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Abstract. The effect of sheared plasma flow on the m/n = 2/1 tearing mode is studied numerically 

(m and n are the poloidal and toroidal mode numbers). It is found that in the linear phase the plasma 

flow with a weak or moderate shear plays a stabilizing effect on tearing mode. However, the mode 

is driven to be more unstable by sufficiently strong sheared flow when approaching the shear 

Alfvén resonance (AR). In the nonlinear phase, a moderate (strong) sheared flow leads to a smaller 

(larger) saturated island width. The stabilization of tearing modes by moderate shear plasma flow is 

enhanced for a larger plasma viscosity and a lower Alfvén velocity. It is also found that in the 

nonlinear phase AR accelerates the plasma rotation around the 2/1 rational surface but decelerates it 

at the AR location, and the radial location satisfying AR spreads inwards towards the magnetic axis. 

I. Introduction  

It is widely recognized that plasma flow may have considerable effect on plasma performance 

and MHD instabilities.
1
 A number of experimental studies have examined the effect of sheared 

plasma flow on tearing mode (TM). For both high- and low-aspect-ratio tokamaks, it is found that 

reducing plasma flow clearly decreases the stability of TM and makes pre-existing saturated islands 

larger.
2-4

 It has also been found in DIII-D that flow shear has a stabilizing effect on the m/n = 3/2 

neoclassical tearing mode (NTM),
5
 where m and n are the poloidal and toroidal mode number. In 

addition, flow shear at the rational surface is shown to make the effective tearing stability index ∆ 

more negative.
6, 7

  

In the theoretical aspect, both analytical and numerical studies have been carried out. In the 

linear phase and in the slab geometry, plasma flow shear is found to either increase or decrease the 

linear growth rate, depending on the plasma viscosity, the magnetic shear and the strength of flow 

shear.
8, 9

 When the velocity shear is strong enough, it will give rise to short wave-length 

Kelvin-Helmholtz (KH) instabilities
10-12

 and excitation of Alfvén resonances.
13-15

 In the nonlinear 

phase, the flow shear is found to decrease the saturated island width
16

 and leads to deformation of 

magnetic island.
17

 Recently, the effect of velocity profiles on both TM and NTMs has been 

investigated in toroidal geometry,
18

 and the differential rotation between rational surfaces is found 

to be stabilizing, while the toroidal velocity shear at the resonant surface is destabilizing. Besides, 

the effect of sheared plasma rotation on the stability of TM in an Ohmic regime is investigated.
19

 It 

is found that plasma rotation in the equivalent toroidal direction can result in either an increase or a 

decrease of the mode growth rate. As shown in Ref. 17, the velocity profile is crucial in determining 

the effect of flow shear on the tearing mode stability. However, most of the previous numerical 

results are obtained based on a narrow flow shear layer around the rational surface, which is 

substantially different from the actual rotation velocity profile of tokamak plasma. The effect of 

plasma shear flow on TMs remains to be an important topic for both existing tokamaks and for 

ITER.
20

 

 In this work, the effect of sheared plasma flow on both the linear and nonlinear growth of the 
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m/n = 2/1 TM is studied with the magnetic Reynold number S being relevant to tokamak plasmas 

(S~10
6~9

). In particular, we investigate the effect of poloidal sheared flow on the linear growth rate 

and the nonlinear saturation of 2/1 TM using the large aspect ratio and low  approximation. In the 

next section, the theoretical model utilized in our numerical calculations is introduced. In Sec. III 

the numerical results are presented, including the effect of shear Alfvén resonance (AR). Finally, the 

major results are summarized in Sec. IV. 

II. Theoretical model  

The large aspect-ratio tokamak and low β approximation is utilized. The magnetic field B is 

defined as 

0 0( / )t t t tB kr m B     B e e e ,          (1) 

where ψ is the helical flux function, m/r and k = n/R are the wave vectors in the eθ (poloidal ) and et 

(toroidal) directions, and r and R are the minor and the major radius, respectively, the subscript 0 

denotes the equilibrium quantity. 

Ohm's law and the equation of motion (after taking the operator et·×), 

0

d
E j

dt


  ,             (2) 

2 4

|| m

d
B j S

dt
            ,        (3) 

are utilized, where 

d dt t    v ,            (4) 

v is the plasma velocity,  

2

02( / ) tj n mR B   ,           (5)  

is the toroidal plasma current density, is the plasma resistivity, ρ the mass density, and μ the 

plasma viscosity. The stream function is defined by 

tv  e ,              (6)  

and the subscripts || and stand for the parallel and the perpendicular components, respectively. E0 

is the equilibrium electric field for maintaining the original equilibrium plasma current density, and 

Sm in equation (3) is the momentum source given by 

1 2[1 ( / ) ]m ES r a    ,            (7) 

which leads to a poloidal equilibrium plasma rotation.  

Normalizing the length to the plasma minor radius a, the time t to R, ψ to aB0t ,  to a
2
/R, 

velocities to a/R, j to B0t /a, viscosity to a
2
/R, and plasma resistivity to its value at the rational 

surface (RS), Eqs. (2) and (3) become 

0 N

d
E j

dt


  ,             (8) 

2 2

||

d

d
N m

U
S j U S

t
       ,           (9) 

where R = a
20/ is the resistive time at RS, S = R/A the magnetic Reynolds number at RS, A = 

a/VA the Alfvén time at RS, VA = B0t/(0 )
1/2

 the Alfvén velocity at RS, U = -
2 the plasma 
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vorticity,  the normalized plasma resistivity, and μN the normalized plasma viscosity. 

ψ and v are expressed in terms of Fourier components of the form F(r,θ, φ) = F0(r)+ 

ΣFj(r)cos(mjθ+njφ), where mj and nj are the poloidal and toroidal mode numbers of the j
th

 

component, and θ and φ are the poloidal and toroidal angle, respectively.  

The radial profile of the safety factor q(r) = rB0t/(RB0θ) is chosen to be the form 

2 1

0 0( ) (1 ( / ) )p pq r q r r  ,                                (10) 

where q0 = 0.95, r0 = 0.55 and p = 1.5 are taken with the q = 2/1 surface located rs = 0.7a and edge 

safety factor qa = 3.5, and the local magnetic shear length at q = 2 surface Lq = q/(aq)rs = 1.925, 

based on the J-TEXT parameters.
21, 22

 

 

 
 
FIG. 1. (a) Radial profiles of the normalized 

poloidal angular rotation frequency  with 

0 = 1.610
3
 for different Lv, obtained by 

adjusting the values of E, 1 and 2 in Eq. 

(7). (b) Radial profiles of  for Lv = 0.55 

with different 0. Here0 represents the 

poloidal angular frequency at the 2/1 rational 

surface, and Lv = -vθ/(avθ)rs is the flow shear 

length at 2/1 rational surface.

The radial profiles of the normalized equilibrium poloidal angular rotation frequency  

utilized for our calculations are shown in Fig. 1. Fig. 1(a) shows profiles of  for 0 = (rs) = 

1.610
3
 with different Lv, obtained by adjusting the values of E, 1 and 2 in Eq. (7), where Lv is 

the dimensionless flow shear length defined as Lv = -vθ/(avθ)rs. Here, 0 represents the poloidal 

angular frequency at q = 2 surface except mentioned elsewhere. A smaller value of Lv corresponds 

to stronger shear rate at the resonant surface, and Lv = ∞ corresponds to rigid plasma rotation. Fig. 

1(b) shows the radial profiles of  for Lv = 0.55 with different 0, obtained by just adjusting the 

values of E. The vertical dotted line at r = 0.7a shows the radial location of q = 2 rational surface.  

Equations (8) and (9) are solved simultaneously using the initial value code TM1, which has 

been used for modeling the nonlinear growth and saturation of NTMs, their stabilization by RF 

current
23, 24

 and the effect of resonant magnetic perturbations (RMPs) on resistive TM earlier.
21, 22

 

III. Numerical results  

 In this section, numerical results of sheared plasma flow effects on TM stability are presented. 

A single m/n = 2/1 magnetic island is considered here. For all these results, the resistive time is 

fixed, and the variation of the S values corresponds to the change of Alfvén velocity 

A. Linear results 

Before studying the sheared plasma flow effects on tearing stability, it is helpful to first have a 

look at the effect of plasma viscosity on the linear mode growth rate, as shown in Fig. 2. In order to 

remove the effect contributed by flow shear, stationary plasma is chosen ((r) = 0). Plasma 

viscosity is selected as N = 0.028, 0.28, 2.8, 28 and 280, here N = 2.8 corresponds to 1 m
2
/s (in 

anomalous transport level) for a = 0.27 m and R = 0.2 s, and the ratio between R and viscous time 

v is R/v = 2.7. Fig. 2 shows that for a small plasma viscosity (i.e. N = 0.028, 0.28), the linear 
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growth rate A scales as S
-3/5

, being consistent with the scaling of the classical TM.
25

 Besides, the 

linear growth rate decreases with increasing plasma viscosity, indicating the stabilizing effect of 

plasma viscosity on TM.
9
 A sufficiently large plasma viscosity substantially decreases A, and the 

linear growth rate increases with increasing S when S < 410
6
 (S < 110

7
) for N = 28 (N = 280). 

In addition, the 2/1 TM becomes stable for S < 1.110
6
 with N = 28 and for S < 3.510

6
 with N = 

280. For a sufficiently large value of S, the linear growth rate is consistent with the classical TM 

scaling. Fig. 2 indicates that, on one hand, the plasma viscosity contributes to a stabilizing effect on 

TM stability. On the other hand, the stabilizing effect depends on S, and for a smaller S the 

stabilizing effect is considerably stronger. 

 
FIG. 2 Dependence of normalized linear growth rate 

A on magnetic Reynold number S for different 

plasma viscosity without plasma rotation. A 

sufficiently large plasma viscosity stabilizes TM for 

low S value. 

 
FIG. 3 Corresponding to Fig. 2, radial profiles of magnetic 

flux 2/1, stream function 2/1, current density j2/1, and 

vorticity U2/1 for S = 410
6
, N = 0.028 (left side) and N = 

280 (right side). The solid (dash) curve represents the real 

(imaginary) part. 

Corresponding to Fig.2, the magnetic flux 2/1, stream function 2/1, current density j2/1, and 

vorticity U2/1 are shown in Fig. 3 for S = 410
6
, N = 0.028 (left) and N = 280 (right), where the 

solid (dashed) curve represents the real (imaginary) part. The imaginary part of magnetic flux 

Im{2/1} = 0 and the real part of stream function Re{2/1} = 0, indicating 2/1 have a phase advance 

of /2 relative to 2/1, which is similar to the results of m/n = 1/1 mode.
12

 For N = 0.028 (left side), 

j2/1 and U2/1 are much more localized at the 2/1 rational surface than those for N = 280. With about 

the same amplitude of 2/1, the amplitude of j2/1 and U2/1 are about one order smaller for N = 280 

than those for N = 0.028.  

Based on the results shown in Figs. 2 and 3, the sheared plasma flow effects on 2/1 TM are 

presented in the following. The plasma viscosity is selected to be N = 2.8, which has been used in 

numerical modeling to quantitatively explain the experimental results observed in J-TEXT 

tokamak.
21, 22

 In Fig. 4(a) the linear growth rates are shown as a function of S for Lv = 2.87 with 

different 0, and it is found that A decreases with increasing 0 for S < 10
7
. While for S > 10

7
, A 

only decreases slightly and has the scaling S
-3/5

. For a stronger shear rate with Lv = 0.55, the results 

are shown in Fig. 4(b). Being different from the results shown in Fig. 4(a), in this case A becomes 

larger with increasing 0 for S < 2.510
6
. When further increasing the shear rate to Lv = 0.3, the 

effect of sheared plasma flow on the linear growth rate becomes more complicated as shown in Fig. 

4(c). For S < 210
7
, flow with moderate amplitude (0 < 2.210

4
) destabilizes the 2/1 TM, and flow 

with strong enough amplitude (0  2.210
4
) makes the linear growth rate peak at a certain value of 
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S. Taking the curve of 0 = 610
4
 as an example, the peak point is at S = 410

6
. The 2/1 TM 

becomes stable for S < 310
6
, and A increases with increasing S for 310

6
 < S < 410

6
 but 

decreases with increasing S for S > 410
6
. For S > 210

7
, the sheared plasma flow only contributes 

to a weak stabilizing effect on the 2/1 TM. 

 
FIG. 4 Dependence of normalized linear growth rate A on magnetic Reynold number S for different 0 and (a) Lv = 

2.87, (b) Lv = 0.55 and (c) Lv = 0.3. For weak shear rate, the sheared plasma flow stabilizes the tearing stability, while 

for strong shear rate, the flow shear destabilizes tearing stability for low S value. 

The results shown in Fig. 4 reveals that the plasma flow with a weak shear stabilizes the 2/1 

TM, and faster flow enhances the stabilization effect. Such a stabilizing effect is more obvious for 

low S values. However, the plasma flow with a too strong shear rate mostly contributes to a 

destabilizing effect for low S values but a weak stabilizing effect in large S regime. In order to 

understand the opposite effects, corresponding to the case with 0 = 610
4
 in Fig. 4(c), radial 

profiles of 2/1, 2/1, j2/1, and U2/1 for S = 310
6
, S = 410

6
, S = 5.210

6
 and S = 5.810

6
 are shown 

in Fig. 5. For S = 310
6
, it is found that except for the perturbation locating at the q = 2 rational 

surface at r = 0.7a, there is another perturbation locating at r = 0.5a, and its amplitude is much 

larger than that at the q = 2 surface, being different from the results as shown in Fig. 3. For S = 

410
6
, similarly, there is another perturbation locating at r = 0.34a, and its amplitude is about one 

order of magnitude larger than that for S = 310
6
. For S = 5.210

6
, the additional perturbation 

locates at r = 0.14a, and its amplitude is much smaller than that of S = 410
6
. For S = 5.810

6
, there 

is no additional perturbation except that at the q = 2 surface. 

 
FIG. 5 Corresponding to Fig. 4(c), 2/1, 2/1, j2/1, and U2/1 for (a) S = 310

6
, (b) S = 410

6
, (c) S = 5.210

6
 and (d) S = 

5.810
6
. Here, 0 = 610

4
, the solid (dash) curve represents the real (imaginary) part. 
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Fig. 5 indicates that the radial location of the additional perturbation moves towards r = 0 with 

increasing the value of S. It is likely to be caused by Alfvén resonance (AR).
13-15

 AR is known to 

occur at a location where ∆f = A1 = A|m/q-n|, where ∆f = m|(r)-0| is the frequency 

difference between that at the q = 2 surface and at the minor radius r, and A =(m/r)VA is the local 

shear Alfvén frequency
13, 15

. Previous studies reported that such ARs can be induced by RMPs
13, 14

 

and by the perturbations of tearing instabilities.
15, 26

  

 

 

 

 

 

 

 

 

FIG. 6 Corresponding to Fig. 4(c), radial profiles of 

frequency difference ∆f = m|(r)-0|, shear Alfvén 

frequency A1 = A|m/q-n|, and radial profiles of j2/1 

for different S are shown. The dot-dashed arrows 

indicate the locations satisfying the Alfvén resonance 

condition ∆f = A1, and the dot-dashed line indicates 

the 2/1 rational surface at r=0.7a.

Corresponding to Figs. 4(c) and 5, radial profiles of ∆f, shear Alfvén wave frequency A1 and 

j2/1 are shown in Fig. 6 for different S values. It is found that for S < 5.810
6
, the AR condition can 

be satisfied in the region 0 < r < 0.7a, and the resonance location changes from r = 0.5a to r = 0.14a 

with the change of S values. The radial profiles of j2/1 show that the plasma current density 

perturbation forms at the location where the AR conditions are satisfied. As the value of S increases, 

the location of the current density perturbation moves towards r = 0 until the AR conditions can’t be 

satisfied. In addition, it is found that the amplitude of current density perturbation increases with 

increasing S for S < 410
6
 but decreases with increasing S for 410

6
 < S < 5.810

6
. Such a change 

is the same as that of A for the case with 0 = 610
4
 as shown in Fig. 4(c). Hence, Figs. 5 and 6 

indicate that, the complicated change in A for a strong flow shear rate in the low S regime shown 

in Fig. 4(c) is caused by AR. A larger current density perturbation results in a larger growth rate.  

B. Nonlinear results 

In this section, the effects of sheared plasma flow on nonlinear saturation of the 2/1 TM are 

given. The saturated island width w/a versus 0 for different flow shear length Lv are shown in Fig. 

7, where S = 110
7
 and N = 2.8 are used. For Lv = 2.87, w/a decreases with increasing 0, and the 

2/1 TM becomes stable if 0 > 810
4
. However, when the sheared plasma flow is strong enough, Lv 

 0.55, the mode becomes more unstable and saturates at higher level for a fast plasma flow. Taking 

the case with Lv = 0.3 for example, firstly w/a decreases with increasing 0 for 0 < 210
4 

but 

increases with increasing 0 for a larger 0, and the saturated island width increases to 0.16 for 0 = 

810
4
. When looking back to the linear results as shown in Fig. 4, it is seen that for S = 110

7
, A 
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decreases with increasing 0 for weak shear rate (larger Lv) but increases with increasing 0 for 

strong shear rate (Lv  0.55) due to the AR. Fig. 7 indicates that when the plasma flow isn’t strong 

enough to be close to AR, a larger plasma flow contributes a stronger stabilizing effect to 2/1 TM, 

resulting in a lower saturated island width. However, when the plasma flow is strong enough to 

approach AR, the 2/1 TM saturates at a larger island width. Results shown in Fig. 7 are consistent 

with the linear result as shown in Fig. 4. 

 

 

 

 

 

FIG. 7. Normalized saturated island width w/a versus 

0 for different flow shear length with S = 110
7
 and 

N = 2.8. 

Fig. 8(a) shows the normalized saturated island width w/a as a function of 0 for different S 

value and flow shear length Lv with N = 2.8. As the resistive time is fixed in our calculations, the 

different S values correspond to different Alfvén velocity since VA  S. For S = 210
6
 (a smaller 

Alfvén velocity), when the shear rate is weak with Lv = 2.87, the sheared plasma flow contributes a 

stabilizing effect to 2/1 TM, which becomes stable for 0 > 1.810
4
. However, when the shear rate 

is strong enough, Lv = 0.3, the AR conditions are satisfied for 0 > 110
4
, and the 2/1 TM saturates 

at a wider island width. For S = 510
7
 (a larger Alfvén velocity), w/a decreases with increasing 0, 

and there is no obvious difference in the saturated island width for different Lv, since in this case the 

sheared plasma flow is not strong enough to be close to AR. Further calculations have also been 

carried out for a larger value of S, S = 110
8
, and similar results are found. For the plasmas with 

high value of S, the AR condition is usually not satisfied unless the flow is extremely fast, and the 

sheared plasma flow contributes a stabilizing effect to the TM in this case, which agrees with the 

observation in DIII-D
7
. In Fig. 8(b), w/a is shown as a function of 0 for different plasma viscosity 

and flow shear length Lv with S = 110
7
. It reveals that a stronger plasma viscosity makes the 2/1 

TM to be more stable. The larger saturated island width for large 0 with Lv = 0.3 is also caused by 

AR. 

 
FIG. 8. Saturated island width w/a versus 0. (a) S = 210

6
 and 510

7
, Lv = 2.87 and 0.3, and N = 2.8. (b) N = 0.28 and 
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28, Lv = 2.87 and 0.3, and S = 110
7
. 

In Refs. 16 and 17, it has been reported that the flow shear deformed the magnetic island 

structure and hence stabilized the TM though a more negative classical TM index. For S = 110
8
 

and Lv = 0.3, the contour plots of magnetic flux for 0 = 3.210
3
 and 0 = 610

4
 are shown in Fig. 

9, respectively. For a weak plasma flow as shown in Fig. 9(a), the island saturates with w/a = 0.081. 

For a strong plasma flow as shown in Fig. 9(b), the island saturates with a much smaller width (w/a 

= 0.011). However, no significant distortion in the island structure is observed. 

 
FIG. 9. Corresponding to Fig.7(b), the contour plot of magnetic flux for (a) 0 = 3.210

3
 and (b) 0 = 610

4
. Here the 

flow shear length Lv = 0.3. 

 
FIG. 10. Corresponding to the case with 0 = 610

4
 and S = 410

6
 (the peak point) in Fig.4(c), (a) the nonlinear 

evolution of island width w/a, growth rate A and 0, here 0(t) = 0(t)-0(t = 0). (b) Evolution of radial profiles of 

 for 0 < t/R < 0.0165, here (r, t) = (r, t)- (r, t = 0), the arrows indicates the trend of changes. The detail 

evolution of 0 at the beginning is shown at the lower right corner of Fig. 10(a). 

 Corresponding to the case with 0 = 610
4
 and S = 410

6
 (the peak point) in Fig.4(c), the 

nonlinear evolution of 2/1 island width w/a, growth rate A and 0 are shown in Fig. 10(a), where 

the relative change of the mode angular frequency 0(t) = 0(t)-0(t = 0). In the linear phase, both 

A and 0 are constant, and it need to note that 0 doesn’t equal 0 in the linear phase because 

the adjustment of equilibrium, as indicated by detail evolution of 0 at the lower right corner of 

Fig. 10(a). In the nonlinear stage, A decreases, and the island width saturates at w/a = 0.27. In this 

phase 0 increases substantially, indicating considerable increase in the plasma rotation at the 2/1 
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rational surface In Fig. 10(b), the time evolution of radial profiles of  are shown for 0 < t/R < 

0.0165, where (r, t) = (r, t)- (r, t = 0). It is found that during the nonlinear stage, the 

amplitude of  increases around the location of AR, and the change of  spreads towards the 

plasma core (r = 0). The location of peak point of  changes from r = 0.34a (the original AR 

position) to r = 0.1a. Meanwhile,  increases around the 2/1 rational surface. 

 
FIG. 11 Corresponding to Fig. 10, radial profiles shear Alfvén wave frequency A1 = A|m/q-n| for S = 410

6
 and f(r) 

at different times. The dot-dashed arrows indicate the locations satisfying the Alfvén resonance condition f = A1, 

and the dot-dashed line indicates the 2/1 rational surface. 

 
FIG. 12 Corresponding to Fig. 10, contour plots of the 2/1 component of perturbed current density j2/1 for (a) t = 0.003, 

(b) t = 0.006, (c) t = 0.009, (d) t = 0.012, (e) t = 0.015 and (f) t = 0.018.  



 10 / 11 

For a constant shear Alfvén frequency A, the radial location of AR will change when the 

plasma rotation frequency changes as shown in Fig. 10(b). In Fig. 11 the radial profiles of A, f(r) 

and the corresponding j2/1 at different times are shown. In the linear stage, for t = 0.006, (r) 

changes little and the AR position is at r = 0.34a. In the nonlinear stage, accompanying with the 

decrease of (r) in the central region, the AR location moves inwards, being at r = 0.28a for t = 

0.009, r = 0.19a for t = 0.012, r = 0.13a for t = 0.015, and r = 0.12a for t = 0.018. Besides, the 

amplitude of j2/1 at AR increases during the time period of 0.006< t < 0.012. However, for t  0.012, 

because of the substantial decrease of (r) in the core region, there are three nearby ARs as marked 

by minor arrows at t = 0.012, 0.015 and 0.018. As a result, the amplitude of j2/1 at AR is smaller. 

Corresponding to Fig. 11, in Fig. 12(a)-(f) the contour plots of j2/1 at t = 0.003, 0.006, 0.009, 0.012, 

0.015 and 0.018 are shown. Fig. 12(a)-(d) clearly show the inward spread of current density 

associated with the AR, while Fig. 12(d)-(f) shows the diffusion of AR current to global current 

density perturbations.

IV. Summary 

Using the reduced MHD equations, the effect of sheared plasma flow on tearing stability is 

studied under the large aspect-ratio and the cold ion approximations. Comparing with previous 

theoretical works on shear flow,
8, 9, 16

 the new features of our model are the using of more realistic 

radial profiles of plasma rotation frequency and higher S values (S~10
6~9

). Only in Refs. 12 and 18 

a sheared velocity profile is included in the numerical results. In Ref. 26, numerical results are 

presented on the effect of shear plasma rotation on the linear mode growth, but the nonlinear effect 

is neglected.   

From the numerical calculations we find that, weak or moderate sheared plasma flow plays a 

stabilizing effect on 2/1 TM. However, the mode becomes more unstable for a sufficiently strong 

shear flow in low S regime because of approaching AR (i.e. S~110
7
 for J-TEXT ohmic plasma 

21-22
 and S~110

8
 for DIII-D H-mode plasma 

5-7
). Similarly, in the nonlinear phase sheared plasma 

flow leads to a smaller (larger) saturated island width for a moderate (strong) shear plasma flow. For 

weak or moderate sheared plasma flows, the stabilization of TM by plasma flow is enhanced by a 

stronger viscosity. In addition, the nonlinear evolution of AR is studied. It is found that AR 

accelerates the plasma rotation around the 2/1 rational surface while decelerates the plasma rotation 

at the AR location. As a result, the radial location satisfying AR spreads inwards towards the 

magnetic axis, and ARs can occurs simultaneously at more than one radial locations, which in turn 

causes the radial diffusion of the AR current density.  

For the plasma rotation frequency discussed in this paper, the angular frequency at the 2/1 RS 

satisfies 0/A<10
-2

. However, depending on the shear rate, the angular frequency at plasma core 

can be much higher with (r = 0)~10
6
, resulting in the AR conditions being satisfied easily for 

plasma with lower S value (S~10
6
). It should be noted that for actual tokamak plasma (S~10

7-8
), the 

actual angular rotation frequency at plasma core ranges around ~10
5
 rad/s and 0 ranges from 

10
4
~10

5
 rad/s, being much lower than the shear Alfven frequency. Hence, the flow shear strong 

enough to satisfy AR conditions is not realistic, and the AR conditions are hard to be satisfied in 

actual tokamak plasma.  

In conclusion, our results indicate that, for plasmas with high S values, the sheared plasma flow 

usually contributes a stabilizing effect on tearing stability, since the AR condition is not satisfied.  
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