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Abstract

The assessments of poloidal flows driven by ion Bernstein waves in Heliotron J

and EAST plasma are carried out by use of a ray tracing method. Sheared poloidal

flow is expected to suppress plasma turbulences. In Heliotron J and EAST plasma,

the rays travel into the central region with oscillations along the magnetic lines of

force and the power are absorbed by ions at the cyclotron resonance layers.

Momentum inputs are estimated by a simple method and the poloidal flows are

estimated with the neoclassical viscosities. In both devices, the momentum inputs

with variation of their sign with the minor radii are obtained and sheared poloidal

flows are driven.

Introduction

Turbulence suppression of magnetic confined plasma is one of key roles for

nuclear fusion research. A sheared poloidal flow driven by ion Bernstein waves

(IBWs) is expected to the turbulence suppression[l]. In some tokamaks, it is

reported that confinement improvement was observed during IBW heating[2].

In this research, we estimated wave trajectories, power absorption, and

momentum inputs of IBW on Heliotron J and EAST (HT-7U) device. The driven

poloidal flows are also estimated by use of the neoclassical viscosity.

Heliotron J device and EAST device

Heliotron J is an 1=1/ m=l helical axis heliotron device and is composed of straight

sections and corner sections. In the corner sections, the magnetic configuration is
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similar to that in tokamaks. In this research, the ray of IBWs is started at this

section.

EAST device is tokamak device with super conducting coils and is being

constructed at Institute of Plasma Physics, Chinese Academy of Science. In this

research, for simplicity, it is assumed that the magnetic field configuration is that of

an axisymmetric tokamak with a circular poloidal cross-section, of which the

magnetic field is defined in Ref. [3]. The major and minor radii are assumed to be

1.7m and 0.4m, respectively, which are the same of those of the EAST.

Wave trajectory and power deposition

In the ray tracing calculation, since only IBWs propagate in plasma, the dispersion

relation of electrostatic waves is used.

A ray trajectory in Heliotron J plasma is shown in Fig. 1. In this calculation, the ray

of IBW with 16.8MHz of the frequency and 3.0m * of the wave number parallel to the

magnetic field starts at the point of p=0.89 on the equatorial plane in the corner

section, where p is the normalized minor radius. The working gas is deuterium, the

magnetic field strength on the axis is chosen to be 1.3T, and the second harmonic

deuterium ion cyclotron resonance layer is located at p=0.65. The density and

temperature profiles are assumed as «e=«eo(l-/'8) and Tc=T^TeO(l-p2) and the central

values of the electron density «e0 and temperature T^ are 1.0X1019m3 and 200eV,

respectively. The ray travels into the central region with an oscillation along the

magnetic line of force, hi the vicinity of the second harmonic ion cyclotron

resonance layer, almost all wave power is absorbed through the ion cyclotron

damping.

A wave trajectory in EAST is plotted in Fig. 2. In this calculation, the working gas

and the magnetic field strength on the axis are deuterium and 3.5T, respectively.

The central electron density and temperature are 5.0X10I9nr3 and 800eV,

respectively. The profiles are the same as those in Heliotron J. A ray with 48MHz of

the frequency and 5.0m'1 of the parallel wave number is started at /?=0.875 on the

equatorial plane. The second harmonic ion cyclotron resonance layer is located at

/T=0.5. Similar to that in Heliotron J, the ray travels into the central region with an

oscillation along the magnetic line of force. Almost all wave power is absorbed by

ions through ion cyclotron damping in the vicinity of the ion cyclotron resonance

layer.
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Momentum input

By use of the ray tracing calculation, momentum input is estimated. In this

research, the momentum input is calculated by taking analogy with quantum

mechanics, where momentum of a photon is ftk with h, the Planck constant.
Momentum input may be written as

Ap = -A(Ik) (1)

where / is the ratio of the wave power to the initial wave power.

Figure 3 shows the radial profile of the momentum input in Heliotron J. The
broken and solid lines show momentum input parallel to the magnetic field, Aptl,

and that parallel to BxW, ApL% where B and *F are the magnetic field and the

toroidal magnetic flux, respectively. The B x V1? direction is almost the poloidal
direction. Hereafter, Ap,, and Apx are referred to as the parallel and

perpendicular momentum input. Until the cyclotron damping occurs, the parallel

momentum input occurs and varies its sign with the minor radius since the ray

trajectory has the oscillation. In a similar way, the perpendicular momentum inputs

varies its sign, but the amplitude of the variation is small. The momentum input in

the radial direction, which is not shown in the figure, is locally strong at the

cyclotron resonance layer. This is due to the local cyclotron damping of the power

of the IBW with the large perpendicular refractive index. However, this component

does not drive the poloidal flow.

The momentum input in EAST is shown in Fig. 4. As in the case of the results of

Heliotron J, both the parallel and perpendicular momentum inputs vary their sign

before the cyclotron damping, except that the amplitudes of the variation of the

parallel and perpendicular inputs are about the same. The strong momentum input

in the radial direction occurs.

Driven poloidal flow

For estimation of flow velocity, viscosity needs to be considered. The parallel and

toroidal viscosities are [4]

(B • V • S) = l[uPf • V0 + ju'V • VC)
(2)

( 4 • V • ar) = 3>{tfV -VO + rfV- V^)

where, B,, n, and V are the toroidal magnetic field, the viscosity tensor, and the
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flow velocity, respectively, and f/, // ' , //t , and /j't are coefficients related to

viscosity. Here, the Hamada coordinates (V, 6, Q are used, where V, 0, and ^are the

volume enclosed by the toroidal flux, the poloidal and toroidal angles, respectively.

The angle bracket denotes the averaging along the flux surface. The employed

conditions both of Heliotron J and of EAST are in the plateau regime. The four

coefficients in this regime are written in Ref. [4]. By coupling with Eq. (2) and the

MHD equation in steady state, poloidal flow velocity in non-axisymmetric

configuration is obtained as

e_

where V0=V-'V6> and Fexl are the poloidal contravariant components of the flow

velocity and the external force, respectively. In the case of axisymmetric

configuration, where // ' , ///", and //,' become zero, the poloidal flow velocity is

obtained as

Regarding the external force as the momentum input per unit volume and time,

the flow velocity is estimated. The flow velocity profiles in Heliotron J and EAST

plasma are shown in Fig. 5 and 6, respectively. In both cases, the injected power is

200kW. It is noted that, in EAST configuration, angles 0and <̂ in Hamada coordinates are

approximated by the orthogonal poloidal and toroidal angles, respectively. In the case of

Heliotron J, poloidal flow is driven before the cyclotron damping occurs and varies

its sign with the minor radius. In the same way of the momentum input, the

variation of the poloidal flow is due to the oscillatory motion of the ray. As in the

case of Heliotron J, the driven poloidal flow in EAST varies its sign with the minor

radius.

The poloidal flow shears in the case of Heliotron J and EAST are in the order of

107/sec, which exceeds those observed in practical experiments in tokamaks such as

PBX-M[5]. The results imply that heating by traveling ion Bernstein waves with

narrow k// spectrums drives strong sheared poloidal flow.
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Summary

In order to assess the poloidal flow driven by IBWs in Heliotron J and EAST plasma,

the ray trajectories and the power absorption are estimated. In the both case of

Heliotron J and EAST, the rays travel into the central regions with oscillations along

the magnetic lines of force and almost all wave power are absorbed by ions in the

vicinity of the second harmonic ion cyclotron resonance layers. Momentum inputs

are calculated by taking an analogy with quantum mechanics. In plasma both of

Helitron J and of EAST, the perpendicular and parallel momentum inputs with

variations of their sign with the minor radii are obtained before the cyclotron

damping occurs. By taking the viscosity in the plateau regime, the poloidal flow

velocity driven through the momentum input is estimated. The poloidal flows are

driven before the cyclotron damping occurs and varies its sign with the minor radii

in both configurations and the obtained poloidal flow shears are larger than those

observed in IBW heating experiments in tokamaks. Obtained result may imply that

strong sheared flow is driven by traveling waves of ion Bernstein waves with narrow

spectrum of the parallel wave number.
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Figure caption

Fig. 1
Top view of a ray trajectory in Heliotron J plasma. The ray starts at (x, y, z )=( 1.49m,

0.0m, 0.0m) and the power is absorbed near the 2nd ion cyclotron resonance layer.

Fig. 2

Top view of a ray trajectory in EAST plasma. The ray starts at (x,y,z )=( 2.05m, 0.0m,

0.0m) and the power is absorbed near the 2nd ion cyclotron resonance layer.

Fig. 3
Radial profile of momentum input in Heliotron J plasma. Solid and broke lines show
the profiles of ApL and bpn, respectively.

Fig. 4

Radial profile of momentum input in EAST plasma. Solid and broke lines show the
profiles of &pL and Apf/, respectively.

Fig. 5

Radial profile of the poloidal flow velocity in Heliotron J plasma.

Fig. 6

Radial profile of the poloidal flow velocity in EAST plasma.
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