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Abstract

The results of the thermal stratification experiments in 2008 with the PPOOLEX test fa-
cility are presented. PPOOLEX is a closed vessel divided into two compartments, dry
well and wet well. Extra temperature measurements for capturing different aspects of the
investigated phenomena were added before the experiments. The main purpose of the
experiment series was to generate verification data for evaluating the capability of
GOTHIC code to predict stratification and mixing phenomena.

Altogether six experiments were carried out. Heat-up periods of several thousand sec-
onds by steam injection into the dry well compartment and from there into the wet well
water pool were recorded. The initial water bulk temperature was 20 °C. Cooling peri-
ods of several days were included in three experiments.

A large difference between the pool bottom and top layer temperature was measured
when small steam flow rates were used. With higher flow rates the mixing effect of
steam discharge delayed the start of stratification until the pool bulk temperature ex-
ceeded 50 °C. The stratification process was also different in these two cases. With a
small flow rate stratification was observed only above and just below the blowdown pipe
outlet elevation. With a higher flow rate over a 30 °C temperature difference between the
pool bottom and pipe outlet elevation was measured. Elevations above the pipe outlet
indicated almost linear rise until the end of steam discharge.

During the cooling periods the measurements of the bottom third of the pool first had
an increasing trend although there was no heat input from outside. This was due to ther-
mal diffusion downwards from the higher elevations.

Heat-up in the gas space of the wet well was quite strong, first due to compression by
pressure build-up and then by heat conduction from the hot dry well compartment via the
intermediate floor and test vessel walls and by convection from the upper layers of the
hot pool water. The gas space temperatures also stratified.

The presence of a boundary layer on the blowdown pipe outer surface was verified by
a set of horizontally installed thermocouples with a two millimeters interval. A rising
film of water, hotter than the ambient temperature, existed on the pipe surface almost
throughout the whole heat-up process.

Key words

condensation pool, steam/air blowdown, thermal stratification

NKS-198
ISBN 978-87-7893-265-5

Electronic report, August 2009

NKS Secretariat

NKS-776

P.O. Box 49

DK - 4000 Roskilde, Denmark

Phone +45 4677 4045
Fax +45 4677 4046
www.nks.org

e-mail nks@nks.org



/ LAPPEENRANTA
“‘ UNIVERSITY OF TECHNOLOGY

The overall behavior of the water volume both during the heating and cooling phase is similar
with the two facilities. Due to a little bit smaller steam flow rate the initial start-up of the
stratification process at different elevations takes slightly longer in the POOLEX series. In
addition, some differences can be observed in the behavior of the top elevations. In the
PPOOLEX series the uppermost temperature measurements indicate almost uniform values
throughout the experiments, while in the POOLEX series they show that stratification can take
place also in the top elevations, if the test conditions are suitable. The behavior of the water
volume below the blowdown pipe outlet elevation is identical in the small flow rate cases of the
both experiment series. There are no mixing effects and therefore the temperatures at the bottom
half don’t change at all during the experiments. Thermal diffusion from higher elevations
downwards is evident in both test facility versions during the cooling phase, since temperatures
rise at the lower elevations without any heat input from outside.

5 SUMMARY AND CONCLUSIONS

This report summarizes the results of the thermal stratification experiments in 2008 with the
scaled down PPOOLEX test facility designed and constructed at Lappeenranta University of
Technology. The test facility is a closed stainless steel vessel divided into two compartments, dry
well and wet well. During the experiments, the test facility was equipped with extra temperature
measurements for capturing different aspects of the investigated phenomena. The nearby
PACTEL facility was used as a steam source. The main purpose of the experiment series was to
get verification data for evaluating the capability of GOTHIC code to predict stratification and
mixing phenomena and to study thermohydraulic loading of the wet well structures.

Altogether six experiments were carried out. The first one was a cool down test with 50 °C tap
water without any heat input. The rest included heat-up periods of several thousand seconds by
steam injection into the dry well compartment and from there into the wet well water pool. The
initial water bulk temperature was 20 °C. The cooling period was recorded in three experiments.

A large difference between the pool bottom and top layer temperatures was measured when
small steam flow rates were used. With higher flow rates the mixing effect of steam discharge
delayed the start of stratification until the pool bulk temperature exceeded 50 °C. The
stratification process was also different in these two cases. With a small flow rate stratification
was observed only above and slightly below the blowdown pipe outlet elevation. With a higher
flow rate over a 30 °C temperature difference between the pool bottom and pipe outlet elevation
was measured. Elevations above the pipe outlet indicated almost linear rise until the end of steam
discharge.

During the cooling periods the six measurements closest to the bottom first had an increasing
trend although there was no heat input from outside. This was due to thermal diffusion
downwards from the higher elevations.

Heat-up in the gas space of the wet well was quite strong, first due to compression by pressure
build-up and then by heat conduction from the hot dry well compartment via the intermediate
floor and test vessel walls and by convection from the top layers of the hot pool water. The gas
space temperatures also stratified. Temperatures increased most on the topmost measurement
elevation. Towards the end of the experiments the temperature difference between the water
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surface and the top elevation had a slightly decreasing trend but was still usually over 15 °C at
the end of the discharge.

The presence of a boundary layer on the blowdown pipe outer surface was verified by set
horizontally installed thermocouples with a two millimeters interval. A rising film of water,
hotter than the ambient temperature, existed on the pipe surface almost throughout the whole
heat-up process. The film started to develop at the same time as the overall stratification process
and reached its peak (regarding the temperature difference) between 4000 and 6000 seconds
from the beginning of the experiments. Oscillations in the measured temperature revealed that
the thickness of the boundary layer changed along the experiments.
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APPENDIX 1:

INSTRUMENTATION OF THE PPOOLEX

TEST FACILITY
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Pressure and temperature at the blowdown pipe outlet.
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Strain gauges on the outer wall of the pool.
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Measurement | Code | Elevation |Angle Location Error estimation
Pressure P1 545 214 Blowdown pipe +0.7 bar
Temperature T1 545 245 Blowdown pipe +1.8 °C
Temperature T2 1445 245 Blowdown pipe +1.8 °C
Temperature T3 2345 245 Blowdown pipe +1.8 °C
Pressure P4 3160 20 Wet well gas space +0.4 bar
Temperature T4 3410 20 Wet well gas space +1.8 °C
Pressure P5 395 198 | Blowdown pipe outlet +0.7 bar
Temperature T5 420 198 | Blowdown pipe outlet +1.8 °C
Pressure P6 -1045 225 Wet well bottom +0.5 bar
Temperature T6 -1045 225 Wet well bottom +1.8 °C
Temperature T7 2585 20 Wet well +1.8 °C
Temperature T8 1760 20 Wet well +1.8 °C
Temperature | T401 1000 140 Wet well +1.8 °C
Temperature | T402 1000 140 Wet well +1.8 °C
Temperature | T403 1000 140 Wet well +1.8 °C
Temperature | T404 1000 140 Wet well +1.8 °C
Temperature | T405 1000 140 Wet well +1.8 °C
Temperature | T406 1000 140 Wet well +1.8 °C
Temperature | T407 1000 140 Wet well +1.8 °C
Temperature | T501 -530 45 Wet well +1.8 °C
Temperature | T502 -390 45 Wet well +1.8 °C
Temperature | T503 -260 45 Wet well +1.8 °C
Temperature | T504 -125 45 Wet well +1.8 °C
Temperature | T505 10 45 Wet well +1.8 °C
Temperature | T506 150 45 Wet well +1.8 °C
Temperature | T507 287 45 Wet well +1.8 °C
Temperature | T508 427 45 Wet well +1.8 °C
Temperature | T509 560 45 Wet well +1.8 °C
Temperature | T510 695 45 Wet well +1.8 °C
Temperature | T511 830 45 Wet well +1.8 °C
Temperature | T512 965 45 Wet well +1.8 °C
Temperature | T513 1103 45 Wet well +1.8 °C
Temperature | T514 1236 45 Wet well +1.8 °C
Temperature | T515 1369 45 Wet well +1.8 °C
Temperature | T516 1505 45 Wet well +1.8 °C
Temperature | T601 945 30 Wet well +1.8°C
Temperature | T602 945 30 Wet well +1.8 °C
Temperature | T603 945 30 Wet well +1.8 °C
Temperature | T604 945 30 Wet well +1.8°C
Temperature | T605 945 30 Wet well +1.8 °C
Temperature | T606 945 30 Wet well +1.8 °C
Temperature | T607 945 30 Wet well +1.8°C
Pressure P1101 5700 90 Dry well +0.06 bar
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Temperature | T1104 -245 180 Outside wall +2.9 °C
Temperature | T1105 6780 - Dry well top +3.2 °C
Temperature | T1107 6085 45 Dry well middle +3.2 °C
Temperature | T1108 4600 120 Dry well bottom +3.2 °C
Temperature | T1109 5790 225 | Dry well lower middle +3.2 °C
Temperature |[T1110 6550 90 Dry well outer wall +1.8 °C
Temperature | T1111 6300 270 Dry well outer wall +1.8 °C
Temperature | T1112 4600 90 Dry well outer walll +1.8 °C
Flow rate F1101 5700 - Inlet plenum +99 g/s
Pressure P1102 5700 - Inlet plenum +0.06 bar
Temperature | T1106 5700 - Inlet plenum +3.2 °C
Pressure P1103 - - Air/steam line +0.06 bar
Pressure diff. | D1100| 100-2700 | 120 Wet well +0.06 m
Pressure diff. | D1101 | 2700-3820 | 120 Across the floor +0.10 bar
Flow rate F1100 - - Steam line +4.9 /s
Temperature | T1102 - - | At the steam line vortex +3.6 °C
Pressure P1100 - - | At the steam line vortex +0.5 bar
Flow rate F9001 - - Air line +2.7 l/s ] £30 g/s
Temperature | T9001 - - At the air line vortex +3.0 °C
Pressure P9002 - - At the air line vortex +15.6 kPa
Pressure P9000 - - Air tank 1 +10.8 kPa
Temperature | T9000 - - Air tank 1 +3.0 °C
Pressure P9001 - - Air tank 2 +10.8 kPa
Temperature | T0460 - - Air tank 2 +3.0 °C
Strain S1 -400 0 Bottom segment Not defined
Strain S2 -400 0 Bottom segment Not defined
Strain S3 -265 180 Bottom segment Not defined
Strain S4 -265 180 Bottom segment Not defined
Vertical pool | Z-axis - - Below pool bottom C
movement
Steam partial | X1102 2345 Blowdown pipe Temperature
pressure
Valve position | X1100 - - Steam line Not defined

Measurements in the PPOOLEX facility.
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APPENDIX 2: TEST FACILITY PHOTOGRAPHS

Inlet plenum.
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Pressure and temperature measurements at the blowdown pipe outlet.
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