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Numerical Model: Basic characteristic of the code 

 3d rectangular geometry 

 Fully conservative compressible 

 Fully coupled radiation solver: 

 LTE using 4 opacity-distribution-function bins 

 Ray-tracing transport by Feautrier method 

 14 ray (2 vertical, 4 horizontal, 8 slanted) angular 

quadrature 

 Non-ideal (tabular) EOS 

 4th order Padé spatial derivatives 

 4th order Runge-Kutta in time 

 Different Turbulence models 

- LES: Smagorinsky model (and its dynamic procedure) 

- DNS + Hyperviscosity approach 

We use a 3D non-linear radiative MHD code developed for simulating the upper solar convection 

zone and lower atmosphere. This code takes into account several physical phenomena: 

compressible fluid flow in a highly stratified medium, 3D multi-group radiative energy transfer 

between the fluid elements, a real-gas equation of state, ionization and excitation of all abundant 

species, and magnetic effects. A unique feature of this code is implementation of various subgrid 

scale turbulence models. We adopted the most widely used subgrid-scale Smagorinsky model 

(Smagorinsky,1963) in the compressible formulation (Germano et al.,1991). 
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Vortices in the low atmosphere 
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Vortex tube structure above the solar surface 
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Vortex tube structure above the solar surface 
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Flow ejection by vortex tube 



Flow ejection by vortex tube 

Mass flux  (0.65 Mm)         Kinetic energy flux                 Poynting flux 



Flow ejection: vertical velocity 
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Flow ejection: pressure gradient 

Kitiashvili et al., 2013 



Flow ejection: Lorentz force 
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Flow ejection: hydrodynamic vs magnetic forces 



Mechanism of spontaneous flow ejections 
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Conclusions 

• The results of our simulations of the quiet Sun with weak mean magnetic field 

reveal strong interacting vortices in the top layers of the convection zone. The 

vortices are often characterized by supersonic horizontal flows and strong 

downflows in the vortex cores. They are numerous and interact with each 

other. 

• The simulations reveal penetration of the vortex tubes from the photosphere 

into the chromosphere in both cases, without magnetic field and with initially 

weak distributed magnetic field.  

• The vortex tube penetration causes significant qualitative changes of the 

atmospheric dynamics, causing strong variations into thermodynamic 

structure, magnetic field lines topology, local heating, and twisted upflows in 

the solar atmosphere. 

• The vortex tubes capture and amplify background magnetic field, and 

generate ubiquitous small-scale eruptions resembling spicules. The 

simulations show that the eruptions are initiated just below the surface by 

pressure gradients, and accelerated by the Lorentz force in the mid 

chromosphere. 


