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Abstract:-The sun is a G-type main sequence star. Corona is an 

aura of Plasma that Surrounds the Sun and other Stars. The 

heating of solar Corona is one of most important problem in 

Astrophysics. There are several mechanism of Coronal heating. 

In this paper we discuss Numerical Simulation on Flux tube 

Tectonic Model For Solar Coronal Heating . 
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I. INTRODUCTION 

un is the important part of our solar system. From using 

various models, the maximum temperature inside of our 

star is 16 million degree Celsius. The visible surface of the 

sun has a temperature of about 6000 degree Celsius. 

              The sun is hotter on the inside than it is on outside. 

However, the outer atmosphere of the sun, the Corona, is 

indeed hotter than the underlying photosphere. Grotrain and 

Edlen concluded  that the coronal gas is extremely hot with 

temperature more than 1 million degree. Although the solar 

Corona is very hot, it also has very low density. Therefore, 

only a small fraction of the total radiation is required to power 

the corona. So there is enough energy in the sun to heat the 

corona. There are several mechanism of powering the Corona 

have been proposed. Observation with high spotial resolution 

show that the surface of the sun is covered by the weak 

magnetic field concentrated in small patches of opposite 

polarity (magnetic carpet). These magnetic concentrations are 

believed to be a footpoints of individual magnetic flux tubes 

carrying electric currents. 

         Recent observation shows photospheric magnetic field 

constantly move around, interact with each other, dissipate 

and emerge on very short period of time. Magnetic 

reconnection between magnetic field of opposite polarity may 

change topology of the field and release magnetic energy. 

Which results the dissipation of electric magnetic 

energy.which results the dissipation of electric currents which 

will transform electric energy into heat. 

The sun is a G-type main sequence star.corona is an aura of 

plasma that surrounds the sun and other stars. The heating of 

solar corona is one of most important problem in astrophysia 

.there are several mechanism of coronal heating. in this  paper 

we discuss….  

II. 3D MHD SIMULATIONS BASED ON THE FLUX-

TUBE TECTONIC MODEL 

   The 3D MHD code described by Norlund and Galsgaard 

(1995) solves the non-dimensional MHD equations. The code 

is sixth order accurate in the space and third order in time. 

Here, we use periodic boundary conditions in y and z, to 

simulate a much larger array of sources and driven boundary 

conditions in x. there are no conditions imposed directly on ρ 

and e which are updated through the continuity and energy 

equations respectively. The solenoid condition is imposed 

through the use of the staggered grid. The initial value of  ⃗⃗   ⃗   
is maintained throughout the calculations and we choose the 

initial field such that     .B  =0 .the non-dimensional MHD 

equations are used in the following form : 

  

  
=- ⃗⃗ .  ⃗                                                                                     …..(1) 

  ⃗ 

  
=- ⃗⃗   ⃗                                                                         …..(2) 

 ⃗ =-( ⃗⃗   ⃗ )+                                                                   …..(3) 

  = ⃗⃗    ⃗⃗  ⃗                                                                           …..(4) 

   ⃗⃗ 

  
=- ⃗⃗ .(  ⃗  ⃗  +τ)-  ⃗⃗ P+      ⃗⃗  ⃗                                           ….(5) 

  

  
=  ⃗⃗  (  ⃗ )    ⃗⃗   ⃗   visc+Qjoule                                 …..(6) 

Where ρ=the density,          ⃗ = the magnetic field, 

 ⃗  The electric field,        ŋ=the electric resistivity, 

  =the electric current,                                     

e =the initial energy,          P=(   )   the gas pressure, 

T=P/ρ= The temperature,  Qvisc=the viscous dissipation and  

     We use hyper resistivity and viscosity. The most important 

algorithms are described by Norlund and Galsgaard (1995). 

The most important contribution to the resistivity is related to 

a compression perpendicular to the magnetic field, while there 

is no common background value of ŋ. Essentially the 

resistivity is highly localised.  

    The initial configuration consists of four equal  flux patches 

and a small background axial on the top (x=1) and bottom 

(x=0) boundaries of the numerical box.the  x-component of 

the field on the top and bottom boundaries is described b 

BX(X=0,1)=0.1+exp(-350((y-0.5)
2
+(z-0.2)

2
+exp(-350((y-

0.5)
2
+(z-0.8)

2
+exp (-350((y-0.2)

2
+(z-0.5)

2
))+exp (-350((y-

0.8)
2
+(z-0.5)

2
)).                                                         ….(7) 
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We have a small axial background field (given by the 0.1 in 

equation (7)  which removes the presence of real 3D null 

points in the domain, and also reduces the steep magnetic 

gradients near the top and bottom boundaries that would occur 

if the four sources alone if the four sources alone contributed 

to the flux. As such there are no null points or separatrices, 

but there are quasi-separatrixlayeres (QSLs) which separate 

the regions of different connectivity. A potential magnetic 

field was constructed in the rest of the domain using equation 

(7) as the boundary condition. Figure 8 shows Bx on the top 

and bottom boundaries and Figure 8 shows By and Bz on the 

top and bottom boundaries (here the x-direction is the axial 

direction).                

 

Fig 1. The initial ( left-hand side) and ( right-hand side) on the top and bottom 

boundaries. 

 In order to model simple photospheric motions, we drive two 

of the flux patches on the bottom boundary in a straight line 

between the other two. The driving speed is -0.03 units which 

which is approximately one fifth of the mean Alfven speed in 

the numerical box. The driving profile is taken to be a smooth 

top-hat function, which advects two of the sources without 

changing their spatial shape, while not interfering with the 

two other sources, figure 3. The photospheric driving function 

is almost discontinuous. However , the results do not depend 

on their property. A smooth velocity with a discontinuous 

velocity and continuous normal field. This is discussed in 

more detail in 1D Analytical Model. The other two velocity 

components are zero on the upper boundary.  

Figure 2.the driving velocity on the bottom boundary 

III. 1D ANALYTICAL MODEL 

  We can model the current sheet formation using a 1D 

analytical model. We assume the flux function of the form  

  =(0,A(x,y),0)                                                                   …(8) 

And, with the shearing motions introducing a y-component, 

the magnetic field can be expressed as: 

 ⃗ =[-
  

  
   ( ) 

  

  
]                                                            ….(9)                               

Now, the footpoint  displacement is given by  

Vy(A)t= (A)=∫
  ( )

   

   

   
 dx                                            …(10) 

And since By(A) is independent of x this can be written as  

δ (A)=By(A)∫  
 

(
  

  
)

   

   
 dx                                             …(11) 

 To approximate the integral in equation (11) we make the 

following assumption. The magnetic field rapidly expands 

from a single flux concentration until it meets the field from 

the neighboring flux sources. The expansion ceases at a height 

that is related to the separation distance on the photosphere. 

Then the field becomes uniform in the x direction until it 

approaches the other footprint, where the reverse process 

occurs. The uniform region means that the flux function can 

be replaced by a function of z alone. Thus, A=A(z), Bx=-

∂A/∂z and Bz=0. Notice that is now independent of Bx(and is 

actually a function of A) and so the integral can be 

approximated by H/(    ⁄ ). Thus, the footpoint displacement 

can be expressed as a function of A. this is similar to the 

approach used by Lothian and Hood (1989)
(15)

 and browning 

and Hood (1989)
(16)

 for the cylindrical case. Thus, the 

footpoint displacement can be expressed as 

δ(A)=-
   ( )

     
                                                                ….  (12) 

So the footpoint displacement is a fixed property of the field 

lines and is a known function of the flux function, A. all that 

is necessary is to take the imposed foot point displacement 

,which is a function of z at the photosphere and the flux 

function, which is also a function of z and express δ as a 

function of A. then, 

Bx(A)=-
 ( )

 

  

  
                                                               ….(13) 

Since the field is straight, there is no magnetic tension and the 

equilibrium reduces to constant magnetic pressure. Hence, 

(
  

  
)
 

+ 
B

2 
(A)= constant                                                ….(14)
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Figure 3.A plot of P+B2/2 as a function of z (in the direction across the 

current sheet) and time for the simulation. This shows that the total pressure 
increases with time, while a near pressure balance is maintained in the z 

direction for all times, just as predicted by the theory. 

Figure 3 shows a surface plot of P+B
2
/2 against z and time 

demonstrating that the total pressure is indeed constant across 

the numerical domain.since the plasma β is small we can 

neglect the gas pressure and take B
2 

constant (equal to k
2
). 

The constant does increase with time as indicated in figure 3. 

 Using the footpoint displacement calculated in equation (13) 

and equation (17) can be written as  

(
  

  
)
 
[  (  (( ( ))  )) ]=k

2                                                 
…(15) 

 Equation (18) is solved subject to the boundary conditions, 

consistent with the numerical simulations 

A(L/2)=0,                                                                       ….(16) 

A(L)=Bx0L/2                                                                  ….(17) 

Now that the total flux is A(L)-A(0)=BxoL 

                               

 

Figure 4.The photospheric footpoint displacement as function of A 

Figure 4 shows the footpoint displacement as a function of A. 

Since that is the form of a step function we need to consider 

two regions of the domain, A [Bx0a/2 and A>BxoA/2]  

For A [Bx0xa/2 we have  

(     ) [1+λ
2
]=k

2                                                                                         ….
(18) 

Where δ/H=vyt/H=λ. Thus, 

A=
 

√    
(  

 

 
)                                                             …..(19) 

  For A>BX0a 

(
  

  
)
 

=k
2
,                                                                        ….(20) 

Which gives 

A=K(Z-L/2)+M,                                                             ….(21) 

 And since A(z=L)=Bx0L/2 (total flux) we have, M=Bx0L/2-

KL/2. 

  Finally, continuity of A at the interface, i.e. at A=BX0a/2 

where 

 Z=L/2+
      √    

  
 ,                                                       …(22) 

Gives 

 M=Bx0+ Bx0(1-√    /2                                             …(23) 

k =Bx0+ Bx0

 

 
(√      )                                           …(24) 

Hence, the total magnetic pressure is k2/2 and so, 

  

 
= 
    

 
(  

 

 
(√      )                                   …..(25) 

Finally this gives us 

A=
   (     (√(      )  )(  

 

 
)

√    
 ,   A   Bx0a/2               …..(26) 

A=Bx0(1+
 

 
(√      ))(     ) +Bx0

 

 
(1-√  √    ) 

, 

    A> Bx0a/2                                                                …..(27)                                        

We can now use this expression for the flux function to make 

prediction about the simulation results, 

     We can predict that the current sheets are likely to occur in 

the region where A=Bx0a/2, i.e., at 

Z= 
     √    

 (  
 

 
(√      )

,                                                     ….(28) 

And will, therefore, move outwards as the shear increases in 

agreement with the simulations. This shows that this 

simplified analytical model can reproduce some of the 

physical behavior demonstrated in the numerical simulations. 

  We can use the 1D model to predict how the magnetic field 

strength should vary with time. The total field strength is 
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given by k and so by substituting a=0.125, L=1, 

H=1,λ=Hvy0t=0.03t into k we can obtain an expression for the 

field strength. we have plotted the mean of B
2
 from the 

numerical simulation at x= o,y=0 against time and have 

plotted the mean of B
2
 from the numerical simulation at 

x=0,y=0 against time and have over-plotted k
2
. It can be seen 

that the two show good agreement. Thus, the 1D model gives 

a good prediction of the magnetic field in time. 

 

Figure.5 

In the discussion above we assumed a uniform, field and 

discontinuous velocity which makes the velocity a 

discontinuous function of A (this is equivalent to taking a 

discontinuous flux distribution and applying a continuous 

velocity which is how the flux tube tectonics model is usually 

expressed). We have seen that this analytical model is in good 

agreement with the numerical results. However, due to 

numerical simulations, so we now consider the effect of a 

weak uniform background field to the initial discrete flux 

sources. This gives a continuous flux distribution and removes 

the photospheric null point. Consider a simple analytical 

model with the photospheric velocity and flux function 

profiles given by 

Vy(0,0,z)=vy( ̌̃), A(0,0,z)=A( ̃) 

Where  ̃ stands for the distance in the z-direction at the 

photospheric surface. Rearranging these allows us to write  

Vy=vy(A). 

  As above, this velocity allows us to calculate the footpoint 

displacement and the functional form of By(A). Thus, the 

become independent in x, can be expressed as a function of z 

as 

  

  
=

 

√  ( ( )  ) 
                                                               ….(29) 

 Note that z is used to describe the distance the distance at the 

coronal level and  ̃ the distance at the photospheric surface. 

The flux function can be formally obtained by intergrating to 

give  

k(  
 

 
)=∫ √  (

 (  )

 
)     

 

 
 

               =∫ √   ( ( )  )̃    ̃

   

   

  ̃
 d ̃, 

Where A=A( ̃1). To calculate the current in the corona, 

differentiate equation (29) with respect to z to obtain 

   

   
= -

  ( )

(  (
 ( )

 
) )

   
  
 
  

  
 
  

  
 

 We use to equation (29) to express     ⁄  in terms of A. now 

since δ is known as a function of  ̃, it is possible to rewrite 

  

  
= 
     ̃

     ̃
, 

So that the coronal current is expressible as  

   

   
= -

   ( )

(  (
 ( )

 
) )   

 
  

  ̃
 

 

     ̃
                                    ….(30) 

There are two possibilities for forming a current sheet in the 

corona, given by the two terms dδ/d ̃. Thus either dδ/d ̃ is 

infinite, corresponding to a discontinuous photospheric 

velocity profile, or   
  ̃
⁄ =0, In which case the photospheric 

magnetic field distribution is discontinuous. When neither of 

these conditions is satisfied, the coronal current will each a 

maximum value but will not initially form a current sheet. 

  The value of the maximum coronal current depends on the 

flux and velocity profiles chosen. As a simple illustration, 

consider 

A( ̃)=B0 ̃+
√ 

 
(erf(α( ̃-0.5))+erf (α( ̃-0.2))+erfα( ̃-0.8))), 

And 

δ ( ̃)=λ(tanh(d( ̃-0.375))-tanh(d( ̃-0.625)))                ….(31) 

α and d can be chosen to adjust the sharpness of both the flux 

and velocity profiles. To compare with the results of our 

numerical simulation, we take α
2
=350 and d=100. B0 is the 

strength of the uniform background field.Note that the 

maximum current tends to infinity as B0 tends to zero.                      

 

Figure 6.the maximum current from equ (33) as a function of B0 The 

background magnetic field strength width d=100 in eqn (34) (left-hand side) 
and the maximum current is plottedagainst d for B0=0.1(right-hand side) 

IV. RECONNECTION OR DIFFUSION 

  As shown in current sheet formation there is evidence in the 

numerical results of current sheet formation along QSLs. This 

suggests that with resistivity included in the experiments some 

kind of energy release process,e.g. reconnection or diffusion 

,may occur . we investigate this using two further experiment. 
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The 256
3
 simulation is continued up to t=50tA (this is 

equivalent to a footpoint displacement of 1.5) using the hyper-

resistivity described in Nordlund and Galsgaard (1995). Also 

a second experiment is carried out using a constant resistivity, 

ŋ=0.0005, again on a 256
3
 grid. This allows us to investigate 

the effect of the form of the resistivity on the results.  

 The first difference between the hyper-resistivity experiment 

and constant resistivity experiment and constant resistivity 

experiment is that informer the width of the current 

concentration is much smaller close to the grid resolution than 

in the latter which contains many grid points. In addition, the 

current grows more slowly and saturates at a much lower 

value for the constant resisitivity experiment. In both cases the 

magnetic field lines, in the central region of the advection 

flow, are advected ideally with the imposed driving flow. In 

the hyper-resistivity case this behaviour is followed almost 

out to the transition region between the flow regions. This 

happens because the current concentration is kept to a 

minimum  grid point resolution all the time- allowing the 

current to grow nearly linearly with time as indicated by the 

dashed line in figure 6. 

 In contrast to this, the constant resitivity case differs in 

distributes the current over an increasing number of grid 

points with time allowing only a near constant current value 

after a given shear distance to buildup. Given enough time 

this process would saturate and a steady state due to a balance 

between Joule dissipation and Poynting flux would be 

reached.                     

 

Figure 7.left: plot of maximum current against time for the hyper-resistivity 
experiment. Right:     plot maximum against time for the constant resistivity 

experiment. These show that the current that the current grows more slowly 

and saturates at much lower value for the constant resistivity experiment. 

  There is no sign of significant dynamic behaviour linked to 

fast magnetic reconnection in the constant resistivity 

experiment, i.e. there is no indication of super-Alfvenic flows, 

rapid changes in field line connectivity or fast energy release. 

There is simple dissipation and smoothing of the current 

throughout the experiment.  

Initially in the hyper-resistivity experiment there is no sign of 

reconnection taking place. For most of the experiment, the 

magnetic structure around the current sheets evolves smoothly 

without any sign of rapid disruption capable of producing fasr 

flow velocities. This changes at the very end of the 

experiment when there are signs of fast  dynamic evolution 

with indication of changes in field line mapping and of 

disruption of the current sheets. This more “explosive” 

behavior suggests that fast reconnection does occur at the end 

of the hyper-resistivity experiment. It also raises the question 

of what triggered the reconnection in the hyper-resistivity 

experiment. One possibility is the non-linear development of 

the tearing mode instability. A simple estimate suggests that 

the tearing mode may be triggered if L/a>2 where L is the 

loop length and the thickness of the current concentration. 

Assuming that the loop has a length given by the lenghth of 

the box,1.0, and since the current concentration is a few 

gridpoints across (say 6-8) we would obtain a ration of L/a 

=32-42 which is clearly above the threshold of    . However, 

this may be an overestimate. Therefore, a second estimate 

assumes that the effective length of the sheet is between 1/3 

and ¼ of the domain size. This gives a valkue of 8-10 that is 

close to the limit of 2 . These rough calculations suggest that 

the tearing mode is a possible candidate for triggering 

reconnection for the hyper-resistivity experiment. Since the 

current concentration is much wider in the constant resisitivity 

experiment, it suggests that L/a <2  and, therefore, the tearing 

mode would not be triggered for that form of resisitivity 

within the experimental run-time. 

 These results suggests that, in other case of constant 

resistivity at the present spatial resolution and for the present 

run-time, there is only diffusion contributing to the heating of 

the plasma. only in the case where the constant resistivity is 

significantly decreased, can the current buildup be fast enough 

to trigger a tearing mode, with an associated fast dynamical 

evolution phase, for the hyper-resistivity case both 

reconnection and diffusion occur although the reconnection 

only occurs at the end of the experiment where the structure 

of the current sheet has reached a state that initiates a tearing 

mode instability. This suggests that the nature of the heating is 

dependent on the form of the resistivity but in both cases 

some of the free magnetic energy, injected through the 

boundary poynting flux, is released in the coronal part of the 

loop.This is verified by looking the difference in the growth 

of the magnetic energy and the constant resistivity case 

release more magnetic energy through magnetic dissipation 

than the hyper-resistive case. The form and amplitude of the 

magnetic diffusion will therefore be of significant importance 

for both the plasma heating and the structure of the local 

magnetic field in which the diffusion takes place. 

V. CONCLUSION AND FUTURE PROSPECTS 

 We have presented results of simple 3D numerical simulation 

based on the recently proposed flux tube tectonics model for 

the coronal heating. Priest ,heyvaerts and Totle (2002) 

suggested that simple lateral motions of magnetic flux 

fragments in the photosphere drive the formation and 

dissipation of currents along the separatrix surfaces in the 

corona. Each coronal loop will connect to the photosphere in 

different flux elements and separatrix surfaces will form 

between the fingers connecting a loop to the surface and 

between individual loops. Simple motions of the flux 
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fragments will then drive the formation of current sheets at 

these separatrix surfaces and will drive reconnection. 

   We have used a3D MHD code which is 6
th

 order accurate in 

space and 3
rd

 order accurate in time to investigate this heating 

mechanism. We have placed 4 equal flux patches on the top 

and bottom of the numerical domain and constructed the 

potential field connecting them. In addition we have included 

a small background axial field throughout the domain. 

Due to this background field there are no separatrices, but 

instead there are quasi-separatrix layers which separate the 

regions of connectivity. We drive two of the flux patches on 

the base between the other two and since we are using 

periodic boundary conditions when they pass out of one end 

of numerical box they enter at the other allowing us to 

simulate a much larger array of sources. we run the code on 

three different resolution up to t=15.7tA and one run with 

slower driving velocity for comparison. Finally two high 

resolution runs are made to investigate the dependence of the 

results on the form of magnetic resistivity. We also compare 

the numerical results to some analytical predictions. 

  We find that concentrations of current build up as the 

configuration evolves. If we test the scaling of the current 

with grid resolution for the hyper-resistivity setup we find that 

it scales almost linearly which suggests current sheet 

formation. Driving at a slower speed has no significant effect 

on the current sheet formation. We find that the current is very 

thin and localised which is another indication of current sheet 

formation. Finally can be seen to jump in value through the 

current sheet as would be expected. A close investigation of 

the current sheets reveals that they move outward as the 

simulation progresses. This can, in fact, be predicted using a 

1.5 D model, as can that tact the configuration remains in near 

pressure balance. 

 Since we obtain current sheets and we include resistivity we 

would expect some type of magnetic energy release to take 

place and we do find indication that it does so. To investigate 

this we carry out two experiments, one with hyper-resistivity 

and one with constant resistivity. We find evidence of 

reconnection at the end of hyper-resistivity experiment: 

dynamic evolution, disruption of the current sheet, significant 

changes in the field line connectivity. However, there is no 

indication of such “explosive” energy release for the constant 

receptivity experiment. This suggests that the form of the 

resistivity affects the nature of the energy release: diffusion 

and reconnection occur for the hyper-resistivity experiment, 

diffusion alone release the energy in the constant resistivity 

experiment. One possible trigger for the reconnection in the 

hyper-resistivity experiment is the tearing mode instability. 

  However, whether the energy released due to reconnection 

or diffusion it will heat the plasma. How much heating is 

produced in this scenario and how it compares with 

observation will be investigated in detail in the future. 

 We will carry on this work and try to find out mechanism 

which explains the recent experimental data more precisely. 
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