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Abstract

The TCA tokamak is being partially reconstructed and reassembled
in the Plasma Laboratory of The University of São Paulo, and afterwards it
will be named TCA/BR. The first discharges are expected by June/July of
next year. The main scientific objectives envisaged for the machine are:
Alfvén wave heating and current drive, confinement improvement,
disruptions and turbulence. In this paper we also describe: (i) the present
status of the project, (ii) the diagnostic systems, (iii) the control and data
acquisition system, (iv) the RF system for the excitation of Alfvén waves,
that are being developed, and also the results of predictive transport
simulations of its performance.

1. Introduction

The TCA/BR Project has as main objective to put into operation, at the

Laboratorio de Fisica of the Universidade de Sao Paulo, a tokamak adequate to perform

research at a reasonable level of competitiveness [1], In this paper we report the present

status of the project.

The tokamak TCA was transferred from Lausanne, Switzerland and since March

1994 its being partially reconstructed and reassembled.

The TCA/BR is a tokamak very appropriated for magnetic confinement research in

problems of interest to the controlled fusion. Its main parameters are: major radius

R = 0.61/n, minor radius a = 0.18 m, magnetic field BT - 1.2 T, plasma current Ip = 120

kA, plasma duration Tp = 100 ms, maximum average density n^ = 7.8 x 1013 cm"3, electron

temperature Te = 750 eV and ion temperature Ti = 400 eV.
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At the present, the status of the project is as follow:

The annex building with an area of 260m2 as well as the high voltage transmission

line are scheduled for completion in February/March 1995. The installation of a 2 Ton

crane and the air cooling system have been recently completed. The tokamak assembling

has already started and the parts corresponding to the supports, the bottom base of the

tokamak and the OH transformer, are in place. The toroidal field power supply is ready for

testing and the ohmic heating and vertical field power supplies are 70 % and 90 %

completed, respectively. The discharge cleaning and preionization systems are also about

90 % completed. The vacuum vessel pumping-down is expected for March/April.

According to our schedule we expect to begin the tests of energization of the coils

in May/June and to fire the first shots in July/August. The experimental research program

could be probably initiated in the second semester of next year.

The following lines of research for this new project were chosen taking into

consideration competitiveness, feasibility and the requirement of international programs:

Alfven wave heating and current drive, confinement improvement, disruptions and

turbulence.

2. Diagnostics

The diagnostics to be installed in the first phase of tokamak operation are:

interferometer, ECE, visible optical spectrometer, soft X-rays detector array, neutral

particle analyzer, visible bremsstrahlung, Mirnov coils array and, finally, diamagnetic coil.

In a second phase, the diagnostics to be introduced are: VUV espectrometer,

Multipass Thomson Scattering, Microwave Reflectometer, Soft-ray Spectrometer

bolometry array and, possibly, neutral and charged particle beams. Fig. I shows the

diagnostic layout for the machine

A 5 channels 150 GHz interferometer of the homodyne type, sin/cos detection

system will be used for electron density measurement. The microwave source will be

based on Impart Diode with power of 10 - 15 mW.

The electron cyclotron radiation for TCA/BR is expected to reach frequencies up

to 150 GHz. For the detection of this radiation it will be used a heterodyne detection

system tuned to detect the 2nd harmonic ECE extraordinary mode. The local oscillator

will be of the BWO type with a power of 10-30 mW, and frequency sweeping time of

100 us or fixed frequency.
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Fig. 1 - TCA/BR diagnostic layout

The interferometer and the radiometer will be bought from the commercial branch

of St. Petersburg State Technical University. The optical spectrometer will be bought in

the international market with the following characteristics: focal length of 1 meter;
o

resolution of 1 A , f = 6.8, ranging from 200 to 800 nm, equipped with CCD detector

array. An arrangement to measure light intensity along several plasma column chords will

be used to yield ion temperature and impurities radial profiles.

The neutral particle analyzer was obtained from the Culham Laboratory, England,

and has 20 detectors (channeltrons) distributed in two arrays of 10 detectors each. The

Mirnov detection system will be based on 4 magnetic coil arrays located in different

toroidal positions inside the vacuum vessel. Each array will have 22 poloidal pick-up coils.

The coils will not be equally spaced, in order to take into consideration the tokamak

toroidal geometry.

The Thomson scattering system is being developed in cooperation with Dr.

M. Machida from UNICAMP - University of Campinas, Brazil. A FIR laser for Faraday

rotation, density measurements and VUV spectroscopy are also being developed in

cooperation with UNICAMP.

Work will begin shortly for the development of soft X-ray array, spectroscopy

system, bolometry and reflectometry.
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3. Plasma control and data acquisition

The control of the TCA/BR discharges can be accomplished with the old system,

formerly used in Lausanne, which is composed basically by timers to trigger the different

systems of the tokamak This equipment, already checked, everything is in good condition,

and can be used if necessary.

The Data Acquisition and Control System will have two workstations; one for

tokamak control and data acquisition, and another for storing the data transferred from the

first computer, with access from external users. The system is being dimensioned for a

maximum capacity of 10 MB of digital information per tokamak pulse, in about 400

channels, and covering 100 ms. Due to limitations in costs, in the first phase of the

tokamak operation we will have the computer capability of only 1 MB/pulse, related to

some channels covering 100 ms and, others, only 10 ms. In the beginning we will be using

the CAMAC modules already existing in the laboratory and most possibly the Lab View

Software, for control, and IDL package, for handling the data. Fig. 2 shows the block

diagram of the system. Latter on it is intended to change the whole system towards the use

VME modules. This system will be developed in cooperation with the Centro de Fusao

Nuclear located at the Instituto Superior Tecnico de Lisboa - Portugal.

4. Alfven RF system

The radio-frequency system for excitation of Alfven waves will be substantially

modified with respect to the one previously used in Lausanne [2]. The antenna system will

TokuuJt Room

Fig. 2 - Block diagram of control and data acquisition system.
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Fig. 4 - Block diagram of the RF system.
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be a multiloop antenna array consisting of poloidal half windings with phased currents. A

top view of the antenna location and the electric scheme of one loop pair are shown in fig.

3. Four similar units will be installed employing the antenna feeding ports already available

on the tokamak vessel. The antenna loop will be fed though an independent matching

circuit. A block diagram of the system is shown in Fig. 4.

The main objectives of the new RF system for the TCA/BR project are the

following. 1) single helicity mode excitation, 2) the possibility of generating standing and

traveling waves, so as to study RF current drive and to control plasma parameters, 3) the

possibility of using the same antenna array for excitation of different modes [m = 1/n = 2,

m = 1/n = 4, m = 1/n = 6, 4], and 4) to deliver up to 1 MW of RF power to the plasma.

The design of the antenna system and of the RF generator has already been

completed. Construction and testing of an antenna module, using a small 30 kW generator

is currently under way. The complete multiloop antenna system will be constructed locally

and the 1 mW generator will be ordered to the local industry.

5. Transport Simulation

In order to investigate the performance expected for TCA/BR under Alfven

heating, a predictive calculation was carried out using a new version of Dnestrovsky

transport code AT [3]. The anomalous electron heat diffusivity is taken from the T-l 1

transport model [4] and additional heating is properly simulated by solving linearized

kinetic equations. In Fig. 5 we show the time evolution of the main parameters of a plasma

discharge with an additional heating power of 500 kW. The value of the cylindrical safety

factor is taken q = 2.7 and average density is <n> = 5 x 1019 m"3 in Fig. 5.a, and <n> = 3 x

1019 m"3 in Fig. 5b. We notice that because the Alfven heating scheme couples energy

mostly to the electrons, through Landau damping of Kinetic Alfven Wave, the electron

temperature increases substantially while the ion temperature is not much affected.

Actually, in the low density case, <n> = 3 x 1019 m"3, the increase in the electron

temperature is such that the collisional coupling to the ions decreases. Because the loop

voltage also decreases, decreasing the Ohmic heating, the ions get effectively cooler

during the RF pulse. This effect is clearly seen in Fig. 5b.
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6. Conclusion

The TCA/BR Project is developing according to the expectations of the laboratory

staff Nevertheless, the effort to be spent in putting the machine into operation and initiate

the scientific program is substantially large compared to the man power of the plasma

group. The scientific cooperation with colleagues has been very important and we expect

that these cooperation can be increased and extended in order to full explore the capability

of the TCA/BR tokamak.
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