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Passive residual heat removal characteristics of liquid fuel molten salt
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Abstract  [Background] Liquid molten salt reactor has many features such as high economy, safety and on-line
fuel processing. The emergency draining salt passive residual heat removal system (EDS-PRHRS) is a unique
residual heat removal system design for liquid fuel molten salt reactor, in which safely export residual heat of the
molten salt in the salt draining tank is the first requirement for EDS-PRHRS design. [Purpose] This study aims to
analyze the transient characteristics of EDS-PRHRS salt discharge tank during operation by simulation. [Methods]
Firstly, the accident analysis of the passive residual heat removal system was carried out. The peak temperature of the
molten salt was mainly found in the full heat discharge phase of the salt discharge tank. Then, a computational model

of the molten salt coupled to the heat exchanger element was established for this stage of the discharge tank and
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numerical simulations were carried out by using computational fluid dynamics (CFD) analysis software Fluent. The
Mixture model was used to simulate the boiling heat exchange of water in the heat exchanger element. Finally,
different parameter sensitivity analysis scenarios were designed to investigate the effect on the transient. [Results]
The analysis results show that the heat exchange power of the heat exchange element gradually decreases with time,
and the temperatures of the outer wall and the hot spot of molten salt have a peak with time. [Conclusions] By
increasing the axial height of the thimble and enhancing the emissivity of the air gap layer, the temperature peak can
be significantly reduced, and the peak value can be slightly reduced by delaying the salt discharge time. In addition,

the triangular arrangement of can delay the local solidification time. The study results can provide some reference for

EDS-PRHRS design.
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Table 1 Accident sequence after SBO accident

i8] Time 1 /F %1 Sequence of events

ty A=) Wr L Ok 42 SBO occurrence
4 P75 N\ Control rod falling
4 VAR IR R , S N SR R
Open the freezing valve, salt into pipeline
12 HE£E 25 X Salt discharge end
4y AP RFYERHICT RS Low power state
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Table 2 Safety evaluation guidelines

2] Parameters [R{E Limit value
45 31 15 13 FE Molten salt maximum temperature / K 1473
P FR T PFBE T4 E 5 F The peak temperature of outer tube / K 977
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Table 3 Drain tank parameters

2% Parameters HU{A Value

¥4 5 AR AN Total volume of fuel salt / m’ 5

¥ TutEHEA 75 7 Thimbles arrangement 1EJ5 JEHEAT Square
e HTOMFE Number of thimbles 196
AR A TTAE X B 4% 2R A FH Single thimble molten salt volume / m’ 0.027 4
oA 2R Pitch / mm 138

T4 BATHSH
Table 4 Thimble parameters

2% Parameters ¥0{E Value
P IATT 45 4 B Thimble heat exchange section length / mm 1500
WAook /K4 4% Diameter of the inlet tube / mm 12.7
37K % BE JE Wall thickness of the inlet tube / mm 1.25

] 45 4% Diameter of the middle tube / mm 25.4

Hp (] 258 B )5 Wall thickness of the middle tube / mm 1.5

41 ZE B HME Diameter of the outer tube / mm 38

HIZE £ BE JE Wall thickness of the outer tube / mm 2
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Table 5 Thermophysical parameters

2% Parameters LiF-BeF,-UF -ThF, (823~1 023 K) UNS-N10003
% J% Density / kg-m™ 2 757.9-0.464T+1.197x107*T°-5.88x107T° 8 860

Lt #4 Specific heat capacity / J-kg' - K™ 2386 586

#4532 Thermal conductivity / W-m™ K™ 1.4 20.3

ZH B Viscosity / Pa*s 1.43-0.004 37+4.358x10°7°~1.487x107°T° —

x6 BITESH
Table 6 Operating parameters

ZH il
Parameters Value
B TTA3E 117K 3 Inlet water temperature / K 390
e oot TAE K 1 Work pressure / MPa 0.19

FRREE HE 1K & Single thimble mass flow / kg-s™ 0.1
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H I (7] 8 I (A 18 I (7]
Value / K Time /s Value / K Time /s Value / K Time /s
A2 BE T R e i 959.02 4619.7 955.04 3186.7 952.3 2430
Maximum temperature of the outer tube wall
P A e 971.21 4 666.1 967.11 3223.6 964.2 2463.2

Maximum temperature of molten salt
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