
 NUMERICAL SIMULATION OF THE SOLAR 

FLARE MECHANISM 

A.I. Podgory1, I.M. Podgorny2 

1Lebedev Physical Institute RAS, Moscow, Russia, podgorny@lebedev.ru 
2Institute for Astronomy RAS, Moscow, Russia , podgorny@inasan.ru 

Bulgaria   June   2016 



SOLAR FLARE OCCURS IN THE SOLAR CORONA ON 

HEIGHTS 15 - 30 THOUSANDS KILOMETERS, WHICH 

IS 1/40 – 1/20 OF SOLAR RADIUS. 



a=m/ Vin ;  m= c2/4 
After the quasi-steady evolution the current sheet transfers into an unstable state. 

As a result, explosive instability develops, which cause the flare energy release.  



Electrodynamic model of solar flare 

Igor M. Podgorny using results of 

measurements on the satellite 

Intercosmos-Bulgaria-1300 





Flare meshanizms 

Now our aim is: To find solar flare mechanism directly by MHD 

simulation in real active region. 

Earlier: Hypothesized the mechanism of the solar flare, which 

is then tested.  



Examples of alternative models of the 

solar flare 

   To our mind it is difficult to explain appearing of 

the rope. 

   In any case to verify the validity of these models 

it is necessary to perform presented here MHD 

simulations for real active region. 
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The principal difference between the numerical 

methods implemented in the program 

PERESVET and others. The main goal is to build 

the mostly stable finite-difference scheme. 

Stability must remain for maximally possible step 

Δt, to accelerate calculations maximally. The 

scheme must be stable even, if the Courant 

condition (ΔtVw/Δx < 1) is violated, which is 

reached only for implicit schemes. But here 

there is no purpose to achieve high precision of 

approximation of differential equations by finite-

difference scheme.  



In the PERESVET program: 

 Some schemes are also conservative relative to magnetic flux [divB]=0, but with 

symmetrical approximation VB. 

 Finite-difference scheme is upwind for diagonal 

terms.  

 The scheme is absolutely implicit, it is solved 

by iteration method (ΔtVw/Δx<1 is not necessary).  

 The scheme is conservative relative to magnetic flux [divB]=0 

Nonsymmetrical (upwind) approximation 

VB. 

Other methods: 
 Explicit finite-difference schemes 

 Often Godunov type (Riemann waves) 

The special methods are used to obtain high order  

approximation (FCT, TVD) 

 Also Lagrangian schemes with further recalculation by interpolation on each 

step.  
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In spite of using specially developed 

numerical methods, the calculations are 

fulfilled rather slowly. So, to perform 

simulation on the personal computer 

(double core processor 1.6 GHz), the 

time scale must be strongly reduced. 



The firs results of real time simulation during several 

minutes evolution above the real active region after all 

modernizations of numerical methods show that to 

calculate during several days the active region evolution 

during one day it is necessary to have supercomputer 

which calculates 100 times faster than modern  personal  

computer (double core processor 1.6 GHz).  
 

To use the simulations for improving the solar flare 

prognosis the simulated evolution must be faster than 

real active region evolution, so it should be used 

supercomputer 104 times faster than personal computer. 

 



The graphical system 

of search of current 

sheet positions is 

created to compare 

with observed 

positions of thermal X-

ray emission.  
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The points on the 

magnetic lines are 

situated at 0.007 

dimensionless units  

(~ 3000 km) from the 

center of the current 

sheet.  
 

The coordinates of 

the points of 

intersection of these 

magnetic lines with 

the photosphere on 

the picture plane are 

(124.0 "-70.79"),  

(124.1 "-68.40") and 

(123.1, "-65.88"); and 

the coordinates of 

the most powerful X-

ray source is  

("131 , -67 "). 
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    Coincidence of position of the current 

sheet obtained by MHD simulation with the 

observed position of the source of thermal 

X-ray emission during solar flare is the 

independent evidence that the mechanism 

of a solar flare is an explosive release of 

magnetic energy stored in the current 

sheet. 



To study the physical processes during solar 

flares and for development of solar flare 

prognosis on the basis of understanding its 

physical mechanism, it is necessary to solve 

further problems:  

1. Real-time MHD simulation of flare situation 

in active region – application of supercomputer, 

parallelizing. 

2. Modernizing of graphical system, which  

permits to find fast possible positions of flare 

emission sources from MHD simulation results.  
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Thank you! 

Благодаря за 

вниманието! 


