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Study on Evaluation Method for Gas Entrainment and Vortex Cavitation Phenomena

- Evaluation of Gas Entrainment Behavior in Large-scale Test and
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(Received April 22, 2013)

In Japan Atomic Energy Agency (JAEA), various thermal hydraulics phenomena in an upper
plenum region are evaluated in the study on the safety design criteria (SDC) of the sodium-cooled
fast reactor in Japan (JSFR). The gas entrainment (GE) from a free surface of coolant and the vortex
cavitation (VC) at the H/L intake are important phenomena to be evaluated. To achieve the steady
operation of JSFR without core poser disturbance, GE should be suppressed and also VC should be
prevented to maintain the structure integrity. Since these phenomena occur by the significant
pressure drop in the vicinity of a vortex center, a technique to evaluate a vortex behavior is
indispensable to establish SDC.

In JAEA, the authors are developing a GE evaluation method using a numerical analysis and a
vortex model. In this study, the evaluations are performed on the GE behavior in the 1/1.8 scaled
water model test.

In addition, a VC evaluation method is proposed on the basis of the GE evaluation method. This
VC evaluation method calculates the pressure drop in the vicinity of a vortex center, and then,
determines the occurrence of VC by comparing the calculated pressure to the vapor pressure. As a

basic validation of the VC evaluation method, the basic sub-surface vortex test in JAEA is evaluated.

Keywords: JSFR, Upper Plenum, Gas Entrainment, Vortex Cavitation, Sub-surface Vortex

* NDD Corporation
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2.3 h=0.805m h=0.46m
No.
Lge [m] Lge' [m] o T[] a [-]
1 (Non-GE) 0.377 0.133 106.7 3.786E-07
2 RNG k-¢ (Non-GE) 0.101 0.049 28.6 5.898E-08
3 (GE) 15.172 1.845 7514.1 1.859E-06
4 RNG k-¢ (GE) 5.860 2.020 2902.0 4.871E-07
Le2h Le'2h o T7°276 o 2107
24 h=0.4m
No.
Lge [m] Ly’ [m] ol [-] a [-]
5 | L400D1C274 (Non-GE) 1.298 0.310 739.4 1.073.E-06
6 | L400D1C342 (Non-GE) 2.735 0.431 1557.6 1.425.E-06
7 | L400D1C411 (Non-GE) 3414 0.451 1944.6 9.975.E-07
8 | L400D1C479 (GE) 5.809 0.521 3308.8 1.150.E-06
9 | L400D4C342 (Non-GE) 6.480 1.623 3690.7 2.575.E-06
10 | L400D4C411 (Non-GE) 5.956 1.275 3392.1 3.879.E-06
11 | L400D1C411 RNG k-¢(Non-GE) 3.816 0.424 2173.6 4.414.E-07
12 | L400D1C479 RNG k-€ (GE) 2472 0.297 1408.0 2.367.E-07
Le2h Le'2h o T72276 o 2107
25 h=0.225m
No.
Lge [m] Lo’ [m] ol [-] @[]
13 | L225D100C137 (Non-GE) 0.272 0.127 275.4 2.134E-06
14 | L225D117C137 (Non-GE) 0.197 0.131 199.0 1.059E-06
15 | L225D133C137 (GE) 0.535 0.273 541.9 1.867E-06
16 | L225D150C137 (GE) 0.690 0.378 698.8 3.916E-06

Le2h Ly'2h o' 772276 o 2107
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