The FTU facilities
FTU Machine
Summary of the machine operation
During 2005, the machine operated at the high level of 91% of successful pulses.
The experimental activity started in March and went on till the first week of June without
suspensions. After that there was a second experimental session from the second half of October till
the middle of Dicember.
Regarding the the control and data acquisition system, last year we carried out the following
activities:
a. Optimization of RF-LH coupling: In the feedback system, the extremum seeking technique
to maximize the coupling between plasma and LH power was extended to two grills. A
simulation environment was implemented for the FTU real-time system so that now it is
possible to test off-line the control code changes. Therefore the goodness of the software
modifications can be checked without waiting for the plants availability and, moreover, in
such a way, eventual bugs can be fixed off-line without compromising the experimentation
time.
b. Lithium limiter control and monitoring: To allow the lithium limiter experimental campaign,
a set of tools based on Opto22 modules and a CORBA/PHP/MySQL software architecture
has been carried out. The historical data storage to keep the lithium temperature evolution
has been added. Two graphical tools - developed in MATLab and Java environments
respectively to monitor the lithium temperature coming from thermocouples - have been
also implemented. A dedicated control system allows to regulate the heater temperature in
each unit to reach operational conditions, where the temperature adjustment can be
performed either automatically through a specific control law or manually by the operator.
c. RT control of magnetic island: it has been installed and tested a new Digital Waveform
Reference of ECRH to control, by a feedback loop, magnetic islands in FTU. To solve the
hard real-time requirements of the actuator system, a homemade system based on a PXI
embedded controller has been completely integrated into the main control system of the
FTU tokamak. The system is hardware driven by an external clock, triggers and gates
coming from a feedback control process.
d. GRID approach for ITER: It has been designed an architecture for data replication over
Wide Area Networks (WANs) to provide an efficient data access to large fusion experiment
results. To support this architecture, we have implemented, joining with CASPUR and
ENEA INFO, a test-bed to investigate the issues of the hardware/software components
involved in the data replication layout.
At the end of 2005 the experiment to test on FTU a liquid lithium limiter (LLL) with capillary-pore
system (CPS) is started. The program has been focused on two different and important issues: 1) to
test litization as conditioning technique to deposit a thin Li film on the vacuum chamber wall by
employing the LLL as a lithium source during the plasma discharge and 2) to investigate the
technological aspects related to the use of CPS LLL system as plasma facing component.

With regard to the first point, the experiment has allowed to complete the study performed on FTU
of plasma characteristics with different dominant impurities inside the plasma from low Z (Li, B,
Si) up to medium - high Z (Ti, Ni, Mo, W).
Li, B, Si and Ti have been selected for their very good getter properties for light impurities (oxygen
and carbon) and deuterium particles.
The second point mainly concerns the ability of the CPS system to control high heat load, to
ensure the self-regeneration of the plasma-facing surface and to confine lithium inside the capillary
structure against the electromagnetic forces jxB acting in the direction to pull away the liquid into
the plasma.
Before CPS construction, preliminary study has been carried out on the system including a
thermal and electromagnetic analysis with ANSYS code and an estimation of the influence of the
EM pressure on lithium confinement in the case of hard disruption at BT=8 T and Ip=1.0 MA [1].
An other important study has been focused on the chemical reactivity of lithium with the air and the
water vapour to define all the safety procedures required to reduce the risk for the lithium handling
[2].
The lithium limiter is made of three separated and electrically insulated modules which
consist of a surface layer of wire meshes of stainless steel similar to that of T-11 lithium limiter [3].
The surface faced to the plasma is refilled through capillary forces by a liquid lithium reservoir
placed on the bottom of this structure. LLL has been equipped with different diagnostics to monitor
lithium surface and plasma parameters close to the LLL position. Infrared detectors looking at
lithium surface and two thermocouples for each module are used for temperature measurements and
two Langmuir probes placed in the intermediate space between modules are utilized to monitor the
electron density and temperature in the scrape–off layer. Other probes are also installed in different
poloidal and toroidal locations to better investigate the plasma edge. Figure 1 shows the LLL
system before its installation on FTU.
Litization is performed by combining physical sputtering by plasma ions with the
evaporation due to the thermal load that can be controlled acting on the plasma position through the
equilibrium control coils.
In this first experimental campaign the LL has been tested in ohmic plasma discharges with BT =
6T, Ip = 0.5- 0.9 MA and average electron density ne from 0.15 up to 2.6x1020 m-3. The physical
program of the litization has been largely completed and the litization procedure has been optimized
following the temporal evolution of the LiIII spectral line at 135 Å. Before litization lithium limiter
is heated up to the melting temperature (about 200°C) and then it is introduced at + 0.5 cm inside
the vacuum chamber and maintained in this position for three identical shots with the following
characteristics: BT = 6T, Ip = 0.5 MA and average electron density ne =0.6x1020m-3 The
experimental data clearly show that the litization of FTU vacuum vessel [4] permits to obtain better
plasma performances also in comparison with boronization [5]. After litization UV spectra are
dominated by lithium lines and Zeff is equal to 1.5 at low density (<0.5x1020m-3) and 1.0 at higher
density (>1.0x1020m-3). As a consequence of the Zeff reduction, the loop voltage is lower than after
boronization for the same plasma currents. The total radiated power maintains below 40% for all the
explored plasma conditions. The most impressive result has been the strong capability of lithium to
pump hydrogen particles allowing to extend the range of plasma operations to the lowest electron
density never reached on FTU (1.5x1019m-3). This pumping effect together with the low radiative
losses that characterize these plasmas have led to significant modifications of the scrape-off layer,
mainly of electron temperature as evidenced by Langmuir probes. As an example in Fig.s 2 a, b are
shown the radial profiles of the electron density and temperature in the SOL for the probe closest to
the lithium limiter (θ=-73°), for ohmic discharges obtained before ((#28482) and after litization
(#28555 and #28592). No significant differences are found for the electron density, while a higher
electron temperature of about 10 eV is observed after litization. These experimental results are
accounted for by the lower particles recycling and radiation losses as found by the simulations of
the 2-D multifluid EPIT code for the particle dynamics in the scrape-off layer.

The behaviour of the lithium limiter as first wall material has been successfully tested for
thermal loads in the range 1-10 MW/m2 obtained in different operational modes. Thermal analysis
has been carried out by applying the ANSYS code and by using the 2-D model for the layer that
reproduce the experimental values of electron density and temperature close to the limiter surface.
There is evidence in some cases that the Li surface temperature does not increase for all the
duration of plasma interaction but reaches a stationary phase as in presence of a dissipative heat
process. No anomalous phenomena like “lithium bloom” [3] occur during plasma discharges and no
surface damage has been observed on the LLL after operations (Fig.4), also in the case of plasma
disruption.
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Fig. 1 - LLL system with the three units fixed on
the supporting structure. Here are visible the
Langmuir probes between units and the protection
shields on the top of the units used to avoid the
contact of lithium with the air

Fig.2 - Experimental data (symbols) and fits (lines) of radial profiles of a) electron density (first
plot) and b) electron temperature (second plot) in the SOL before litization (# 28482) and after
litization (# 28555 and 28592).

Fig. 4 - LLL surface after exposure to the plasma. No evidence of surface damage is observed.

On the whole 2005, 1783 shots were successfully completed, out of a total of 1965 performed in
77 experimental days. The average number of successful daily pulses was 23.16.
Table 1.1 reports the main parameters for evaluating the efficiency of the experimental sessions.

Fig. 1.1 reports the source of downtime in 2005. Analysis of the experimental data are again the
greatest cause of delay with 28,4% of the total.

Fig. 1.2 reports the indicators trend from 1999 up to 2005. Experimental days Indicator [I(ed)] and
Successful pulse Indicator [I(sp)] are rising, while Experimental time Indicator [I(et)] is stable.

