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Abstract

Thermal stratification of the pressure suppression pool of the PPOOLEX
facility has been studied at Lappeenranta University of Technology in ex-
periments, where steam was injected into water pool through a sparger. In
the stratification phase of the experiment SPA-T1, steam was injected into
the pool at a small mass flow rate of 30 g/s for time 13 650 s. Then the
mass flow rate was increased to 123 g/s in order to mix the pool.

In the present report, CFD calculation of the experiment SPA-T1 is pre-
sented. The stratification phase and the mixing phase of the experiment
were calculated by using the ANSYS Fluent 16.2 CFD code. Single-phase
calculation was performed, where the mass, momentum and enthalpy
sources of the injected steam were added in front of the sparger holes.

Comparison of the CFD calculation to the measurements shows that
the simulation predicts the temperature trends over time rather well. How-
ever, during the long stratification phase the calculated mixing between the
lower part and the upper part is too strong. This might be corrected by
adding grid resolution in the density and velocity gradient layer near the
injection. Due to the excessive mixing during the stratification phase the
predicted thermal transient in the mixing phase is somewhat milder than in
the experiments.
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Figure 15. Flow velocity (m/s) near the injection orifices at time 2 735 s. The red dot shows
the location of temperature probe T4005 between the jets near the injection plane.
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Figure 16. Temperature development at the injection plane, z=1.218 m. Point T4005 in on
level z=1.218 m, T4106 in Line 1 at z=1.272 m, see Figure 3 for location.

In Figure 16, the calculated and measured temperature evolutions at points T4005 and
T4106 are shown. The temperatures show quite good agreement during the long
stratification phase. Difference between the experimental and simulated values is larger at
point T4106 further from the injection, where calculated temperatures are somewhat lower
than the measured ones. At both points, the temperature transient in the mixing phase is too
small in the CFD simulation.

Calculated and measured temperatures on the Line 1 are compared in Figure 17 at two
elevations. The point T4109 is clearly above the injection location and the point T4101
should be in the stagnant cold layer. At point T4109, temperature difference between the
simulation and experiment grows during time but it is quite small.

At the point T4101, the CFD simulation predicts stronger mixing than is found in the
experiment. Even though the cold layer stays rather stagnant in the CFD calculation, there is
still too much mixing in the region of the temperature gradient. This might be improved by
refining the grid in vertical direction.

In Figure 18, the lowest probe points of Line 1 are shown. The cold layer stays at the bottom
of the vessel, but in the simulation it is not as thick as in the experiment. The temperature
rise at these locations is very modest.
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Figure 17. Development of temperature in Line 1 at two locations. T4101 is on elevation
0.522 m, T4109 on elevation 2.022 m.
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Figure 18. Temperature at the bottom part of vessel. The elevation of T4100 is 0.222 m and
T4112 is at the level 0.372 m.
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6. Summary and conclusions

The sparger test SPA-T1 performed with the PPOOLEX facility at Lappeenranta University of
Technology has been simulated with the ANSYS Fluent CFD code version 16.2. Steam
injection from the eight orifices of the sparger was not modelled in geometry. Instead,
sources of mass, momentum and energy were defined in the locations of the orifices. The
method was found to work properly for this experiment and it generated flow of liquid jets for
each injection orifice. The injection was found to be sensitive to the turbulence model used in
the simulations and SST k-w turbulence model was found to work properly.

Density stratification will affect turbulence and this feature was modelled with additional
buoyancy terms coded into the SST k-w model. These terms are not provided in Fluent as a
standard feature for k-w models, but only for k-¢ models. Therefore, the buoyancy terms had
to be coded with User-Defined Functions into the transport equations of turbulent kinetic
energy and omega.

The CFD simulation predicts the temperature trends over time rather well. However, during
the long transient the predicted mixing between the cold lower part of the pool and hot upper
part is too high. This might be corrected by increasing grid resolution in the density and
velocity gradient layer near the injection.

In the experiment, the stratification phase was followed by mixing phase, which was
generated by increasing the mass flow rate of steam injection. In the CFD calculation,
excessive mixing has occurred already during the stratification phase. Therefore, the
calculated thermal transient in the mixing phase was milder than in the experiment. Mixing
itself is produced properly.

The heat losses to the environment were taken into account. At the beginning of the
experiment, the vessel was colder than the environment and absorbed energy. The heat
losses were, however, not very important. The free surface was modelled with an adiabatic
wall in the simulation, where a small outlet for water was included. In the experiment, there
may be some heat loss due to vaporisation to the air volume above the water layer, which
was not included in the simulation.

The single-phase approach that was used in the simulation made possible to use long time
steps and perform CFD simulations of stratification and mixing experiment that lasted for
more than four hours.
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