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Analytical Study on Penetration Integrity of the Reactor Vessel under External
Cooling in a Severe Accident
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Abstract

Thermal analysis was conducted for the experiments on penetration integrity of APR 1400
reactor vessel under external cooling with induction heating. From the 1-dimensional
pre-analysis it as found that it takes about one and half hour to get to steady state.
Numerical results from the thermal analysis of the induction heating experiments were
compared with experimental data. Thermal behavior of APR 1400 lower—head vessel was
studied with lumped-pool model in the LILAC which is multi-dimension thermo-hydraulic
research code. From this study it is found that external-vessel cooling is effective for

penetration integrity.
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T/c Experiment(dry0) Calculation
Temperature(K) Heat flux(kW/m 2) | Temperature Heat flux
LHV1 1083 90 1020 93
LHV2 1293 1257 140
LHV3 1473(® 1602 210
LHV4 1523 1720 280
LHVS5 1523 1751 280
LHV6 1523 1759 300
ICL1 1293 1238 150
IC12 1373 1348 170
ICI13 1433 1418 180
ICl4 1473 1467 190
IC15 1513 1517 200
F 2 SUS-EXT1E# e 2= 4% 3o gig a4 a3 (D
T/c Experiment(extl) Calculation
Temperature(K) | Heat flux(kW/m 2) [ Temperature Heat flux
LHV1 363 270 399 210
LHV2 703 280 698 210
LHV3 1223 180 1122 240
LHV4 1423 1304 270
LHVS5 1543 () 1446 290
LHV6 1543 @) 1494 300
ICL1 663 665 210
IC12 793 784 220
ICI3 873 863 230
ICl14 913 919 230
ICI15 943 980 240

t
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A =9k % 3o tigt Y A (2)

T/c Experiment(extl) Calculation
Temperature(K) Heat flux(kW/m2) | Temperature Heat flux

LHV1 363 270 400 220
LHV2 703 280 717 220
LHV3 1223 180 1193 280
LHV4 1423 1395 310
LHVS5 1543 (@ 1553 330
LHV®6 1543 1606 340
ICL1 663 685 220
IC12 793 815 240
IC13 873 903 250
IC14 913 968 260
IC15 943 1040 260
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¥ 4 Corium® =4

corium crust unit
pool radius 2.37 [m]
heat source 1.0e6 1.0e6 [m]
melting temperature 2800 (K]
latent heat 2.7¢5 [J/kg]
thermal expansion 1.4e-4 [1/K]
viscosity 3.28e-2 [kg/ms]
density 8200 8100 [kg/: m®]
specific heat 470 520 [J/kgK]
conductivity 36 8 [W/mK]
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Vessel melting line
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