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Study on hexagonal integral variational nodal method and acceleration method
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Abstract  [Background] Accurate and efficient neutron calculation method is a prerequisite for fast reactor
conceptual design and scheme optimization. [Purpose] The study aims to propose an integral form of variational
nodal method to solve the three-dimensional multi-group neutron transport equation with hexagonal geometry.
[Methods] The integral method was used to deal with the angular flux within hexagonal nodes while angular flux
distributions on nodal interfaces are approximated by even-parity spherical harmonics. Besides, the quasi-reflected
interface condition (QRIC) method was employed to reduce the number of interfacial angular terms to save
computational costs. Finally, the TAKEDA-4 benchmark was taken for evaluation. [Results] The calculation results
of TAKEDA-4 benchmark show that, compared with low angular order approximations, the integral method exhibits
superior accuracy than the standard variational node method based on spherical harmonic discretization, and reduces
the errors by 2~5 times in eigenvalue. In addition, the joint performance of the integral method and the QRIC method

yields a remarkable computational time gain of 33.0 with the P, angular approximation. [Conclusions] The integral
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variational node method presented in this paper realizes accurate and efficient simulation of fast reactor in hexagonal

geometry.

Key words Variational nodal method, Hexagonal geometry, Integral method, Quasi-reflected interface condition
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Table 1 Eigenvalue error comparisons of the standard method and the integral method

P, P, P, P,
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CR half {i# % Error / 10°° 584 135 73 56
FrifE P, i Standard method 0.958 17 0.980 82 0.982 79 0.983 35
W% Error / 107 -2556 -252 -52 5
25 1 e 2 4 F43 )72 Integral method 0.885 78 0.880 99 0.880 32 0.880 18
CRin {2 Error/ 10°° 668 124 48 31
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fZ Error / 107 -3128 -357 -90 -22

F25 T FEHIEER BB LT bRAE PR AR
JHET R R E N E o mEX . g5 RE
BH 1D P Fh 5 1545 21 (0 A 700 2 R T 5 22 22 B
JE& T B H5 ()38 KT ok /) » DAl [0 3G 5 2 1 BN, Y
P M EC P3G N2 Py, ARy iR TR E
A3 2 HH=2.41% I/ -0.58% , bRk P % 5 E 53
ZH7.67% /N1 0.74%, i+ FAE A I B, X

Tt B 9 B ALl 7 Ab B R b 1K B AR A i i
TR THAFAE B BA L s 2 KB A IR LR A EE T
HEP, 5, %D/\ﬁ&iThtlﬂ%LE FFE () 53 22 Rk
L2y 2%, e E TR IR T R .
TAKEDA-4 #5 ffill Be 4 tH 5 0 T AR 53 7 A s e
P, J7 %) CPU HT[‘EﬂllLﬁaF%ﬂﬂ%&ﬂ@f}%%%%ﬁu
K] 4 7, Hodt Total . RM.. Solve 43 5l ¢ 7 SIS ] | g

060008-4



% AR

2020, 43: 060008

x2 EHRBREER TR FEREEN P FREZRE T EREILL

Table 2 Comparisons of flux errors between the integral method and the standard method for the CR out case

#1477 12 Integral method

Fr#fE P, 7% Standard method

P, P, P, P, P, P, P, P,
A )= 1G -2.81 -0.08 0.24 0.36 9.79 1.91 0.96 0.67
Axial breeder 2G  -1.05 -0.10 0.01 0.03 3.58 0.54 0.20 0.11
3G -1.02 -0.42 -0.34 -0.32 1.98 0.05 -0.19 -0.26
4G -0.93 -0.53 -0.47 -0.45 1.64 -0.18 -0.34 -0.39
R X 1G 1.16 0.57 0.49 0.46 -2.87 0.06 0.29 0.37
Test zone 2G -0.32 -0.41 -0.41 -0.41 -2.98 -0.53 -0.46 -0.44
3G -0.18 0.01 0.04 0.05 -0.12 0.15 0.09 0.06
4G 0.05 0.30 0.35 0.37 2.94 0.66 0.51 0.44
TeAg AL IR X 1G  0.86 0.11 -0.07 -0.12 -1.84 -0.79 -0.43 -0.27
Driver zone 2G 0.20 -0.02 -0.05 -0.06 -1.43 -0.30 -0.14 -0.09
without 3G -1.02 -0.56 -0.50 -0.48 1.59 -0.11 -0.35 -0.42
moderator
4G -1.10 -0.07 0.04 0.08 6.23 1.00 0.40 0.23
R A 1G -3.11 -0.92 -0.49 -0.38 4.34 1.21 0.23 -0.10
Follower 2G -0.39 0.04 0.10 0.12 0.84 0.32 0.18 0.14
3G -0.53 -0.23 -0.19 -0.17 0.69 0.03 -0.09 -0.13
4G -0.54 -0.48 -0.45 -0.44 -0.55 -0.39 -0.39 -0.40
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Fig.4 Variation of CPU time with degree of angular orders for
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Table 3 Comparisons of neutron flux percentage errors between the full angular treatment and the quasi-reflected interface
condition for the CR in case

Full QRIC_P3
P, P, P, P, P, P, P, P,
oy vy 1 = 1G -0.58 -0.41 -0.33 -0.32 -0.58 -0.48 -0.39 -0.37
Axial breeder 2G 0.60 0.64 0.65 0.65 0.60 0.62 0.63 0.64
3G -0.28 -0.25 -0.25 -0.25 -0.28 -0.26 -0.26 -0.24
4G -0.58 -0.55 -0.55 -0.55 -0.58 -0.56 -0.56 -0.54
X 1G -0.26 -0.33 -0.35 -0.35 -0.26 -0.31 -0.33 -0.33
Test zone 2G -0.23 -0.24 -0.23 -0.23 -0.23 -0.23 -0.21 -0.21
3G -0.24 -0.23 -0.22 -0.22 -0.24 -0.23 -0.22 -0.21
4G -1.47 -1.45 -1.45 -1.45 -1.47 -1.49 -1.48 -1.47
TeAg Ak IR X 1G 0.14 -0.01 -0.05 -0.07 0.14 -0.01 -0.07 -0.08
Driver zone 2G 0.13 0.11 0.11 0.11 0.13 0.11 0.10 0.10
without 3G 0.03 0.07 0.08 0.09 0.03 0.07 0.09 0.10
moderator
4G 0.17 0.24 0.25 0.25 0.17 0.24 0.26 0.27
R 1G -0.79 -0.29 -0.18 -0.16 -0.79 -0.37 -0.22 -0.20
Follower 2G -0.11 0.05 0.08 0.09 -0.11 0.03 0.07 0.08
3G 0.12 0.21 0.23 0.24 0.12 0.21 0.25 0.25
4G -0.15 -0.07 -0.04 -0.04 -0.15 -0.03 0.00 0.01
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