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Effects of bayonet tube leak on the heat transfer characteristics of fuel drain system in molten

salt reactor
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Abstract  [Background] The liquid-fueled molten salt reactor (MSR) is one of the candidates for the Generation
IV reactor technologies, and the fuel drain system is a special safety design. [Purpose] This study aims to investigate
the influence of inner barrier leak of one heat exchange element of MSR on heat transfer characteristics. [Methods]
Firstly, the fuel drain system of Molten Salt Reactor Experiment (MSRE) was taken as the research object, and
computational fluid dynamics (CFD) simulation methods were employed to construct heat transfer and multiphase

flow models to analyze the heat transfer and flow phenomena under normal operation and bayonet tube leak scenario.

rp R B i AT E 2T H (No.E3292901) ¥ 7" EAh AR 7245 X 7RI " (No.JCYJ-SHFY-2021-003) %% /1)

WEE. fhsenh, B, 19994EH A, 20194 Bk TR, BUNE AT SL A, B SR S R M 22 4

EAE1E#: ##E, E-mail: yangqun@sinap.ac.cn

Wk F3Y: 2025-01-06, A&[R1 H 3 2025-04-29

Supported by the Youth Innovation Promotion Association of Chinese Academy of Sciences (No.E3292901), Shanghai Pilot Program for Basic
Research - Chinese Academy of Sciences, Shanghai Branch (No.JCYJ-SHFY-2021-003)

First author: SUN Liangjie, male, born in 1999, graduated from Huazhong University of Science and Technology in 2019, doctoral student, focusing
on reactor safety

Corresponding author: YANG Qun, E-mail: yangqun@sinap.ac.cn

Received date: 2025-01-06, revised date: 2025-04-29

020605-1



PINFETE S SR HER SRRV A R G AE N )2 B BT AL IS

Then, the sensitivity analyses of key influencing parameters, such as the leak size (3~8 mm), leak location (10~

1 500 mm above the lower end of the heat exchange element) and pressure in the annular gas space (ranging from

—13 788 Pa to 13 788 Pa), were carried out. [Results] The analysis results show that 18.4% of cooling water flows

out from the leak location through the annular gas space when bayonet tube leak occurs and the power of one single

heat exchange element increases to 29.434 kW. In addition, the lowest abnormal temperature appears in the thimble

near the leak location. The sensitivity analysis results present that the heat transfer varies with the leak size, leak

location and pressure of annular gas space and is most sensitive to leak size. [Conclusions| These analysis results of

this study are valuable to the engineering design of the fuel drain system for MSRs.
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Fig.1 Diagram of the heat removal system of the MSRE drain
tank
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Fig.2 Schematic illustration of the heat exchanger element
(color online)
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Table 1 Dimensional parameters of the heat exchanger

element
451 Structures JX~} Dimensions
T F%% Downcomer 12.70 mm,2.096 m in length
N JZ %4 Bayonet tube 25.40 mm,2.149 m in length
41 ZE % Thimble 38.10 mm, 1.968 m in length

I B K B Heating length 1.7 m
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Fig.3 Decay heat power of molten salt within the 1 h after the
completion of the fuel drain process
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Table 2 Thermophysical parameters
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Physical parameters Water coolant  INOR-8 Salt

#5 % Thermal conductivity / W+ (m-K)™ 0.6 20.3 1.4

% & Density / kg-m™ 998.2 8 860 2 757.9-0.464T

Lt #4%F Heat capacity / J- (kg-K) ™' 4182 586 2386

Zh B Viscosity / Pa-s 0.001 003 1.43-4.310x107T+4.358x107°7°~1.487x107°T"
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Fig.4 Diagram of heat exchange element model (color online) (a) Lower section, (b) Middle section
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