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Abstract

The repeated structures bring great convenience to the geometrical modeling of nuclear reactor
Monte Carlo program. However, in the physical thermal coupling and burnup calculation, it is neces-
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sary to identify and unfold repeated structures. Firstly, this paper studies the method of identifying
repeated structures. Secondly, the method of unfolding repetitive geometric cells to the lowest level
independent geometric cell without repetition is studied, and the corresponding program functions
are realized. Finally, by calculating a series of benchmark problems and examples such as small
reactors, Daya Bay components, and research reactors, the effective proliferation factor K.« and the
geometric model of the reactor before and after the unfolding of repeated structures were compared.
The results show that the error of the calculation results of the example is between 36~187 pcm,
the calculated results before and after the unfolding of repeated structures are in good agreement,
and the results of the geometric model also agree well. Therefore, it is proved that the unfolding me-
thod of repeated structures proposed in this paper has high accuracy and reliability.
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1. 518

TEAZ TARRAIE A, AR B8 52 5 W) 2 A A7 TE 0, 81 0 DR T A% b i PR 3 88 T L AT &85 ) A7 AE 7 S JE )
OPANTIRGNGC =Ry (PR HEE 711 S v e MU AR I SR GRS 6 A1 boN i an wy S R VA DN D e N i AT RS
K, ADELR JEAT T U B R AN TT N [1]. SRR 72 B T R N HERUE B
AT TG RE F1mt . THER B s 38 [2] [3]. MEEPWAMTRIZEFE R P IFERE T+, sk PR
THIEHEF MCNP [4] [5] TFE 545K B s f2E R OpenMC [6] [7]- o miiE F 5245 £ % o T3 5 RMC
[8] [9] [10]. ZR%¢ RPFE/F Serpent Z£[11] [12], #BH & B B M ERBLTIRE, W LAJT (8 i 18 4% S B HE 2H A4
RS UM EZ 450 . (B2, EXESYIEA TG THE . WOBETH N, TEKEE MR,
XM CEAT U B S AR SHCE TS, (B2 H AT RS R T AR & E 5 450 A 30 R ThRE[13]
[14] [15] [16]. ASSCH BT RAE TR E G S, Ll E S L@ 5EThee. HEmTER
SERANE GRS Z ) IR N FE T, WIEIER B O E R RHELE, TR T X SeRp g G o, AR SCHE
S RARET B E0 R IF I VE I S OCAR P Dfe, B im 1 UL R HE RS AN AL AR A0, o B AT ) J
Je BT 1) S N HE AT RO DR T Kege A1 LA RS ZR 44T X6F B, BEAIE AR SCHRE H () 5% R AR B S5 M R I 5 v IE
itk

2. EEGEHIAT
21, EEGHEEAR

R SEH A TR U LA J LA, 78 2 PSR AL I S MM R BRAF AR o BB HE rf Y 22 ARARTRTR
B — 58 JA IR L, 2 AR — e R oA BLAE SN HEHE RS R . O T BERS 1 IR TR (R )
T R e HES U, B ASITR IS5 R P RA ER AW ERIIRE. ER AWML EE 2
JRREAEREIER T RS, TR R LR AR A A RZR S BN EHRER
JUfrr=sta],  BEAS R G FAR ey A 2 (B e PR ECE BRI S, fESL BRI — a5t
B i) LA SEIL 2 AR S A PR 22 18] (3R 7S, X Skbr sl SeBl 7 R A5 ThBE[17] [18]. fELL LfBLHh, ER
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SRR AR DGR AT PR ECE R, B R A B A HR A DSIRr . Hit, ERE S DIEFRERLTE
PIATEAE ZALE b AT DA [ B LA 2 2 Ry 52 DUy S e A A — L L [19]0 {2 M — it S8R A
KPR KRR UL, H LA R G e U5 30T DO AT N IR R L /N ke bl R sl A R[5 A E R [20], 4
B1 K2, &3 fron. FESRFEIERE A AT O T3S )2 SO AT SR AR AR e P RS B ied
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Figure 1. Schematic diagram of the repeated structure of parallelepiped
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Figure 2. Schematic diagram of the repeated structure of hexagonal prism
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Figure 3. Schematic diagram of the repeated structure of finite circle

E 3. ARERAESESEHTEE

2.2. EEEWIARA

B A RR B s b BT EE G5 E BAR B, 5 Sk i A R . B
SN HEHE S AT AL L, MBRRIR B R HESS, R AhgT 8, TR E R T EaE =
R4y MoTi Ay JURIEE 2 AEREER 4 [21] [22]. AT ATEIRANE AR, AUE X E B g >3 SRR,
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Figure 4. Flowchart of hierarchical processing on cell
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Figure 5. Hierarchical processing flowchart
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Figure 6. Flowchart of the unfolding of repeated structures

El 6. EREFURITRIZEE

3. EEGHIRFAZE

BT S EA TR A TR AT, EREMAMERLZ R RNRT L BIEEEE T
PHEFEIPRRLEE, X TR R ERE I, & EWH S RIEF EE SR IT 7%

HE G5 T SR AL 27 F 3tk 1) 5 52 L ATl e e I D i Je T2 2% I B R LA A Al
Too XFVERERM “B M E” By, s 6 fin. BRI EE SRR A T RA R ES
SRR S, WA R E RS e, RIS B AR SURFE M T, AT, KRB R di
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AP NERER., AREER. BASSARER. Kb, APk E SR T ER.
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A N %A TR o 47 T R A, m] LA S R T AL (K, ko) T3 BT ARAR(x, y), AT 20°F2 1)
B
311 TR EFES SHRER LARTEE
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Figure 7. Schematic diagram of the repeated structures of parallelepiped
B 7. FrEAEESHRER
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Figure 8. Schematic diagram of repeated structures of hexagonal prism
8. NEHESHEMREE

3.1.2. TN EFES HHIRER LARTEE

XFFNMAE R 45K, 1 AR A5 T EEMT(0, )AL, e 7S b ik H R A5 M o HE B
Wk 2 for, A ERSA ERMICHIRE (K, k). X F/NTRESSHIXFLEMEEGRA, HESRE
[ 5 by A1 by JMIHAS I A 7 A 8 fra,  HRIEFON:

b, =(L,,0.0) ®)

L[ (LY
bz_[z, 2 (Zj,o] )

i LA Lo 2099009 by A1 by 5 R IAIHEE - B2 EAEAMIT(0, 0)AI L A sHIAEFR (0, 0), FFHfE U H R
e L M AR (X, y), HRAE IS R A A R R IA K
AM = kb, +k,b, (8)

M 2 LM e O B AR MR IA

x=kL +k,

N|,J_

©)
Y=k, L2 _(%j (10)
32, EEAHEENHE

R L IRTE Va2 T M E R AT T EEM TR, R R AT T
i ZLAE _ERM e A, R BRI R R N R E R A AT O BN R E RS
P IFARIERIA ERMTTHT I A, BARIESI 72 KK 26, XA 2 bR M e i3 5ok i
€, XM B EREHIRRIThEE, #E BRI TR E R A MR-, RIE SR E R A
SO AL E A EE M i R L R S R BRI B, EEM R =M © %
HEMOTE LRAFEEN, BAEUE, ZEEMIT LG EBCE KB @ ZEEMIT LR
WHVIETH LA, RFEGIH LT RRAA KRR, ESCH IR REX, IR AT Ret AT 0,
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Figure 9. Schematic diagram of hierarchical boundary synthesis
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3.4. EEHTHEAYER

B EE B N EEE Ut e EEMCE LEMOCTERA, 5T EX TR
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BHEM. B0, B TIMGESEN TR, I T EE AR BRA . BUEES 30 A
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AL AR R AL A5 9 ENDF/B-VI B3 JE () g e B BuE . 54442 434X 15,000
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K, oy M o 5359y B A 465 g 8 TR T 5 1 Kegy A vAE R 25
4.1, pEEEH
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Table 1. ke value before and after the unfolding of the repeated structures in example 1
= 1 Bl 1 EEEMRIAEH ket

Final ket Standard Deviation Akeggr 30
I 1.15546 0.00048
JEIT R 1.15510 0.00049 0.00036 0.002058

@) (b)

Figure 10. Schematic diagrams of core before and after the unfolding of the repeated structures
in example 1: (a) Before unfolding; (b) After unfolding
10. B 1 EELHRFARIGHETRIEE: (2) BRIFR; (b)) BRARE

ZEB I T )2 EE AN, BIF T 4624 ANMREE, EIFS 7858 Mkt 20,933 AN, 1R
N T EA L R ES SRR R EE R, A O ERE ke FRERZE . JEIFRTG keer 1
WZERM 30, WRFITHEGRF LG H, BIFRITREITIET ke Z A2 A 36 pem, 7E+30 LA, Wi
BT ke FITHE,  REFF TS 45 RVI& 15 LU AT .

] 10 4y A& EE A RITRTARIT e et R B B, oT LAE H I G JURME A f R AL, Sl R 45
P FRIT A JETE T AR 28 77 TR W 65453 LU

4.2. KIEERGHEH

ZHOISAMERERL N, HERGMZNHARERTE. 25860 S i — MR L, 241
R 17 x 17 N ERELEEHES BE T7 TR, AR BTy 1.26 x 1.26 cm? A 1E 7 TR A% -

ZHGIREIT TR ER S, IV T 280 MREE, JEITIE 1275 Moo, 1884 AN, % 2 fEoR
TR 2 hEE S RIT AT IR BT A R, A RBIEE IR ke ARHERZE . FRITATIG Kerr HO T
FZEM 3. MR IHSEEE R AT LLE Y, JRITHIAIRIT 5 1 kere Z [A) )0 22 9 187 pcm, {E+30 DL, 9
X kers FITHEL, FEITRT S 4R & 45 HLEUT

11 2o e R S5 T AU AN T e s i B, W] DA R a LT AR R 224k, W R 45
Fey JR T il Ja £ LT AR AR 7 T W) 4549 L ARL

Table 2. ke value before and after the unfolding of the repeated structures in example 2

F 2. B 2 EREHRITAIEE ket

Final ket Standard Deviation AKet Kl
JEFFTT 0.93746 0.00058
RIT)E 0.93559 0.00063 0.00187 0.002569
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Figure 11. Schematic diagrams of core before and after the unfolding of the repeated structures
in example 2: (a) Before unfolding; (b) After unfolding

11. 8l 2 ERFHRARGHEETERE: () RFA; (b) RFE

4.3. FRRHEEB
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Py JETFAS B T S

P 12 739 R S5 T U AN T Ja HER R R, W] DA R TTE LT AR F R 224k, W] B R 45
Fe) T HIT S £ LRSS 2R 5 THT W) 5 15 EL i

Table 3. ke value before and after the unfolding of the repeated structures in example 3

7 3. B 3 ESEMRITAIGH ket

Final ket Standard Deviation AKegt Kl
JEFFH 0.80529 0.00057
B G 0.80434 0.00054 0.00095 0.002356

Figure 12. Schematic diagrams of core before and after the unfolding of the repeated structures
in example 3: (a) Before unfolding; (b) After unfolding

12. B3 ERFHRARGHESTERE: () RFA; () RFE
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