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OBJECTIVES
One important issue of DCC under sub-
atmospheric pressure conditions is vibration:
depending on the condensation regimes (stable
or unstable), vibrations could arise leading to
structural problems. The general objectives of
my research are:

1. Signals acquisition and analysis
2. FEM analysis of the involved structures
3. CFD analysis of the DCC

INTRODUCTION
The main component of the ITER nuclear fusion
reactor is the Vacuum Vessel (VV) that houses the
Tokamak where the plasma confinement and the
fusion reaction take place. To protect the ITER
VV from pressurizing accidents events, a safety
system called Vacuum Vessel Pressure Suppres-
sion System (VVPSS) has been designed; its func-
tioning is based on Direct Contact Condensation
(DCC) of steam at sub-atmospheric pressure con-
ditions in Vapour Suppression Tanks (VSTs) filled
with water.

MATERIALS & METHODS
The first part of the research was conducted in
a small-scale experimental apparatus which com-
prises the following main components (Fig. 1):

• Superheated steam generator
• Flow rate control system
• Condensation tank system
• Vacuum system
• Sensors

Figure 1: Condensation tank

The softwares used for the FEM analysis and for
signal processing are ANSYS c© and MATLAB c©.
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Figure 2: Signals FFT

Steam condensation at subatmospheric conditions
occurs in several (6) condensation regimes de-
pending mainly on 3 parameters: the steam mass
flux Gs(kg/(m

2s)), the initial water temperature
(Tw) and the downstream pressure (at the exit of
the sparger holes). An experimental campaign
of 40 tests was performed. The campaign ex-
plored 5 condensation regimes, starting with 5
values of the water temperature and using sparger
with one, 2 and 3 holes. Experimental data of
the sparger accelerations and pressure oscillations
were analyzed also in the frequency domain.

An example of a Discrete Fourier Transfor (DFT)
computed with a Fast Fourier Transform (FFT) al-
ghoritm of both the acceleration signal and the
difference between the upstream and the down-
stream pressure signals inside the sparger (unsta-
ble regime) is showed in Fig. 2. The figure in-
dicates the presence of a weak high frequency
content and sharp peaks. Also a time-frequency
analysis has been performed: a continuous 1-D
wavelet transform of the same acceleration sig-
nal is shown in Fig. 3. This kind of analysis
shows that frequency contributions are present
throughout the signal length. Figure 3: Signal continuos 1-D wavelet transform

RESULTS 2
A finite element modal analysis (FEM) was made
to determine the frequencies of the first vibra-
tional modes of the sparger (Fig. 4).

Figure 4: Modal analysis

Mode of vibration Frequency [Hz]

1st 6.997
2nd 7.317

Table 1: Vibrating frequencies

These frequencies are very close to the ones found
in the analysed acceleration signal.

CONCLUSION

• What emerge from this study is that
the phenomenon of condensation at sub-
atmospheric conditions can lead to struc-
tural problems as the frequencies of the
phenomenon can be very similar to those
of the mechanical structures involved.

• The amplitude of the dynamic oscillations
depends on the steam flow, on the wa-
ter temperature and on the condensation

regime (through the frequency of the oscil-
lations).

• Unstable regimes can cause heavy loads on
sparger triggered by pressure fluctuations
within the VST tank.

• The pressure and force caused by the vibra-
tions should be used to determine the me-
chanical strength of the VVPSS.
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FUTURE RESEARCH

Future work concerns the design and the con-
struction of a full-scale experimental apparatus
whose main components are a large reservoir with
an inner volume of 92m3, about 8m high and

4m wide and a 1700 kW steam generator. The
scope of this new experimental rig is to assess the
steam condensation performance of one VST of
the VVPSS in the event of an accident.
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