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Abstract: Liquid-metal fast reactor is a key link between the preceding and the next in the “three steps”
strategy of nuclear energy development in China. High-precision numerical analysis software of liquid-
metal fast reactor is the basis for improving the research and development level of fast reactor in China.
At present, the industry departments still use the numerical analysis methods and computing software
formed through the digestion of imported software since the 1980s and 1990s, and face the technical
problems such as large model approximation and narrow application range, and it is urgent for
theoretical breakthrough and the research and development of a new generation of high-performance

numerical analysis software. This paper focused on the physical characteristics and numerical analysis
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needs of liquid-metal fast reactor, focusing on six aspects: nuclear data processing, nuclear reactor
physics, thermal hydraulics, system safety analysis, fuel performance analysis, and radiation shielding
analysis. It proposed a set of numerical analysis methods for liquid-metal fast reactor with advanced
theoretical models, high computational accuracy, and strong adaptability to reactor types. With the
support of national projects, a fully independent code system, named LoongSystem, was developed. To
validate the LoongSystem, the physical experiments and operational measurement data based on China
Experimental Fast Reactor (CEFR) were utilized to verify the proposed theoretical model and the
developed code system. The results indicate that the maximum error in critical calculations for the
CEFR startup physical experiments is 321 pcm, and the maximum relative error in control rod value
is 11.60%. The trends in the thermal hydraulics and system safety analysis calculations of the reactor
core are consistent with the experimental measurement results, with relative deviations of key
parameters such as outlet temperature being less than 2%. The aforementioned results indicate that the
newly proposed model and the developed computational software exhibit excellent computational
accuracy. The findings suggest that employing advanced numerical simulation algorithms can
circumvent the inherent shortcomings of existing methods and software in terms of theoretical models,
addressing the issue of computational accuracy that fails to meet engineering requirements due to model
defects. Consequently, these algorithms demonstrate superior versatility and scalability, providing
instrumental support for the research and development of China’s new generation of liquid-metal fast
reactor.
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Fig. 1 Key software support relationship of liquid-metal fast reactor
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Fig. 2 Core physics calculation process
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‘ﬂr’E)( 2 )
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PATHHeas 09 77 208 SCH BRI R, K 3 K ae 5%
BB AR A IR . TR B A S (]
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S, T A O R AR TR BB A I E X
(AR 2 6] P, AR SRR A B A P, U A% 5 A 3

3) A ey AAS 7 2 B A

B RS TR 58 R, R R TR S ] A%
AIBERE T A S50 308 1215 8L, 38 2 DO 35 A
TS XTI 250, 2T B AR RS (Y
U0 3 o A ek PR S, o B T SR
HMIRRE SCHY 15 FE A8 AR 0 K 1 RE A il 3 1) 523 A
T, XA PR AT AT R AT R A . X T AU S8
R 04725 18] A% FIRE AR I 7015 B AR I A DAy
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WS TR P R T HEMEH . ARSCLAZEK
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B (CIAE) i i TH 4k . Wl FREIH M+ R i 2k, B
BT AW By T BOE NAS L R 484 T B
FASYS. #ARHEE 5 BT # 1 FIBER-Oxide 55 R %
BB TR R G . FEASCh, DL R

VRS F A, LA AD F  96 0 4540 e v 7 s 1)
IS UESE
2.3 CEFR BBt 56 &
B sh R B CEFR P T 2 il 2 91 56
B f e L AT SRR AR G, BB S N A A
AR ER | HEE A ER T A IE AR AT A TR, A
CHIZ T AE CEFR B 73 2l B BOT JR 19 2% 2R s
TG A R A (0 3 1) L R 56 2
&1 5 M2 BRI AL 1 AR 2 R S
ERBXT e, MR 1 AT L, TR R FR G N I
T B 22 BI7E-320 pem ZE 47, /T 2 000 pem
() FRVF AN 2 TR, B AR e 3 BRG E
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Table 1 Comparison of loading and critical test results
KRR R o AR LoongSARAX K pem
Hofls e RE2 T koo R LoongSARAX
72 P 190 il A 0.997 22 40 -318
72 P 170 il 0.997 14 34 -321
72 P 151 il A 0.997 07 25 -319
72 PRHEL 70 T I 0.996 81 0 -320

TE 5 s B E By Be, CEFR X 8 MR 42 il 1 L)
L6 M5 07 R ERE AT T, 52

W 2 Fra), THE R 25 AR /N T3l 56 I Y AN 1
FE LI, B RA TR 22 —11.60%, B 8./ F i

®2 ERENEMNEERSHEERNNL

Table 2 Comparison of control rod value measurement result and calculation result

FERI B/ pem
S8 PREURRAL TRIGLE R LoongSARAX
IR A ARRS AN 2 JEE /% LA ARXFIRE/%

—— RE1 150 +6 143.5 —4.30

RE2 149 +6 144.5 -3.00

SHI 2019 £12 1841.1 -8.80

AMEFEE SH2 1839 £12 1799.7 -2.10

SH3 1839 £12 1785.8 -2.90
SAl 945 £11 848.2 -10.20

TRREME SA2 911 £11 839.1 -7.90

SA3 946 £10 897.3 -5.20

% 1 B RGEME 2877 £12 2936.2 2.10

SHI RHEENTES 1| EEHER SN E 881 +9 965.3 9.60
o5 2 BAEHER GLNE 2981 £13 2703.6 -9.30
SA3 RHEENTHS 2 EEHERGNE 1950 £12 1724.4 -11.60
FiAT RO E 6079 £16 57575 -5.30

SHI B T A7 R [ 3899 +14 37172 —4.70
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XF 6 AR g I AT RO, A R
e RAHXF IR H—-7.69%, X} 16 44155
TR AT AT, FRAT A e 5 iy M e R AH X i
250-13.23%, bR 25 7 R 00 I i A AN o
JWWHEN, WE/NT R Z2RE, BRI
2GR R S B AR B R
KR
24 CEFRAISZRZZREHH

Tl IE AT A SR T DL CEFR 1 0 HE i i
A RS G, AR TE N 702 kW, ¥ A150) i
k1 2.855 kg/s, A1 A IR BER 360 C. A4 &
BIUTSH T35 3,

®3 AHELRSHER

Table 3 Basic parameter information of assembly

SRR Hifl

B A% D, mm 6
HEaiE P, mm 7.01
L322 HAZ, mm 0.95
Le22I886, mm 100
PIXF I, mm 56.6

IRRMEECH AR 61

IRRHEEHES ) Jr 20 =

LB =, m 0.801

3 f# F LoongSACOS B AF X 12 4 4 #E A%,
frﬁﬁﬁﬂlﬂﬁﬁﬁéﬁiﬁmﬂwﬂi R
1) ARl NOV L8 22 6 Y, 4% 24 () W2 BE
BN 100 mmy; 2) 5 FH 893 i 2 TR R A 0.01
TR A WA S TN .

LoongSACOS #3138 A3 B 4L F 21k 1
T Ry 552.93 C, R HEAS B AL
FSP- 3R 8E 0 553.73 °C, BB 22100 0.8 C. i
T WAL 126 4 F 8, AU 0.27.
0.5, 0.7, 0.801 m(H [1)4 MUK ME# - ag%H

FVELRE A3 A % He, A0 1EL 6 Bk, Horp 73 3 4 5 %
7 AR SCRR A 45 05 2

LoongSACOS 1545 2| (1) 5 P4 38 18 1Y) I B2
5 F S 2 18] B8 3 e KR 22200 7.18 °C,
HEEAE 0.801 m il a) = BE Y 55 5 FlE, i KA
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@

g......J.w
&)
81

(BB (090 () () o
) ) () B2

ZE0S
EoE R
@ WL RLEC

®®

s TaiEk o>

Fig. 5 Sub-channel division
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Fig. 6 Comparison of temperature distribution of sub-channel at different axial heights
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Fig. 9 Variation of some key parameters with time



836

FETRERAHAR 5ok

T 7 24 AR SR T U R A9 BRF [v] A (] 177 s A7 22
Y Tz FRA B AEAE B I AN 28 M A 8 1] 1y
A 22 5, &1 9d H i D 22 Ak T35 1 AT 422 52 3
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S50 HE HE S K HEAS AR 1Y) 57 i 43 BT I B B 4%
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it 25, HET CEFR J3 30y 3k 56 F13s 1710
SRR, R THR 0 SR R R R R S
BEAT THGIE . 4558 7%, CEFR J3 sh ¥ B 56 16 5t
THE AR ZZE M 321 pem, 35754 M 1 5 KA X5
220 11.6%; HENIRTIK 1 5 RGE L LWt B4
S50 I 45 R G A G, Forb s R R ARG
BB R 2N T 2%,

RS R F T, B R AL T &
B EA R0 R . TR N SR

RS HEHHUEREFEPFRZENEE
Table S Actinide nuclide activity
in core radioactive stockpile

TR S HE/Bg
Bz AHXTIR2E /%
SHLR RS
By 2.909%10'° 2.908x10'° —0.034
oy 1.733x10"° 1.733x10'° 0.000
1y 8.445x10"° 8.441x10"° —0.047
By 9.043x10° 9.039x10° —0.044
"Np 1.782x10° 1.781x10° —0.056
Np 1.735x10" 1.734x10" —0.058
Np 6.104x10"7 6.102x10"7 —0.033
238py 7.599x10" 7.596x10" —0.039
9py 1.552x10" 1.551x10" —0.064
2#0py 7.553%10" 7.550x10" —0.040
H#Ipy 3.075x10" 3.074x10" —0.033
1 Am 2.239x10° 2.238x10° —0.045
2Am 2.294x10"° 2.293x10'"° —0.044
#2Cm 7.230%10° 7.227%10° —0.041

JE, X G T A5 R O H AR B A LAY A5 R, R
22 “JE gt B RO S AL R Y T i R IE
FLEE R, SR TSt B B AU S 0k T DLk
AT 7 VL TR B RERY b B0 817 e AL, A 2k
PR TR e o i ICAY T 50K BE ANl A2 TR G oK
AR TR, PRI ELAT S 4 0 368 P PR RT3 e, ol
e 1 7 — AU A i DR ) BIF e A A1 T L S
[ i, A SR A SC I S 9 5 T VAR PE T R i 42
B REAS O T [ R DUME R A P i — 285 e
%

W

xo6 BHEREHEIRTAMEHEREREMEN

Table 6 Change of total decay heat of whole reactor with decay time after shutdown

AR HEF 45 T 00 Gy 4
FEAR ]
BHLERIW TR AR W AHXTRZE/% BH R TSR AHXTIRZE/%

0.00's 3.852x10° 3.851x10° -0.026 0.059 0.059 0
10.00 s 2.852x10° 2.851x10° -0.035 0.044 0.044 0
100.00 s 1.907x10° 1.906x106 -0.052 0.029 0.029 0
110.00 s 1.869x10° 1.869x106 0.000 0.029 0.029 0
200.00 s 1.650x10° 1.649x106 -0.061 0.025 0.025 0
1000.00 s 1.160x10° 1.159x106 —0.086 0.018 0.018 0
120h 3.496x10° 3.504x10° 0.229 0.005 0.005 0
1d 2.777x10° 2.782x10° 0.180 0.004 0.004 0
5d 1.594x10° 1.594x10° 0.000 0.002 0.002 0
20d 8.506x10* 8.501x10* —0.059 0.001 0.001 0
100 d 3.007x10* 3.006x10* -0.033 0.000 5 0.000 5 0
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