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Abstract: During the power operation of PWR, fuel pellets and cladding undergo varying
degrees of thermal expansion due to temperature changes, which significantly impacts the core
physics calculations. In order to accurately consider the influence of fuel rod radial thermal
expansion on the core physics analysis results in the "two-step" scheme, this paper proposes a
precise modeling method for fuel rod radial thermal expansion based on the reactor-physics analysis
software Bamboo-C. This method considers the geometric changes caused by fuel rod radial thermal
expansion at both the assembly calculation and reactor core calculation levels, and determines the
precise geometric expansion size through iterative convergence of the temperature field at the core
calculation level. In this paper, the EPR1750 unit is taken as the research object, and the startup
physical tests and power operation processes of each fuel cycle are calculated. The results show that:
the average error between the calculated and measured isothermal temperature coefficients
decreased from —3.065 pem/K (1pem=10") to —1.870 pcm/K, and the average error between the
calculated and measured critical boron concentrations decreased from —5.9ppm (1ppm=10") and
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=5.7ppm to —2.5ppm and —2.7ppm. Therefore, the PWR fuel rod thermal expansion modeling
method proposed in this paper can improve the calculation accuracy of key safety parameters of
EPR1750 to a certain extent and has certain engineering application value.

Key words: Fuel rod radial thermal expansion, Temperature coefficient, Critical boron

concentration, Bamboo-C software
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Fig. 1 Calculation Process of Modeling Method for Fuel Rod Thermal Expansion of PWR



JEITREE A . HEOK IR PR AR 0] PRURZ IR A5 5k B FLR i 7 A 5 33

TESE B LT AR A i A 3L, 38 X
PRBH A TRE L4, AR TN 5 IE
PR P RS2 M O A AR 2R A, I HLBES 2 %
T O RS, BEOHTZ 100 T %5 Rk U ik 5
Mol AR R . BEE I — o SR s, AE
0 A Y AAFE S 8 E R T TR IR LR
WRAS, BT oS Tk Dt A e s, 7 F—
MAFESAFETHR . 2k, BB ArA T
S P () DR AR R E B

FEME ST T 25 J8 = 45 Herbgomb i 1 F i
K TUAR R BE S 3R T R e, AR T RS
KR = 4T YR R

X FALTE = m, TR 3
I, 2 AUV ENFRIAE S A TRV R0 4518,
TR ENFIAE T, RIS H AR R R
SRJE USRS = A4, AR R R ) —
HF S BRI AL =4 m RS R
22 B AR A S R . BT RS
FER = m BRI 2238 R B AR
e YR, B (1) f1xt (2) IHEER
{ERE =G m B G BRI K R4S
o N e e 2 A O G i (1 BV AW S0 K o Nl
FrHe m RS RS A FE RGT

Tow =Ko o (6)

1, =K, 1, (7)
K, TRIERPEG re, RTHE m B AT
AR Kew A TTHE m B BROBEE eI ik R AL
ten HTHE m BB SRR, Ko, AT m
HIRRR R e I K R AL

MR AT m B P KA R B
IS AR S 2235 4yt B AR 1 7 - 2
JE B REG) O 22 Tl FE MBI PRI, S5 AR R
W SIEN 7R A -

T:;,afler _ T:,old
T < &p ( 8 )
TC,aﬂer _ TC,old
T Cold <& ( 9)
A, The SRR BEHE L IR 2 R

T 37 HUBT ATV RARL R 2 iR L 5 &0 FOR
KRR 220 S BE AR A s 70 37 SR
JE BRI R AL T R 5 T 3 BRI AT A4
BHEETCFIRRE ;s ec FRIREHE L 7e VR

AR EL

2 HEZREXESMH

SR AR SCHRE 0 R K ME R A AU ik A5
%, T4 Bamboo-C 3K FAHCIIRE, SR 1 414
TIRLJZ D 1 00 56 UE DA PR UE AR Ak 2 K A 11 1
Wit SER T % EPR1750 HLAL Y HE By 3 i pe
TR, I R R shig B SR 1) 1TC MRzt Tid
PR CBC MIHAE 5 D Be T+ w1y 3 S (i itk A7
Feds, DL SEOE HEAT B LABS U SRR R B
ARy AT 2 A RS SR

T B8 4F LOCUST AYHRRE B Ak HE AR A AT
oAU MR R M, BEER EPR1750 HL4] H:
W — BB VR N BRIE X 52, IR R 1)
U0, BN 2.1%, M MEy 17x17,
WA 8 MR AL LU I 24 IR Pl T 1 4, WA
h 210080, i FH HL AT 2 T 00 1R s P ik 2
LTI RE R LOCUST ( R Ak A sh# ik & ) 5
JEAR A (F R TS i A ) X R4 14
BRI PEAT % HE IR AIE , FLAAR I8 7 2k 2 e IR
AR A BT TR R 25 B S I K A
BRI AT R, SR ET TR SR S
TR ARG N T ke, SEXT T
F-BhHUE I~ R g o7 PO IR AR 70 2 1k 25 T 3l R
i AR Ty i R AR BN Y ke AT X HE . E
T TN OBHERSE (TF) S 896.12 K; 1£1k
FIWLE (TM) hy 58525 K; Wl E (BC) N
600ppm ( Ippm=10") . 2 T & H: TF
A% R 561.75. 1500 K; TM 43 51k 561.75.
585.25K F1617.9K; BC 4354 Oppm, 600ppm .
1200ppm Fil 2400ppm, X 4 S B HEH) 4 &
68 T4 S RAS Ao

UERFUAROR N . B e 3T 100 A ghik
g2 Mk AR B 8 Pk A2 it 5 T Bl RS JIK A5 1 2%
S, Wk 3OPERy, FEERT HaAR R Tk
K AN kw5 1 Sl S BT IO 149 53 5 T
DU b N — B 1 BNAEH T R 2 3 1 P o
FERT AR 210080 FUBRIFZE SR .

7E BC 24 600ppm. TF % 896.12 K. TM K
585.25 K LU S ToHa il i 4 A i) £ T 44T,
WRBHEE A sh I I A ke R 1.026199, HiT AR
F T A I AR ke T 1.026206, 35 TIF 1% 22



34 ¥osh ) TR

Vol.46 No.1 2025

K1 RN ke BOTTRR2E
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Tab.2 Comparison of ITC Calculation Errors for Multiple
Cycles of EPR1750 Unit
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