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Flux Expansion Nodal Method for Neutron Diffusion Calculation
in Two-Dimensional Hexagonal Geometry

Xia Bangyang , Xie Zhongsheng
(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: A new flux expansion nodal method for the two-group nodal diffusion calculation in the hexa-
gonal geometry was proposed. The neutron flux distributions within a node were expanded in a series of
analytic basis functions for each group. Nodes were coupled each other with both the zero-and first-order
partial current moments simultaneously. The response matrix technique was used for the iterative solution
of the nodal diffusion equations, which gives a fast-running scheme for the diffusion calculations. By this
method, the singular terms occurring in the transverse integration methods for hexagonal geometry can be
avoided and the pin power reconstruction in the nodes can be automatically accomplished. Based on the
proposed model, the code FEMHEX was developed. This method was tested against two-dimensional hex-
agonal benchmark problems for the VVER-type reactors. The numerical results show that the core multi-
plication factor and nodal powers are predicted accurately.
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10° X Ak €max/ Y0 e/ 0 teru/s
VVER-440 FEMHEX —5.0 0.51 0. 15 0.11
(a=0.500) AFEN 22.8 1.25 0.52 —
ANC-H 29.0 0. 82 — —
VVER-1000 FEMHEX 5.0 0. 87 0.28 0.08
(a=0.500) AFEN 31. 8 3.75 1.52 —
ANC-H 7.0 0.70 — —
VVER-1000 FEMHEX 3.0 —0.43 0.17 0.08
(a=0.125) AFEN 21.7 1. 20 0. 60 —
ANC-H 16.0 0. 70 — —
IAEA FEMHEX 17.0 0.43 0.17 0. 05
(a=0. 500) AFEN 50. 1 2.31 1. 10 —
ANC-H —7.0 0. 80 — —
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107 X Ak €max/ 70 e/ Y0 tepu /s

IAEA FEMHEX 11.0 —0.21 0.08 0. 05
(a=0.125) AFEN 17.1 0. 86 0.33 —
ANC-H 6.0 0. 50 — —

IAEA FEMHEX —11.0 0. 67 0. 30 0. 06
(@=0.5) AFEN 58.7 2.01 0. 96 —
ANC-H —2.0 0.70 — —

IAEA FEMHEX 9.0 0.73 0.32 0. 06
(@=0.125) AFEN 43.7 1.55 0.72 —
ANC-H 7.0 0. 50 — —

(ARt Ref s €max i€av

B (ky=1.00970)
FEMHEX 1t # {f(k,,=1.009 65)
W%

HES

2 VVER-440(a=0. 500)

Makai M. Symmetrics applied to reactor calculations
[J]. Nucl Sci Eng,1984,82(3) :338-353.

Arkuszewski J J. SIXTUS-2. a two dimensional multi-
group diffusion code in hexagonal geometry[ ] ]. Pro-
gress in Nuclear Energy,1986,18(1):123-136.
Wagner M R. Three-dimensional nodal diffusion and
transport theory methods for hexagonal geometry[ J].
Nucl Sci Eng,1989,103(4):377-391.

Chao Y A,Shatill Y A. Conformal mapping and hexa-
gonal nodal methods-II: implementation in the ANC-H

[5]

[6]

7]

code[ J]. Nucl Sci Eng,1995,121(2) ;210-225.

Cho N Z.Noh ] M. Analytic function expansion nodal
method for hexagonal geometry[J]. Nucl Sci Eng,
1995.121(2) . 245-253.

Grundmann U, Hollstein F. A two dimensional in-
tranodal flux expansion method for hexagonal geome-
try[ J]. Nucl Sci Eng.1999,133(2):201-212.

’

[J1. ,2000,49(10) .1 947-1 952.



