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Abstract

This report summarizes the results of the experiments with two transparent blow-
down pipes carried out with the scaled down PPOOLEX test facility designed and
constructed at Lappeenranta University of Technology. Steam was blown into the
dry well compartment and from there through either one or two vertical transpar-
ent blowdown pipes to the condensation pool. Five experiments with one pipe
and six with two parallel pipes were carried out. The main purpose of the experi-
ments was to study loads caused by chugging (rapid condensation) while steam
is discharged into the condensation pool filled with sub-cooled water.

The PPOOLEX test facility is a closed stainless steel vessel divided into two
compartments, dry well and wet well. In the experiments the initial temperature of
the condensation pool water varied from 12 °C to 55 °C, the steam flow rate from
40 g/s to 1 300 g/s and the temperature of incoming steam from 120 °C to 185
°C.

In the experiments with only one transparent blowdown pipe chugging phe-
nomenon didn’t occur as intensified as in the preceding experiments carried out
with a DN200 stainless steel pipe. With the steel blowdown pipe even 10 times
higher pressure pulses were registered inside the pipe. Meanwhile, loads regis-
tered in the pool didn't indicate significant differences between the steel and
polycarbonate pipe experiments.

In the experiments with two transparent blowdown pipes, the steam-water
interface moved almost synchronously up and down inside both pipes. Chugging
was stronger than in the one pipe experiments and even two times higher loads
were measured inside the pipes. The loads at the blowdown pipe outlet were
approximately the same as in the one pipe cases. Other registered loads around
the pool were about 50-100 % higher than with one pipe.

The experiments with two parallel blowdown pipes gave contradictory results
compared to the earlier studies dealing with chugging loads in case of multiple
pipes. Contributing factors to this may be the smaller dry well volume per blow-
down pipe ratio and the lack of dry well internal structures in the PPOOLEX facil-
ity. Furthermore, the pipe material seemed to have an effect on the condensation
process inside the pipe. Polycarbonate has two orders of magnitude smaller ther-
mal conductivity than steel.
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Pressure difference measurements. Water level is at the nominal value of 2.14 m.
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Pressure difference measurements. Water level is at 1.80 m.
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Pressure measurement P25 at the blowdown pipe 2 outlet.
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Strain gauges on the outer wall of the pool.
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Measurements in the steam line.
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Error
Measurement Code Elevation | Angle Location estimation
Pressure P1 545 214 Blowdown pipe 1 0.7 bar
Temperature T1 545 245 Blowdown pipe 1 +1.8 °C
Pressure P2 1445 214 Blowdown pipe 1 0.7 bar
Temperature T2 1445 245 Blowdown pipe 1 +1.8 °C
Temperature T4 3410 20 Wet well gas space +1.8 °C
Pressure P5 395 198 Blowdown pipe 1 outlet 0.7 bar
Temperature T5 420 198 Blowdown pipe 1 outlet +1.8 °C
Pressure P6 -1060 225 Wet well bottom +0.5 bar
Temperature T6 -1060 225 Wet well bottom +1.8 °C
Pressure P7 395 135 Wet well 0.4 bar
Temperature T7 2585 20 Wet well +1.8 °C
Pressure P8 395 135 Wet well 0.4 bar
Temperature T8 1760 20 Wet well +1.8 °C
Temperature T11 1545 20 Wet well +1.8 °C
Temperature T21 545 305 Blowdown pipe 2 +1.8 °C
Pressure P22 1445 323 | Blowdown pipe 2 (TRA-05 only) | +0.7 bar
Temperature T22 1445 305 Blowdown pipe 2 +1.8 °C
Pressure P25 395 327 |Blowdown pipe 2 outlet (TRA-05| 0.7 bar
only)
Pressure P41 3600 45 Wet well gas space 0.1 bar
Flow rate F2100 - - Steam line +4.91/s
Pressure P2100 - - Steam line 0.5 bar
Temperature T2100 - - Steam line beginning +3.5°C
Pressure P2101 5700 90 Dry well +0.06 bar
Pressure P2102 - - Inlet plenum +0.06 bar
Temperature T2102 - - Steam line +3.5 °C
Pressure P2104 3400 225 Blowdown pipe +0.06 bar
Temperature T2104 -245 180 Wet well outer wall +2.9°C
Temperature T2105 6780 - Dry well top +3.1°C
Temperature T2106 - - Inlet plenum +3.1°C
Temperature T2107 6085 45 Dry well middle +1.9 °C
Temperature T2108 4600 120 Dry well bottom +3.1°C
Temperature T2109 5790 225 Dry well lower middle +9.9 °C
Temperature T2110 6550 90 Dry well outer wall +1.8 °C
Temperature T2111 5700 270 Dry well outer wall +1.8 °C
Temperature T2112 4600 90 Dry well outer wall +1.8 °C
Temperature T2114 3400 220 Blowdown pipe +1.8 °C
Temperature T2115 3250 220 Blowdown pipe +1.8°C
Temperature T2116 3600 135 Dry well floor +1.8 °C
Temperature T2117 5700 270 Dry well inner wall +1.8 °C
Temperature T2118 5700 270 Dry well, 10 mm from the wall +1.8 °C
Temperature T2119 4600 90 Dry well inner wall +1.8°C
Pressure difference D2100 100-2700 | 120 Wet well +0.06 m
Pressure difference D2101 2700-3820| 120 Across the floor +0.09 bar
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 892 180 Below pool bottom Not defined
movement




&

Open your mind. LUT.

Lappeenranta University of Technology

Pool bottom G-force 892 180 Pool bottom Not defined
acceleration
Valve position X1100 - - Steam line Not defined
Steam partial X2102 4600 120 Dry well Not defined
pressure
Valve position V1 - - Steam line Not defined
Camera trigger  |Camera trigger Wet well Not defined

Measurements in the PPOOLEX faC|I|ty for the PAR and TRA experiments.
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APPENDIX 3: TEST FACILITY PHOTOGRAPHS

Inlet plenum.
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Lower parts of the blowdown pipes. Pipe 1 is on the left and pipe 2 on the right.
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