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Fig. 1 Division of MOX Cells and Moderator Cells
Nearby Interface
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Table 1  Sparsity of Coefficient-Matrix

FEfER M N T T i FE 1%
BWR % 448 1024 1472 20.2
C5G7 UO2 41 5780 3264 9044 11.4
2D C5G7 7570 6016 13586 7.3
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Fig. 2 Sparse Structure of Coefficient-Matrix of
BWR Lattice Benchmark
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Table 2 Matrix MOC Solution of BWR Lattice Benchmark

S5 Al HEFE MOC #22/%

Keft 0.986561 0.04

1 6.9391x1072 -0.05

2 6.6246x1072 0.04

JH4—1k 3 6.9398x1072 -0.02
(VIR 4 7.2549x10°2 -0.01
H 5 6.2429x1072 0.12

6 2.4344x102 -0.10

% 3 X 2D C5G7 FLuEAZHE Gauss-Seidel 1% ##
GMRES &1 R B F

Table 3  Accuracy Comparison of Gauss-Seidel and Multi-
Group GMRES for 2D C5G7 Benchmark

he B A
e B Gauss-Seidel EA
A GMRES #4
ket 1R 2% 1% -0.108 -0.108
A o, 4k 0.048 0.050
TR
4 0.059 0.059
0 MOX £H 1%
A U0, it -0.349 -0.355
UIES TN -0.011 -0.008
X IESTYN 0.156 0.134
ez pES YN
=N =}
. kiR 0.961 0.967
% AvGH 0.305 0.305
RMS 0.366 0.367
MRE 0.271 0.272
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Table 4 Memory Consume and Matrix Preparing
Time of 2D C5G7

S ToRU( | BOMRE R | BORPER | BOibk R | Sl
- PR (2) (3) (4) (1)
Witk ~2075 1106.8 1114.8 570.4 4145
/MB
P
N ~400 200.7 178.6 94.7 935
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Table 5 Outer Iteration Count and Computational Time

for 2D C5G7
SMER | HREREE | RMR AR
L AWIREN R[]/
AL WBC | mEs | B s
ZHE Gauss-Seidel | 226 91.7 939.7 1031.4
£ GMRES & 44 91.1 582.0 673.1
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Fig. 3 Error Decreasing of ke and Scalar Flux
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Table 6 Results of UO, Assembly Calculated in
Various Symmetric Modes

Bt or King P22 %EKH’AJJE %@Eﬁﬁ S pstfa]
1% Fifal/s I a) /s Is
MCMG 1.333419 — — — —
@ 1.332878 -0.041 33.7 28.9 62.6
©) 1.332893 -0.039 12.6 12.8 25.4
® 1.332881 -0.040 12.7 10.9 23.6
@ 1.332881 —-0.040 12.7 11.0 23.7
® 1.332886 -0.040 5.2 4.5 9.7
® 1.332919 —-0.037 2.2 25 4.7
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Matrix Method of Characteristics Based on Modular Ray
Tracing (2——Numerical Verification
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Abstract: In the companion paper, Matrix MOC based on modular ray tracing was studied, the numeric
properties of the coefficient matrix were analyzed and multi-group GMRES method was proposed. Based on
these theories, a modular ray tracing MOC code was developed in CPP programming language. To verify the
efficiency and accuracy, three benchmarks were computed, which are BWR lattice benchmark, UO2 assembly
and 2D C5G7 benchmark. Numerical results of the benchmarks demonstrate that Matrix MOC based on
modular ray tracing can obtain good efficiency and accuracy.

Key words: Matrix MOC, Modular ray tracing, Multi-group GMRES, Numerical verification
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