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2. 6 Development of LHCD Launcher for Next Stage Tokamak

/. Demonstration of long pulse rf injection
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1. Introduction
In the next stage LHCD experiments, long pulse rf injection is required for

study of quasi steady state tokamak. Suppression of outgassing from
waveguides is one of main issues for LHCD launcher to transmit rf power in
the waveguide continuously and stably. In order to know die parameter which
control outgassing rate and to investigate how to reduce outgassing rate, JAERI
and CEA had performed outgassing experiments using 4-divided waveguide.

2. Experimental set-up
The feature of this experimental system is the ability of quasi-CW operation,

that is needed to study outgassing behavior in a long pulse. A source power up
to 500 kW is available at a frequency of 3.7 GHz. The rf power is transmitted
in the 4-divided waveguide ( test module ) as shown in fig.l, and is
terminated into water dummy load. No reflection rf power makes no standing
wave in the waveguides so that the temperature gradient is small. The
uniform temperature is important to obtain the temperature dependence on
outgassing rate. Figure 2 illustrates structure of the test module. The test
module is made of copper-plated stainless steel and dispersion strengthen
copper, which are composed by diffusion bonding in Hot Press Machine, and is
bakable at high temperature up to 500°C. The test module has a cooling
channel to remove heat load due to rf losses. The cooling channel is designed
to maintain the maximum temperature less than 100 °C with transmitting
power of 200 kW. The main effort in design is that homogeneous temperature
of the test module will realize in order to investigate temperature dependence
of outgassing rate. It should be mentioned that the temperature increase due
to rf losses in test module is larger than that in connection waveguides.

Incident and reflective power are measured and temperature at some points
are monitored by thermo-couples. Total pressure in vacuum tank and partial
pressure are measured. The outgassing rate is estimated from the increase of
pressure during rf injection. Temperature dependence of the outgassing can be
obtained in one shot, as temperature increases due to rf losses.
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3. Experimental results
Before high power injection, voltage standing wave ratio ( VSWR ) was

measured to be less than 1.2. Rf conditioning was easily finished up to ~ 400 kW
( 20 kW/cm2 in the test module ) and this high power density is enough for
next stage LHCD launcher.

Some thermal treatments were performed. In order to investigate
dependence of outgassing rate on baking temperature, baking temperature was
raised up to 450cC. Thermal treatment was carried out under atmosphere of
hydrogen and/or deuterium gas, which made deoxidization on the surface of
test module. An air exposure of 8 hours was used to set initial surface condition
before thermal treatment.

Outgassing flux at 400°C is shown as a function of injected rf energy in fig.3
in which thermal treatments are indicated. As known from the figure,
outgassing rate decreases with input energy ( conditioning effect ). The
outgassing rate is reduced by means of baking at higher temperature of 450=C.
On the other hand, gas treatment using H2/D2 gas does not affect on outgassing
rate. According to experiments carried out at different rf power densities, the
outgassing rate depends strongly on working temperature of waveguide, bur it
is independent of rf power density as shown in fig. 4. These results suggest that
the outgassing rate is controlled by changing temperature after good
conditioning.

It is found out using a calculation model that the desorption mechanism can
not explain these outgassing phenomena unless activation energy of desorption
is assumed to be relatively high of leV, but the desorption with adsorption
mechanism explains well with proper physical values. At high temperature than
450°C, diffusion process from bulk is important, especially for CO, CO^.

4. Demonstration of long rf injection
The steady state outgassing is observed in the long duration up to 1800 sec as

shown in fig.5, when a water cooling removes the rf heat load. The rf power
density is 15 kW/cm2 ( ~270kW ), the maximum temperature is around 100cC
at the center part of test module. The outgassing rate level of -lO"7 Fa m3/m2

sec is low enough to design a vacuum system with a reasonable dimension. It
seems that the desorption and adsorption mechanism realize the steady state
outgassing. This demonstration serves design database for a vacuum system of
next LHCD launcher.

5. Summary
The outgassing property has been studied by using 4-divided waveguide

during rf power pulse. It is found that outgassing rate depends on working
temperature and is independent of rf power density. .And it should be pointed
out that the baking at higher temperature is effective for reduction of
outgassing flux, moreover outgassing rate is controlled by changing the working
temperature.

The steady state rf injection, with low outgassing due to water cooling, was
demonstrated.
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//. Development of rf power dividing into waveguides
lined in the poloidal direction using mode converter concept

< for the second joint JAERI - CEA experiment >

M. Seki, S. Maebara, Y. Ikeda, T. Imai
Naka Fusion Research Establishment, JAERI

1. Introduction
The next generation LHCD launcher should be demanded to launch the high-

directive and sharp spectrum, and to be simple and compact structure. But
these spectrum requires many waveguides in front of plasma and this
situation is not consistent with compact structure which is needed for low cost
and easy maintenance. Moreover the launcher will be advantageous if N//
controllability is wide for various spectra by changing adjacent phase. .And a
low rf power density at grill mouth makes power launching easily.

2. Poloidal rf dividing concept
In order to realize features mentioned in introduction, a new type launcher

is considered. As the conceptual structure is illustrated in fig.6, an rf power is
divided into many waveguides in lined toroidally ( 6 ) and poloidally ( 3 ). In
former multijunction module, the rf power is mainly split into sub-waveguides
lined in the toroidal direction only. Mode converter concept is used to
distribute rf power in the poloidal direction.

3. Rf properly
Basic rf properties are obtained by using many mock-ups with matched

load. The main R&D item is to divide rf power into 3 waveguides lined in the
poloidal direction, because the features of E-p!ane multijunction are well
known in the previous multijunction launcher. The structure of mode
converter is optimized by experimentally and analytically. The optimized
mock-up is shown in fig.7. This mock-up shows low VSWR ( 1.4% ) in main
waveguide and good dividing ratio ( 33 +/- 5 % ) in 3-divided waveguides as
drawn in fig.S. It is pointed out that although the mode converter is short, the
length is enough to obtain low VSWR so that the launcher composed of the
mode converter will be compact. According to the simplified calculation result,
each amplitude of main modes for TE01, TE03, TE05 is ~ 0.5, 0.4, 0.3,
respectively at outlet of mode converter.

The rf property with reflection wave is estimated from S-parameters, are
measured by using reducers ( waveguide''coaxial cable converter ) located at
each ports. The two-case calculations are performed for the launcher
composed of the mode converter and multijunction section. For the usual
coupling condition case, main rf parameters show the validity of the
multijunction launcher. Moreover for the coupling under in-homogeneous
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plasma poloidally, it seems that the performance does not so degrade as
known from fig.9.

4. Conclusion
The poloidally power dividing waveguide is newly developed by using mode

converter concept. This waveguide will be used as a main part for the next
LHCD launcher which is featured by N// controllability.

The rf property is studied by mock-up test, measured data show good
power dividing ratio with low VSWR. The calculation from S-parameter
suggests that this new type multifunction launcher allows successful
performance under usual plasma conditions.

High power long pulse test will be performed using the new multijunction
module at Cadarache LH test facility in 1994.

figure captions:

Figure 1 ; 77: e test module and connection waveguides sre installed in the va-i:um Link.
The waveguides are baked by radiation from the hemed tank in thermal
treatments. Temperatures are monitored by thermo-couples, pressure is
measured by ionizaiion gauge.

figure 2 ; Rf power is divided into 4 sub-w.ivegu.des. Septum plate is m.idc from
dispersion strengthen copper, and rod from cupper-plated stainless steel flu:
septa and rods arc fixed by diffusion bonding method under tiic high
temperature of S50°C. The test module has a cooling channel on the top n;:.l
bottom side. The pumping holes yield conductance of ~96 7/5er.

Figure 3 ; Outgassing flux at 400°C is shown as a function of integrated rf energy. The
thermal treatment is also indicated. Outgassing is calculated from increase in
pressure during rf injection. The outgassing fiux estimated from the build-up
method is consistent with these values calculated from the dynamically method.
One circle stands for one shot. Closed circle presents outgassing flux in the first
shot just after each thermal treatment. The outgassing flux decreases with rf
shot.

Figure 4 : Dependence of inject rf power density on outgassing flux is investigated after
good conditioning. High rf power density leads the temperature to increment
faster. The outgassing fiux is the same for rf power densities from 5 to J5 kW/cm2

at the same working temperature. This means that the outgassing rate is
controlled by changing of temperature.

Figure 5 ; This figure shows the demonstration of long pulse rf injection with water
cooling. The power density is 15 k'*V/cm2. the temperature in the center of test
module saturates around 100°C, ( the temperature in the down-stream side is
higher than that of center, because heat exchange of cooling channel is not
sufficient in the down-stream connection waveguide ) . The steady state
outgassing is obscn'ed. The demonstration suggests the possibility of steady state
rf injection in the waveguides.

Figure 6 ; The conceptual design is illustrated for the new type multijunction launcher.
This launcher is featured by the rf power dividing in the both toroidal and the
poloidai direction at one junction point. The \v/ controllability will be available
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by changing adjacent phase using this launcher. In order to distribute rf power
into the poloidal waveguides, the mode converter method is used.

Figure 7 ; The mock-ups are mainly used to investigate whether VSWR is low in main
waveguide and the power dividing ratio is the same in each 3-divided waveguide.
The final mock-up is shown after optimization by experimentally and
theoretically. The mode converter has symmetry and no septum inside.

Figure 8 ; The rf properties are measured by pick-up probe under the matching
condition ( no reflection wave ) at a frequency of 2.2 CHz. The main results are as
follows : return loss in main waveguide is 1.4%, power dividing ratio -33 +/-5%.

Figure 9 ; The rf property is estimated using measured scattering-parameters in the case
tliat reflective wave exists in the usual coupling conditions. For the homogeneous
plasma in the poloidal direction, the main rf property does not change from no-
reflection case. For the in-homogeneous plasma, the calculation results are
pictured. In this case the reflection coefficient in each 3-div waveguide is
different due to the length of vacuum gap Xp. Although the power dividing ratio
is small affected, the rf performance is seemed to be available.

Figure 6 Fiaure 7
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