  
For comparison, heat flux without vapor shielding is also shown in black lines. 

C. H. Liu et al. J. Phys. B: At. Mol. 
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W does not dissipate incoming electron 
energy because radiation power of W is 
much less than Be for neutrals and low 
charged ions.  

The ion-neutral collisions cross-section 
are similar for W. Less effective 
dissipations are due to smaller W ejection 
amount and smaller energy transfer rate.  

Larger erosion of W than Be is 
predicted for >10 GW/m2. 

1mm of Be layer effectively shields 
~10 GW/m2 heat flux for 200 ms. 
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Ion reflection at the surface was not taken into account in this study. Should be taken in future. 

   



 
   

 
   

Be wall Temperature Profile 

W wall Temperature Profile 

Be wall Density Profile 

W wall Density Profile 
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