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Lower hybrid power was injected into a medium density Ohmic(OI-I) plasma. The

impurity transport and confinement in lower hybrid current driven (LHCD) plasmas in HL~

1M tokamak were studied. The impurity transport coeflicients (diffusion coefficient D and

inward convect velocity V) were calculated by simulating different impurity ionized lines

obtained using VUV spectrometer. The outside transport D decreases to 0.5m2/s in LHCD

discharge from 1.0m2/s in OH discharge. In both cases D inside (r/a < 0.3) is found to be

smaller close to neoclassical predictions. The impurity confinement time rim, is estimated

from the characteristic decay time of the line intensity of the injected metal impurity. During

‘ OH plasmas rim}, is about 17ms, while in LHCD period tam}, goes up to 30ms. The

improvement of impurity transport and confinement is related to the change of edge plasma

electric potential profile Vp(r) which is induced by LHCD and detected by Mach probes. -

1. INTRODUCTION

The main goal of LHCD on HL—lM tokamak is to achieve steady state tokamak operation.

So it is important to study the impurity behavior in LHCD plasma either for controlling

them or as a diagnostic for plasma characters [1]. In HL—lM experiment it is found that the

particle confinement is improved by LHCD as in other devices [2]. The improved impurity

transport and confinement have also been obtained. This was also found in HP? T-l'IU device

[1]. The physical mechanism is partly explained as the change of edge plasma electric

potential profile. Other reasons are not clear.

2. EXPERIMENT CONDITION
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The experiments were carried out in hydrogen discharges. The main plasma parameters

were: R=l.02 m, a=0.26m, Ip~l00 k A, N”, ~ 13 x low/m3, Bt~ 2T, Te(0)~ 0.6-1.0keV. An

RF wave with a frequency of 2.45 G Hz, a pulse length of BOms and a power of 160-400 kW

was injected into plasma, The metal impurities were injected into plasma by Laser Blow-OE

system [3 ]. The time and amount of injection can be controlled easily. In experiment the

brightness of spectral line emission of impurity ions were obtained by VUV spectrometer, the

electron density by laser interferometer, 'I‘: by the laser scattering system as barrier as ECE,

H; by monochrometer and Vp(r) by Mach probes.

3. EXPERIMENT RESULTS

When LH power is injected into a medium density (Ne ~ 1.5 x 1013cm'3) 0H plasma, LH

driven current is generated: the loop voltage VL decreases sharply and the plasma current Ip

increases slightly. The ion saturation current I; measured by a double probe decreases and '

IV, of central chord increases. That means the central electron density Ne(0) increases. The

Ha decreases as shown in Fig. 1. All these shows that the partiCle confinement is improved.

Figure 2 shows the brightness of four VUV lines (Al XI 55.00 nm, A1 X 33.27nm Al IX

28,24nm Al VIII 38,11nm) detected in LHCD discharge and the simulation results of each

line. The dash lines represent the results ofsimulation. Comparing the peaks of Fig. 2 (d), (c),

( b),(a), one can easily see the process of impurity Al developing and ionizating fi‘om the

outside to the central plasma. Using a impurity transport code to solve the transport eqation

and calculate the line brightness, the difliusion coeficient D and convect velocity V were

obtained [4 ].

The values of D and V which best reproduce the tempera] evolution of the VUV lines in

Fig. 2 are shown in Fig, 3. The D and V during OI-l discharge are also shown in Fig. 3. From

Fig. 3 one can see that in OH and LHCD discharges the D( r) and V( r) ( D~ 0.05 mzls, V~

0.1m/s ) close to neoclassical predictions in the central region of plasma are smaller than that

in the outer region where the transport is abnormal. During LHCD plasma D (~0.5mv2/s)

outside is smaller than that without LHCD (D—- mini/s). That means LHCD helps to slow

down the impurity tranSport in the anomalous transport region.
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We detected the change of edge plasma electric potential profile Vp( r) by Mach probes

shown in Fig.4, which causes a barrier of D in the region (in Fig. 3) to deter the impurity

development to the center. ‘

Figure 5 is the comparison of Al XI lines in OH and LI-ICD discharges. Because the

characteristic decay time of the line intensity is a measure of the confinement time rim, of the

injected impurity [5 ], from Fig. 5 one can see that the impurity confinement time rm, during

LHCD is about 301m, improved from 17ms in 0H discharge.

The physical mechanism of improved impurity confinement during LHCD is not yet known

clearly, One certain mechanism is the change of Vp( r) in edge plasma which causes a barrier

of D to arrest impurity ions in that region, as discussed as above; One possible mechanism is

the reduction of electrostatic turbulence in the outer region which causes abnormal transport;

Another pOSsibie mechanism is the pinch effect.

' Figure 6 shows the confinement time of injected impurity rm versus the LH power during

the same condition (We =13 x 1019/m3, 1p~9o k A, To (0)~ 600 e v, Bt= 1.9T). From this

figure one can see that 1W can get the maxium value when the LH power is about less than

160kW under this condition, then decrease with the increase of LH power.

4. CONCLUSION

In LHCD discharge, with the particle confinement improved the injected impurity

transport coefficient decreases and impurity confinement time goes up.

5. ACKNOWLEDGEMENTS

Jian Chen would like to thank [ABA for founding this work ( No. CPR/04/Oi3) and thank

Ms. Hui Chen and Dr. Robin Bamsely in JET for their help in relative work.

REFERENCE:

[1] SMORTI‘A, E. KAWATOH, KOHKUBO etal, Nod. Fusion V0130(5)938 (1990).

[2] MWAMURA, TMINAMI, KHANADAetal, Nucl FusionVolB 1(8) 1485 (1991).

[3] XYFENQ ZHWANGet 31, IT07 Told-city,Japm1, 1995.

[4] DPASINI1 MMATHOLL RGlANNElLA et a1, JET-P (90) 01.

[5] DPASlNI, RGLAIWLAet a], lPhysicsand CmmdledFus’m, 34(5) 677, (1992).



{ Mamba 4010 ‘°°
if. . u . to

0.0
' 10.0

Ila MW“%W‘W?&V%- 5.0
0.0

' ' 5.0
LN‘ . W 0.0

4.0
:00 :00 400 500‘ m

Fig. 1 Thus Mlutlon 05! we plm
pmmsdudngLHCl).

1.0

0.!

0.6

0.3 ‘ (12} Am

W
ifi

ul
.)

(d) A1 VIII

time m
Flg. 2 The brightnem offimr VUWlnas (AUX!
55.0mm. A! X 33.27% AI IX 28.24nm, Al
VIII 38.1mm) around the time offil inflection
(321.0110) with the background emission
murdered. m dash [Mn "present the
mull: afylmulallon

652

4.8
.21 . . . .

0.0 - 5.4 mu m 21.5 no
I cm

Fig. 3 Radial profile ofD and of V used to
simulate the injection on Al late at Ohmic
plasma and LHCD plasma

am
om
M1160

150'

2100D.

59.

0332122292‘25332723
Nam)

Hg. 4 Radial profile of plasma clam-l:
potential (firing Ohmlc and LHCD plasma.

1.0

0.!.. Al :0
i 05

g ..
"IJ-ED

OJ oat-—

II~ ' ‘ '
32141 343.0 365.0 m» 09.0 43H)

m m
Fig. 5 me comparlm 0124! X1 llnzs in 0H
andw discharges

I

chum-l.-
I

.. ' :

i» ' '
I

I U u H l- H

mm
Flg. 6 The Impurity confinement time MM
the Lflpmwr Ilmlsl' the m mdltlon.


