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Abstract

The lead-bismuth pool-type fast reactor has good potential for proliferation of nuclear fuel and
transmutation of nuclear waste, and is one of the most promising reactor types in the fourth gen-
eration reactor. However, it has the risk of covering argon gas and being entrained into liquid
lead-bismuth to cause positive reactivity and reduce reactor life. This study conducted CFD simu-
lation on the local area of the reactor pool based on OpenFOAM, and used the VOF (fluid volume
interface tracking) method to study the characteristics and parameter effects of liquid falling gas
entrainment. The research results indicate that the development of liquid fall type gas entrain-
ment can be divided into the initial stage, liquid level fluctuation stage, entrainment stage, and end
stage; an increase in inlet velocity will enhance the trend of gas entrainment; the increase in initial
liquid level hinders the trend of gas entrainment; the increase in inlet height weakens the trend of
free liquid surface fluctuations. This study elucidates the process and mechanism of gas entrain-
ment in the fourth generation lead-bismuth pool-type fast reactor, providing certain suggestions
and guidance for the safe operation of the pool-type fast reactor.
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Figure 1. Schematic diagram of dam failure problem
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Figure 2. Comparison results of left boundary water level
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Figure 3. Schematic diagram of calculation model
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Table 1. Main physical properties of working fluid
F 1. TREZYEMR

TR HECC) 9% FF (kg/m?) B 7K E (Pass)
A 460 10117.03705 1.381757x107°
Eka 370 0.7567 3.90144 %107

TR Y % F B VR I (RANSIETY, B4R 2 1 Launder 5 Spalding #2 H i FR#E k-epsilon 171, iE
T i VEHOR N THR . SR DX I R BE T B A TR R AR, N VRIS 120 Sl B it 1 e e 1 S 2%
PERME 52 T3 T 46 PF - KA PIMPLE SLRIA I 77 - s FER & 7 R, e AR R sk 22 8 e 107,
HIE TR R N 1070, I ARE KN 0.001 s, T B 3T,
3.2. ML XS4

X 74 5 ) SR 3 X AR Y, R ANYSY ICEM S ARG M AL DU IL TR A% o % T4 2 B i, 1
FRSTHL0.2~0.5 mm AT RS ARSLIE 0T, THELEE RS AR B BRI R PR 4 o, SR RSN

DOI: 10.12677/nst.2024.121006 56 MR A


https://doi.org/10.12677/nst.2024.121006

Ty 4

0.29 mm I, F H T~ 35 38 B AR R B = B 40 0008 0.113 my/sy 0.023 m: WA RS 0.2 mm i, H
P Y T - 247 38 P2 AR V0K T I v B 0 S0 0,114 my/s 0.023 m, [ FH VK T T 34033 55 A L e AR ARAYCR 0.877% s
G, AT LA BB TR S R G WS /NGOG, IR EFHUERAE T RS [ TE G . 5 R 27 4 T B
MR RCA, %4 0.29 mm BIRIRE RS SATEUETHE, R E RS 3Ry 129,688 4>, [FIIS ey =4k
MR ERIRE AL 1 2K E) L= K IVE P, RS 0.29 mm R ST A 31 o 24 Mk RSE 4 0.29
mm B, FrA MR E ST 0.95. EHE, XEAMERIESERER T, I LA RN
HE.

Table 2. Grid independence analysis of working conditions
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Figure 4. The variation of average free surface velocity and liquid surface swell
height with the number of grids
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Figure 5. Liquid falling gas entrainment develops at different stages over time.
((a) Initial stage; (b)~(d) Liquid level fluctuation stage; (e)~(g) Entrainment
stage; (h) End stage)
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Table 3. Different working condition settings
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Figure 6. Velocity distribution map of local area at
the time of data reading
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Figure 7. Velocity variation over time at free surface
data reading point
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Figure 9. Local regional velocity distribution map
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