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Modelling:  OpenFOAM  
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Modelling:  OpenFOAM  
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wall 

vapor 
liquid 

Tw=383.15 K Tsat=373.15 K Ti=Tsat 

xi 

 Analytical solution: 

and  

 Model parameters:  

Hardt & Wondra, J. Comput. Phys. 227 (2008) 5871  
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Vapor-liquid interface 
position xi as a 
function of time for 
different values of  λv:  

solid lines –> 
analytical results 

symbols –> CFD 
calculation data  
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Movie of volume fractions of vapor & liquid:  λv =0.1 W/(m K) 
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Movie of evolution of temperature of vapor & liquid:  λv =0.1 W/(m K) 
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Movie of plasma-liquid interface perturbed with 5 wavelengths:  
Plasma impact with velocity 100 km/s in two times larger domain 
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Würz et al. Fus. Eng. Design 56 
(2001) 397 

   weak melt motion with 
wavy  surface 

   wavelength of surface 
waves ~60 µm  



38 

Phenomenological Capillary Droplet Model 

  approximation of a deep melt: dangerous wavelength 
  fine droplets at wave’s peaks are dragged away by the plasma wind 

  extension of linear stability analysis to an essentially non-linear regime  

Bazylev et al., Fusion Eng. Des. 84 (2009) 441; Bazylev et al., Phys. Scr. T128 
(2007) 229; Bazylev & Landman, Problems Atomic Sci. Technol. 13 (2007) 35  

Maximum increment coefficient and dangerous wavelength: 
and  

 the radius of droplets assumed as ~ 
with  

Main assumptions:  

For QSPA-T conditions:   heat loads <1.6 MJ/m2 during <0.3 ms 

,  
; K-H instability time  

For ITER conditions:   weak ELMs <2.5 MJ/m2 during <0.3 ms 

,  
~ 14 - 1.4 cm  >> model is not valid! 

<< 
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H aligned with the 
melt flow suppresses 
instability  
H perpendicular to the 
flow has no influence  

denser plasma shifts 
dangerous wavelength 
toward shorter waves, 
growth rate increases  

thinner melt layers 
are more stable 
than thicker ones  

G. Miloshevsky & A. Hassanein, Nucl. Fusion 50 (2010) 115005; J. Nucl. Mater. 
415 (2011) S74.  


