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Abstract 

Influence of the poloidal rotation of the plasma on Peeling-Ballooning modes (P-B modes) is studied with BOUT++ code. The 

results show that the poloidal rotation destabilizes P-B modes because of the effect of Kelvin-Helmholtz instability when the 

poloidal rotation is large enough and the shear is small, and the shear of the poloidal rotation can stabilize high-n P-B modes 

when the shear is increased. 
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1 INTRODUCTION 

Edge localized modes (ELMs) are magnetohydrodynamic (MHD) instabilities occurring in fusion plasmas in high 

confinement regime (H-mode) of tokamaks. P-B modes which are driven by gradients of pressure and current in the 

pedestal are widely accepted as the instability triggering large ELMs [1-3]. The effect of the toroidal rotation of the 

plasma on ELM and P-B modes has been studied. For example, results from JT-60U showed that the toroidal 

rotation can reduce ELM size and increase ELM frequency [4]. The ELITE code [5,6] shows that high-n ideal P-B 

modes are stabilized by the shear of the toroidal rotation, while low-n P-B modes are destabilized. Results from 

BOUT++ in 2010 showed nonideal physics effects, such as diamagnetic drift, E B  drift, resistivity, and anomalous 

electron viscosity, are important to P-B modes [7]. Results from BOUT++ in 2012 showed the shear of the toroidal 

rotation can stabilize high-n P-B modes, and the Kelvin-Helmholtz instability which is caused by the shear of the 

toroidal rotation destabilizes P-B modes [8]. The above two articles have not taken into account the influence of the 

poloidal rotation on P-B modes. 

In the absence of an external driving source, the poloidal rotation of the plasma in the Tokamak will be damped out 

because of magnetic pumping [9], so the influence of the poloidal rotation of the plasma on P-B modes or ELM is 

ignored generally. There is study showing that the electron cyclotron wave can drive the poloidal rotation of the 

plasma [9]. Meanwhile, experiments have found that the momentum of the injection can cause the poloidal rotation 

of the plasma when the supersonic molecular beam is injected along the tangential direction [10]. So it is necessary 

to figure out the influence of the poloidal rotation of the plasma on P-B modes and ELM. In this paper, we will study 

the influence of the poloidal rotation of the plasma on P-B modes with BOUT++ code, and the nonideal physics 

effects will be considered in our simulations. 

2 SIMULATION EQUATIONS 

In our simulations, we assume that the poloidal rotation of the plasma is existed without external driving source, so 

there isn’t driving source term in three-field reduced MHD equations. Three-field equations describe the evolution of 

vorticity, pressure, and parallel vector potential with time. The flute perturbation model, ||k / k 1 is used in these 
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equations 
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In these equations, vpol is poloidal rotation velocity. 0      b b b , 1 0A B b = b , and 0 0 0 k b b  

is equilibrium magnetic field line curvature vector. ϕ1 is perturbed electrostatic potential, Φdia0 is electrostatic 

potential which can drive E B  drift velocity. vE,dia0 is E B  drift velocity which can balance ion diamagnetic drift 

velocity. η is resistivity, ηH is hyper-resistivity. In fact, In Eq. (5)  0 0 0 0 0 E,dia0 D pol      b bv = v v v , 

but ion diamagnetic drift velocity vD balances E B  drift velocity vE,dia0, so 0 0 0 pol  b v . 

To meet the conditions of incompressible fluid, the poloidal rotation velocity is written artificially 

pol p= CBv                                                                                    (8) 

Bp is poloidal magnetic field. Referring to the curve of poloidal rotation velocity in the Ref. [11], we define 

   0 S 0C C 1 tanh C x x   . Here,    axis sep axisx       is normalized radial coordinate with poloidal 

magnetic fluxes, Ψaxis and Ψsep are poloidal magnetic fluxes at the magnetic axis and separatrix, respectively. x0 

controls the location of the shear of poloidal rotation. C0 controls the amplitude of the poloidal rotation, CS controls 

the shear of the poloidal rotation. 

3 SIMULATION RESULTS 

We solve the three-field reduced MHD equations with BOUT++ code. In our simulations, the major radius on 

magnetic axis is Raxis=3.49m. The magnetic field on axis is B0=1.94T. In order to study the influence of the 

poloidal rotation and the shear of the poloidal rotation respectively, we give two different profiles of poloidal 

rotation velocity as shown in Fig. 1 and Fig. 2. 

 
FIG. 1. CS=0, PROFILES OF THE POLOIDAL ROTATION VELOCITY FOR DIFFERENT C0. (A), (B), (C) CORRESPOND TO C0=1.5×103, 

1.5×104, 1.5×105, RESPECTIVELY. 
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FIG. 2. C0=1.5×105, PROFILES OF THE POLOIDAL ROTATION VELOCITY FOR DIFFERENT CS. (A), (B), (C), (D), (E) CORRESPOND 

TO CS=0, 10, 15, 20, 25, RESPECTIVELY. 

In Fig. 1, CS=0 is invariant, the shear of the poloidal rotation is small and can be ignored, but the velocity gradient of 

the poloidal rotation will change with the amplitude of the poloidal rotation. In Fig. 2, C0=1.5×10
5
 is invariant, the 

shear of the poloidal rotation becomes large when CS is increased. 

In Fig. 3 and Fig. 4, when the poloidal rotation is zero, the simulation result is consistent with the result in the Ref. 

[7]. In Fig. 3, the results show that the poloidal rotation increases the growth rates of P-B modes when the poloidal 

rotation is large enough and the shear of the poloidal rotation can be considered to be ignored. In Fig. 4, the results 

show the growth rates of high-n P-B modes is reduced when the shear of the poloidal rotation is increased. 

 
FIG. 3. CS=0, GROWTH RATES OF P-B MODE VERSUS TOROIDAL MODE NUMBER N. THE GROWTH RATES ARE NORMALIZED TO 

THE ALFVEN FREQUENCY ΩΑ. THE CURVES OF THE DIFFERENT COLORS CORRESPOND TO DIFFERENT C0. 
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FIG. 4. C0=1.5×105, GROWTH RATES OF P-B MODE VERSUS TOROIDAL MODE NUMBER N. THE GROWTH RATES ARE 

NORMALIZED TO THE ALFVEN FREQUENCY ΩΑ. THE CURVES OF THE DIFFERENT COLORS CORRESPOND TO THE DIFFERENT 

SHEAR PARAMETER CS. 

4 SUMMARY 

The current results show the poloidal rotation of the plasma has a great influence on P-B modes. When the poloidal 

rotation of the plasma is large enough and the shear is small, the poloidal rotation of the plasma destabilizes P-B 

modes. When the shear of the poloidal rotation becomes large, the poloidal rotation of the plasma can stabilize high-

n P-B modes. In our simulations, when CS=0 is invariant, the velocity gradient of the poloidal rotation will change 

with the amplitude of the poloidal rotation, and the velocity gradient will lead to Kelvin-Helmholtz instability. The 

destabilizing effect of the poloidal rotation on P-B modes is caused by the Kelvin-Helmholtz instability. 

The quantitative relationship between the external driving source and the poloidal rotation of the plasma and the self-

consistent association with the plasma parameters are still not clear, so in this paper the formula of the poloidal 

rotation velocity has not yet reflected the self-consistent relationship between the poloidal rotation and the actual 

driving source as well as the plasma parameters. However, we can change the amplitude of the poloidal rotation and 

the shear of the poloidal rotation and the location of the shear by this formula. So our study on the influence of the 

poloidal rotation of the plasma on P-B modes is based on the assumption that the poloidal rotation of the plasma is 

existed in the Tokamak. In fact, the poloidal rotation in our paper is probable to be derived as mentioned in the 

section “Introduction”. The self-consistent relationship between the poloidal rotation and the actual driving source as 

well as the plasma parameters will be considered in a follow-up study. 
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