445 4 % Hi A Vol.44,No.4
2021 4 4 H NUCLEAR TECHNIQUES April 2021

EF COMSOL B COPRA &gt SCI6

HEMR
KB WEHS kW

LR EZ R TREARAT ZHi e b5 1008400
20EEMIEZ SR a0 b 100082)
3UHEEY: TR & dbid 100084)

THE T COMSOL Multiphysics A S iR AN AR B 7 7 —Fiod F T a0 B R B . SR A
AP R S8 o (=l R R EE B 20%NaNO,-80%KNO, 44 B4 , I8 345 S8 5 S8 T0 i dsf DAY s £ 6 S5 460
LAY N 2R T X A SIS 4R W 4544, X COPRA (COrium Pool Research Apparatus) S 56 it i 1) A1 4% #4 A
AT RREAT 7T EAR . 0 B R AR A BR T AR R B AR R NS AR R E R, BAERRS T
SR 2 LA I JE S5 . 52 B SRR TR 77 ST, ¥4 VB TH] B 30T 4 @A) 45 5 1) JE S Y A E B T B
o Rt [ ICRRE T4 [ £ FEE 39 0T 980/ o

KRR ARG, BAAXNR, #JrE, COMSOL

hESES TL334

DOI: 10.11889/5.0253-3219.2021.hjs.44.040601

Simulation study on COPRA corium pool based on COMSOL
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Abstract  [Background] COMSOL is considered to be an ideal approach to study the complicated physical
processes in the corium pool because of its good simulation ability in multiphysics field. [Purpose] This study aims
to build a computational model by COMSOL to explore the turbulent flow field and phase change in the corium pool.
[Methods] Based on non-isothermal flow calculation module, the non-eutectic binary mixture of 20%NaNO;-
80%KNO, used in COrium Pool Research Apparatus (COPRA) experiment was simulated by using phase-change
material model. The radiation heat transfer in the closed cavity at the top of corium pool was translated into the
radiation heat transfer between the upper surface and the environment available as boundary condition in COMSOL.
[Results] Simulation results show that in addition to the evident natural convection main flow, a mass of vortexes are
existed in the corium pool, which lead to the thermal stratification of the corium pool in steady-state. Under the
influence of natural convection main flow and gravity, the crust thickness along the cooling wall surface decreases
with the vessel polar angle of corium pool increases. [Conclusions] The current computational model is helpful for
severe accident mitigation system design.
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Fig.1 Schematic diagram of phase change model
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Table 1 Property of 20%NaNO,-80%KNO,

TiZ P e SR BN JIRE
Temperature / K Density / kg:m™ Specific heat / J'kg™"K™'  Heat conductivity coefficient/ W-m™"-K™'  Viscosity / Pas
<<497.15 2200 674.25+1.13T 0.5 —

557.15 1914 1328 0.6 0.003 77
573.15 1902 1332 0.439 0.003 33
623.15 1 866 1346 0.422 0.002 52
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Fig.3 Equivalent network diagram of radiation heat transfer
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Fig.5 Thermal stratification of corium pool in stage A
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Fig.7 Velocity field (a) and soild volume fraction (b) of corium pool in stage B
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