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Non-shear flow can change the O-point position of a magnetic island, and thus it may play an important role in the
effects of resonant magnetic perturbation (RMP) on the single tearing mode. We employ the nonlinear magnetohydrody-
namics model in a slab geometry to investigate how RMP affects the single tearing mode instability with non-shear flow. It
is found that the driving and suppressing effects of RMP on single tearing mode instability will appear alternately. When the
flow velocity is small, the suppressing effect plays a major role through the development of the mode, and the tearing mode
instability will be suppressed. With the flow velocity increasing, the driving effect will increase, while the suppressing
effect will decrease. When the two effects reach equilibrium, the tearing mode will become stable.

Keywords: resonant magnetic perturbation, tearing mode, instability, flow
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1. Introduction

The tearing mode is an important unstable mode in toka-
mak plasmas, which is driven by current density gradient and
finite plasma resistivity. How to suppress tearing mode insta-
bility has become a hot topic. The analytic linear theory of
the tearing mode with shear flow has been studied by many
researchers.!!~13] They found that the equilibrium shear flows
approaching the Alfvén velocity can greatly modify the stabil-
ity criteria of the tearing mode instability. Moreover, Ofman
et al. studied the effect of shear flow on the nonlinear evolu-
tion of tearing mode instability.['*] They found that the shear
flow can decrease the saturation magnetic island width, im-
plying that the shear flow can suppress the tearing mode insta-
bility. In recent decades, researchers found from experiments
that the resonant magnetic perturbation (RMP) can also sup-

[15-18

press the tearing mode instability. IHowever, the physical

mechanism of the suppressing effect of RMP on the tearing
mode instability is not very clear. [!3-18]

In this paper, we investigate the effects of RMP on the sin-
gle tearing mode with flow in a two-dimensional (2D) geom-
etry based on the magnetohydrodynamics (MHD) model. In
order to better study the suppressing effect of RMP, we use a
non-shear flow to eliminate the suppressing effect of the shear
flow on the tearing mode instability. This paper is organized
as follows. In Section 2, the nonlinear MHD equations in
slab geometry are presented, together with the initial magnetic
fields and the boundary conditions that excite the single tear-
ing mode. The numerical results are presented in Section 3,

and the summary is given in Section 4.

DOI: 10.1088/1674-1056/28/1/015203

2. Model and basic equations

We consider a problem in which an equilibrium current
is embedded in the z-direction in the standard sheared mag-
netic field. The magnetic field is set as B = ByZ+V x (%),
with y(x,y) being the magnetic flux, and By being the mag-
netic field strength at the x = 0 surface. We apply the fol-
lowing dimensionless resistive MHD equations to solve this

problem: ]

gz_u.Vp—pV~u7 (1
%f:_u-vp—rpv.w @)
aait‘ = —u-Vu-— %V(ﬁP—i—Bz) + %(B~VB+VV2u), 3)
aa—‘f = —u-Vy+nVy, “)

where the plasma density p, plasma pressure P, lengths x
and y, magnetic field B, magnetic flux y, plasma velocity
u, and time ¢ are scaled by po, Po, Lo, Bo, Wo = BoLo, ua =
Bo/\/47pg, and To = Lo/ua, respectively. I' represents the
adiabatic index. The dimensionless viscosity v and resistivity
7N are normalized as vV = Vi, /(uaLopo) and 1 = N/ (uaLo),
where v, and 7, are the plasma viscosity and resistivity, re-
spectively. B = 87Py/B3 is the poloidal plasma beta.!!!

Initially, the equilibrium magnetic field and flow profiles

are chosen as follows: 20!
B(x) = Bptanh(x/a)e,, Q)
u(x) = upey, 6)
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where the parameter a is the half-thickness of the current sheet.
By and ug are the magnetic field strength and flow velocity.
The externally applied magnetic perturbation has the

T . T
Byli—1 =By Lysm (Lf)] : 7

where B,o = 0.001 is the RMP amplitude, and L, is the simu-
lation width in the y-direction with 0 <y < L,. (21
The simulation domainissetas —1 <x<land0<y<2.

form of

The periodic and free boundary conditions are imposed at
y=20,2 and x = %1, respectively. A Runge—Kautta finite dif-
ference method is employed to solve Egs. (1)—(4), with fourth-
order accuracy in time and second-order accuracy in space. In
this simulation, the parameters v=5x 10 and n =5 x 10~*
are used to satisfy /1 > Ax and the temporal step length also
decreases to satisfy the Courant—Friedrichs—Lewy numerical

stability condition. 2224

3. Numerical results

Figure 1 shows the dependence of the maximum value of
magnetic island width Wy« on the flow velocity ug for two
different cases: one with RMP and the other without RMP.
For case 1, it can be seen that Wy« does not change with
ug. This indicates that the non-shear flow has no effect on
the tearing mode instability. For case 2, when u increases,
Whax decreases with ug first, and then reaches a minimum
value that approximately equals that of the case without RMP
at uy = 0.05. When ug > 0.05, Whax will increase slightly and
finally become almost unchanged. It suggests that the tearing
mode is suppressed, but the degree of the suppression does not
increase with the increase of u.

Wm ax

0.1

O n n n n n
0 0.050.1 0.2 0.3 0.4 0.5
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Fig. 1. Dependence of the maximum value of magnetic island width on
the flow velocity. Case 1: without RMP (red dots); case 2: with RMP
(blue triangles).

In order to illustrate the reasons for the above results, we
present the time evolution of the magnetic island width and the
O-point position for different ug as shown in Figs. 2 and 3, re-
spectively. It can be seen from Fig. 2 that the growth curve of

the magnetic island width is a smooth line when ug = 0. How-
ever, when ug # 0, the growth curves are no longer smooth but
have a periodic fluctuation, and the period of fluctuation de-
creases with ug. From Fig. 3, we find that the above results are
related to the O-point position of the magnetic island. When
ug = 0, the O-point position is at y = 0 as shown in Fig. 3(a),
and the growth curve of the magnetic island width is a smooth
line. When ug # 0, the O-point position will fluctuate in the
y-direction, and the frequency of the fluctuation increases with
up.

0 1 1 1 1 1
0 100 200 300 400 500 600
t

Fig. 2. Time evolution of the magnetic island width with RMP for dif-
ferent ug.

The effects of RMPs on the instabilities of tearing modes
have been discussed, and it is thought that the case for non-
shear flow can be treated as that without flow but the bound-
ary perturbation rotated.>>2! Here, we find that the above
results are similar those for the double tearing mode with

flow [19,27,28

| Therefore, for the driving and suppressing ef-
fects of RMP on single tearing mode instability, we give an-
other interpretation as follows. As we know, for the double
tearing mode, when the O-point positions of two magnetic is-
lands are ‘antisymmetric’ (O—X), the double tearing mode is
unstabilized by the mutual driving of the magnetic islands. ']
On the other hand, when the O-point positions of two mag-
netic islands are ‘symmetric’ (O-0), the double tearing mode
is stabilized by the mutual suppressing of magnetic islands. >8]
For the single tearing mode with RMP, the RMP is like a mag-
netic island (M1) with an invariable position, whose O and
X-point positions are at y = 1 and y = 0 as shown in Fig. 4,
respectively. When the magnetic island (M2) appears on the
rational surface, M2 and M1 will form a mode which is similar
to the double tearing mode. When uy = 0, the O-point posi-
tion of M2 is at y = O (see Fig. 3(a)). The O-point positions
of M1 and M2 are antisymmetric, so M1 will drive the M2
to growth. In other words, the RMP plays a role of driving.
When ug # 0, the O-point position of M2 will show a periodic
change from y = 0 to y = 2, and this period will decrease with
ug (see Fig. 3). In one period, while the O-point position of
M2 changes from y = 0 to y = 1, the O-point positions of M1
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Fig. 3. Time evolution of the O-point position of magnetic island with RMP for different ug. (a) up = 0; (b) up = 0.02; (c) up = 0.03;

(d) up = 0.05; (e) up = 0.1; (f) up = 0.5.

and M2 gradually change from antisymmetric to symmetric,
and the effect of RMP gradually changes from driving to sup-
pressing. However, when the O-point position of M2 changes
from y = 1 to y = 2, the O-point positions of M1 and M2
gradually change from symmetric to antisymmetric, and the
effect of RMP gradually changes from suppressing to driving.
Therefore, in one period, the driving and suppressing effects
of RMP will appear alternately. These facts explain the reason
why, when ugy # 0, the growth curves of the magnetic island
width have periodic fluctuation as shown in Fig. 2. Moreover,
the longer the period time, the stronger the suppressing effect
of RMP and the smaller the maximum value of the magnetic
island width. For example, before ¢ ~ 200, for the case of
up = 0.02, the period of the O-point position changing from
y =0 to y =2 is longer than that in the other cases, imply-
ing Whax in this case is the smallest. However, since the flow
velocity is too small, it cannot continuously affect the tearing
mode through the development of the whole mode. The O-
point positions gradually become y = 0 after # ~ 200. At this
point, the O-point positions of M2 and M1 gradually become
antisymmetric, causing the width of M2 to increase. As a re-
sult, the Wpax of M2 does not decrease, but increases. These
results coincide with the green dashed line in Fig. 2. With
ug increasing, when the flow exactly and continuously affects
the tearing mode through the whole development of the mode
(up = 0.05), Wpnax will reach the minimum value. If ug in-
creases further, the period will become shorter, and the sup-
pressing effect of RMP becomes weaker. As a result Wy

will increase (e.g. ug = 0.1). When ug reaches a value that can

balance the driving and suppressing effects of RMP, Wpax will
hardly change (e.g. ugp = 0.5).
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Fig. 4. A double tearing mode consisting of RMP and magnetic island.

The simulations also show that there exists a threshold
uge, over which the RMP has little influence on the tearing
mode instability. This threshold value can be determined when
the magnetic island width does not fluctuate up and down.
This phenomenon can be understood as follows: when the flow
velocity reaches the threshold g, the effects of the drive and
the suppression of RMP will reach a balance, the magnetic is-
land width will not change and the tearing mode will become
stable. In fact, the physical mechanism for this phenomenon
may also be explained by the structure and dynamics of the

[26

Alfvén resonance layer, %! which are beyond the scope of this

work, thus we do not give further discussions here.
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4. Conclusion

In this paper we have studied the effects of RMP on single
tearing mode instability with non-shear flow in a 2D geometry
based on the MHD model. From the simulations, we found
that RMP behaves like a magnetic island with a fixed position,
while the flow can change the O-point position of the mag-
netic island on the rational surface. Therefore, the driving and
suppressing effects of RMP on single tearing mode instabil-
ity appear alternately, leading to a periodic fluctuation for the
growth curve of magnetic island width. When the flow veloc-
ity is small, the suppressing effect of RMP plays a major role
in the development of the mode, and this will cause the maxi-
mum of the magnetic island width to decrease. When the flow
velocity increases, the driving effect of RMP will increase,
while the suppressing effect will decrease. When these two
effects reach an equilibrium, the maximum of the magnetic
island width will become almost unchanged, and the tearing

mode will be stable.
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