Fa6E 511 #% F R NUCLEAR TECHNIQUES Vol.46,No.11
2023 411 A www.hjs.sinap.ac.cn November 2023

T EPICS Z2fapyta EhiE SR i S5{HE
e & XEGIE

PRl 2= 80wt xiEEY EIEY B s
L E R 2R B S EAT R A B 2018000
20 ERFERER ERT 100049)
3CE\RE RS Rifg 201210)

WE 20 BRI N T S SHE BT 22 A T ISE 2 PPN R RS T AR S R R A X
THS A SedE 32 4% 2 BT B VAR AR L3RI SE DT T 7, A RO AT e A T . Dl L
TS WRRL s R HE ST @A 5 05 3155 R, BE T s ¢ #5100 4% i) & 4t (Experimental Physics and Industrial
Control System, EPICS) Ui ¥ IS U A M), SR A T L 4% ST BN 2558 T D) Re IV A ARG S HE R G i 2 17
RELAP5-TMSR R AL AHLAS B SRS, 37 J& 1 AT 2] 5 OR3P R GEREER, TR 13 F TS R RHA 28
HE B FF S I #2455 5 475 F1°F & ThorTypography»  PAA 5 5258 3E (Molten Salt Reactor Experiment, MSRED [ &
TR ETE L H ARG AR S N M 5] N SZI0 A N FEHE R, X ThorTypography ~F- & FF & 1 1E Ay 14 5631 A0 Sz i PR 0K .
BEUE AR 45 S22 U] : Thor Typography SER F 48 5 47 57 & B THE 25 S RELAPS-TMSR M7 115 45 LR —
3, ¥J5 MSRE SEISHHE 7 A B AT s SER RS B, T & B RUF RIS A8 . ThorTypography i@ F T
AIRBHE EhHE 22 G0 S B 5 007 5L, BB I Sh ME BT VI8 AT A2 4 2 AT SR (1A R e

XEBIR ARRHE I HE, EPICS, SEEMijE, RELAPS, 5 {R4

hESES TL365

DOI: 10.11889/5.0253-3219.2023.hjs.46.110601

Development and validation of real-time modeling and simulation platform for molten

salt reactor based on EPICS framework

CHEN Shichao'” LIRui' ZUO Xiandi' LIU Haijun'® YU Kaicheng'’
CHENG Maosong'? DAI Zhimin'?
1(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)
2(University of Chinese Academy of Sciences, Beijing 100049, China)

3(ShanghaiTech University, Shanghai 201210, China)

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
HARRH 1 0.0126 0.012 4
Decay constant /5™ 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 AT 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 827 FE [ it 2 8 Graphite reactivity coefficient / 107° K™ -5.814 -6.66
#*2 MSREXERit3%
Table 2 Main design parameters of MSRE
Z ¥ Parameter {& Value
HEF Reactor core H#ATH#H Thermal power / MW 8
PR £R 5T & 77U & Fuel salt mass flow / kg-s™ 168
eSS B E Core height / m 1.63
7K J1 B 1% Hydraulic diameter / m 0.015 8
JEVALEE [ A Total flow area / m? 0.036 4
AR Total heat transfer area / m’ 21.55
/3 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 R FU R i & Coolant salt mass flow / kg+s™ 105
7K 71 H.4% Hydraulic diameter / m 0.015
JEJAUE T AR Total flow area / m’ 0.015
/8 1B Inlet /Outlet temperature / K 825/866
BRI AR Total heat transfer area / m? 26
TR HFAAE Air radiator A 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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