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The requirement to the reactor vessel auxiliary cooling system of fluoride salt-cooled
high-temperature reactors during station blackout
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Abstract Background: Reactor vessel auxiliary cooling system (RVACS) is a passive residual heat removal system
applied to thorium molten salt reactor-solid fuel (TMSR-SF1). There are difficulties to use it to high-power reactor
with its multifunction reactor vessel. To maximize vessel integrity, vessel should be minimized. Purpose: This study
aims to verify the heat-discharge capability of the RVACS under station blackout accident (SBO). Methods: With a
10-MW fluoride salt-cooled high-temperature reactor (FHR) designed by Shanghai Institute of Applied Physics of
Chinese Academy of Sciences as the baseline design, the RELAPS5-MS code was adopted to simulate the transients
during a SBO. Results: A scope of RVACS power for heat dissipation of FHR under SBO is given by this study.
Conclusion: The heat-discharge capability of the RVACS was verified.
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Fig.1 Schematic of the baseline design.
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Fig.2 RVACS of the baseline design.
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Fig.3 Nodalization of the primary loop.
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Fig.4 Curves of core power and full RVACS power Vs. time.
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Table 1 Design data of the created systems.
BATHEA AW R RS Created systems
Operation mode Baseline | Il m IV VvV VI VI VIl IX X XI
HEN I & Core power / MW 10 20 30 40 45 50 100 200 300 400 500 600
HEFS B 4% Core diameter / m 1.35 191 234 270 286 3.02 427 6.04 739 854 955 1046
HEZS 8 H 4% Reactor diameter / m - 3.40 3.96 439 475 491 507 632 809 944 1059 11.60 12.51
%/]> RVACS Ih% 44 105 170 240 280 330 760 1800 2840 3800 4850 5880
Minimum RVACS power / kW
BN 1.34 273 399 521 5.88 671 1240 22.95 31.00 37.00 43.12 48.47

Minimum heat flux / kW-m™>

e e -~ S0MW,330kW - 100 MW, 720 kW
F- . 2 —.- 200 MW, 1 630 kW ---- 300 MW, 2 550 kW
7201 == 3O MW, 170 kW ---- 40 MW, 240 kW 7201 |- 400 MW, 3480 kW ---- 500 MW, 4 420 kW
""" 45 MW, 280 kW — Limit - 600 MW, 5450 kW — Limit
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Fig.8 Outlet temperature vs. time (10—45 MW). Fig.9 Outlet temperature vs. time (50-600 MW).
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Table 2 Design data of the created systems.
AT AW B RS Created systems
Operation mode Baseline I I I v vV VI
HEOS T Core power / MW 10 20 30 40 45 50 100
Ih& % Power density / MW-m > 4.0 8.0 12.0 16.0 18.0 20.0 40.0
/)N RVACS 3% Minimum RVACS power / kW 44 102 181 264 396 660 1485
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Fig.11 Outlet temperature vs. time (20—40 MW).
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Fig.12 Outlet temperature vs. time (1) (45—100 MW).

13 HEARSH DA EIFIEEAZ(2) (45-100 MW)

Fig.13 Outlet temperature vs. time (2) (45—100 MW).
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Fig.14 Heat flux density of reactor vessel vs. core power.
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