Faot F2W ¥ # AR NUCLEAR TECHNIQUES Vol.46,No.2
2023 £ 2 H www.hjs.sinap.ac.cn February 2023

E T REEME B IRARRIRGS M 1% — 4
BRTTRERITEIZEFNA

SREE R
CrRERLEBE BN BT BT i 201800)

TE  AEA) LT E R (R B s TS A 1 A 45 R A e B 2 LA AR A LA A 3 R
RESRAN A0 P B RE IS A2 o A T B2 150 B W1 B e o 2 e B R AR R g, N — B TR iz i iR R
LT 2 B AR-INL S BROGSRARRE LY, 6 L A3t T 3 4 BR e AN () Wi R G A T B R 3 — 252K
FH DT B PR A A AR DA i SRR Y (1) m] Sk, IR R T AH B F SR )7 ThorSNIPE. 1 Fl BWR cell lfii it 4=
TR BT DT 5256 %5 5-A L 8] 2 PR 1E LR Dog leg duct 2 4E /T, 369IF ThorSNIPE F2)F I IEAA 1 . BUE 115 45 K&
W : ThorSNIPE F2 7 (1) 7153 45 SR 5 B A W) & e 4T, WD A T F2)% I IE A M , ThorSNIPE 2 /3 3& H 1 52 2% Bt i
TS HT s AR PR AR MBI ARTE A S T SRS FE IS D0 T, BB A 25 SR B4R 1) R

KA PEWCHE, SERE, BRI, SR, REHEEARAR

FESHES TL328

DOI: 10.11889/j.0253-3219.2023.hjs.46.020602

A two-dimensional finite element shielding calculation code with mass-matrix

lumping technique and unstructured meshes
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Abstract [Background] The high-fidelity neutron transport calculation requires refined geometric modeling whilst
the unstructured meshes have strong adaptability to copy with the changes bring by complex geometry structure, and
overcome the deficiencies of structured meshes in modeling capability. [Purpose] This study aims to develop and
validate a two-dimensional shielding calculation code ThorSNIPE which can be used to improve the modeling ability
for analysis complex problems. [Methods] First of all, problem solving model was established with discrete ordinates
method and finite element method on the basis of the first order Boltzmann transport equation. The computational
performance of continuous finite element method and discontinuous finite element method were compared and
analyzed. Mass-matrix lumping technique was further applied to improve the reliability of solving model. Then, a
two-dimensional discrete ordinate-finite element shielding calculation program ThorSNIPE was developed on the
basis of above model. Finally, the code was validated by BWR cell critical benchmark, Argonne-5-A1 fixed source
benchmark and Dog leg duct benchmark. [Results & Conclusions] The numerical results show that calculation value

provided by ThorSNIPE is in good agreement with reference value, indicating that ThorSNIPE is suitable for
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complex shielding calculation, and Mass-matrix lumping technique can effectively suppress the non-physical spatial

oscillations without reducing the calculation accuracy.

Key words Shielding calculation, Discrete ordinates method, Finite element method, Unstructured meshes, Mass-

matrix lumping technique
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Table 1 Isotropic cross sections

X 45k AEM ISY ] eE el [LEE ] AR
Region Group % /em™ Z,./cm’ z, .,/ cm’ vZ,, ,/cm’
Rl 1 1.966 47x10™" 1.780x10™ 1.002x107* 6.203x107°

2 5.961 59%10™ 1.089x107 5.255%10™ 1.101x10™
R2 1 2.220 64x10™ 1.995x10™ 2.188x107 0

2 8.878 74x10™ 1.558x107 8.783x10™ 0
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Table 2 Average scalar fluxes and eigenvalues in regions 1 and 2

TR fe#F 1 Group 1 fE#F2 Group 2 ke X2
Calculation RI R2 MXHwZE Rl XMWz R2 FH ] 22 Relative Time / s
models Relative Relative Relative CITOL
error error error
Reference 1.0 09269 — 0.3527 — 04514 — 12127 — —
CGFEM(S,) 1.0 09386 0.0126 0.9184 -0.0092 04636 0.0270 1.2151 0.0020 7.1
CGFEM(S,) 1.0 09235 -0.0037 0.3595 0.019 4 04593  0.0175 1.2140 0.0010 25.7
CGFEM(S,) 1.0 09184 -0.0092 0.355 1 0.006 8 04574 0.0132 1.2133 0.0005 95.4
DGFEM(S,) 1.0 0.9441 0.0186 0.364 0 0.0320 0.4643 0.0286 1.2151 0.001 9 46.2
DGFEM(S,) 1.0 09301 0.0035 0.3589 0.017 5 04611 0.0215 1.2137 0.000 8 139.3
DGFEM(S,) 1.0 0.9250 -0.0021 0.3576 0.013 8 04595 0.0179 1.2132  0.000 4 463.4
®3 BHEMFESH
Table 3 Isotropic cross sections and source density
REMH IS¥ 1] HIUH HIUH YRR L
Group %, /cm’ X, /cm” X, ., /cm’ Source density / n-cm™s™
1 9.210 40x107 6.947 0107 0 6.546 0107
2 1.008 77x10™ 2.343 4x107 4.850 010~ 1.770 1107
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Table 4 Isotropic cross sections and source density
%} Material ST,/ cm™! BT S, / cm™ JRHE 2 5 Source density / n-em™-s™
R1 0.5 0.0 1.0
R2 0.5 0.0 0.0
R3 0.0 0.0 0.0
R4 0.5 0.0 0.0
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Table 5 Strict non-negativity under different calculation models

DX R X 5% %4 1A Calculation models

Mesh diameter Mesh number CGFEM-no CGFEM-mass DGFEM-no DGFEM-mass
0.2 14 904 - + +
0.25 9516 - + +
0.5 2432 - + +
1.0 632 - + +
1.5 290 - + +
2.0 197 - - +
2.5 171 - - +
3.0 94 - - +
5.0 71 - - +

TE =3O Bl i, 7 ROR R B SO

Notes: "-" means negative flux occurs, and "+" means no negative flux occurs
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