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Abstract  [Background] Nuclear power simulation technology has been widely applied in areas such as reactor
design, safety analysis, independent safety evaluation, accident mitigation measures, design and optimization of
control and protection system, verification of advanced main control room design, and operator training. This

technology has effectively improved the safety and economy of nuclear power plants. [Purpose] This study aims to
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develop a real-time modeling and simulation platform for a liquid-fueled molten salt reactor (LF-MSR) based on the

open-source and open architecture of the experimental physics and industrial control system (EPICS). [Methods]

First, the real-time interaction function of the LF-MSR system code, RELAP5-TMSR, was improved, and the control

and protection system and human-machine interaction interface were extended. Then, the ThorTypography simulation

platform was preliminarily developed for LF-MSR by integrating the above three main functional modules. Finally,

ThorTypography was validated using the pump start-up experiment, pump coast-down experiment, natural

circulation experiment, and reactivity insertion experiment from the Molten Salt Reactor Experiment (MSRE) as the

benchmark. [Results] The test results of ThorTypography are consistent with the calculation results of RELAPS-

TMSR and are in good agreement with the MSRE data. Moreover, the total simulation time is consistent with the

total physical problem time. [Conclusions] ThorTypography is suitable for real-time modeling and simulation of LF-

MSR systems and can provide effective support for LF-MSR design, operation, and safety analysis.

Key words Liquid-fueled molten salt reactor, EPICS, Real-time simulation, RELAPS, Control and protection
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Table 1 Neutronics parameters for U-233 and U-235
Z4 Parameter 2 Group U-233 U-235
HARE 1 0.0126 0.012 4
Decay constant / s™ 2 0.033 7 0.0305
3 0.139 0.111
4 0.325 0.301
5 1.13 1.14
6 2.50 3.01
SR T 1 22.8 22.3
Delayed-neutron fraction /107 2 78.8 145.7
3 66.4 130.7
4 73.6 262.8
5 13.6 76.6
6 8.8 28.0
S35y AR IS [A] Mean neutron life time / s 0.000 40 0.000 24
Fi EHIR B [ i 8 Molten salt reactivity coefficient / 107° K™ -11.03 -8.71
A 87 FE [ it 2 U Graphite reactivity coefficient / 107° K™ -5.814 -6.66
#*2 MSREXERit2%
Table 2 Main design parameters of MSRE
Z ¥ Parameter {& Value
HE T Reactor core F#ATH# Thermal power / MW 8
WKL £R 5T & Y7L & Fuel salt mass flow / kg-s™ 168
eSS B Core height / m 1.63
7K 1B 1% Hydraulic diameter / m 0.015 8
S [ A Total flow area / m”? 0.036 4
AR Total heat transfer area / m’ 21.55
/8 1B Inlet /Outlet temperature / K 908/936
E IS Primary heat exchanger S Shell side
SR IE AR Total flow area / m? 0.09
7K 71 H.4% Hydraulic diameter / m 0.025
7/ 1R Inlet /outlet temperature / K 936/908
M Tube side
VA1 ER iR i & Coolant salt mass flow / kg+s™ 105
7K 71 H.4% Hydraulic diameter / m 0.015
S T AR Total flow area / m’ 0.015
/8 1B Inlet /Outlet temperature / K 825/866
S FAIAR Total heat transfer area / m? 26
TR HFAAE Air radiator A F AR Air mass flow rate / kg-s™ 75
SRR Total heat transfer area / m? 65.5
3/ H 1 Inlet /Outlet temperature / K 300/411
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