The FTU facilities
FTU Machine
Summary of the machine operation
During 2006, the machine again operated at the high level of 91% of successful pulses.
The experimental activity started at the end of March and went on till the first week of July without
suspensions. After that there was a second experimental session from the second half of September
till the middle of October.
Regarding the control and data acquisition system, last year we carried out the following activities:
a. The development of a software framework aimed to obtain a user-friendly environment
where to carry out all phases (control law design, simulation, automatic source code
generation, debug and software release) related to the FTU real-time control system was
started. Within this development a software simulation tool was implemented and released.
The whole work is planned to end by 2007.
b. A 10 PC Cluster was installed to allow FTU data analysis in a Linux environment. In the
initial phase the cluster was employed as a test-bed to characterize real-time network
protocols suitable for ITER.
c. A set of computing resources has been released on the EGEE-GRID site of ENEA for the
FUSION Virtual Organization: in particular a 1 TB storage area is avalaible for use by the
Integrated Tokamak Modelling task force.
d. A web tool has been developed to handle the configuration of a Data Acquisition System
(DAS) similar to the FTU CODAS and with the same data and parameters configuration.
e. The FTU Codas Team was involved in a EFDA task finalized to achieve a fully revised
version of the ITER CODAC specifications ready for fusion internal review. In particular:
1. Revise the CODAC documentation, bringing it up to date for April 2007;
2. Prepare and organise internal and external review (including experts outside of
fusion) and a peer review of the CODAC design in agreement with the ITER IT and
ITER PTs
3. Incorporate into the CODAC design common proposals that will have to be
discussed in the review process.
In order to model the CODAC structure, a study on the capabilities of the UML language was done.
Preliminary results pointed out that Matlab/Simulink seems suitable for the final design work, for
its feature, but an hybrid solution (UML code into Matlab/Simulink diagram) is still under
investigation.

On the whole 2006, 1144 shots were successfully completed, out of a total of 1257 performed in
50 experimental days.
The average number of successful daily pulses was 23.11.
Table 1.1 reports the main parameters for evaluating the efficiency of the experimental sessions.

Fig. 1.1 reports the source of downtime in 2006. Power Supplies are the greatest cause of delay with
30,1% of the total.
Fig.

Fig. 1.2 reports the indicators trend from 1999 up to 2006. Experimental time Indicator [I(et)] and
Successful pulse Indicator [I(sp)] are stable, while Experimental days Indicator [I(ed)] is lowered
due to Power Supplies problems and to a vacuum loss for a hole in the scattering window.

During 2006, the experiments to test on FTU a liquid lithium limiter (LLL) with a capillary porous
system (CPS) configuration [1,2] was going on together with a full analysis of the first results
obtained at the end of 2005. The program started in collaboration with TRINITI & Red Star (RF) to
investigate the behaviour of liquid lithium in view of its possible application as plasma facing
material and in the framework of a more general study on liquid metals. Lithium has been chosen
for its low atomic number and its good thermal properties together with its strong capability to
pump deuterium and impurity particles. LLL limiter, composed by three similar units with
dimensions respectively of 100 mm and 34 mm in poloidal and toroidal directions (see Fig.1), has
been inserted 1.0 - 2.0 cm within the scrape off layer (SOL), from the bottom vertical port 1, to use
it: 1) for depositing a thin Li film on the FTU metallic walls during plasma discharge (lithization),
2) as a liquid material facing the plasma. Infrared and visible detectors looking at the LLL surface,
plus Langmuir probes placed 5 mm from the LLL leading edge, have been used to determine
surface temperature [3], Li release, electron density and temperature in the SOL plasma at the LLL
position. During 2006, the experiments in ohmic conditions have confirmed the previous results
[4,5]. Plasma discharges with powers up to 0.85 MW are characterized by the lowest Zeff, Prad and
Dα signals (as monitor of particle recycling) ever observed on FTU with no substantial difference
whether the LLL is inserted or not inside the vacuum chamber. Strong modifications occur in the
SOL [4,6] with respect to the standard metallic walls conditions. The electron temperature
increases by more than ΔTe,SOL∼10 eV, only explained by the strong reduction of deuterium and
impurity recycling together with the small radiation from the Li atoms/ions eroded by the walls.
When the LLL is inserted inside the vessel, instead, the liquid surface represents a strong localized
source of Li atoms/ions that increases the radiation losses in a region poloidally close to the LLL
and toroidally uniform. An example of this picture comes the plasma image recorded by a visible
CCD camera and shown in fig. 2. The radiation in front of LLL surface reduces the power flux
onto the limiter surface that is able to sustain thermal loads exceeding 5 MW/m2 with no damage
and no occurrence of lithium bloom. Thermal analysis with ANSYS code together with the
interpretation given in the frame of the 2D edge physics code TECXY [7] support this view.
Associated with the low particle recycling enhanced performances operations, near or beyond the
Greenwald limit, are easily obtained after lithization in the explored plasma current ranges (Ip= 0.50 –
0.9 MA) with no MHD activity. For Ip=0.5 MA, BT=6T, the density limit ( n e =2.7x1020 m-3) is 1.7
times higher than after a fresh boronization and a factor 1.4 higher than the corresponding Greenwald
limit. In this case the electron density profile reaches a very high peaking factor ne0/<ne> = 2.2 [8].
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With LLL well inserted in the SOL, new peculiar regimes are observed
! at high density ( n e ≥1·10 m
3
) where, without particle fuelling, a spontaneous transition at higher n e occurs close to the
Greenwald limit and characterized by peaked density profiles ne0/<ne> > 2. This phenomenology,
well described in Ref. 6, is related to the large Li pumping rate that strongly depresses deuterium and
!
impurity recycling thus reducing the Marfe edge instabilities to a great extent.
! code for plasma discharges at
Transport and energy balance analysis was performed with JETTO
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Ip=0.5MA, ne =0.7 x 10 m , Bt=6T after lithization, fresh boronization and with very clean metallic
walls (e.g. oxygen-free) [9]. An improvement of the energy confinement time τE by a factor 1.3 was
found for lithizated and boronized discharges with respect to the case of the metallic one, mainly due
to the strong reduction of the omhic power produced by the lower effective ion charge, Zeff. For
boronized and lithizated discharges τE / τITER97L=1.25 was found, a value sensibly higher than for
standard metallic FTU ohmic discharges ranging between an average value of 0.92 [10] up to 1.1 in
the case of very good clean plasma.
During 2006, preliminary operations with LLL in plasma-heated discharges with LH and ECR
heating at power levels in the MW range were obtained without any particular problem, but a careful
analysis is required to gain a full physical and technological understanding of the experimental
results.
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FIG. 1 - Picture of the FTU liquid lithium limiter. It is made by three units arranged to match the curvature of
the FTU main limiter, rL=0.29 m. A curved stainless steel cap on the top of each unit covers the Li surface to
prevent oxidation. The capillary mesh is, then, not visible in the picture

FIG.2. Plasma viewed by an FTU visible CCD camera. At the bottom is clearly visible a bright ring separated
by a darker zone from the main toroidal limiter. LLL is located on the far bottom right, where the glow is most
intense.

