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Abstract

Nuclear reactor is a system which is closely coupled with many physical processes such as particle
field, temperature field, flow field, and stress field. The numerical simulation of advanced nuclear
reactor needs to solve the problems of multi-scale, large-scale and multi-physical field coupling. In
recent years, with the progress of computer technology and modern numerical simulation tech-
nology, it is possible to realize large-scale numerical simulation of comprehensive reactor per-
formance through multi-physical field and multi-scale coupling framework, numerical reactor and
even reactor digital twin system become the overall target of numerical simulation. With the
popularization of the method of best estimate plus uncertainty analysis, uncertainty analysis has
become an important part of nuclear reactor design and safety analysis. Compared with the un-
certainty analysis for a single code or a single physical field, the uncertainty analysis for the multi-
physical field coupling calculation is more complex. In addition to the uncertainty of each physical
field simulation itself, the uncertainty caused by the code coupling process must be considered,
which has not been studied deeply enough. Based on the uncertainty sources and analysis me-
thods of single physical field computing code, this paper summarizes and expounds the existing
work on the uncertainty analysis of coupling codes, and makes a preliminary analysis on the mixed
uncertainty research of multi-physics coupling calculation.
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B NIHERE — N R BB R R 2 AR R IR ARG, BEE SN HE TREANEOAR )
AW BT A E, Hoxf gtk AIEEME. UF ARSI SR ) T MR AT R AR AL
BT B OB TT B R R A T 0 B ARz —. BET, VP2 BUEREIIRE T B0 AN F] 288
W% SEHEREAT |32 [P S SO 22 424341, 45114 RELAPS (Reactor Excursion and Leak Analysis Program)
[1]. TRACE (TRAC/RELAP Advanced Computational Engine) [2]. PARCS (Purdue Advanced Reactor Core
Simulator) [3]. COBRA (Coolant-Boiling in Rod Arrays) [4]%5.

Ak, BEETHENSARMBABUE T BE L, Sl 2y, 2 RIS EHEZLSLHIN
[ HEZR G PE R ) e DR BB RSO T RE . BB S SHEEAEAERX AR 5T, EA S T AL N HEY L
TR MR Jits BRI BESEZ A ARL UZSWBR G THE. ST ih RO, N
M Z R et TH AR, X BN HE N LS Y B R AT e TR A A AR . e ATHSR. 20 HHEZE DK,
S AR B 5E J5 JE 5 T CONVERGENCE. NURESIM £741)[5] [6] CORTEX (CORe Monitoring Techniques
and Experimental Validation and Demonstration) [7]. HPMC (High Performance Monte Carlo Methods for Core
Analysis) [7]+ McSAFE (High Performance Monte Carlo Methods for Safety Analysis) [7]. CASL (Consortium
for Advanced Simulation of LWRs) [8]. NEAMS (Nuclear Energy Advanced Modeling and Simulation) [9].
GEMINA (Generating Electricity Managed by Intelligent Nuclear Assets) [10]25 2 MUE S M HERF AT H , 78
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Figure 1. Overview of numerical reactor R & D projects [14]
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Figure 2. Classification of uncertainty

B2 THEMD%E

22. PN ZE

AN Vo A 72 B B ) — D R IR AN R IR AT IR R A AL . BRI R T K
W, AN &R 5 K HEF 2% (Phenomena Identification and Ranking Table, PIRT) &k SUBME /> AN B
L4 IR PR B N AN E ME S B RE SR 23 A B X TR) 4347

AN E ME AL 7 BT 2 FR VR Al AN AN E MRS A e L S . A 3 R, ANEE PR AT A K
iR FH B3R AN, BT LSRR GE vt 70 M 7592 LA S 7€ 1 23 W 7925 18], W98 22 TA) e KR DX AE T
GRS A TV R S AT AN E TR, PR T EURE TSR TR S8 VRS AT T VR R S AT U
TR DRI AN S B BURYER 7, SRR #HAT AN E M5 AR AN € AL fR e AN E] - Siit
PEART DT LT LA N JE T4 NS EUAN 2 A 4% 7 1 A0 3 T4 HE S 5UAN I e 1R A 7
AT B Br b 32 2R F 07752 3 T 5\ S 8O e AR 6 77

75%%1‘% PaE e
ST | meRR

SRS i

BUBMETSE AR

Figure 3. Classification of uncertainty analysis methods
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A ) CIRCE [20] 771, 8 E KAERI JF & ) MCDA [21]7772, 7 KA ELBE K220 e 1L GRNSPG-UNIPI
PR K FFTBM [22]777%, #:E IRSN 3T CATHARE 277 & () DIPE [23]J5%%, LRI Tractebel 23 7
#F DAKOTA FEFFF & H Tractebel TUQ [24] /755 .

Table 1. Reactor physics calculation uncertainty analysis code
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Table 2. Thermal hydraulic system code-neutron physics code coupling
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Table 3. CFD-neutron physics code coupling
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Figure 4. Different coupling methods bring uncertainty
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