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Abstract  
Internal kink mode, as an effective factor in disruptions, and it's stability in IR-T1 tokamak (with 

circular cross-section plasma) is studied. Due to the rapid change of this mode with the safety factor, 

considering a common profile for toroidal current density leads to the safety factor and growth rate 

of the internal kink instability profiles. With increasing of the 𝜐 values, the safety factor at inner parts 

of the plasma drops below one and we have the instability growth in these areas. For the smaller 𝜐 

values, the mode is stable everywhere in this tokamak.   
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Introduction  
     Magnetohydrodynamic (MHD) stability is essential 

for devices that want to steadily apply nuclear fusion, 

especially magnetic fusion energy. Turbulence due to 

MHD instabilities can take any form, but resonance 

occurs for instabilities that have surfaces with definite 

𝑞 = 𝑚/𝑛 and creates certain modes of instability. The 

stabilization of tokamak plasma in this modes is provided 

by the safety factor 𝑞 [1,2]. 

     Internal kink mode 𝑚 = 𝑛 = 1 is considered as a 

direct cause or at least an important component in the 

dynamics of sawtooth oscillations in tokamak, which 

causes disruptions and then the catastrophic loss of 

plasma control. The growth rate of this mode depends to 

a large extent on the 𝑞 profile. A very small change in 

𝑞 may ideally destabilize the stable equilibrium [3,4]. In 

tokamak IR-T1, it has been shown that the presence of 

modes 𝑚 = 2 and 𝑛 = 1, as well as 𝑚 = 3 and 𝑛 = 2  
leads to a large disruption [5]. In the STOR-M tokamak 

discharges, suppression of mode perturbations (1,1), (1, 

3), and (1,4) has been observed [6]. 

     In this work, we will study internal kink mode stability 

in IR-T1 tokamak, which is a small, ohmically heated, 

air-core tokamak without copper shell and circular cross-

section plasma (Table. 1).  

 

Method 
     The basic variable characterizing stability, 𝑞(𝑟), is 

related to the toroidal current distribution. Radial profile 

of the safety factor 𝑞(𝑟) usually has its minimum value 

inside or near the magnetic axis and increases outwards. 

At high aspect ratio and circular cross-section, the 

behavior of 𝑞 is simply determined as: 

                                𝑞(𝑟) =
2𝜋𝑟2𝐵𝜑

𝜇0𝑅0𝐼𝑝
=

𝑟𝐵𝜑

𝑅0𝐵𝜃
                    (1) 

Where 𝐵𝜑 , 𝐵𝜃  and 𝑅0 are toroidal field, poloidal field 

and major radius of plasma. For a current distribution in 

the form: 

                                𝑗𝜙(𝑟) = 𝑗𝜙0(1 −
𝑟2

𝑎2)𝜐                    (2) 

then using Maxwell's equations, the poloidal magnetic 

field profile is given as: 

                𝐵𝜃 =
𝜇0𝑗𝜙(0)𝑎2
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𝑎2⁄ )
𝜐+1

)     𝑟 ≤ 𝑎                      

                𝐵𝜃 =
𝜇0𝑗𝜙(0)𝑎2

2(𝜐+1)𝑟
               𝑎 < 𝑟 < 𝑏                   (3) 

finally, the safety factor profile, Eq. (1), is given by [7]: 

                𝑞(𝑟) =
2𝜋𝑎2

𝜇0𝐼𝑝

𝐵𝜑 𝑟
2

𝑎2⁄
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We will consider a very simple zero pressure cylindrical 

equilibrium with nearly constant current in the 𝑧 

direction. The plasma is contained in the region 𝑟 < 𝑎 

and the wall at 𝑟 = 𝑏 is considered perfectly conducting. 

The region between 𝑟 = 𝑎 and 𝑟 = 𝑏 is the vacuum 

region. The magnetic field is given by: 

                      𝐁0 = (𝐵0 + 𝐵2(𝑟))�̂� + 𝐁𝜃(𝑟)                   (5) 

where 𝐵0 is a dominant toroidal field in a tokamak and 𝑟 

is the radius of the cylinder. Pushing the plasma a small 

distance away from its equilibrium state, thus the 

momentum equation becomes: 

              𝜌0
𝜕2𝛏 

𝜕𝑡2 = 𝐉𝟎 × 𝛿𝐁 + (𝛁 × 𝛿𝐁) × 𝐁𝟎 = 𝐅(𝛏)   (6) 

where 𝛏 is the displacement of the plasma (∂𝛏/∂t = 𝐯). 
Outside the plasma the vacuum field is perturbed and 

produces a pressure on that region. In order to matching 

the magnetic pressure inside and outside of the plasma, a 

small compressive component must be added to the 

plasma displacement, the magnitude of which will be 

determined by matching the pressure at the boundary 

between the plasma and the vacuum. Also, the absence of 

any field in the region between plasma and vacuum 

should be considered. Finally, the momentum equation is 

as follows: 

 𝜌0
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2𝐵0
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where 𝛏 = 𝛏𝟎 is considered. When 1 > 𝑞 > (
𝑎2

𝑏2) , we will 

have an internal kink instability with the following 

growth rate [8]: 
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All parameters in equation (4) are provided in Table. 1.  

 

Table 1. characteristic data for IR-T1 tokamak [5]. 

 

Results and discussion  

     In this section, we presnt the growth rate and safety 

factor profiles, Eqs. (4) and (8), in Figs. 1 and 2 to study 

stability of this mode in IR-T1 tokamak. This work has 

been done completely through programming in 

MATLAB software and its tools.  

     As the 𝜐 value increases, the central value of the safety 

factor (𝑞(0)) decrease and in some areas reach below 

one, real parts for 𝜐 = 4 and 𝜐 = 5, which can lead to 

instability of the internal kink as seen in Figure 2. In fact, 

in Fig. 2, we have the instability growth only for 𝜐 = 4 , 5 

and for lower 𝜐 values, this mode will be stable in IR-T1 

tokamak (imaginary parts in Fig 2). We notice that for all 

of 𝜐 values, 𝑞(𝑎)~4 and this crieterion is also verified 

before [5]. 

 

Conclusions  

     Ideal MHD instabilities arising from the current or 

pressure gradient indicate the final boundary of 

operational limitations for most configurations, and 

possible instabilities fall into the ideal and resistance 

mode groups. In this work we found that the internal kink 

instability grows only for higher 𝜐 values and as 

localizedly. As a consequence, this instability can be 

prevented by adjusting the appropriate toroidal current 

density profile. 

     Studying the temporal change of safety factor and 

subsequently the growth rate of internal kink instability 

as well as the poloidal magnetic flux functions can have 

more significant results for the performance of the 

tokamak during its discharge, which will be discussed in 

future works. 

 

 

 
Figure 1. The safety factor profile by Eq. (4) in IR-T1 tokamak. 

 
Figure 2. The growth rate of internal kink instability (Real part 

of Eq. (8)) and Imaginary, or stable, part of Eq. (8) for this mode 

in IR-T1 tokamak for values 𝜐 = 1,2,3,4,5.   
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 parameter value   

 Major radius (𝑅0) 
 

Minor radius (𝑎) 

 

Minor radius of 

vaccuum vessel (𝑏) 

 
Average electron 

density (𝜌0) 

45 cm 

 

12.5 cm 
 

15 cm 

 
 

~ (0.9)*10^19 m-3 

  

 

 Toroidal field (𝐵𝜑) 0.75 T   

 Plasma current (𝐼𝑝) ~ 32 kA   
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