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In the field of crystal growth of silicon for the photovoltaics and microelectronics numerical 

modeling of turbulent melt flows is still a challenging task. The charge weight of the melt 

approaches 1000kg and the flow pattern is strongly influenced by a variety of physical effects. 

The combination of buoyancy forces, shear stresses stemming from crucible and crystal 

rotation as well as gas flows on the surface, together with electromagnetic forcing by steady 

or time dependent magnetic fields are very special in the field of fluid mechanics. 

This contribution focuses on the simulation of Czochralski growth of silicon. Crystal quality 

in terms of defect densities and dopant concentration strongly depends on the temperature 

gradients at the solid-liquid interface, the pulling speed and properties of the highly turbulent 

melt flow. The low viscosity of silicon in conjunction with the counter rotation of crystal and 

crucible put demanding requirements on accurate numerical description of the heat flux across 

the solid-liquid interface.  Equally important to the heat flux balance are the thermal boundary 

conditions defined by the surrounding furnace. Therefore, we recently developed a numerical 

approach which embeds a 3D melt flow model into a surrounding 2D model of the 

crystallization furnace. Both models are coupled via boundary conditions and the iterative 

solution contains the continuous update of the shape of the solid-liquid interface. 

For an accurate description of the heat flux across the solid-liquid interface capturing the 

turbulence properties is essential. The inclusion of turbulent heat fluxes  ̇  〈  ⃗⃗  ⃗   〉 shows a 

strong influence on the temporally averaged temperature distribution 〈  〉 in the melt, as can 

be seen in Fig. 1. We evaluate turbulent heat fluxes explicitly utilizing large-eddy simulations. 

Thus a realistic temporal behavior of the melt flow calculation is required. On the other hand, 

the LES approach also demands for a careful treatment of the boundary layer at the solid-

liquid interface, as large shear stresses are present in this region. Fig. 2 illustrates that we are 

able to achieve reasonable accuracy even on coarse meshes.  The results achieved with this 



coupling approach will be compared to experimental data obtained from industrial production 

of silicon crystals.  

 

 
  

Fig. 1: Temporally averaged temperature distribution in the melt without (left) and with (right) inclusion of turbulent heat 

fluxes. 
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Fig. 2: Relative deviation from convergence of the heat flux and the oxygen concentration at the solid-liquid interface for 

various mesh sizes. 


