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ION ENERGY SPECTRUM JUST AFTER THE APPLICATION
OF CURRENT PULSE FOR TURBULENT HEATING
IN THE TRIAM-1 TOKAMAK

By Kazuo NAkAMURA*, Yukio NAKAMURA¥,
Naoji HIRAKT* and Satoshi ITom**

Temporal evolution and spatial profile of ion energy spectrum just
after the application of current pulse for turbulent heating are investi-
gated experimentally in TRIAM-1 and numerically with a Fokker-Planck
equation. Two-component ion energy spectrum formed by turbulent
heating relaxes to single one within 7; (ion collision time).

1. Introduction

In the TRIAM-1 tokamak turbulent heating is studied experimentally
as a further heating method?. The heating of ions is observed by neu-
tral energy analyzer(NEA)?. The temporal resolution of NEA is limited
by that of multi-channel scalor (MCS), 4r=100 zsec. The experimental
results of turbulent heating are as follows concerning radial profile and
temporal evolution of ion temperature. ‘

1) Ton temperature is a monotonic decreasing function of minor ra-
dius before the application of current pulse (¢<0gs) and after that (z >
100 #s). The measured central ion temperature is lower than the actual
one due to the effect of impermeability of neutrals in plasma, and the
measured peripheral ion temperature is higher than the actual one due to
the effect of reflection of neutrals on vacuum chamber wall®,

2) After the application of current pulse (¢z>100xs) ion tempera-
ture returns to the initial temperature with time constant which is equal
to the ion energy confinement time determined by neoclassical theory®.

In this report we describe temporal evolution and spatial profile of
ion energy spectrum just after the application of current pulse (10 xs<<
t <100 gs).

2. Experimental equipment

The TRIAM-1 tokamak is a high-field tokamak; the toroidal field B;
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Table I. The discharge condition in this experiment
" Toroidal field By=29kG
"Plasmia current I,=23kA
Electron density TM.=2x 1018 gm~s
Filling pressure P;=12.4x10"¢ Torr (H,)
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Fig. 1. The temporal evolution of plasma current, line-average electron

density measured by a high-speed direct-reading type 140 GHz
microwave interferometer™ and central ion temperature without
the application of current pulse for turbulent heating.

=40kG, the major radius R=25.4cm and the minor radius a,=4cm. The
discharge condition in this experiment is summarized in Table I. The
témporal evolution of plasma current, line-average electron density and
central ion temperature is shown in Fig. 1. The energy spectrum -of
charge-exchanged -neutrals ‘is measured by NEA. In this experiment,
however, MCS is not used because of the temporal resolution 4t=100
us. The temporal evolution of pulse rate is measured by observing the
series of pulses on the oscilloscope with temporal resolution 4r=10 gs.

3. Experimental results

Figure 2 shows the temporal evolution of neutral energy spectrum
observed at the height z=-2cm. The ﬁttlng curve (broken line) is de-
termined assuming the. spectrum is. two-component Maxwellian ; the low-
temperature one characterizes bulk ions and the high-temperature one
charactrizes high-energy tail ions. The bulk ion temperature increases
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gradually with time constant of about 100 xs as the temperature of high-
energy tail ions decreases as shown in Fig. 3 and the number of the
tail ions decrease. This implies that the energy of high-energy tail ions
is transfered to bulk ions. But there is also a possibility of spatial ener-
gy flow. Figures 4 (a) and (b) show the temporal evolution of ion tem-
perature profile. In Fig. 2 there was a possibility that the tail ions (ob-
served at z=0cm) emerged from ‘the peripheral region. As shown in
Fig. 4 (b), however, at t=5.05—5.06 ms there exist higher-temperature
tail ions in the inner region than in the peripheral region. Accordingly
the tail ions in Fig. 2 have emerged from the region near r=2cm (r
is minor radius of plasma). o

From Figs. 4 (a) and (b) the tail ions in the peripheral region are
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The temporal evolution of ion energy spectrum observed at the
height z=—2cm. The minus sign of charged voltage VIE of fast
condenser bank for turbulent heating means a pulsed electric
field of negative polarity. '

Fig. 2.
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Fig. 3. The temporal evolution of tail ion temperature and bulk ion

temperature observed at z=—2cm. The current pulse for
turbulent heating is applied at #=5ms.

heated more than at the central region but the temperature decreases
more rapidly. This is because high-energy ions in the peripheral region
escape more easily to the wall.

4. Relaxation in velocity space

In this section we investigate the relaxation in velocity space numer-
ically. For simplicity the followings are assumed: The ion distribution
function is isotropic in velocity space and only the relaxation due to
ion-ion collision is taken into account®.

E-REr b ) B H B ) @
u=o/(24)", @

_ 16n*Z%e*n,
T=1X M (2T, /MY En( Zzez LD) 3
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r=n(Z)", @
1=["ufdu, (5)
IZEEI:qudu, | )
1,="w fdu, @

where v, T\, M,t,Z,n, and L, are velocity, ion temperature, ion mass,
time, ion charge, electron density and Debye length, respectively. The
right hand side of eq. (1) consists of friction term and dispersion
term. The former is

1
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Fig. 4. The temporal evolution of radial profile of tail and bulk ‘ion
temperature. The current pulse for turbulent heating is applied
at r=5ms.
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In order to know the role of each term the temporal evolution of
beam whose drift veloctiy is 3 times as large as the ion thermal veloc-
ity. As shown in Figs.5 (a) and (b) the friction term reduces the drift
energy and the dispersion term reduces the peak of velocity distribu-
tion function. Figure 5 (c) shows thev,_tot'al temporal evolution. The -
value in Fig. 5 is the time normalized by the ion collision time of Brag-
inskii® and is different from 7 defined by eq. (3).

Figure 6 shows the temporal evolution of two-component Maxwellian,
whose initial distribution function simulates the energy spectrum during
t=5.01-5.02ms in Fig. 2: The number of tail ions is 10 % of that of
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bulk ions and the temperature of tail ions is 8 times as high as that of
bulk ions. The bulk ion temperature increases gradually as the number
of high-energy tail ions decreases. The temperature of tail ions, how-
ever, does not decrease. The relaxation time is about 1000 xs since 7,

=127 »s in case of n,=2x10" cm™3, T,=144eV and Z=1.

5. Comparison of experimental and computational results

Comparison of Figs. 2 and 6 shows the difference in relaxation of
energy spectrum and the relaxation time.

i) In Fig. 2 the bulk ion temperature increases gradually as the

temperature of tail ions decreases and the number of tail ions de-

creases, while in Fig. 6 the buik ion temperature increases gradually

(a) T=t 17
5r 7; : lon Collision Time

s
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W
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as the number of high-energy tail ions decreases but the femperature

does not decreases. ’

ii) As shown in Fig. 2 the two-component Maxwellian relaxes to

one-component Maxwellian with time constant of about 100 #s which

is equal to 7, while according to the numerical simulation with

time constant of about 1000 s as shown in Fig. 6.
Concerning the former the reason why the temperature of tali ions does
not decreaes in numerical simulation is as follows: The escape of the tail
ions from perpendicular velocity space to parallel one and the escape of
the tail ions to the wall in real space are not taken into account. con-
cerning the latter the assumption Z.=2 (which results from weak tur-
bulence caused by turbulent heating) would reduce the difference, since
collision time decreases in proportion to Z, cubed.

(b) T=t/T
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(c) T=t/T
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Fig. 5. The temporal evolution of velocity distribution

function of ion beam whose drift velocity is 3
times as large as the ion thermal velocity:
The initial distribution is f(#)={0.026/z3/2}exp
{—(@—3)2}, where the constant 0.026 is the
normalizing constant. Only friction term is
considered in (a), only dispersion term in (b)
and both in (c).

6. Conclusion

Just after the application of current pulse for turbulent heating in
the toroidal direction (10 s <z <100 #s), two-component ion energy spec-
trum formed by turbulent heating relating relaxes to single one within
7; (ion collision time).


library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked


K. NAKAMURA et al.

T=t/ Ti
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Fig. 6. The temporal evolution of two-component Max-

wellian, whose. initail distribution function si-
mulate the.energy spectrum during #=5.01-5.02
ms in Fig. .2; fu)=1{0.91/z3/2}exp{—u?} +{0.091
[(8z)3/2exp{—u?[8}. The 7-value .is the time
normalized by the ion collision time of Bragin-
skii. )
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