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Experimental Observation of a Multi-dimensional Mixing Behavior
of Steam-Water Flow in the MIDAS Test Facility
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Abstract

Multi-dimensional thermal-hydraulic behavior, such as ECC(Emergency Core Cooling) bypass,
ECC penetration, steam-water condensation and accumulated water level, in an annular downcomer of a
PWR (Pressurized Water Reactor) reactor vessel with a DVI(Direct Vessel Injection) injection mode is
presented based on the experimental observations in the MIDAS (Multi-dimensional Investigation in
Downcomer Annulus Simulation) steam-water test facility. From the steady-state tests to simulate a late
reflood phase of LBLOCA(Large Break Loss-of-Coolant Accidents), major thermal-hydraulic
phenomena in the downcomer are quantified under a wide range of test conditions. Especially, isothermal
lines show well multi-dimensional phenomena of phase interaction between steam and water in the
annulus downcomer. Overall test results show that multi-dimensional thermal-hydraulic behaviors occur
in the downcomer annulus region as expected. The MIDAS test facility is a steam-water separate effect
test facility, which is 1/4.93 linearly scaled-down of a 1400 MWe PWR type of nuclear reactor, with
focusing on understanding multi-dimensional thermal-hydraulic phenomena in annulus downcomer with

various types of safety injection location during refill or reflood phase of a LBLOCA in PWR.
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Table 1 Scaling Parameter

Parameter Ratio Reference Value Scaled Value
C.L Steam Flowrate per Coldleg (1> 14.51 [kg/sec]*3 0.269[kg/sec]*3
D/C Pressure 1 180 [kPa] 180.0 [kPa]
C.L Steam Temperature 1 197 [°C] 197.0 [°C]
C.L Steam Velocity (1)°5 39.8 [m/sec] 17.93 [m/sec]

23 HE=H] 1 1=1/4.9295
Table 2 Initial and Boundary Conditions of the Test

Component Parameter [unit] Set Value Actual Value
Steam Flowrate [kg/sec] 0.260 0.262
Cold leg-1 Pressure [ kPa ] - -
Temperature [°C] 197 198.26
Steam Flowrate [kg/sec] 0.26 0.2578
Cold leg-2 Pressure [ kPa] - -
Temperature [°C] 197 199.34
Steam Flowrate [kg/sec] 0.26 0.2603
Cold leg-3 Pressure [ kPa] - -
Temperature [°C] 197 197.49
Flowrate [kg/sec] N/A N/A
ECC-1 Pressure [ kPa] - -
Temperature [°C] N/A N/A
Flowrate [kg/sec] 1.37 1.3665
ECC-2 Pressure [ kPa] - -
Temperature [°C] 49 49.26
Flowrate [kg/sec] N/A N/A
ECC-3 Pressure [ kPa] - -
Temperature [°C] N/A N/A
Flowrate [kg/sec] 1.37 1.3570
ECC-4 Pressure [ kPa] - -
Temperature [°C] 49 49.71
Downcomer Pressure [ kPa] 180 179.38
(LT-DU-0117F) Temperature [°C] N/A N/A
Water Level [m] 0.4 0.4
Containment Pressure [ kPa] - 177.87
Temperature [°C] N/A N/A
Heatup N/A 2.949 kg/sec
D/C Drain t>0. sec - 2.949 kg/sec
t < 600. sec - 2.949 kg/sec
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Fig. 1 Isometric View of the MIDAS Facility Fig.2 Downcomer Annulus
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Fig.3 Sketch of the Downcomer
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Fig.6 Location of Thermocouple in the Downcomer
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