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Divertor characteristics in particle and energy control in
neutral-beam {(NB) heated discharges on JT-60 have been studied with
injection power of up to 20 MW, The essential divertor functions are
successfully obtained. 1In ohmically heated discharges, minimum
clearances between the separatrix magnetic surface and the fixed

limiter for sufficient divertor action are 1.5 cm at ﬁe = 1.5 x 7019

m-3 and 2.5 to 3 em at Ee=ux1019 m—3. Global power balance studies
show that, in the NB~heated divertor discharge, about 5% to 10% of the
is radiated from the main plasma, while 50%
107 073, 501

of PABS flows to the divertor plate. The radiation loss in the

divertor chamber is 15% of P

total absorbed power, PABS’

to 60% is radiated in the limiter discharge. At ﬁe =86

ARS” According to the spatial distribution

of the temperature rise on the divertor plate, the half width of the

heat load is less than 1 cm at ﬁe = 1,5 to 4.4 x ‘IO19 m—3. Neutral
pressures in the divertor chamber and around the main plasma increase
in proportion to ﬁ;. Compression ratio is about 45. The effectiveness

of the divertor pumping system in particle contrel is shown for
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NB-pulses of at least 1 second. Reduction of evaporation by separatrix

swing is also shown.

Keywords: JT-6{, Diverbtor, Particle Control, Energy Control, Neutral
Pressure, Compression Ratio, Particle Exhaust, Power

Balance, Remote Cooling, Separatrix Swing
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1. INTRODUCTION

To achieve a reactor—grade plasma, impurity, energy, and particle
control by divertor is essential. At first, successful divertor
actions on these items have been demonstrated for ohmically heated (OH)
discharges in a small tokamak DIVA[1J]. Following DIVA, divertor
studies for OH and neutral beam (NB) heated discharges with heating
powers of up to 7 MW have been performed extensively in medium size
tokamaks such as ASDEX[2,3], DIII[(4] and PDX[5]. The high confinement
discharge (H-mode) was discovered in NB heated ASDEX discharges[6]. 1In
the DIII with an open divertor, reduction of heat load to the divertor
plate by high recycling was discovered for the OH discharges[7-9] and
also for the NB heated ones. In these tokamaks, successful impurity
control has been shown. The open divertor experiment in JFT-2M has
also been reported[10]. These results show the attractiveness of the
poloidal divertor. However, to apply a poloidal divertor concept to a
reactor-grade device, the above divertor characteristics have to be
studied in large-size tokamaks. Recently, twoc large tokamak experi-
ments, DIII-D{11] and JET{12], have reported H-mcde discharges with NB
injection of up to 10 MW.

JT-60 is a large tokamak device (R = 3 m, a = 0.93 m, Bt = 4.5 T,
Ip = 2.7 MA) with a single null poloidal divertor in the midplane at
the torus outside[13,14]. In JT-60, the divertor characteristics have
been studied in detail. Experimental results for the OH discharges
from April 1985 to March 1986 are described elsewheref15-17]. In these
OH discharges, the divertor actions similar to those in the above
tokamaks were observed. Experimental results for the NE heated
discharges from July to November 1986 with NB power of up to 20 MW are
alsc described elsewhere[19,20]. In this paper, the detalls c¢f the
divertor characteristics in these experiments are presented,

In the following section, experimental arrangements are described,.
In Section 3, the experimental results on particle and energy control
are discussed. Section 4 gives the discussicn of the divertor

characteristics. Section 5 provides summary.
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2. LEXPERIMENTAL ARRANGEMENTS

Details cf the JT-60 device are described in Ref. [27]. The inner
surfaces of the vacuum vessel are fully covered by armor plates, fixed
toroidal limiters, and divertor plates[22], made of TiC-coated Mo and
Inconel 625(23]. Plane view of diagnostics and major components are
shown in Fig. 1, The major diagnostics used for the following study
are shown in Fig, 2. There are a total of 18 port sections. Neutral
pressure in the divertor chamber is measured by a fast ionization gauge
in the upper divertor chamber at the Nc. 13 port section (P-13). Total
time delay is about 100 ms. Neutral pressure arcund the main plasma is
measured by a standard ionization gauge at the P-10 section. Total
time delay is about 250 ms. Radiation loss and Hq intensity are
measured in the divertor chamber for upper and lower divertors,
respectively. Heat load to the divertor plate is measured by 6~channel
brazed thermoccuples for the upper and lower divertors at the P-1
section, Radiation loss and Ha intensity around the main plasma are
measured by Z4-channel (3-~channel vertical; 1-channel near X point)
detectors. Moreover, 15-channel bolometers and 4-channel Ha
photodiodes viewing the inner wall are used. - To control backflow and
recycling of neutrals from the diverfor chamber, there are four
divertor pumping systems[24]. These systems are composed of Zr/Al
getter pumps with a total effective pumping speed of about 6.8 m3/s for
hydrogen at 2OOC. Moreover, to improve divertor pumping capability of
the torus vacuum pump, additional plates are atfached at the inlet of
the vacuum pumping port. In the divertor operation, the clearance
between the separatrix magnetic surface and fixed toroidal limiter was
changed from C.2 to 5.1 ¢m., Also, the clearance between the separatrix
magnetic surface and the armor attached to a main magnetic limiter coil

i3 changed from 1 to 9 cm.

3. EXPERIMENTAL RESUTLS

Waveforms from a typical NB-heated hydrogen divertor discharge
with Ip = 2 MA and PNBI=13.M MW are shown in Fig. 3. In this figure, a
density reduction during the NB injection heating Is observed. Also,

observed are increases of neutral pressures around the main plsama and

12‘_
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is changed from 1 to 9 cm,

3. EXPERIMENTAL RESUTLS

Waveforms from a typical NB-heated hydrogen divertor discharge
with Ip = 2 MA and PNBI=13.M MW are shown in Fig. 3. 1In this figure, a
density reduction during the NB injecticn heating is observed. Also,

observed are increases of neutral pressures around the main plsama and
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in the divertor chamber. A significant increase of the radiation loss
in the divertor chamber and the Lemperature rise in the divertor plate

is also noted.
3.1 PFARTICLE CONTROL
3.1.1 NEUTRAL PRESSURE BUILD-UP

In Fig. U4, strong nonlinear dependence of neutral pressures in the

divertor chamber (PEIV) and around the main plasma (PSAIN
- 2 2z
plasma density (n_ ) are shown in the OH and NB heated discharges. PEIV
- 2
and PEAIN increase approximately in proportion to né, the same results
2

as observed in ASDEX[Y4] and DIII[10]. Maximum pressures in this
DIV and 0.014 Pa for PMAIN
By , H,
with Ip = 2 MA and PNBI = 20 MW, To study the effect of gas

injection location on plasma properties, two types of gas injection

) on the main

experiment are 0,63 Pa for P

at ﬁe = 7.2 x
319 .73

experiments have been done, In the characteristics of the neutral
pressure buildup (PDIV, PMAIN
H2 HZ

the main plasma gas injection experiment and the divertor chamber gas

), there is no clear difference between

injection one, However, the rate of density increase in the divertor

gas injection case is higher than that in the main plasma gas injection

19 -3

case. Above the plasma density of 4x10 m y There is a small
dependence of szv and PEAIN on plasma current. The neutral pressures
2 2

in discharges with Ip = 1.5 MA are higher than the ones with Ip = 2 MA,
This difference is considered to be caused by the Ip dependence of the
global particle confinement time L (small Ip gives small rp).

Therefore, influx to the divertor chamber (Ne/Tp) depends cn Ip.
3.1.2 COMPRESSION RATIO

Compressicn ratio € is defined as the ratio of the pressure in the

EIV, to the pressure in the main plasma, PMAIN and
2

divertor chamber, P H
2
can be calculatecd by the following equation;

DIV MAIN

(PH2 - PHz ¢ = R-Ne/Tp
Figure 5 shows the relationship between PEIV and PEAIN in the range of
- - 2 2
n, = 1.5~9.Ix1019 m 3. The compression ratio is around 45 for both OH

_3__
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and NB heated discharges. The compression ratio in the divertor
chamber gas injection case is almost the same as that in the main
plasma gas injection case in JT-60, although in ohmically heated PDX
experiment[25] the compression ratic in the divertor chamber gas
injection case was twice as high as that in the main plasma gas
injection case, Since the compression ratio is almost censtant, the
conductance betwen the main plasma and the divertor chamber is expected
to be constant. The conductance is calculated to be about 900 m? from

DIV DIV MATIN

RNe/(erH2 ) (because PH2 > PHZ

electrons in the main plasma and R i{s the recycling ratio., This value

) where Ne is the total number of

is about 1/2 to 1/3 of the calculated mechanical conductance at the
divertor throat. This reduction of the conductance appears to be
qualitatively reasonable because the scrape~off plasma reduces the back
flow po the main plasma. From the constant conductance and the ﬁe

dependence of 1 _{x n ~1) [26,27], the Tp degradation factor becomes

proportion to ﬁg/Pglv. Figure 6 shows the dependence of ﬁg/PgIV on the
2 2 _
absorbed power PABS' The 2 MA data shows a higher value of n;/PgIV
2

than the 1.5 MA data. This dependence is similar to that of the energy
confinement time. This resemblance suggests a correlation between the

particle and energy confinement[19],
3.1.3 PARTICLE EXHAUST

Total particle exhaust rate Ne/T; is given by the following

equation:

* =
Ne/Tp Qexhaust * QS ?

where T; is the effective particle confinement time [=1p/(1~R)],

Qexhaust is the exhaust rate by the divertor pumping system, and Qs by

the TiC-coated Mo plate. Particle exhaust rate Q is divided
exhaust

into QZP/AI and QV’ where QZr/Al is the exhaust rate by the Zr/al

getter pump systems and QV by the torus vacuum pumping systems. Using
pressures and pumping speeds of each system, Q and Q, are given by
DTV DIV ir/Al V
5.3 P and 40 P (Paem®/s), where P
H2 HZ H2
the manifold of the torus vacuum pumping system. Since the ratio of
. DIV
QZr/Al to QV is about 3, Q

exhaust H, °
dependence of @

is the neutral pressure in

can be given by 6.8 P Density

can also be seen from Fig. 4. The ratio of
exhaust

_4_
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o, a1 PO Qp 1s about 3. 1§e§%aust increases approximately in

proportion to ﬁé . At ﬁe=6x70 m -, q is 3 Pa m?*/s, which is

exhaust
as large as the fueling rate by the neutral beam injection of 20 MW
Wwith a beam energy of 75 keV. This shows that long-pulse NB injection
was made possible by the divertor pumping system. The particle exhaust

rate by the TiC surface, Q is calculated by (Ne/T;) - Q

s’ exhaust’
Since almost all ion fluxes are guided into the divertor chamber, the
pumping rate of first wall QS is assumed to be equal to that of the
divertor plate Q
Qexhaust’ and QV
is 0.7 s for PABS

the other hand, Q

. 4 *
DIV Figure 7 shows the density dependence of Ne/Tp,

in the NB~heating experiment. In this caleulation, T;
> 13 MW [27]. Ne/r; increases linearly with He‘ On

increases in proportion to n?. The calculated
exhaust 19 _§

value of Q increases up to ﬁe= E to 6x10 m ~. But above that

DIV
L) 3 i
DIV saturates gradually at 3 Pa-m®/s. QDIV in a fresh

surface of the divertor plate was obtained in limiter~-divertor

density, Q

transition experiment. Wave form of ﬁe is shown in Fig. 8. At t=4.1

sec, n, decreases drastically, If this reduction is assumed to be

caused by surface pumping of a fresh divertor plate, QDIV is estimated
19 -3
m

» 3 = n = *
to be 8.3 Pa.m®/s for T 90 ms. At n, 6x10 ’ Ne/Tp’ Qexhayst’

and Q are 6.0, 3.0, and 3.0 Pa-m®/s, respectively. Below n_ =
DIV e
1 -3

6Hx10 m

capacity of the divertor plate. Above that density, the exhaust rate

., the particle balance is dominated by the surface pumping

of the divertor pumping system becomes dominant. Saturation tendency
of the divertor plate is shown in Fig. 9. In this experiment, ﬁe feed-
back contrecl was started at t=4 sec. During a flat-top plase of ne,
fueling rate of injection gas Qc decreases gradually. This decrease is
expected to be caused by saturation characteristics of the divertor
plate,

Typical results of density control in the NB-heating experiment
are shown in Fig, 10 for the limiter discharge and Fig., 11 for the
divertor discharge. To control density in the case of the limiter
discharge, additional pumping systems with large pumping speed are
necessary. In the case of the divertor discharge, the density is
easily controlled by changing the gas puffing rate even in the high-

density condition (6x1012 m 3).
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3.1.4 SCRAPE-OFF THICKNESS FOR DIVERTOR ACTION

In order to keep the efficient influx into the divertor chamber
and to suppress the plasma wall interaction, the clearance between the
separatrix magnetic surface and the fixed limiter must be sufficienlty
wide. On the other hand, considering the plasma~shaping coil current
capability, the maximum distance cannot be arbitrarily large. So, to
clarify the minimum clearance, dependence of Ha intensity, neutral
pressure, and radiation loss in the divertor chamber on the clearance
was studied by changing the clearance during the ohmically-heated
discharge. Figures 11 and 12 show results of these dependences for the
Ha intensity, the neutral pressure and the radiation loss,
respectively. These results show that the minimum clearances are 1.5
cm at ﬁe=1.5x1019 m_3 and 2.5 to 3 cm at He=u.ox1o19 m_3.

In the NB-heated discharge, a detailed experiment similar to the
ohmically-heated discharge was not performed. However, comparing a
shot with 2 cm of clearance and one with 4 cm of clearance, the neutral
pressures in the divertor chamber are almost the same. In these cases,
the mean plasma density is around 2 to Mx1019 m_B. Therefore, the
minimum clearance in the NB~heated discharge is expected to be less

than 2 ecm. However, to clarify this dependence more clearly, further

study is necessary.
3.2 ENERGY CONTROL

3.2.1 GLOBAL POWER BALANCE

Global power balance for a 2 MA NB heated discharge is shown in

Fig. 14, PABS means the net absorbed power in the main plasma

DIV MAIN e :
(—PNB+POH PSHINETHROUGH)' PRAD and PRAD are radlatﬂigflosses in the
divertor chamber and the main plasma, respectivley. PT/C is the heat

load which is deposited on the divertor plate. This figure shows that
a major fraction of the abscrbed power is exhausted to the divertor
chamber ., With the increase of Ee’ reduction of the heat load on the
divertor plate is observed, the same tendency as observed in ASDEX[2]
and DITTI[8]. At ﬁe=6x1o19 n 3, P2V i avout 50% of P

_ 19 -3 T/C ABS
of ne=T.5 £o T.3x10 m -, Total radiation loss from the divertor

in the range

__6_



JAERI-M 87-167

DIV DIV , .
RAD ABS" Dependence of PRAD in fon and

electron sides cn ﬁe is discussed iIn later part of this section on Fig.
19.

chamber ( P ) is about 15% of P

Two causes for the missing power in the global power balance are
considered. 0One 1s the radiation loss from the divertor chamber
cutside the field of view of the bolometers. In the estimation of the
divertor radiation loss, one channel looking at the separatrix on the
divertor plate is used for the upper and lower divertor, respectively.
Another channel looking at the divertor plate near the divertor throat
showed almost the same intensity as the above ‘channel in the high-
density case. Another cause of the missing power is the radiation loss
in the region near the X-point. In this region, a significant increase
of the bolometer signal with ﬁe was observed., Therefore, these Lwo
radiation losses are considered to be the main causes of the missing
power and the fraction of remote radiative cooling in the divertor
chamber is considered to be larger than the value shown in Fig. 14.

The effectiveness of the divertor on the impurity control is shown
in Fig. 15. In limiter discharges, the ratio of radiation losses in

MAIN

the main plasma to the abscorbed power, PRAD /PABS’

50% to 60%. In the divertor discharges, on the other hand, a

is in the range of

significant reduction of these ratios is observed. In the NB-heating

discharges, this ratic is in the range of 5% to 10%.
3.2.2 RADIATION LOSS IN DIVERTOR CHAMBER

DIV . .
PRAD' are shown in Fig,
16 for the QH discharges and Fig. 17 for the NB-heated discharges. 1In

P increases non-linearlly with n_. But, PDIV becomes
RAD 19 §3 RAD

saturated and decreased above ﬁe=3—ux10 m Y, This tendency is

Radiation losses in the divertor chamber,
the OH case,

considered to be caused by reduction of divertor plasma temperature

(Te<10 eV). Computor simulation result by the divertor code show
DIV
RAD

is by a factor of two to three greator than the simulation result{28].

similar ﬁe dependence to the experimental data, while the measured P

Since the simulation includes only hydrogen line radiation, this
difference between the simulaticn and the experimental results can be
explained by impurity line radiation, and s¢ on. For example, the

radiation loss with the oxygen conftents of 1.25% is same as these
DIV

difference. PRAD

in the NB~heating phase is about ten times larger

777
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than in the ohmic heating phase. Rgig on the ion drift side is larger
than on the electron drift side. On the ion side, Pgig increases

DIV
RAD

nonlinearly with ﬁe’ but P
Mx1O19 m—3. This tendency is cocnsidered to be caused by a reduction of

saturates and decreases above ﬁe=3 to
the divertor plasma temperature. 0n the other hand, on the electron
; D ; . = .
side, Pﬁig increases with n,. Although the cause of these asymmetries
is not clear, the effect of fast ions is considered to be cne of the

cause.
3.2.3 HEAT LOAD ON DIVERTCR PLATE

Energy deposition on the divertor plate is measured by an array of
brazed-thermocouples. Typical time response is shown in Fig. 3.
Spatial distributions of the temperature rises, AT, in the upper (icn
drift side) and lower (electron drift side) divertor plates are shown
in Fig. 19 for the low-density case (n =1.5x1o19 mHB} and in Fig. 18
for the high-density case (ﬁe=4.4x101 m_s). In both cases, duration
of the NB pulse is 0.5 s. Due to separation between thermocouple
location and heat flux peak and time response of the thermocouples,
maximum temperature rises are observed at t = 7.5 s, while the NB-pulse
was terminated at t = 7.0 8. In the low-density case, the temperature
rises in the electreon drift and ion drift sides are almost the same.
In the high~density case, the temperature rise in the ion drift side is
higher than the rise in the electron side. Moreover, the total heat
load on the divertor plate on the ion side was about two times that on
the electron side, In both cases, half widths of the temperature rise
in the ion and the electron driftf sides are less than the thermocouple
separation of 2 em, Since the angle between the divertor plate and the
Separatrix line is about 30 deg, the half width of the heat flux in
front of the divertor plates is less than 1 em. In this experiment,
density dependence of the half width on the heat flux is not clear
because the interval of the thermocouple is 2 ¢m., In the NB-heated
discharges, time-averaged heat load in the NB-heating phase has been
calculated from the equilibrium temperature distribution at 30 s after
the discharge. In this calculaticn, thermal radiation from the
divertor plate is neglected. First, the time-averaged heat load in the

NB-heated discharge, -Q (MJJ), is calculated. Next, the heat load in

OH+NB

the chmic discharge with the same Ip and ﬁe, Q is calculated. Q

OH’ NB

_8__
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is then given by Q As a result, the ratio cf the total

OH+NB QOH'

heat load deposited on the divertor plate to the absorbed NB power,
. - 19

QN?/(PABSAtNB)’ is calculated to be 50% to 70% for ne—1.5 to Bx10

m ~. Total heat lcad on the ion drift side is about two times larger

than that on the electron drift side. Assuming a 2 cm heat disposition

width in the NB-heating phase, the time- and spatial-averaged heat flux

is around 1000 W/cm? for a 20 MW injecticn.
3.2.4 HEAT LCAD REDUCTICN BY SEPARATRIX SWING

In the NB-heated hydrogen divertor discharges, molybdenum impurity
was not observed up to 20 MW of NB injection power. However, in the
case of helium discharges with NB power larger than about 10 MW, a
molybdenum burst is observed after 100 tco 200 ms from the start of NB
heating. According to estimaticns of the total heat load on the
divertor plate, there is not much difference between hydrogen and
helium discharges at the same heating power., Therefore, the Mo burst
in the helium discharge is considered to be caused by an enhanced
evaporation under the helium irradiation. According to inspection cf
the in-vessel components after these experiments, severe ﬁelting Was
observed at the edge of the divertor plates. Moreover, at cne toroidal
location, a liner near the X-pcint arocund the divertor ccil was also
melted. Therefore, these two damages are considered tc be the origin
of the Mo burst, For example, at the edge of torcidal gaps of the
divertor plates, around 10 kW/cm? of heat flux is expected., In this
condition, the Mo surface temperature reaches 2600°C (its melting
point) in 100 to 200 ms. To suppress these Mo burst, the separatrix
line was swept on the divertor plate at a speed of 4 cm/sec from t=06
sec to 7 sec as shown in Fig, 20, As a result, the half width of the
temperature profile on the divertor plate increased from 2 cm tc 4 cm
and the temperature rise was decreased by a factor of 2, The above
results show that the swing of the separairix line is effective in

reducing the evaporation on the divertor plate.
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4., DISCUSSICN
{1) NEUTRAL PRESSURE BULD=UP

Nonlinear dependence of the neutral pressure on the main plasma
density is explained by the inverse dependence of 1_ on the main plasma

density. The neutral pressure in the divertor chamber PDI is given by

H,
RNe/(TpC), where C is the conductance between the main plasma and the

divertor chamber. In this experiment, the conductance is almost
constant and recycling ratio R is in the range of 0.87 to 0.99[27].

D
Therefore, PHIV is proportional to influx to the divertor chamber
2 -

N /t_. This gives n? dependence of PDI\'r
e p € H,
compression ratio is almost constant, the neutral pressure arcund the

MATIN DIV

H , alsoc has ﬁ; dependence, This dependence .of PH is
2

2
also obtained in the fluid model divertor simulation [28]., 1In this
IV

. Moreover, since the
main plasma, P

simulation, neutral particle density (ne

dependence of nEIV was obtained, Higher neutral particle density in NB

} was calculated and Eez

heated discharge compared to the OH case was obtained by using reduced

TB which simulated t  degradation during the NB heating phase., Since

noIV is proportional to Pglv,
2

qualitatively with the simulation results,

the experimental results agree

(2) PARTICLE EXHAUST

Saturation characteristics of the pumpling rate by the divertor
plate can be explained by the saturation fluence of TiC measured in the
laboratory experiment [29]. Depcesition area is calculated as HprA,
where Rp is the location of the divertor plate from the major axis, and
A 1s the effective width of the plasma bombardment. Using Rp = U450 cm
and A = 5 cm, the depcosition area is estimated to be 2.8 «x 10u em?, -
With 1.0 s duration of NB injection, the saturation value of 3 Pa m®/s

16 m-2

is equivalent to a fluence of 5.6 x 10 C . In this experi-

In Qypy
ment , boundary temperature near the divertor plate was not measured,
Acecording to the divertor simulation, the electron temperature near the
divertor plate is calculated to be around 10 eV for deonsities ﬁe=5 to
6x1019 m_3 [28]. Considering sheath potential, incident energy on the
divertor plate is in the range of several of tens of eV. According to

the laboratory experiment on deuterium retention in TIiC, the saturation
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value of retained deuterium fluences with of implanted energy 1.5 keV
are 1.2 «x 1017 cm"2 for incident fluence of 1018 cm_2 [28]. Therefore,
considering several tens of eV for the incident energy in this

experiment, the average retained fluence is estimated to be arocund 1016

cm*z. This value 1s almost the same as the fluence calculated for the
saturated pumping rate of the divertor plate. However, in a long-pulse
discharge (mere than 10 s), the pumping rate by the divertor plate is
expected to be small because of the full Saturation of the divertor

plate.

5. SUMMARY

In the 20 MW NB-heated discharges, particle, impurity and heat
load are sufficientlly controlled. Major results are summarized as

follows:

— Neutral pressures in the divertor chamber and arcund the main plasma

increase in proporticn to né. The compression rate is about 45,

In the particle balance, the particle exhaust by the divertor plate
is dominant in densities less than 6x1019 my3. On the other hand,
in ﬁe > 6x'|019 mﬁB, particle exhaust by the divertor pumping system
becomes dominant. Therefore, active pumping system is necessary for

particle control in long—pulse NB~heated divertor discharge.

— According to the spatial distribution of the temperature rise on the

divertor plate, the half width of heat load is less than 1 em for He

=1,5 to 4.&x1019 m—3.

— The global power balance shows that PSiéj/PﬁBs is 5% to 10% in the
NB-heated divertor discharge, although PRié /P E in the limiter
discharge is 50% to 60%. At n =6x1019 m"3, P /P is 50% and

e T/C" " ABS
PPIV/p  is 153
RAD " ABS :

— The crigin of the Mo burst, observed in NB heated helium discharges,
is considered to be the edge of the divertor plate cor the liner in

the divertor throat. Separatrix swing is effective in reducing the



JAERI-M 87-167

value of retained deuterium fluences with of implanted energy 1.% keV
are 1.2 x 1017 em © for incident fluence of 1018 Cm—'2 [281. Therefore,
considering several tens of eV for the incident energy in this

experiment, the average retained fluence is estimated to be around 1016

cm—2. This value is almost the same as the fluence calculated for the
saturated pumping rate of the divertor plate. Hcwever, in a long-pulse
discharge (more than 10 s), the pumping rate by the divertor plate is
expected to be small because of the full saturation of the divertor

plate.

5. SUMMARY

In the 20 MW NB~heated discharges, partigcle, impurity and heat
load are sufficientlly controlled., Major results are summarized as

follows:

— Neutral pressures in the divertor chamber and arcund the main plasma

increase in proportion to né. The compression rate is about 45,

In the particle balance, the particle exhaust by the divertor plate

is dominant in densities less than 6x1019 my3. Cn the other hand,

in ﬁe > 6x1019 3, particle exhaust by the divertor pumping system
becomes dominant, Therefeore, active pumping system is necessary for

particle control in long-pulse NB-heated divertor discharge.

— According to the spatial distribution of the temperature rise on the

divertor plate, the half width of heat load is less than 1 c¢m for He

5 to 4.bx10'? m”3,
MA TN . .

— The glotal power balance shows that PRAqH/PﬁBS is 5% to 10% in the
NB-heated divertor discharge, although Pﬂié in the limiter
discharge is 50% to 60%. At n =6x10 3, /P is 50% and

e T/C ABS
PPV e is 153
RAD" " ABS :

— The origin of the Mo burst, observed in NB heated helium discharges,
is considered to be the edge of the divertor plate or the liner in

the divertor throat. Separatrix swing is effective in reducing the
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Mo burst in the NB-heated discharge and useful in alleviating high
heat flux prcblems of the divertor plates, especially in future long

pulse tokamaks.
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Fig. 2 Cross sectional view of JT-60 showing divertor diagnostics and

divertor pumping port,
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Fig. 19 Spatial distribution of temperature rises of brazed

thermocouples in the divertor discharge with ﬁe=14.14x1019 m_3.
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Fig. 20 Time evolution of main plasma radiation losses in the NB-
heated divertor helium discharges with and without separatrix

swing.



