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An Algorithm feor Solving Three-Dimensional Neutren Transport

Problems by the Galerkin-Type Double Finite Element Method

Toichiro FUJIMURA, Masahiro MATSUMURA®
and Yasuaki NAKAHARA

Departmént of Reactor Engineering,

Tokail Research Establishment, JAERTI

{Received August 10, 1983)

This report describes in detail an algorithm for solving static
multi-group neutron transport problems in the three-dimensional geometry
by the Galerkin method based on a double finite element method (DFEM)
and its characteristics.

The formulation involves the use of a combination of triangular
and guadrangular prism elements to simulate the practical reactor
configurations as accurately as possible, and six bases with coupling
in the angular space to represent the angular distribution of the
neutron flux smoothly. The present method is characterized by the
explicit representation of boundary condition, and by the iteration
which sweeps the node points successively through planar layers. New
proposition is given to accelerate the convergence.

A computer code has been written on the basis of the method men-
tioned above. The information on the program structure is given alsc.
In addition, on the basis of the experlences in the calculations in-
cluding real scale prcblems, the characteristics of the DFEM solutions

are shown in comparison with other finite difference ccdes.

Keywords: Computational Algorithm, Neutron Transport, Three-Dimensional
Geometry, Galerkin Method, Double Finite Element Method,
Finite Element Method, Prism Element, Boundary Condition,
Plane Iteration, Convergence Acceleration, Computer Code,

Finite Difference Code
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Fig. 6 Normal directions for a node arrangement. Dots show the nodes

on the top and bottom boundaries. Triangles and squares show
the nodes on the front and back boundaries, respectively.

White circles show the nodes on the edge or vertex.

Fig. 7 Normal directions cf the top boundary
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Fig. 8 Normal directions for a node on the back boundary
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DWTEBXBANETH S, #-T, WAORLCAZ _HEEMA 3 LO|O LS CHEREL
XEZTAE L, REDIEE, COoHm L BRI ShERFER

I [ _ ¥ . .
=1 3{1 At? ifit Gty T b'ij Ci=1~1, j=1~) (30)

AEEOWEEICLE S, mOXNOEER, CZoXSFACHED BIEEHTH D, RiERE LE
% TS PHEEDSE S o

2.3 RERE

%ﬁ$%?ﬁ%ﬁﬁﬁ@®ﬁﬁ%%%%ﬁﬁ%&,ﬁﬁ@%%ﬁ@ﬂ—Fm&E%,ﬂﬂﬁ@
EHAIREN SERDIL > TV b, LN, ChoOFMENRIEEZLCEL & D

2.3.1 ElRiEE

ZPO T FEARA B ARREZRE, Fig 1 8 LU6IKRENELHK, ZRTFOTRIC
BOTHEHI SN oy FEICETEEICRHA TRON TV A7, THOYME S HSEERRD T
W M EEREERE] KEDSHTOE, TOHE iFEMwBABELM) THEHNTVEHBTHD,
RO SRR EFER LR - FTHEREN L, S TEACH AL, FENEHLAES
iz sweep L, RICHNEIC sweepd 3 back and forth SOR it &k » TR 5,

2.3.2  AEADE L

EE DI T SOR HEAEL AEG, 200 MRV ESE, —2RMERT e DRHAT
# 5, MBS Tl parameter survey S S O TO AW O TEEFEZRDZICE > THRELD,
BLZ 06 < ':)L"Z’) = PIBB, AT~ FTIRANITELZCNE, WE—DRBeZ5A
@ﬁﬁ%%%& T%% RO S FE R ARRR Do, FOEMEMRILSNT, HER
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hack and forth SOR O F T TH He
Ay oo EHeE T U RROETECONRD B, VE, g HOKRFRRBN G
Bt T AR A

H ¢ = s {31)
(L I3 (L vy (I 1)

ELES, Coi, FEROWEE I TSY, BOBKEANSNTO B, BIROHIE 7 KBTS
LA S, &L, BIHA 5 ¥a 0 ickY BEERTFE £, &3 bl

>

M

= je};:.: his (’bjfz):si (i=1~1) 82
EAT

o Y

,:éiﬂfci (¢£f£)_"tsk (kzl"""MJ (33)

(n, m) (1 (g, 1)
LB, CCIC, 8 GIERUES, ERBET B KNI P ATHY, MEREA 5 ¥ 2 DR
<% %o
B M AR IR & & = O R ICBIRORIAE BT LIk »TRoRE. Wb,

M N
b = 3 5. (k=1~M 34)
=1 (1;;0;; jGZ('Jz hij ¢J ) fi 160, % ( : )

THB. AL, FEM - BABEL cHEA ¢ 13T

u A A A

l%l(iezck jezcl 9; by ¢j) ft:iEZCk 95, (k=1~¥) 39
ER LS

Moot - At

2 (6 By 90 S 6, 8y (k=1~M) (38

ELTO B, /, HBGRL D BLNADT, BAOLPETHRE AEPHTRRENEZN
Qggmgxoﬁg§%g> (j=1~7) TEES 5B, PUKECRRICE TR 1Tl
HE B,
LCATINSDNEARDE, REELICED T DU EOHA » ¥ = KB B8 A TE
RET] OBENGES T END B, EoT, v RS I FETHA 5 V2 DRETHLE

M 5 ~ ~ 1 ~ (I{,_
508, & %) g B Gm1mw 5

&?n@ﬁ@%ﬁmﬁwf%ﬁﬁﬁé5oC@&%@%Euﬁ(iﬁygg,cﬁ(z_lL>

1€l w,
1

(1~ £ By Ei0, BIRDE S KFNTCO GAEESE LTHCEOTEEL, HARLE

Ay 2 m REN

~ A (38

max ¢.= ¢,
ieCk * *0

5 AKRETELS, WAL EESTEEAL i, 48 180, 1975
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5% i, £EAT
Iy
i1
.!Ez(jgcl w, ):fzzsiu (39

ETRLETELBBIIN S, ThOORER PP TE - FEZEBEBEENSTETH 5.
AL IEDAEE &1 A0 REE HAEOEES TH 5, 0 &EERARERNE¢= (¢! - ,
Gt

¢ )" ELT

1
A¢::L¢+at¢*3‘/}:§3¢ (40

rExEz 2l CORFEKRABILEOT, HEAROTHGEGEHBELNL L, Ao —F T
HEORDEETET RSN E S 2RS0T,

% Jdox 1

e S m
% 1 * i %

A N ARCN PIET T R A )

4z Jg =i
Pt = 5 0= £ vdin 6% 3
LT
zzj F(¢™)ar a4
D

T hHe HE-T, AMRIE (at SHE» SHFBELT
i =1 (9=1~G, i=1~1, j=1~J),

]
x
S j F@' ydr , ¢y =7,
D A7

: 1
,-—-—J‘DF(?DE )dr, A‘ibfﬁi—;: Bgiff_l

SGLT

S D IMETED i th b TIRASEES S 5745, & O —H3RI% GAUGE 2 — FPv =2 7
w5, W E BARD AT A WEOEA » v KHEL, BHA 5 v Al
B B YRR

B = SC F (9 (121) (48

w

Ltk E, 2R

el = (8L —pH BT (w=1~w),
i i w
¢, =Maxje [, ¢ = X |e

8

1 =1y 1, 1- ! T R
‘Fa—(1+'€a )Ea/,!:‘(L Lo =1+ se)se/si
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! .

#G:Max (U'i, G‘i)r lui :Mln (ai » Ui) » *
i { _
Tt’"i’/(l*”i)s 5E§(rl—ril)/ri_l,
E_ . { I i

s, =Minfe, |, o =(s, — <)/ 2,

WE KNG A—F —ARey, BAHEE

(=4, o =o', g, <10, us)

#,>05, Max (8', 87 <01 9
Ml ahi b &,

Hl = e (el ) 50

CASET S, T T, W85 & Ui B S ATEME T

£ =1/W, =01, = =001, o
bl
=0, »°=001, 8°=001

EF B, die T GURICRENA L9 00, MIKETESNLE IO ERILENAETH S,
oo AEH LA W= | DIBATSH 5o WAIRMEE X UUIRAR S & i,
20 =0 X0 L B, —RRICUER L D BUIRDF A SAUC 0 DT, AROEIRAEE P
L& i, BEORIEAED 5o .

AT GAUGE 2 — Fit g A ABEDERERTAL S, w2 aTw Wk (8] &4 v ¥a
mTOFPETH, « AAFERFE L&

Ej,_ (new):’fgm (temporary ) 52
ELTEG ERENB, cOEE, [0, /X1 grans-BiIckEL, 97 (new)
;,‘i (temporary ) 2T # V¥ —BTHRA LSV ] L0 HBONEL B, /2, BEHEDS
P 33 el 95 THETELOWRTHES 550~ BRICERTH 2. DFEMICETR

I

34,

=1

DY LoD T, B8~UIEL LD

J
frjl=1, 2
=4

2 X 0=1 53

G g
2 = z‘ E ): Uo'g . . X
A j.,=1< RIS Y

o4

I J f e I J g g l
= Z .2 ;02 2 X <”0f¢-¢-r><l-><lr;> Caid
=1 j'=1 ! g=1 i=1 j=1 L J i ! {

BSERD T e EIB R 15 s A 3e 3, RO TR L AR 8- ThEFRENRET
X3L03EBHESLTN S,
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3. #rE a2— Fotieg

ok 1= 0On B BT TR ~ EHIRELICE S A LA VTS T — F ORI
S5 10 FKROBREE BEAEELTHY , Hio — K FEM—BABEL " & MR OERS
HATFHODT, TORMINCFHEN—F DB IZFEM-BABELD ZhAHFHL TV 5, I
T, cOBETR? - FORIBEE AT — & ORIRWERIC W TR 5,

3.1 Et®EFMmE

o — FORTEDENE B —F v CHEEER Fig. 9~15 BXU Fig. 17~20icRd N5,
fa D4 7w —F v OBBEPERY, AMADT oy 750 T, AHETOHA I ERLS
ERODT, 70— FOAMEICHRRETFED I -—Fv=2 TNV TRHETSIEEL, C2TH
FAT) XaREEBRTIHEORNICSVT, IASOREFHC THEAHRAEZMATSEL
Do

& — Fl3—Bpiic DFEM— GAL & FE5C &g 543, Fig. 9 BEQAODKTERT bD
Thbd, O3 FOELFKENIE Fig. 10 © MAIN 1 TEIfIEN 505, &7 0y 7 DETREIR
47 —F VELAPS Ik - THIB L EHTE B, £7:, MATRIX B#EEI RO LEDL DI
BEIC RN A AR 4 D & % skip &1 b, LOA—F yONER Fig LIRFENEM, D
Rick\Trix & Ay B2OEAP, (2, v, 2), P (a:j ¥ % ) KM LTAs =22,
iw:waiéib?cASHﬁiQIy%@®@%T550Fg&E@Xﬂlﬁwﬁﬁﬁmﬁi
ANEENETLZL—F VTHY, N ldz HEDA v V2 BERT SDTH 5. HREITFIOR
BoitEid, Fig 13 KL HICEFARODVTTF -7 ZHBLLE, ZOA 2E-THES
N5, | '

Wiz, Fig. 14 ® MTRXS 1 2R TH L D THEFFEIZDNTD global matrix 2§l T3
BORNOTETES 50— 7/ THD, FARCSPX > BRIROC L + ¢, > EHET 5
Bl g e TOED

36,
<3Px<k,kfe>>u:j % gy ar | 55

2RO LT0D, TTit, &, ¥ ZHIA 1, ®£$eﬁ%ﬁ5%%m%?ﬁ§ﬁ(e#:ﬁﬁ
DEX 1=k MZ6, MAKOLE 1=k, F=8) TH b £
<ANM (5, #)>=<p ;2,0 56

75D, LTFDO<SPY> <ANE> DWW THERTH %o

NGRS S B EREE TR & &, BET A @IS 3 /KT8 (A—1T57D,
%E?éﬁiﬁtﬁimﬂiﬁtcﬁ@‘é%ﬁﬁﬂ (C—THD BLUEBTALEOC TOYmEmITHT 5
EEGTH (D—F751) ARWT 3BICnEE L5, CELUD—1T7IIE, FUPHDRABICSH
i3, FHOREHNED > TERETH 2o M- TEEAOBESTHL, DEDRROFRSN Z i34
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LT g T E . — 5, A-FRAIREET 2 TEO LT OREOYHEIBEKS 20T, F
GAE—MEEEAcH s L E AN, MESESERCS LS AT BT 5. (Clp
(D} ,DEFRENTNER, LEDOWHTSHD, FhoOmICHT AEREGCEAD DI
CMESERICE T AREOITHERENL - bR - T %, %/, Fig 15D MTRXS 2 i
By TR & SE HE TRO TA H BT 50— 7 Y TH D, MO 720 D—TAEART
$5, TR, AEERORBRIETIAND> TRENTY Do

Pl ko sub—global matrix2E L&HTE, B T75105] Ag. Cq. Dy, Al, C,. AL,
Cypo Dy Az' """ ' Aﬁ%gg‘l » Cnzan © Dz A:%ﬁﬁ Dy, Arﬁi‘)f*gf';néo ZZic,
NZRN 4 ¢ I OMERBOR TS D, BEOEAEE SBA SN TS, ThAELRA0C f
HEETEALL 72043 Fig. 16 TH »‘5; r OETIE, NZRN=3, AHOMHERES%E NZ ,
ZrTOA Y Y ah NDZN (NZ) L& &, NDZN (NZ)=2 (NZ=1~NZIRN) &7~
T b,

Fig. 17 ® OUTER 6 REEHEICA 43, Fig. 18D INITALT % D#IBRE AT,

Fig. 19 @ LAMDA T k,, 75 LBAROFH BETT 5o BORE L BHARELEO K 2 Fig. 20
SOURCE i 5o '

BEDIYH, K31 — FTREABIEERTY 7 1 VHsHV 5N 5% Table 2 KaRLTEL. T
DEICBNT, IAMAT BHEORE (7, 7 ) CHIGT 536 OKE S%F-TED, NBAND
FERN T OFAICHEY & )RR AR TER I, NPOINT i3 FENBRETH 5o %72,
NCRP 2E#T#H 0, NDW, NUPIEZhZNEAT HBL U EARIMHTH Do unit 90
NZMAX i « Hr oS (CEHEE) TH 5o

DFEM- GAL

DFEM-GAL main program

set blank
common

CALL OTLIST print input doto

‘with card image

CALL MAIN{

STOP

Fig. 9 Program flow of DFEM-GAL
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MAIN 1

AINT ‘ main driver

set time &
_ date  aond
initiglization

CALL ELAPS print cpu fime
for each module

read input data

CALL INPUT

CALL ELAPS

skip matrix routine
if NSTART 23

=
a3
55

CALL CLEAR

CALL MATRIX make matrix

CALL ELAPS

CALL CLEAR

CALL OUTER guter iferatfion

CALL ELAPS |

CALL CLEAR |

CALL OUTPUT finat output

CALL ELAPS

end message

Fig. 10 Program flow of MAINI
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MATRIX

ATRI drive routfines making
matrices

G0 TO (1,2,3,3)
NMTRX

CALL XY I set As, Ax, Ay

O—

@___»

ICALL GMTRXI

<KERV

Fig. 11  Program flow of MATRIX

><
=<
H

XYZ
W calc. inner products on
spatial variables
—(D0 NZ=1,NZRN )
sef Az
~=( DO L=I,NELEM )
1

set
coordinates

CALL PRISM

triangular prism element

quadrangular prism element

CALL BOX

write on file 1

ETUR

Fig. 12 Program flow of XYZ
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GMTRX

GMTRX

yes

:

no

—( DO NG=1 .NGRP )

CALL MTRXS1]
[CALL BCOND

—=(DO NG=1,NGRP )

CALL MTRXSZI

—>-{D0 NG=1, NGRP )

’CALL MTRXS2I

—={( D0 NG=1,NGRP )

CALL MTRXS2

' €s
NDQN@L———-
no
ALL MTRXS 3]

yes

o

NBQNO=0

no
CALL MTRXS4

RETUR

make planar
global matrices

compute absorption &
legkoge term and
write on file 2

set boundary conditions

compute fission source
term and write on file 3

compute up 8 down
scattering source terms

and write on file 4

compute self-scattering
source term and

write on file 7

compute distributed source
term and write on file

compute  boundary source
term and write on file

FPig, 13 Program flow of GMIRX

— 20 —
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MTRXS 1
make planor sub-global

TRXS1 matrices and write on

‘ ' file
[3>—=(00 Nz=1 .NzRN )

resd 3-dimensional
geometrical matriz _ <SPX >, <SPY> <SPZ>,<SPB>

from file 1

clear A,C |

A“=A“+<§s§>$§r§> compute absorption &
+< > >

+<SPB><ANN>XE, ieakage terms
c"=c"+ <SPZ><ANG>

NZ-1
TN=Th+2 XAT-CN {A}yz
write T0 on file

Th= AN +CN {c
write TN on  file }"Z

TR=A0-CR {p}
writa TN on file NZ

yes
DZR [NZ)=

no

NZ
TN= 43" {Al
write T" on fiie

N

Fig. 14 Program flow of MIRXS1
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' es
NZ>T >

no

TR=AR +CT
write T0 on file

es
@@ﬁ_——

no

Tﬂ: An ...cl'l
write T0 on file

ﬁ-n: 2x A" +CEJ

G-

write TP on file

l

Fig. 14 (Continued)

{Clg

(0},

{Ak



MTRXS2
MTRXS

[1>—=—(00 NZ=1.NZRN)

read 3-dimensional
geometrical mafrix

trom file 1!

AP = AR 42 Zex<SPB>
X <AN><AN>
CM= G+ ¢ <SPB><AN><AN >

J
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¥
A=AN+2 T x<SPB>

¥ <AN> <AN>
CM =GN+ L5 <SPB ><AN ><AN>

]

|

Th=TN +AR
write T0 on file
write CP on file

w yes

ne

Th=2xA"
write T" on file

m yas

no
TnzAn

|write A on file

RETUR

<,__

Fig. 15

make planar sub-global
matrices and write on
file

<SPX>, <SPY>,<SPZ>,<S5PB>

compute fission source
ferm

compute scattering
source tferm

NZ-1
{a}g

{Che

[z

{A}LAST

Program flow of MTRXSZ
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AB CB
D,| ATlC, 0
D, |A;|C,
D, | A%l C,
D, | A2 | C,
0 D, | A2 |C,
Dr | Ar

Fig. 16 Structure of the global matrix
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outer iteration

set external saurce

set initial value

NG = LGCDMP
TGCOMP L0 restart optlon
no @
yes .
CALL LAMBDA Pi* LT, {(bf,?j’ ) Cgij,
Pij =Pij / Ketf kett=L Py
Cij =Cij / ketf il

[CALL CLEAR clear NFLAG

st {af.{c}f.{of

Si}' =Xg P'i +
9 9
Qggiz']‘ {(bS)]ililj:} Ci'j:

inner  iteration

print resume of
convergence

IGCDMP=NG

Fig. 17 Program flow of OUTER
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CALL LAMBDA compute  Keft

CALL MONITR

estimafion
of T

no

|CALL ACCEL .
extrapolation
!CALL EXTRAP) Gy =Cij + TX(cf—cii )

s
[ Pij = Sij / Kegt

yes
@
<:Iﬂ£§j
<:jﬁ§g:

[1+]
-
Ve
D

fimit

outer ! outer iterafion limit

reached 7

=2 oo |

Y D¥o
D [1+]
w o

e

[GCDMP= 1

@__;-

- {CALL DUMP make dump file on unit 12

B

ET

Fig. 17 {(Continued)
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INITAL

INITAL initial set before
oufer iteration

[ set vac. cond. |

make [ZTAB,
MXLM

CALL INSKIP skip record of inscattering

matrix on file
‘.ﬂa!:uilgl.’yes iaiﬂﬁm.-

no

set header

of file 3 set g for restart
with group g

l
set Ci; on
file S, 11

RETURN

Fig. 18 Program flow of INITAL

LAMBDA

AMBDA ' calculate fission source

and keff
—>( D0 6=1.NGRP )

’ gl
[caLL MPYM 1 Py = ,?;.,{(bfﬁi.a'j'}ci'j"

9 |
[ ett”
RETURN

P ].

=i

Fig. 19 Program flow of LAMEDA
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SOURCE

iﬁ%jy/

r Sij =X? PBij

—==( D0 I=1, NDW )
set g’ l

—==(D0 =1, NUP_)

set g’
- yes
<§9

no

CALL MPYM1

]

W

calculate g-th source term

fission source

calcuiate downscattering
source

colculate  upscattering
S0Urce

Fig, 20 Program flow of SOURCE
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Table 2 File requirements used for input and output

Unit

Contents

Ceometrical 3-dimensional matrix data for each 2 mesh and &z
region; record 1 - record NZAN

((SPX(%,7), SPY(,3)s SPZ({,4), SPB(Z,J), 1=1,16), j=1,NELEM)

x-y plane global matrix data of every s region for each energy
group, that is, {A(ALF,14) ) (TAMAT,NBAND,NPOINT), {c(azi, i)}
(JMAMT , NBAND,NPOINT), {D(Aij,ij)} (IAMAT,NBAND,NPOINT);

- g:l _—

1 N7-1 NZ
Ay |Co Dy A LS| - Az | Cuz|Prz | ®wz ] Dy &

Nz=l ——  f—— NZ=NZ

It is noted that there is mno Aﬁ% when the number of meshes within
a region, NDZR(¥Z) is equal to 1. Similarly, there is mo Cl
when NDZR(1)=1 and no Dyyry When NDZR(NZRN)=1.

Fission source term, that is, {A(bf)<j,ij} (IAMAT,VBAND,NPOINT),
{c(vf)id,ij} (ITAMAT,NBAND,NPOINT)

-+ g.—_l >
0 1 NZRN-1 NZRN
Al Cl Al """""""" ANZRN CNZRN ANZRN ALAST

NZ=NZRN ————*

Up and down scattering term in the same form as of file unit 3:
{A(bs)Zd,1d} (JAMAT,NBAND,NPOINT), {c(bs)id,id} ,

(TMAT, NBAND,NPOINT) from g'=g-NDW to g'=g+NUF in the following
order.

A,C|... |A,C|AC| .. |AC AC|AC] evevnes sased e A,C
NGRP+1 2+1  NGRP+2 3+2 12 NGRP-1-GRP 1--NGRF
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Table 2 {(Continued)

5 Card input
6 Print output
7 Self-scattering term in the same form as of file unit 3
8 Temperary file. It is used in the input routine.
Fluxes are written for each energy group and this file is used
9 also as the external tape for initial flux guess;
record 1 - record NGARF:
(((FLUX(Z,d,k), =1, JANG), j=1, NPOINT), k=1, NZMAX).
10 Temperature file. It is used at the inner iteratioms for
{A(AZG,23) ), {C(AZg,77)} and {D(ALF,25)}
11 | Temporary file for fluxes (same contents as in file unit 9)
12 | Dump file
13 Temporary file. It is used at the inner iteratioms for
{A(Ss)id, i} and {C(Ss)Zd,Zd}
14 | Temporary file for external socurce
15 Distributed source term in the same form as of file unit 3
16 | Boundary source term in the same form as of file unit 3
It is used only as the external tape for the geometrical
17 | z-y plane data. For instance, it is directry read from the

edit file of LOOM-P 23).
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3.2 AhF-—somEihik

Aﬁ®§¢%ﬁ%ﬁ%@%ﬁﬁ%¥%@:-szﬂ7wfﬁiéﬂéﬁ.Eiﬁﬂ&w&m
DT L TEELTE

3.2.1 tETFHERE

hiFEEREE, F Y 7Tahi7 s A VDOLANENEBEEROT, A -FA A~V T
TWOTRAN— I E[E LR TASS ND, i GE, Py OHEBOT EARERNED T
EMEBMAD, HEERKAMET R, TO X, BENTHEREO list © (0, ve,, 7,
GTUTO L 8T G T gDy s (((Qist), =1~ 6D,
n=0~N), m=1~M) TANENG, T ONMI listhicBi 2B HHBOMBEETRT 2
CEREDFONAEDT, o, OFID e, DB EICABEBHENA > TOTHEHL,

C@;5ﬁ§§®?—ym,WiﬂFmOfmmmmmk;DAﬁﬁééxwoC@fwma
@%@ﬁ—ﬁvaﬁﬁﬁ%%Tﬁ%ént%mf,%@ﬁ?—ymkﬁmﬂmﬁﬁﬁfé,%
CFEM TREENEO 7000 F— 5 OERPEER EOHIBEL (BRTE S,

3.2.2 HFESE

iz FEM R ASATERARS 0T, ZOERNENERET 2 DDOANBEAN LTS,
KH—F®%3,ﬁ%%@k%%®ﬁ%ﬁ%mﬁC&ﬁf%%iﬁ%%&%ﬁ%&wa%ﬁ,
APAEEEITSb Fig 10 L3 AR ETH. BbHAE = y HRAB LU ¢ HRICHIZ TE
5o%ﬂf,§iﬁ%u%ﬁé®(x‘w@@&z@%%&jmﬁi%cém;bﬁiﬁoL@
L.FMA@ﬂyvzeﬁiﬁmﬁ&é&cnﬁ%kﬁm%i%QF,@ﬁ%@ﬂ&ﬂ£®ﬁm
Ebw%ﬁwﬂbfu.xy—$@z%t1¥$@@%ﬁ%ﬁﬁi5;ﬁmaﬁfméoFg21
HohsoHEBRERERLALEDTH 5, ‘
zﬁﬂ@FMﬂ&E%K&i%®T,if%ﬁ%ﬁwébﬁfmw%%%ﬁw,&K%ﬁﬁ%
s CERICHET B, HB. xy HACHETAHEOEFIEERT LTI

3.2.3 SMRPHETR
AE RS LT, RRASOWERERICE LTS A 5N 2 A PHTRE , ABEAE
it LC5% bh AERBETHO @D 55 b, #iER, MHPETEOEET SHHRERD
sy BlE « FHAOEBES 22 NFNHA LI Tr, (k=1~K), s, U=1~L) 2L X,
RICESI (7, s;,) KBOTEBI &I MR

qgj (k 1) =constant for i€ (k, 1), i=1l~J 67)
MEZ bRB. CTiC 0l HARKESNAMTSY , Bk i BATPETHROFEL T
ChaThs s, AL CREBHET S, T, EECEOBOEBICHL TR of; (b, 1)
=0&T B
~ﬁ,%%ﬁ3@©®ﬁﬁﬁﬁiﬁeif%ﬁ&%@@%ﬂ%%ﬁ®%éwﬁ,—o@xy$
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{a) by right-angied (b) by rectangles
friangles
7 7]
{¢] by isosceles (d) by right- angled
triangles isosceles friangles

and rectangies

Fig. 21  Auto-mesh generation in an (x,y) plane for various reactor

configurations

i B ORE NPOINT & LT, % OSSR O ¢ (i=1~NPOINT ) (e LT5 2 5o
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Table 3 Contents of dump file
No Record Contents Description
1 1 MT12(32) Flag for reading the dump file
2 1 A(l) - A(260) Entry table and input constants
3 1 38, 4% 5% Geometrical data om x-y plane
4 1 85, 9% Geometrical data of z mesh
3 1 108 Regional data con x-y plane
6 1 118 Material table
7 1 12% Cross section data
8 1 | 13* X data
9 ‘1 148,158 Data for reflective boundary
condition; it is skipped if NEBC=0.
10 1 165,178 Data for vacuum boundary condition;
it is skipped if NVBC=0.
11 1 188 x-y planar data for coarse mesh
rebalancing
12 1 19% # mesh data for coarse mesh rebalancing
13 1 208,215,22% Data for distributed source; it is
skipped if NDEN1=0.
14 1 238,24% Data for beundary source; it is
skipped if NBRQNO=0.
15 1 25% Data for editing flux; it is dkipped
if NEDNO=0,
16 1 26%,273 Data for editing angular flux; it is
skipped if NAFNO=0.
17 NGRP FLUX (JANG, Fluxes
NBAND, NPOINT)
13 1 NBTAB (NBAND, Band width table
NPQINT)
19 1 DZRN(NZEN) Az for each region in = direction
20 1 IQTAB{(NELEM) The shape table for elements
21 1 AN (JANG) Inner products on angular variables
22 1 MFPL1(NXYRI) Node point table for each region
23 1 MFPIZ (MPOINT) Node point table for each region
24 1 P(JANG,NPOTNT, Fission source
NZMAX)
25 1 NFLAG (NGRP) Flag for convergence of g-th group
26 1 DS (NELEM) As for each element
27 1 DX (NELEM) Az for each rectangular prism element
28 1 DY (NELEM) Ay for each rectangular prism element
29 1 ALPH(3,NELEM) Ax for each triangular prism element
30 1 BETA(3,NELEM) Ay for each triangular prism element
31 NZRN SPX, SPY,SPZ, SPB Copy of file unit 1
32 mxzM | {a}, {c}, {p} Copy of file unit 2
33 MxLF | {A(bf)}, {C(pf)} | Copy of file unit 3
34 Mxrs | {A(bs)}, {C(bs)} | Copy of file unit 4
35 MXLF | {A(Ss)}, {C(Ss)} | Copy of file unit 7
36 MXLF {a}, {c} Copy of file unit 15; it is skipped
1f NDgN1=0.
37 Mxrg | {A}, {¢}, {D} Copy of file unit 16; it is skipped

if NBENO=0.

_34 —



JAERI —M 83 — 144
4. 7wﬂUzA®%ﬁt%ﬁm®ﬁﬁ

C@ﬁﬁu,éﬁmﬁbntﬁﬁﬁﬁ®ﬁ?ﬁ%ﬁ@w<Oﬁ@ﬁbﬁﬁ@ﬂ%¢%?ﬁ%%
@ﬂﬁf%6&tﬂﬁ%%&wﬁ&mﬁvw#7ﬂDﬂ%4?»fUXA@%ﬁ&%%ﬁKGP
T~ B

@ﬁ?%%ﬁﬁﬁKFMd%Eﬁﬁé%é.ﬁvw#yﬁﬁiﬁﬁﬁﬁﬂﬁﬁﬁﬁ%iéﬂ6c
ﬁ%@.%Kﬁﬁ%ﬁf%5ﬁﬁﬁ%#QEﬁﬁE%TW¥ﬁﬂﬁﬁﬁﬁﬁwﬁé&m5ﬁﬁﬁ
B o foo BIZILLTICHT BRI
¢, =c,; for ¢etop 64

il

i, AEOREBKO LD L5

J
E 1. (R)= jgl cijxj(!f)for ietop, 2'=@—-2(Z-n)n {4

2y %ii ty

Aiktog s, E7EEH
¢;,= 0

3,

$ o 1, (@=0 forietop, Q€S 66

=1
%ﬁkéﬁwoccw.S-@L@KEVT¢@%@%%«@A%%E%%LT@éo%P@i
ﬁﬁ,A%ﬁﬁ@I&ﬁ?&%a@%ﬁmzﬁééﬁ,w(%@%%@&%xf~%®%ﬁﬁ%
T

J
jilcij 15 (Q)>D fO[' ’ietop, Des- (57)

ETL T Ay

LD, %@@rzbﬁ%ttf%ﬁﬁiﬁ%@ﬁ@@?b%%m&b %@%ﬂ®¢@¥
%@ﬁ%ﬁ%%ﬂ«tocwmfu x;z;&@bﬁthDsz—rcnmrmm YT
&ﬁ&Lt#,mmMm;%%%Mmawﬁiﬁm%ﬁb?¥ﬁ¢%%ﬁ%ﬁ%F§i<ﬁbL
Tﬁb,E?%#@%ﬁmméﬁeﬁ%ﬁﬁwcéﬁ%otoC@&E&&LT,%ﬁ%jG:
%ﬁ)Kxﬂ@@S-@ﬁﬁm%éotﬁééﬁwfgj@E%ﬁf%ﬁ&%mwéa.ﬁﬁ%
BLASE ICBEAEICE D¢ T EBEPHONTO B 12, C kD HEESHOTREDOERIEDS
SiCHZ AEEEG, RROBRBAK S BICE - THE <5,
%ﬁﬁﬂﬁ&ﬁ@#ﬁ%ﬁﬁ?wfi,ﬁ%ﬁ®£ﬁ@%@ﬁm&smi%ﬁﬂﬁﬂ—7w®
%ﬁ%ﬁﬁ%&wéic®@§é%&50ﬁ&@§<®izbﬁ%Tm,ﬂkﬁm(w>l);
nis L A@NER (0<{1) DHDB—HINT, R AL pICEA B & 5 A RO TX N
AEAB TR, SOR HEHAHEOMEI DLTE, Fl & TSR EOBASE R oL
Oow+ﬁﬁﬁmﬁﬁ&m%£%£MEfmwhwfu z B & 5 1L EAED KERS A B IR

HE B,



JAERI —M 83— 144

KU BRI B A A v v 2 BHEERICIIEL N AEN D A, BIED version  FEM
_BAREL' B0 o b A o TED, 7 A MHBTRENTRERI—D DA » ¥ 2 D %
THENT VD, =T, BENF A+ BLUNBRFROBETH S, Uh. AOAEPHTIR
DUEICH L, FEREOBETEICBE B2 HEEFEALTY 5,

SUEIR A T A BTN S 1. FEM IcBvTid, BRI bEns & ¢4
DNEEAREE L B TE B L AT 2.3, 2 @TR Lite T OB FIRO I HED RO
pEo@ R 1B, COPTE, Fig 2 CRSQ2ESCTERDRESEC D, 05
FLMERMICTON T B DR, AEIRES | BUT - /- %o FE M
AfAIFI

2:!
#5107 IS A E TO REREIE L3 ikEi s h T b,

g = B3

i 1 ki i 1
-1
10 I —— no extrapolation
— —o— extrapoiated
o .2
© 10 |
g
-3
o 10
@
(7]
— -4
— !O -
bt
>
-5
§10 -
S
-6
10 |
| | | |

]
10 20 30 40 30
Quter iteration count

Fig, 22  Acceleration of the outer iteration convergence by source

extrapolation

%E®EE%&@uﬁmiﬂbééii%ﬁ;Fméc&ﬁ%%®%Eﬁ%ﬁb,EE%%
FHOWE L ERICHT » T B, ray effect DI D Fi Lathrop D FERME =
T L i - 3HE TR, ke — ¥ TWOTRAN—1 @ S, #H#& HELT, DFEM
T & A BRI RO S B SRR EF EIGED HS o2 F RSB RE Qe 0, 8%



JAERI —M 83—144

®Sn%ﬁﬁ%ﬁ%ﬁwﬁwfﬁﬂ$ﬁ%%i%ﬁﬁﬁ%é&&%%&5&,MEM®%@§m
MR ARLTVWAEEL LY. £/, TWOTRAN-TICL S RMEICHE ray effect IR 545,

DFEM © FEE c BRI 8mcid, FRED ray effect I3 EASTHERT S T EPRERS
A i R DS TS i, ERF— 5 EOHBRIDLETH S H o RADH
wt%ﬁ@%ﬁu%@ﬁﬁi%%kﬂhﬁﬁwmb@i%K&Kibwﬁﬁﬂﬁﬁﬁ®ﬁﬁ%
(of S5 IX (BEOREOKID Do J ABRLT T EWTE S, PHRTROBOHIMVR
HNLAREEA H LD THEEE LALLM,

CWOLEEHED -, EROREEEE—kE L, AEOEEMEOEEREE L3,
ﬁﬁ@#%ﬁﬁ%Bﬁ(@)i@&%ﬁbth%oC@t&,%ﬁ%tﬁ%%%%ﬁﬂi&@%
FHE DT LB, (2, ) FAE 2 FADA v v 2 ORE, TICEAEDREBEED
ﬁ&®%é%kﬂf%@?%%%ﬁ%ﬁm%ﬂ?éc&Kﬂ%QTEEH@ﬂﬁﬁﬁéﬂ%o

ﬁz—F?ﬂ%ﬂi&i%ﬁ%ﬁ@ﬁﬁ&%ﬁtbwﬁok%ﬁﬁ%ﬁﬁLtﬁﬁw%m,1
16 DEFEELY 4 X5 r=11122 cm, 2=79.54 cm ®HE, TWOTRAN-I I L5 3636

(ﬂz)xyv;.&ﬂﬁm@ﬁﬁ(nﬁ)ﬁ&%%ﬁ%ﬁtwwﬁw,mmM4ML@m9
X9 BHEIC L AHBEDENIZ10102TH -t COPITERALA v Va2 REDHREBEINT
WBA, Rickr — FOREa R FERLTEL &, 49X EROEE, 170000 &, AKX
@Hm@ﬁﬁﬁsﬁ,%Mﬁﬁ@ﬁﬁSMj@&émFAamqM—moﬁ%ﬁmxﬁéﬁﬁﬁ@
ﬁ%am@f%ctoan%ﬁ,7a75A®%ﬁm%ﬁ5C&K;@,%mﬁﬁénéﬂ%ﬁ
maH b

DTl EsLUFSRORELT LD L,

1 ﬁﬁﬁ@&@k%%ﬁsma%Qﬁ&%mwﬂtfiwﬂﬁéﬁt,¢ﬁ%ﬁ%ﬁ%?@
E%ﬁ&%%ﬁmﬁﬁﬁﬁ%@MEHLKﬁi,%%Kﬁ%Tﬁ6C&éﬁﬁb6ﬂkom
2y EAEICEL TR L FEROREL SE ALY, AN PREEIAL SDR
BThb,

2 HlwFviEcE O CEAREREGEEURREGFOERE T LELT AL, BAT
PPN KT U, ray effect BRSO 15 T EDBELD LN,

3) FiCREA EFRIE, TaT) XARROBRNPOAS L, MREOE R I E M
#EWEEELIC, TREZORLEE BEOREMEOEPRORE T HBMEH
L BEREUNEDS B,

4 4, - FEREERMCEERPPRPEFECERL, Tho0RIHERELRET &
ZEAMOH S BOILTBICE, BerDFMBRICOVWTOFESRTTL, ANNELTRAVAS
BF—y 0BT EEEEOMERLIHOMICT 50 L bHETS 5,

5) THEHEOD — FEORKRHEART, ZHo0RE0—E7THEL LRI 2B ARE
Kt 5, |

ltoidd, Eiea—F& LTOSHLAEDHBRLERDS D,

T @7 XLREDC 2 - FOLORIFIRDER L 128, BENIETREICES E,
FRANHER O A TR TATHL, BEABRHOERF L 2 0BRicEI(C - FOUR



JAERI —M 83— 144

FFENPETH b, SECBONETESRREC—HIIHIRET 2WENE - 285, FARIEHF
HRE LAY, MESHOBRTER &1L X5 FMr > REMICEL- D TH S,

# OB

COREOEBIC S, BI AT RS ¥ — R « FHREIE S X ORISR 2%
W e NI DR RIS B S EEETEEE L, S/, Ko — FORRICHD, R
Ty 2T AN EE - GRS L VOAX MBI EMERELL L6, ey s
MELTREIATHY AT AEE « BUABRIC T EEEOBITCH L2 EE L.
CHRLTHESELET, '



JAERI — M 83— 144

FFENIETH b, SECBONETREBRRC—HIIHRTRET 2RV E - 7208, KRIEHT
HIRELE Y, MABMOKRATER L35 L5 FHlh SBEMICEEL/Z 6D TH S,

# OB

COREOMBIC S D, ETHTERRE Y s —FE « FREAIKS X ORBEEDE M
FEE - NN L DERTLEE SBETES S Lie 34, Ko — FOBRIKSLD, K
TH AT ANREE » FREEWKLVEAS IR ENELBIEEbIC, AHeys -4
WELTRE AT AT ARES  SHEARKICR I EREOBITICH LIN%EE L. &
CRELTHEEELED. '



1)
2)
3)

4)
5)
6)
7
8)
9)

10)

11)

123
13

14)

15)
16)

17)
18)

19)

20)
21)
22)
23)

JAERI —M 83— 144

BEXH

Straker E.A. : ORNL-4585 (1970).

Lathrop K.D. : LA-6333-M5 (1976}.

Nishimura T., Toda K., Yokobori H. and Sugawara A. : J. Nucl. Sci.
Technol. (Tokyo), 17, 539 (1980).

Sasamoto N. and Takeuchi K. : Nucl. Sci. Eng., 80, 534 (1982).
Lathrop K.D. : Nucl. Sci. Eng., 32, 357 (1968).

Briggs L.L., Miller W.F. Jr. and Lewis E.E. : Nucl. Sci. Eng., 57,
205 (1975).

Zienkiewicz 0.C. and Cheung Y.K. : "The Finite Element Method in
Structural and Continuum Mechanics', McGraw-Hill, New York (1967),
Ohnishi T. : "Proc. Conf. Numerical Reactor Calculations, TAEA,
Vienna', (1972).

Reed Wm. H., Brinkley F.W. and Lathrep K.D. : LA-5428-M8 (1973).
Kaper H.G., Leaf G.K. and Lindemon A.J. @ ANL-8126 (1974).

Lewis E.E., Miller W.F. Jr. and Henry T.P. : Nucl. Sci. Eng., 58,
203 (1975).

Tomlinson E.T. and Robinson J.C. : Nucl., Sci, Eng., 63, 167 (1977).
Fujimura T., Tsutsui T., Borikami K., Ohnishi T. and Nakahara Y.
"FEMRZ Program for Solving Two-Dimensicnal Neutron Transport
Problems in Cylindrical Geometry by the Finite Element Method",
JAERT 1253 (1978).

Ise T. Yamazaki T. and Nakahara Y. : "FEM-BABEL, A Computer Program
for Solving Three-Dimensional Neutron Diffusion Equation by the
Finite Element Method", JAERI 1256 (1978).

Acroyd R.T. : Annal. Nucl. Ener., 8, 539 (1981).

Fujimura T., Nakahara Y. and Matsumura M. ; J. Nucl. Sci. Technol.
(Tokyo), 20 620 (1983).

Kaplan S. and Davis J.A. : Nucl. Sci. Eng., 28, 166 {1967}).
Fujimura T., Nakahara Y. and Matsumura M. : "Proc. Int. Conf.
Radiation Shielding, Tokyo'', (1983).

Fowler T.B., Vondy D.R. and Cunningham G.W. : ORNL-TM-2496 (Rev. 2)
(1969).

Lathrop K.D. and Brinkley F.W. : LA-4848-MS (1973).

Fujimura T. and Matsui Y. : Nucl. Sci. Eng., 77, 360 (1981).
Wagner M.R. : GA-8307 (19683) . '

TIse T. and Yamazaki T. : "LOOM-P : a Finite Element Mesh Generation



JAERI—M 83— 144

Program with On-Line Graphic Display", JAERI-M 7119 (1977).
24) Lathrop K.D. : Nucl. Sci. Eng., 43, 255 (1971).



