JAERI-Data/Code
93-019

“EERERKICEDIRTHEF
WX J1—RDFEMOREH

AT — A

BHERFHDH KR

| Japan Atomic Energy Research Institute j i




AL £— 1, BABFHOMERS/TEHIC AL To2MRBEETT,

AFORE bR, BART O R SRR ERR (T310-1) KRR AR
WA BT, BELELCZS, BB, IoEPICHERARTHLEERR 25—
(T319-11 FREFIME TG B ARF HFHEAN) THECLZERMMEEI LT
BN =ET,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division,
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Jupan.

© Japan Atcmic Energy Research Institute, 1996

W RRTT H A& BT AR
) B OBEThEEY-EA



JAERI—Data,Code 95—01%

CEERBEREICLS 3 RThET#X 2 — F DFEM DORZE

H &R 7 o Al B I S B - F LR
BERTRE—ED

(1995412 H 130 53#)

AEEEE & U R ROFE LR 2709, —EERERRICE S 3 koohttT
Bi% o — F DFEM %BaF L 72, -

HAL L HEME S L TR, FHEREAEERICERERECERT 5 " FAREREE
HOuTWw3d, BFFFMERE 3RS 4ARISE L TZofohEFROZMSHE 1 RO
EERENTIILT 255, BAELHCHLTEEL TEEERC>LTHREL, SBEHLMITL
too 1o, FEOSHELERELOL S, BRERLICHFTFOMNERITEUNREI>VT
AR TE AR B & &b, MIEFEICERANERE P T EAREEER L,

K- FOREOBEOLS 7075 BRI WTERL, BHEEY v T VARRIERT,
T, RIEHEHE L TEEREOETFEY NEA NvFv— s B2 ERY B, AREEME®
T FEARSICOWTHO 3 — Fic X 35 ERREHE L, BEEiT-70,

BBETSCET | T319-11  RIREICFEIR AN 25 B1R 2-4



JAERI—Data, Code 95—019

Development of a Three-dimensional Neutron Transport

Code DFEM Based on the Double Finite Element Method
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A three-dimensional neutron transport code DFEM has been developed by the
double finite element method to analyze reactor cores with complex geometry as
large fast reactors,

Solution algorithm is based on the double finite element method in which the
space and angle finite elements are employed. A reactor core system can be divided
into some triangular and/or quadrangular prism elements, and the spatial distribution
of neutron flux in each element is approximated with linear basis functions., As for
the angular variables, various basis functions are applied, and their characteristics
were clarified by comparison. In order to enhance the accuracy, a general method
is derived to remedy the truncation errors at reflective boundaries, which are inherent
in the conventional FEM. An adaptive acceleration method and the source
extrapolation method were applied to accelerate the convergence of the iterations,

The code structure is outlined and explanations are given on how to prepare
_input data. A sample input list is shown for reference. The eigenvalue and flux
distribution for real scale fast reactors and the NEA benchmark problems were

presented and discussed in comparison with the results of other transport codes.

Keywords: DFEM, Double Finite Element Method, Neutron Transport, Complex
Geometry, Prism Elements, Basis Functions, Accuracy, Truncation
Error Remedy, Acceleration, Iterative Methpd, Eigenvalue, Flux

Distribution, Benchmark Problem
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Fig. 6 Flow chart of inner and outer iterations
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----- DTLIST
+--MAINL -—--—-- SECOND
+-—ELAPS =~===-- SECOND
+~--INPUT ~=——=- FIDO
1 +--PRINT1
I +——BLMAP —==—- MESSAG
I +--DMPRD
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I +——PRINTZ2
I +—=PRINT3
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1 +~-—-PRINTS
I +—--PRINTS
1 +--PRINT?
I +~-=PRINTS8
1 +--PRINT®
I +—-—FLXSET~-—-—-—- DMPRD
I +--DISET
I +-—-FPTSET~—~--- IQTSET
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i 1 +-—B0OX2
I I +--PRISMZ
i 1 +--DEFXY
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I +—-—-EXSOUR-=--- MPYME ————- MTPYS
I +~—INITAL-==--- INSKIP
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I +——PICKHM
H +--SQURCE-=-—~ MPYM1l -=-—-- MTPYS
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+=-=0UTPUT-—=—~ PRESET
+--POWERS
+-=-0UT1
+==0UT3 -—--=-—- FETAB
+--0UTé&
+--0UTS
+-=0UT &

Fig. 7 Stratified structure of the DFEM code
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(a] by right-cngled (b} by rectangles

triangles

T

‘ Y

(¢} by isosceles (d) by right- angled
triangles isosceles triangles

and rectangles

Fig. 8 Auto mesh generation in an (x,y) plane for various
reactor configurations

3. 3 ABEXDFELE

PUTFZ, ADERO#EMERT, BL, FHIE » HOMFWEEH SRR T
EEBRAETHDII EETRT,

A, A A —F"

1. —FH¥ ; format (I6)
2. A4 kv ; format (18A4)

B. BT —¥
15 (50 EH)
1. ISCT WELDHEEFEE R TIRE

0 : FHEGE
n : n ROFEZFEE (n=3)



0 -] o N s LW RO

14.

15.
l6.
17.
18.
19.

20.

21.

22.

23,

24,

. NGRP

. NPOINT
. NEZMAX
. Ne2ELEM
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Fig. 9 Element partitioning for the FCA V-2 assembly
calculation
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Table 1 k's of modified MOZART core problem for various spatial meshes

with and without accurate reflective boundary condition treatment

Average
elment size 12.56 8.15 6.33 . Extrapolated

(cm)

With

accurate 0.98883 0.99444 0.99554 0.99831

treatment

Without
accurate 1.00042 1.00889 1.01 161 1.01530

treatment (1.17y (1.45) (1.61) (1.70)

* The numbers in parentheses are the percent errors from accurate treatment.

cm Y
2.0
1.875
Ot = 075
g 03: 0.5
+=1.0
D 0s=0.5
Q=1.0
X
0 1.0 2.0 cm
reflective

Fig. 15 Illustration of ray effect problem _
(The flux is plotted along the bold line.)
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Table 2 Quadrature sets used for ray effect problem

it n £ weight
S, 0.301633878 0.30163878 0.90444905 /6
0.90444905 0.30163878 0.30163878 /6
0.30163878 0.90444905 0.30163878 /6
B; 0.38490018 0.38490018 0.83491245 /6
0.83491245 0.39341207 0.38490018 /6
0.39341207 0.83491245 0.38490018 7/6
0.3 T |

T

0.2

T

0.1

Flux (n/cm? - s)

+

DFEM S,
DFEM B,
TWOTRAN-II S,

Fig. 16 Comparison of fluxes in ray effect problem

x (cm)

at y=1.875cm



JAERI—Data,/Code 95—019

Fig. 19 13 ¥ —AOHEEFHHBHRAREBEL R LZLOT, FrRUYNOEMTILE
ELIFICES 12 ~ 162 TRFENS, FIZIE. BABAOHE. EEM 162 25
7Z £ THIEEREA S, 6Z 5 -16Z £ T Na tRBSERZI L TWD,

Ny Fe—7EOER & LT, U-235 DERIGESMERY LT 5, Fig. 20 13
34— A DOHIBHEFARECE T 5, HESMEORE (27,1200 © z FRIODAHE R
Li=bDT, z = 2794 em TEREShTWS, HTIX, OFFORESTHRIN
TWLORERETHY, HEBEBACILILIORFOELBENTNS, BTREN
TW3®0E, DFEM =2—FI X33 EETH D, FEIZ3IBE. P, 3240
HECITol, ZEFLBLIUEBAFLOBERBVW—EBRONDIH, FFHA
DEE. WRIZTF 4 v b (L B) THRXE 5% OBR/NFHEIZR->TWD, £, A
BTy VEFELEDERIIBYABRERRZIWEANFEREAVILDILE
5HL0OTH B,

Z
[cm)
81.28
oUG,
Axial block MTR
66.04 — blankel
NU block
45.72
Rodial
P € blanket
U U
TEST D | C
D
10,18
Internal  blankef
L R
0 29,38 52.58 75,33%m
42 .36

Fig. 17 (r,z) model of the FCA XII-1 assembly
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Table 3 Replacement of drawers in various control rod patterns

Case 1. Case 2. Case 3.
Position Na follower B,C partial B,C half
insertion insertion insertion
Fixed side
(26,126) CRNI CRPI CRBI
(19,119) EUCD EUCD EUCD
(33,1 19) 1 1 1
(33.133) i ] H
Movable side
(26,126) CRNI CRNI CRNI
(19,119) DUB DUB EUCD
(33,119} " " i
(33,133) i i Iij
Wovabie side Fized side (unit:5.08cm]
-6 -4 -2 40 -8 -6 -4 -2 0 2 4 & g 1012 14 16
: |
Ref. I !
oué%nket Core l%?:rikef Core Oualiegnkef
| 1
? |
Case 1. i 1'
Na fol. insertion | l:
e [ 1
CRNI i CRNI |
Case 2. : ;
|
Partial ins. ! ; }
Na : 77 ,W;'B.c?'/ 7
CRNI | CRPI |
Case 3 : i
|
Half ins. . i !
Na % } BaC ’I/ e 7
CRNT CREI

Fig. 19 Three cases of the control rod insertion problem
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Fig. 21 HEMEAOREORELZELRIRITLA—FEEBRLALbOT, DRI
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bottom = refl. & cm

(a) {(b)

Fig. 22 Reactor configuration of small LWR problem in OECD/NEA-

CRP benchmarks
(The flux is compared along the bold line.)
(a) Bird’s-eye view (b) (x,y) section at bottom
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Table 4 k.'s of a small LWR problem obtained by the present code with various

spatial meshes

Case 1 1 1 2 2 2
Spatial

mesh 5.0 1.876 1.7857 5.0 1.876 1.7857
size (cm)

k. 0.99061 0.98046 0.97766 0.97694 0.96648 0.96485

Table 5 Comparion of k.'s of a small LWR problem with

other methods

Method | Case 1 Case 2 CR-worth
Monte Carlo 0.9778 0.9624 1.64E-2
S. 0.9772 0.9623 1.58E-2
DFEM §, 0.9772 0.9639 1.41E-2
(-0.06)" ( 0.16) (-14.02)

* The numbers in parentheses are the percent difference

from the Monte Calro method.
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Fig. 22 {ZRENEAIE T Case 2 DHE OO PEFHRZ LB LT OF Fig. 23
BIU24 ThHbDH, Z5IZ, DFEM OIFNBRIIEINTNOBED A v =2l T oK
LIAPNERA v V2l XARETHY, HOTNBIIEREL Rk, BEIZLO
TEHIETH D, —BIC, HHEFERCBIIAEOA y VaPRIISIILEETR
VWAL, DFEM @ S, 2 X2 @EBEEOFHEFRIL, FoPREBTHOMBEICEARE S
o TW3, ZOZEiF, FXHEINERRA Yy V2 2ANTY S, TRAKEAT, S,
FAVNTIVBNA y a2 THMPREEINDI T EHRENTWVD,

g8 —m——F——— T

5 6 —
= s i
S 4fF |
= — MC aver.

= - — Sn aver. 7
O

=z

2-r + DFEM S, -y y
-« DFEM S4 Ny

0 E"40 15 20 25
y (cm)

Fig. 23 Comparison of the first group fluxes in rod-in case of small LWR problem
(The DFEM S, and S, calculations were performed with average element

size of (1.6667cm)® and (1.7857cm)’, respectively.)
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Fig. 24 Comparison of the second group fluxes in rod-in case of small LWR problem
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