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Analysis of the Applicability of Acceleration Methods for a
Triangular Prism Geometry Nodal Diffusion Code

Toichiro FUIIMURA * and Keisuke OKUMURA

Department of Nuclear Energy System

Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 1,2002)

A prototype version of a diffusion code has been developed to analyze the hexagonal
core as reduced moderation reactor and the applicability of some acceleration methods have
been investigated to accelerate the convergence of the iterative solution method.

The hexagonal core is divided into regular triangular prisms in the three-dimensional
code MOSRA-Prism and a polynomial expansion nodal method is applied to approximate the
neutron flux distribution by a cubic polynomial. The multi-group diffusion equation is solved
iteratively with ordinal inner and outer iterations and the effectiveness of acceleration
methods is ascertained by applying an adaptive acceleration method and a neutron source
extrapolation method, respectively.

The formulation of the polynomial expansion nodal method is outlined in the report and
the local and global effectiveness of the acceleration methods is discussed with various
sample calculations. A new general expression of vacuum boundary condition, derived in the

formulation is also described.

Keywords : Diffusion Code, Hexagonal Core, Convergence Acceleration, Polynomial
Expansion Nodal Method, Inner and Outer Iterations, Sample Calculations,

Vacuum Boundary Condition
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Fig. 1 Typical rector system treated in MOSRA-Prism code
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Fig. 3 Regions for describing the boundary conditions
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Fig. 4 Node numbering at the corner of bottom, front and

right surfaces of computational region
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i) FCA .

INEANEEDT R F B ERT B0, FCA-V-2 XoF=—sHE Y THWEHR% Fig. 5 O
EHICEEL L, WER 2 BEHES1TY, HEFERIL. FUORIH 48 cn OFERAEL LT,
(2X3) X3X3 D/ — FicHBIL, BRE&EMGE LTI, ER. #il, EESARFERE. TOMOE
WCAREGEERT D, SHOBERIL Table 1| THEZXLND,

K
N\ AT >
60-
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VY
ocEg Front /
/
v

Boundary conditions
Left, Front, Bottom : Reflective
Right, Back, Top : Extrapolated

Fig. 5 Core geometry and boundary conditions used for
FCA core calculation

—fgic, WRIRE (PHEFHR) LAMIRE (BAE) ORFRMERZThETN
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THbhA, 2T, ¢ 1B g BBV T, k BNAIRELHOK / — FiZkiT 5 15 @0
PRFRAT A= Thbh, RFHBETIE, BANARKERESEE 100 L1, e =10" ¢ =107
LU, E£72. SMUMMEORNRIKE~DOEBELHRT 5720, PHFRERMEELZRI LT,

Table 21X, AMDOKEE (Causs—Seidel ) &BHRHIMEEORBEEHR LB LIZLDTH
V. Fig. 6 IXEEEOUARIN Z 2NRIKE RSN T 2HEMRETHRLIZLOTH S,
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Table 1 Nuclear constants used for FCA core calculation
D o, v o, o "t (g =1~0) X
1. 540 5. 63E-3 1. 18E-2 0.0 0. 98877
0.961 1. 04E-2 1. 41E-2 5. 65E-3 0.01123
Table 2 Iteraion counts for FCA core calculation
Outer G-S method Adaptive acceleration
iteration Gr. 1 Gr. 2 Gr. 1 Gr. 2
1 100 96 64 50
2 100 82 62 42
3 88 70 56 38
4 76 62 48 36
5 74 56 44 32
6 62 50 38 32
7 52 46 36 26
8 46 40 32 26
9 38 36 28 20
10 34 28 26 18
11 30 28 22 16
12 24 24 18 14
13 20 18 18 14
14 14 14 14 12
15 12 14 12 10
16 12 8 12 8
17 8 4 10 8
18 6 4 6 2
19 4 4
20 4 4
Subt. 804 688 546 404
Total 1492 950
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—o— no acceleration L

1.E+00 —e— adaptive acceleration

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

Eigenvalue deviation (Eq.12)

1.E-06 ‘
0 500 1000 1500
Total inner iteration counts

Fig. 6 Convergence of eigenvalue for FCA core calculation

BAEIINEE T, MERF ((9) XD o) B1EYVKOEEDHERA Lz, ZOHITIX
SNRIKEBBOLIE 1492 / 950 = 1.57 ThY. L5657 EOMEENRER SN, —FH,. &
REHEREORE RS L. 1.55 THY ., IZFEAMREREOLIZZE LW Eb, INERF
DHBEICBCINAERIZIEN (2% ) THDHZ ENmTnD,

i) EEERIRE

FHN NEEIZEBT S 2 HHEMEIETELAE L, BUERORGLICERTH L2, Aa—F
DEHiz, 3 ARTREARLTHHEE. BNEERDD ZEEIRAETHD, (xv,2) BRKE
FRER LS = — F FEM-BABEL TV LiF7-BeERIE"Y oL, FHTFHRIMEENEY TH -
7of=®. Fig 7. IORT I INEERERRICBEELTERALL, EOKI 90 cm, &S
B 120 cm DBOHEFE (2X3) X3X3 HD /) — FIzHEIL, REICHMERELZEAT . 2
HOEERIX Table 3 THZLNA,

Table 3 Nuclear constants used for an exact problem

g D o, va, o ft (g=1~6) | x
1 2. 6800 1. 3785E-2 3. 0834E-2 0.0 0.575
2 1. 5788 1. 4496E-2 2. 5200E-2 4. 0792E-2 0.425
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Fig. 7 Core geometry and boundary conditions used for

an exact problem
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Acceleration by neutron source extrapolation for an exact problem
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Fig. 9 Core geometry of IAEA 2-dimensional benchmark problem
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KiZ, MEEEZE<ERBLAVEES L FHFRNMBEEOLZERA LSS LB L, #EDOES,
SBIE 17 B 26 BIOAMURE CEA S, MR, MIRKERKT 1.78 %, KERET 1.76
EThHol, BREIZ, FMEELFRRHCER LRER, MNEEZ 2 BEASh. SREREICE 50
HRIT 2.59 FThote, Fig. 10 iZZhd 4 r—ROMFEECE T 3EEEONFRRY E LT
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BOICRLTWBEEZL LS,

2B, R—OFERERME, Ay afEl, DORKEEEL BT CITATION &4ROBEAEL 8L
TekER. 0.05 % OHWHTO—EMNB LI,

1.E-01
—QO— no any acceleration
1E-02 | ---& - adaptive acceleration only |
~
- -+ & - source extrapolation only
o °
) ; .
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>
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0 500 1000 1500 2000 2500 3000 3500 4000 4500
Total number of inner iterations

Fig. 10 Convergence of eigenvalue in cases of four acceleration methods
for IAEA benchmark problem
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Table 4 Nuclear constants used for IAEA benchmark problem
Mat. | Gr. D o, v o, o FF (g =1~06)
1 1 1.5 1.0 E-2 0.0 0.0
2 4.0 E-1 8.0 E-2 1.35 E-1 2.0 E-2
2 1 1.5 1.0 E-2 0.0 0.0
2 4.0 E-1 .8.5 E-2 1.35 E-1 2.0 E-2
3 1 1.5 1.0 E-1 0.0 0.0
2 4.0 E-1 1.3 E-1 1.35 E-1 2.0 E-2
4 1 2.0 0.0 0.0 0.0
2 3.0 E-1 1.0 E-2 0.0 4.0 E-2
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