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Numerical Simulation on the Behavior of Air Cloud Discharging into a

Water Pool
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Abstract — If the safety depressurization system of APR-1400, the Korean next generation reactor, is in
operation, water, air and steam are successively discharging into a in-containment refueling water storage
tank through spargers. Among the phenomena occurring during the discharging processes, the air bubble
clouds produce a low-frequency and high-amplitude oscillatory loading, which may result in the most sig-
nificant damages to the submerged structures if the oscillation frequency is the same or close to the natural
frequency of the structures. The involved phenomena are so complicated that most of the prediction of fre-
quency and pressure loads has been resorted to experimental work and computational approach has been pre-
cluded. This study deals with a numerical simulation on the behavior of air bubble clouds discharging into a
water pool through a sparger, by using a commercial thermal hydraulic analysis code, FLUENT, version 4.5.
Among the multiphase flow models, the VOF (Volume Of Fluid) model was selected to simulate the water,
air and steam flows. A satisfactory result was obtained comparing the analysis results with the ABB-Atom
test results which had been performed for the development of sparger.
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Fig. 1. Schematic of safety depressurization system
for APR-1400.
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Fig. 2. Schematic of ABB-Atom test.
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Table 1. Boundary condition at inlet 1.

Time (s) Pressure (MPaG) Temperature (°K)
0 0 293
0.041 1.06 590
0.237 1.33 626
0.463 1.11 597
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Table 2. Parameter at porous media region.
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Table 3. K value and inertial resistance factor.

K Value/Inertial Resistance Factor (m™)

PM 1 PM 2 PM 3

(LRR)  (Sparger Head) (Sparger Bottom)
Case 1 2.6/9907 2.6/32097 2.6/110363
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Case 3 7.8/29721 7.8/96291 7.8/331089
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Case 5 5.2/19814 7.8/96291 7.8/331089
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Fig. 4. Wall dynamic pressure with various loss co-
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Fig. 8. Pressure distribution in the tank.
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Fig. 11. Wall dynamic pressure with the change of
air mass.
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Fig. 12. Wall dynamic pressure with the change of
inlet pressure.
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