














 

Figure 23 illustrates the water average temperatures at two 

heights of the tanks: at the free water surface (Ttop) and at the 

sparger holes (Tsparger). The average value is calculated for a 

radial distance of 2 m (equal to the ETT radius). Figure 23 

shows that at the end of transient, the temperature difference 

is equal to about 4 °C for ETT while it is about 15° C for the 

ITER tank. 

The influence of the length of steam jet on the axial 

difference of temperature is shown in Figure 24. A greater 

length of steam jet produces a smaller axial difference of 

temperature (about 8 °C) which remains almost constant in all 

the transients. A shorter length of steam jet produces a greater 

axial difference of temperature although at the end of transient 

the temperature difference is almost equal. 

 

 
 

Figure 24. Water average temperatures vs time at different 

heights of the reduced scale tank (ETT) (different lengths of 

steam jet: L=10mm-L=92mm) 

 

 

6. CONCLUSIONS 

 

This paper illustrates the results of experimental tests, 

analytical model and CDF simulations concerning the steam 

direct condensation in water at sub-atmospheric pressure. 

The tests have been performed in a reduced scale 

experimental rig simulating the ITER safety system called 

VVPSS. A similitude analysis has been developed in order to 

extrapolate the results obtained with the reduced scale 

experimental rig to the full scale system. 

The CFD analyses permitted to assess the scale laws and 

demonstrate the capability of a large-scale condensation tank 

to simulate very well the physical phenomena which occur in 

the actual full scale Vapor Suppression Tank even if the 

Diameter/Height ratio is different. This different D/H ratio 

determines a different temperature difference along the height 

of the tanks.  

The heat transfer occurs preferably in the axial direction in 

the longer ETT and in radial direction in the ITER tank. All 

the water, in both the tanks, is involved in the condensation 

process. Therefore, the water average temperature and the 

downstream pressure (in front of the sparger holes) are equal, 

resulting in the same condensation regimes. 

The analytical model, developed based on the experimental 

results, seemed to describe well the global process of steam 

condensation at sub-atmospheric pressure. In addition, it 

permitted to determine the different condensation regimes 

depending on the transient of the steam mass flow rate due to 

accidental events and the water average temperature and 

downstream pressure in the condensation tank. 

 

 

DISCLAIMER 

 

The views and opinions expressed herein do not necessarily 

reflect those of the ITER Organization. 
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