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Abstract  [Background] The negative temperature feedback effect is a key inherent safety feature of nuclear
reactors and effectively suppresses abnormal core temperature rises. Molten salt reactors (MSRs) feature a strongly
negative temperature coefficient of reactivity, which mitigates temperature increases caused by power rises or
reduced heat removal; however, the same strong feedback can adversely affect normal operation, especially during

power reduction, when an excessive temperature drop may insert significant positive reactivity, drive a rapid power
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increase, and potentially trigger safety-system setpoints. [Purpose] This study aims to investigate the influence of
temperature negative feedback on core power during the power reduction process and to provide a basis for the safe
operation and procedure development of MSRs. [Methods] The RELAPS-TMSR code, developed on the basis of
RELAPS5/MODA4.0, was used to establish a MSR analysis model. Firstly, molten-salt fluid properties (e.g., nitrate
salts, FLiBe and FLiNaK), heat-transfer correlations and liquid-fueled reactor models that had been validated against
experiments were incorporated into the code. Then, a coupled system model consisting of the primary (fuel-salt)
circuit, the secondary (coolant-salt) circuit and the air-cooling system was constructed. Finally, the core-power
response during power reduction was simulated and analyzed under different reactivity insertion amounts, control-rod
insertion speeds and air mass flow rates. [Results] Simulation analysis results show that larger single insertions of
negative reactivity produce larger power oscillations and make it easier to reach the power protection limit of 120%
full power (FP). At an initial power of 100% FP, insertion of —0.15$ drives the power peak to the 120% FP protection
limit, whereas at 80% FP an insertion of —0.3$ still causes the peak to exceed 120% FP. Reducing the reactivity
insertion rate effectively mitigates the oscillations: for a total insertion of —0.25$ at 100% FP, lowering the control-
rod speed to 80% of the design maximum keeps the power peak below 120% FP. Decreasing the air mass flow rate of
the air-cooling system can also prevent the peak from reaching the protection limit (e.g., to 80% of the design flow
for the same —0.25§ insertion), but it does not adequately suppress the amplitudes of power and core-temperature
oscillations. [Conclusions] During normal power reduction of a MSR, the single reactivity insertion should be
limited (not exceeding 0.15% at 100% FP), the control-rod insertion rate needs to be reduced when necessary (e.g., to
about 80% of the design maximum for a —0.25$ insertion), and the air-cooling flow should be adjusted in a

coordinated manner. These measures effectively reduce power and temperature fluctuations and help avoid

unnecessary actuation of the power protection system.

Key words Molten salt reactor, RELAPS, Power reduction, Negative feedback, Protection limits
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Fig.1 Overall layout diagram of the molten salt reactor
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Table 1 Main design parameters of the molten salt reactor
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I)j# Thermal power / MWt 2
HEES H OB R FE 650
Fuel salt outlet temperature / °C
WO ER 50
Fuel salt flow rate / kg's™
AEEN D/ IR
Coolant salt temperature
(inlet/outlet) / °C
R E 42
Coolant salt flow rate / kg's™
ZE KAl Structure material
S5 2R B
Temperature coefficient of
reactivity / °C
R P TR

Delayed neutron fraction

560/580
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~=10x107°

0.006 42 (Static state)
0.005 19 (Flowing state)
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Fig.2 Nodalization of the molten salt reactor
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