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Application of @ Hexagonal Element Scheme in
the Finite Element Method for Three-Dimensional

Diffusion Problems of Fast Reactors

Misako ISHIGURD and Kenji HIGUCHI

Computing Center, Tokai Research Establishment, JAERI

(Received May 31, 1982)

In treating neutron diffusions the finite difference
method has been used. But it is expected that the finite
element method is applicable for treating the awkward shapes
and/or for the problems whose computing agccuracy 1§ unsatisfi-
ed by the finite difference method.

Here, we extend the existing finite element diffusion
code FEM.BABEL for treating the hexagonal—-shaped array which
is a typical geometry in fast reactors, where we adopt a new
element scheme “"hexagonal element’.

In the report, described are (1) applicability of the
£inite element method, (2) finite element approximation for the
neutron diffusions, (33} hexagonal element function, (L) treat-
ment of inhomogeneous subassembly, (5 mesh generation of the
hexagonal array, (&) extension of the code, (73 comparison of

the computing times.

Keywords; Finite Element Methods, Neutron Diffusions, Nuclear
Codes, Hexagonal Elements, Mesh Generators, Fast Reactors,

FEM.BABEL - Three—dimensional Problems
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2 HHREZREOHEIGH

2.1 LESARERHUZzERAT I,

Fig. 1107 7 2 CH%S LA E#F SUPER — PHENIX OWER &7, HTR &
NH 77T UMEABTERNTLIOCENEATES, 120477y 71, 180
10.4cmDIESBEERT, PORBAHBEELORZ 2BOF LIRS, BEOT 7 V7
w FEED LD, TOAREICERERVPE,LNTV S,

IDESRBEFENRE L AEAETR, ERQEFHEATIHEAGLEY, E6AEI LR
ZOMATHATIRBRE (3WAAMBETRES AEFARZEIME) &4y Y2 HiTE LK
BEBLEND B .

BT EAS WTo BEARK 2T ER T - FCITATIONSEMA L £ @0
3B, MUBOEERFRIEO 2 voy— (BE, SEFUEHREE) KL - THMES 0,
ST, WD, BES S HEESh TS, 2L TR, 1006 BBKY 7T €
TN AL Aw YadbdB68Ayvalkd, FRECHOEIHBCASLAIAL vy ¥ otk
BHBIsh TS, SEFEHSAELT 0N, v 7727 ) oEBEML, 72120
77y TIVDIBOESH 0~ cm & RELHLY, @A v ¥akiicZ 0BG ICRHE
BhHdHERRLATVE, DD, 3HA Y Y2 ETE, ZEHA Yy Y2 BPBETET, HEOD
HEETRTRERBLCHEEMOATIRGHESRITREIRELS, —F4, 684y ¥alk
G, Ay v A0 cm AL, HENE, BchETROHE, THOUEENES
Nz, YEHETHE, ChEBldiinic, 64y YaEERBLALBES » YaEE
T EORREEBTNE, |
E2NHETIR, DU THESDBEEA v vaOhLOETRESE, BHNEHESIN S,
CITATION®D 6fjA v afk, Fig. 2(FD1) TR, $2HALET 50 DEZSHET L 6K
Do OEAAOTREFESh S, 384 v2E(FD6)THIROEBEAERLTHESA
%o

i, FRBREETRA v v aDa—F0E (HA) DeDEERDLT LBHELEL S,
FLTHAEENOIEDE r (Fig.3) KB 2P THOMHE o113, TORREMEMAT S H
Bl B0 s THROMES (kido—dd vyFy 7 2) &, 6BEERLOEERRH basis
function), 2% 0, 6 HEERME. KL THEKBE L TAMIN S,

six) = 5 o nlrh  ulr) R ERMEK (2.1)

EEEEENEUET 1B, Fig.2 (FEM6) TRENS LK, Hikdi LOBET ¢
O, SIS IABTIEZFOMOIRZE EO s 0lEE-T, /2, SARERTAVLE
S(PEMT)IE 6 HAEH-TREZICXVIERIE SN S,

-2 -
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&, 2EWE LD 6AEOREn L0, HEa - FTIRO & 2 RITHE EDX
v .%i, FD1, FD6, FEM6, FEMTit#f L, &4 n, 6n, 2n, 3n &7 % (Table 1) FD
I THEREOT THRET RSO THRARAEB ATV B L, ERERECEL->TE
WM T DM A BENRBLINENS, FDEIRENTA » v ML, BEREXREOHE
Hic iR T 5, "

ek, BRERETE, 3AFTARIEELERL LAEZRANPHEOGATSE f:o(z)ﬁ H
BEESH AR CAEREEZOEHICOVWTIE, SUPER -PHENIXOBGFHROLEKE &
BB SATNBESE DABE G, £C TRARENEERSATY 3HAFOR
LWEETH B, COEHRTELD, AREZUHICHERTLERTY S LICT LN
CHMEEE FOREMMOTESH., 20 3KANECER, I OREAAEADOFTRER LM
TEENBTH S, B, LQPEMENLMAEZRT CERIERPEHLH, L TT

B = /pu (xvy,z2)u (x,y,2)dE,,
v } ’ (2.2)

Q) = /5, Vu, (x,y.2) Vu, (x,y,2) dE,

20T, B3R AER

Blanket

Case 1!
Control assemblies 1—= 24 .ot inserted Assamblies location for flux
Case 2: A-=F,2and 7 comparisen

Control assembiies 18,23,I3 not inserted
Case 3: '
Control aqssembly 7 not inserted

Fig.l Configuration of SUPER-PHENIX .

__3_
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Finite difference

mesh point

by FDG§B
{a} FD]
Finite element
node point
{dif FEMT7
(ci) FEMS
Fig.2 Two—dimensional mesh points or node points representations
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Fig. 3 Point within an element and local index numbers
Table | Comparison of mesh partition

FDI1 FD&6 FEMGEG FEMT7
number of points 1 6 6 7
/ hexagon
. total point n 6n 90 an
numbetr

* *
point —wise 7 —points 4 — points 13--points 7T — points
equation used equation equation equation equation
n : number of hexagenal subassemblies on a plane

+ : node points are irregularly ordered.
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2.2 LEEREBEREZEEATION

EHEFABRTAF T Ty TN HOBME 1l o0 7wy 7 OKSEIOHEARIEESRED
T, SHEFEOHET, 384y v 2 TRTERESLLVBE, 6AFA » ¥ 2FTH
HEREOA TAESTH S E VS LR~k ENEOBALOMELERELETLORE
WM TEE045EIPDION, CITOHROHELL -TH 5L,

SUPER  PHENIX ETFiCtid s 2 Rt MAE 02L& B RERED LEICE VT
3, BRERERE SFASLG ELREATO 3,

DL ERNETHRIAMEERERELHEE L TLERKG L ARERER, £49
TR IR A ORI, FlAE, BFFREQDHAN h-nEENSBUE, OBETHT
B TE D, ENELDE, BDLATVFAADEEORBETRLONANETHEEED
nTn b,

EMEREO ROEFHAL, DALAEF SR TLAN CCTORBEMELTRD b
DRBEF LN 5,

1) BREHOHEADES

EEMEKICIERASHORBER LSRRIV BERTES, & B &M pireflectiveli s
Sk, BANEELS LCEASESETIL TV AEERE 0,

Q) hHFEOESEEREE LTES (B

(DTl kD, BANOCESHAS THLHEMATSE, £/, zHHEZEFEOEELIY
AyvatARERELTE S,

T4, EREELBFL]lo0H TT Y7 Y OWER, @%, BEAINADEREERD
ER LD L L THEPN T 5. EERFig A TRENEES K, ¥ 7Ty 7Y RFHE
BLOTh D, ERBERETE, FEENHEOREV %, EX0EANETbTL, EXOK
S, MBS A RRAESA A C LI EDIETE B, WA Sulrluiro 2 KB L
DESHEZBEKRODLHSIKITHITLBTE S,

5, fpulrhu, (0dQ, + S ru, 0040y + Sofpu tria;ndQ

(2.3)
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2.3 EREFEZLEZEDEOHERBROER

2.3.1 CITATION=Z—F&FEMa-—F
ﬁ%#Q,E?ﬁ®&ﬁ§®tbm.%ﬁ&mﬁﬁ<¢%¥%ﬁ,ﬁ%3—ﬁﬁﬁ§<%%
ChTEF. EDHPORNLT1069 FicBRS~3 KK — FCITATIONR, %
P - FRLEEBVMIARRBROERDO SAEKIONHOHE I - FOEREXL TV S,
CITATION R T s EFFORGAE N C &, FEBMCEL TRENCRELSO
ThAT L, ERMBEOHERBOTZHOHKN S, NENITEHERCHETE 2L BN
TomBE N,

i, EREEET - FTR, BECOSHTERAELTVZ DML, I -FED
LD, 7O 7T A LBHERFELE ST 47 A XSO TORVEANE L,

L THETAFEMI—FbEOL S U2 - Fiz@T 40T, #EIEMECITATIONL
K4 iz LWEsE 5, AREREO Pz i MOANAEDECTESL EAEEEIT
ANTS, BRENCEREZESTESRHOATEARFNTRELL,

2.3.2 HEEREOHEK

GCFR (#FABHSHEE) KEFACITATION 7 - F &, BAPHARBHLAFEMS
—~ FOFBERDHE L Table 2 TmEN b,

SHEER M LTH, CITATION® 3fist y v =ik (FD6) OHFPBFEMOEHERER
@ (FEMG6) B~ 2 iR BEs»25, UL, 3ARERE (F EMT7) £bo0HE
WL BT, 1 AMDOHEENE, CITATIONDHMWESLUTOHERMEE S,

EIFHGEHRREK,, OEG, FEMOTMHFEZZE HLABEENRD, @EKICCITATION
YOS VELENL B, —F, CITATIONTH, FD1&FD6DER L4FLEAREC, TR
22 FEMT7 EFD6DEIBIDHT - LKEL,

¢%¥ﬁ®ﬁmﬁwf%,FEM@@%E@&&EUE&HéOKﬁL,ﬂ@&ﬁ%Aén
bk T T OBLTR, FEM6 EFEMT TESHS, CLAFEMOETRY 7T €
ST ORLRESASEIN TN Eick 5 (Fig. 2 8R), —%, CITATION THEMa!
BoxE®EL ., FLETRIFDI OFMTERKICHITHNELE, FEMEDETRA0
%méwoFD6®%éféi,FEM@ﬁﬁﬁmﬁNfﬁb%?uﬁﬁWw4%%E¢é<
15, O DL A L DR EBC 5 AF 1BOBPETAMEFig s Tmans. &
DEMIITTEALN S,

kS5 CITATIONEFEMa — FOHEORTEL 2 BEREOERE,. 5%, £
OMBETHEL, EHNEEONEIDPBOLTHILEND D

EREREIZ, E0ELEND, AMIREFRECRMEBLTOT, NEXEFEDO B %
o, ANREERERS LSRRV, CITATIONZ EESETE,. Bk WEKEE
oAb L, “one—through " CETF 2HMBEVEHETHHT I can T34, ARRE
wHTH, ChitdTRESHO, GCFRABRETIABREAKICACLIEMET o &K
HEEIHORZF Table 3BT S,
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10

R\
N
| 1 1 ] 1 L 1 S &

—

0192 93 95 97 99 101 103 105 107 109 fi1 113
423> element no.

Fig. 5 (4) Radial flux distribufion in GCFR
(group 1, midplane)

@ group | (Middie position)

40t
30F 7 =
20
10+

0 92 93 95 97 99 101 103105107 10911t 113 115 "7
2y (1) (1) (137(2) (2) {457 (3) (4) (5) (6] (6] (6] (10)

Fig. s (b) Radial flux distribution in GCER
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Table 3 Comparison of the computing times on overrelaxation factor,

@ in the GCFR problem

u element schme inrrzr?;X- outer CPU time Koy

.0 hexagonal 15 9 4M15 85 .03325
1 12 10 4M148S .03332
1 15 g 4M12 5 . 03327
2 1 17 6M22 5 .03318
.2 15 10 4M43 5 .03335
.3 15 22 8M57 S .03360
.3 30 10 5M52 5 .0333¢0
1 triangular 30 10 11M57 S L0347t
.2 25 12 12M245S .013481
2 30 10 11M375 . 03473
3 30 10 11M355 .03475
4 30 1¢ 11M45 8 .034758
.5 30 11 13M 48 . 03481

The value « and inner max. are input data.

Errors of K, and fluxes are 10_4.

— 11—
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2.3.3 FEMa-—FOHERMIM»LEH

(1) FEMa— FIZEMBERICHETEACEBRRER-TED, EHkicBT 55
AEAELAZBRICRBEL TWHEL, CITATIONTFRig.l TomlLizk 576 AEKRORE
FHEAHETZESIKE, FIAE, LeBRicHL, 0EERERGETHES L IHHICE,
RO 4 3 4 @a%sBmL-EREEIR (Fig.6) KL, A v ¥2m@E53ET5T LiC
EDEBICHEALLTO B, |

FEM2—FTit, 2RETFHE Ao FaFoexdl, 2D FHRAESHE OIS
N5, COtp, EAETE, PAATRHRKEREICEY T5HMITALE 2 BEITHIH
FEMa— FTR, /YEFoEZEOMENTRNLEALY, 5 Y FIREAFHREONER S
+ 2, flAF, FD1DEACCITATIONTR 7THBOFRKITIHELEED8, FEM
6 TiioNy FMBODITHIER 2, 2T &iE, HAREOHERMICAKE(EET S,

2 mEFELAEELZIET(0KETIHERESEREREBFCHRE TEDL DI
mih (6REREE) RCA S,

Fl71E, 2RABET SKBF 508 FES OHER, EZFE0BESGCILUTOLD
WCEMEEEEN D,

g £
S, = 2, (»3), & (2.4)

HREEETHE, B8 CBEETIZTXTOHA (FEM6 Ti13) OZFHOPHETH
DO E (v2,) HBEFHL, MFTokSicnm/ v FITHE~Ns7 P rvDOFREEE D,

G
S = 3 Ffgf
L g=1
T,
0 ¢ 5
¢5
FE = 2 g8 = _ (2.5)
0 ¢
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Bummy

60° rotation mesh arrangement on CITATION code

Fig.6
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3. HEBAEROHREEEEL

31 BEFUEFLEYFIER

e, SBRETEEAERE, FEORMATERICE - TEREN S,

a
_ng{r)V¢g(r)+ Er’g(r)eﬁg(r): ) Zs,g’,g(r)

S
g x
+g;:] K::f (vZ ) Ar) ¢ (r),
g=1 2" G, for r= (3.1)

LT}, ROEFHHONT,

the energy group index,

g

? the flux in the g-th energy group (em sec '),

D, the diffusion constant (c¢m),

Zr’g the total removal cross section (cm ),

Zs’g,g the scattering cross section from g”into g (C(‘:m),

X, the fission source spectrum normalized as gZ: K= 1.0,

K. the effective multiplication factor,

v the average number of neutrons produced by fissions induced in group g,
z the fission cross section (cm ).

f, g

SREME, rHERA LN, SRR A ORMELT NS, UFOLIEA
55,

0@,
g odn

ar) { D Jx) + bir] g ri= 0, (3.2)

a=0D&&EEelr)=0Tb= 0m&&idreflectives¥xv 51, a >0, b>0dLasid
Afgny vy ) EES,

3.2 BEREFZICLIDFHEFRDOEL

FTEOATCLEIAPHTFROMNZ, FREAETE, KA -THEBSIN S,

N
diri=2 ofufr),  NEEADK (3.3)

E

CrTulrREEMEKT, ofHHliAl Lieb 0 2B g RO P ETHROME (2 2RT,
HEMHu,(0d, ROEEER D,
(1) Eimi kTl
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2 i EECBERERNOMOEHRTEO

@ P BBERVERLETRINTO

Fig.70a), THREROPERT, Fig8 13 AKBXT4ABERCEY S 1 ~OEEE
DEEME, - b 3 HPELMKE 4 BEEERMBRDIC OV TR, Fig 913 3 ARER
BB E o - B A O B P, I 3 B EEMIEIC SV TR T

HE SO o~ S HOE RS R KRG, B THESGNTO S, Db, BEBIKIE Sobokev
R T B BRI W, (1 KBRS 2 RARA TH BT~ TOME) BT 5. 0L
RS EROER L TR THDC E ERE TS

cHEEZEHIC >V TE, KETHLI(EXLN D,
(3.3) RAEHHLFER (3.1), (3.2) TRAL, KEBSK2OTHDBRETH 5.
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2
(0} Triangulor element .( b} Rectongular element

Fig.8 Basis functions at the first node

Fig.9 Graph of a basis function Uj,(x,y)
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3.3 BLHIELOFREREZEM

S (31 BALAL B L BEREREELICE T, KDLHCBERHLT T ENT
%5,

fH] Fm g%, g=1,2 . G

st = 1x, It mg’w’ﬁgimg’w’ (3.4)

z
(H)E (F)E m}ﬁaﬁrm(:m)ﬁ®ﬁﬂT,Z%@%&KHL,F@JMTE?4
3

Vs szl (FE) , 1 (LE) #E-TROE SIKEDE D

A C F, G S. R
unw( ! I), wq—( ! I) ,[K]—( I I)(aw
CI AI[ GI FI[ RI SI[

z T,
A, =A;=DQ;+ X B, C,=DP;+2 D
1= Fp= (v20 B, ' Gy~ (v2.) Dy (3.6
S, =S;= 5B, : R, = 23Dy

t@o, Al B EDQ DI BRE, 3RILERE, LORHSHE
(B = fyudvundE, . (Q); = f; Vu(xIVu,ir)dE, (3.7)

AT, ijEABRTLIEZROEREGHOELLT, ROLDCEHREEN S,

[erIJU:Eﬂjoz (BI%, . (DQ;] =T(§F”d7[QJT” (3.8)
F(BY, BEU(Q), . (2.2) RTA~NL2RLERY, EOMAER, BLUQ]; 2]

)
o’C(kGDJZOGCﬂLﬁéZhZDO

r ‘_i’ roo_ 1 r Ti__l_ r _l._T
[P]i} 8 AZQ; AZB (Q) = 3 AZQij-'_AZBW.i

(3.9)
(B), = 2D} . (DY, —**AZB

Bioc Emn (3.4) ROBKTH (HI, 2 LosBEo (H)EnBLteEhabEd
z kb, Fig 0 RETHTFEE S, (FIF (Kﬁ%ou\—c%rﬂto
B, Q, nHAMGELOVTE, 3AESLP4ABREMMICOL TRXMB)IC, 67

EELZBEHEIC YO TERETHENLN L,
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N

¢ la.lc.
syrmetry /N kea| et et

Cial®
Submatrix Global matrix

Fig. 10 Structure of the globat matrix, [H] £

AR EE R, (3.4) RTS,2RMAELLT,

(3% =850 R R

(3.10)
k- THEENS, 23T~k die, BETH(HIE Z50BACE<THEHBETHD
&f‘&'j-cl(\’z)o

—7, ARKEHECEY 3P TFROHER,
8]
gz:1(yzf )g (BT ¢*

wEDTbhG, 3WLHETIE, (v ), (B) EFig WTR&ENL LD EREOITIES
%,
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4. 6 it EFEBEI

4.1 3 AEROIIKL

RO OER S H S, Fig 11T/RY IMERE (¢ —nEE) £2FX 5,
4. 1.1 PEREEHE

(x,y )% x —yHETBD5E6ARORLOER, (x,,y,)%x —yEBEcBI LI &
E@ﬁﬁ@@@&ﬁ%ox—y@%an@%®%%%mmékbm FBEODEP(xy)=P(& )

AEZTHL, TDOESE,

{ x=x, + (x,—x )L+ (x, ~ %) 7 (41)
y=y,* (y,~y)E+ (ya—y)m
Lih, aRF6AFD1IZORELETE L,
{ X :xc--+-aé+%ar}
(4.2)
YZL+%§”
A, &, niz2oWwTkdbH &,
= L (xx)— oy oy = a/] (2 (x—x) S vy )
a v 3a 2 2
) (4.3)
7 :ﬁ(y—yc) =a(y~-y) ]
T 7T ]t JacobianTRO X HIK G A 601 5,
PR
=] 7 T3 e (4.4
ay ay 2
T
¥
1 1
(X4, ¥3) (Xg ¥2)
(—-1,1)® _2/(0.1)
(—1,0/D (Xgn ¥e) O\ X
(X4, ¥4) 4 (%4, 7,7 &
) ®,
(0,71) (XG’ YG)
/ﬁy%> (1.-1)
-
Fig.11 Hexagon on the #—7 coordinate
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412 3HEEBEELTOES®
%ﬁ%%ﬁg&m)%,6%%%%%?@%%?5%%%%i606@%%60®E3ﬁ%
K%ﬁt,ﬁng%?%%Zﬁ%%ﬁt,E3E%L@%bﬁﬁtt@@%m%¢éc

Jo g(x,y2d0, = Jo (€, ) [ Jldedny
S AP R AR LY
—ftde g T g, m 1Tl dn - /]de LogCe m) [T [dy
+0de (e ) | T dn+ L8 L] gCE ) 1T Tdy
wptde SgCe ) 1T ldns flae LlgCe ) 1T 1 dn

— e e i dn s L8 (6 ) da ) (4.5)

Lrag S

Fig.12 Space integration on a2 hexagon
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4.2 EZBHBOMEYF

S - LTI, Lagrange®™ %71 Hermite MOBMRE Ak ¢ I 5ATY 5, & TH,
Lagrange B8 [ 0% % 5 % 2 ST 0 BBIC B & ¥ TERBREERT 5.

4.2.1 MQﬁy®ﬁ%ﬁ
IRTOBSICET 2B fxicwd 2 AUEFEAPXEZAL S,

(n+1) EOEH x,<x, < Cx KBLT, BEQHERSM-OFHAP XBHFET
(10)

KDOLEHKPXNETEET D,
P ix)= 2, f(x )8, () (4.6)

LT

o (xox) (x—x, D(x—x_4) = (x—x))
G (x; —xg) ~+ (x; =%, 0 (% — %) (% —X,) .

(xIFROMEEFHL, 3.2 TR LA-BEEMEOHEN, QEilElT.
ﬂ‘(x)— d .. (4.8)

| WL EEME AP IC & g, Fig 13TRT LS, Ax Xt d 2 BEEKAESD (x,
&th,m@®20@£§®L?0Tﬁ<,%nuﬂwﬁiif@0%ﬂ%%§mm&méo
nE Y,

r

X Fia BH(x,.x,)
X T X
u,lxt = X — X EHE (x . x ] (4.9
X, X 4 ~ i it
0 T Oftho EHHE

Fig.13 One—dimensional basis functions
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4.2.2 CALEZBHOES
SHFEEBLOLAREL LOREMY (EEHE) oBEFig8 TRENA, EARE
ERKICHI - TIE, SHESLIC4ARERBMROEREEIGAT 5. 97405, Fig.8(b
CBNT, Bl (0—ANd v Fy 2 A) CHTRERME LK, vy, IR LIPEIEL
B, zcTikA(2, 3), T3, 43, TODEER 2.
cRMLEL L BB T I RDAERT 2 HRER,

a,; &+ b;n+tc, =0 (i=1, 2, = , 6) (4.10)

2EZ k5 (Fig. 14),

(0,—-1) ® @(1,—1)
/ 7+1=0

Fig.14 Edge equations on a hexagon
(4.7), (4.8) @ Lagrange fMiX XKD X SICHAMT %,

PCE, 1) =2 8, (5, 1) 4,(5, 1) (4.11)

n

&, (48)RT(x—x,)0Rvic, (a,é+bntc) ERATEG=T, 2, ,6) . D
s 0. Gl BT A ERMAK, (£, 1) B, HAI BESTOALTIEOLAS KSIE
R h, FOME, KOLHK6HERMBER L,

6 i ER BN

oA =3 £ B #

(1,0) | u, (&, m)=(t +e+)(1+E)(1 -7 4
(0,13 | up(e, p)=CL +n)(1+s+7)(1 -4
(=1, 1) | w, (e, m)=(1 =)L+ nx{1-Cern?} 4
(—1,0) | u (e, =1 —&—7)(1—£)(1—79)./4
(0, — 1) {ug (e, )=C1—m)(1—§—n)(1—£)/4
(1, =15 | ug (&, my=(1 + &)1 —n){1—(e+)*} ¢

(4.12)
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BilE%2md (LT,
UZ(Es 7]) ’

6 AERBEHORERRATH, £,
ug (&, n) i,
EJ—@%’S:EQZDO

nDERTx,

¥ i)i“ﬁﬁb\ i’oﬂfk‘%)o
w (g, 7) B A EEOERELTHEONLEDEN >THD,

FROEEMMu, (&, ) BEALI T, TOMOEATO LLB, Fig. 15t u; (5, 1) @

Ul (I+X+Y )01 +X)(1~Y=%%x2)/4

&

< &

wy ._._'
w=e !
=
g 5
r\uu":“:' $‘.:

g S
-5 25 .

. P s

g &
~ =
P < §
\k/g)( | L:J /!
- <
(/<<‘ Z 00
L
4
7 S
<
O .
. §w>
Fig.15 Shape of an original hexagonal function
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Blz, u (5, 7) 2u, (& 7)) OBFKRIE, AP(s, 1)E0EREKS#LQAP(E 1) &O
BEIZL > THLI EMNTE S (Fig. 16),

u, (&, m) = u, (£+7q, —£)
u, (&, %) = u; (np, —&—7)
u, (&, m0 = u, (=&, —7) (4.13)
us (&, 7)) = u, (—&—7n, £)

UG(E,U):ul(fﬂf], E+Tl])

iy

@ £’ (0,0) £ @

®

d ®

Fig.16 60%-rotation from point Ptec P’

(I A TEEL-AEEZHHL S
B s N D EEMKL, 32 THEAEHHE
FERELTOEDEBD CHLLEDRD D,
EPrwitd 2EERRKEZ, SPHETS
BXOEZBH 2SR LA-bDTELNDS
{(Fig. 17},

Basis function at P consists of three element
functions at the local indeces &, @ and ®

ue,m) @Oy (o gy OO

Fig.17 Elements to which a node p is pertaining
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BB O o TiE, u, (8, DERAIKEAE, tHEOVTHKFEL T E00, #
FZALOBO-@EHAD>EOMBOMBIRERIDED . CNERODELDILERRT S,

A } A
w e, ) 170 =y e, ) | &0

STPAKEE T3 ADERMH v, (5, NELD>® LT, BOERMEK u (s, NELO® >
O LTH~NTHB(Fig. 17). B b,

B
D0 s (4.14)

u, (£, 1) | = ug(&, n) |

WKL, DU TEOEREEREM (3.3) RThr Lok, EAMEEERT LM
5, 3w Gl BEMOTNTOATI ZHBLENTLL, ETAH (412) XTHD
h-B£EHOME, Fig 8iwrdir, mRESPSVESVYRELTVS, T IT,
(4.12) ROBFRHAKE /) -~~~ 71 XF 5%,

6
w80 = %f(3~752~"n”—5n) (4.15)

sEmgas A (415) R TEHL iy, HFLOBRMEEZXKOL > BHEENL L LTES,

6 i 2 R B

mooR S * B 5

(1, 0) |u .= +erpUU+)1—5) {2@— "¢}
(0, 1) |u, (&, = +p1+s+m1—£) 23—~}
(=1, D |u e, m= -1+ {1-+* A 2@ - ~r"—¢n)}
(—1. 0 Ju, g, m=1 - —m(1—¢ Xl*ﬁ)/{Z(&—?mf*Ew}
(0, —1) fu, (e, = -1 —g—m1~£) {203 &=n"—gn)}
(1, — 1) uG(E,Ti)z(1+E)(I*77){1—(E+77) {28 n"£n) ]

(4.18)

(LR TRLNF-BEZERORER, Fig 9T R&hE /-3 4 X LTV D(Fig.15)
KEENT, 6BRODPLIA - TORAEFE 2{ L >TLEDH DD 5,
FEMa—FicBoTid, (416)ATELNAERBAKERASI LT S,

— 26__
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Fig.18 Shape of the sum of the six element functions
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43 B,.Q, CHE

(3.6) RTH LK, 3RTEXRE, (Fig.7) LOENE (B)L(Q) o REMUE@EELIL
THRRLED.

431 2RTEZLDB]. Q
SWLER FO (B)],(Q)), #3H T 5% » T 2 WOTPEQ, LOMBT . Q) X
5,

Bl xfg u; (%, v) ; (x, y) dxdy, Q. :[oVui(x,y) Vu,;(x,y) dxdy
r : “r

dui(x,y) du(x,v) | du(x,y) du (x,y)
dx dx dy dy

27T, Vux.y)Vylxy) =

::a%/Jz{auv/agauy/ag+auy/anauy/anwé-(auv/agauy/an
+ou, S omou,/08) ) (4.17)

EHEORENE, Fig. ]l THRLALLI, 12120477 % Y7 VRBERETHD, B
ODEEER (E6MAK) Qrioanilaiiifs,
E6HED 18%atBE, 1041 DE6RBEQUAEEALSL, HOPITRAPRILT 5,

B, = a’ fqlui(x,y) u; (x,y) dxdy=a“B’, (4.18)
QHZ‘QFWKXJ)Vuﬁxy)mdy:QQ ( 4.19)
B/ =/ u,(x,y) u;(x,y) dxdy ( 4.20)

521

B, Q;; ®EE (3.5)~(310) RCECRTHRBERELAUTEERTETH O, EHEIET
I btw\oE%E@%ﬁti‘”&lﬁﬁﬁE‘UJHH&L\%HE@%I@ ik, MITEICRDHT L
Tx 5, LT AY, LITRRSh 6 AERMUOHGITE, %ﬁﬁﬁ%ﬁmmﬁm5®@
RETH D, %C’Cufﬁiﬁ%ﬁﬁﬁbfﬁoﬁ&%nﬁﬁmbné w2 BOHEFHET N,
(1 =27 RH¥ ‘Clﬁ%%ﬁ*éﬂtﬁﬁ@@;;&REDUCE%ﬁcf.#:%:%fﬁﬁﬁﬂ’mﬁﬁﬁ}

KD, BHER (4.5) RCRT & - nEECLBERTICL D,
9 oy s EA kD RENICERAERD B, oYy BRI, FEOREOEN
TEBIPRILIATHRESH S,

REDUCE O AMI I & 2 EAMEE TR, WRAMKY D LEBIZEICEERS B AR
cTH B, (412) RTHALNK6ABERMEWUCKT 5B, Q; RREDUCETHITH
kB BT LR, T AM, s - IAXERLL (416 X6 AEERKHKCDSE,
HEA LT D REDUCE CHARET Sc HHEBAE 5. T BREREHACHT S
,VQUQﬁﬁ@m/«wﬁ@ﬁﬁﬁﬁmibibtoC?LT?&L,VQ”®@%T@E
L FA, 2BOEXMEIC L DEHLE,, Q, PER, BRDILUNEL, bLOBBDED
rORILHMEER B
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and Qki of hexagonal basis functions

Basis. function (1) obtained Basis functien (2) obtained
index Ey REDUCE by Romberg integration
o B, (V3/2a%) | Q,(x2/Y3) B, (xa% Qy
1, 1 9587/33600 10819/13440 0.15847 0.76064
1, 2 7527/44800 ~951/8960 0.086577 -0.16199
1, 3 10651/134400 -4477/26880 0.036757 -0.16931
i, 4 2077/33600 -1389/13440 0.027872 —0.098057
1, 5 10651/134400 -~4477/26880 0.036757 -0.16931
1, 6 7527/44800 -951/8960 G.086557 -0.161599
2, 2 9587/33600 10819/13440 0.15847 0.76064
2, 3 7327/44800 -951/8960 0.086577 -0.16199
2, 4 10651 /134400 4477726880 0.036757 -0.16931
2, 5 2077/33600 -1389/13440 0.027872 -(0.098057
2, 6 10651/134400 ~4477 /26880 0.036757 -0.16931
3, 3 9587/33600 10819/13440 0.15847 0.76064
3, 4 7527 /44800 ~951/8960 0.086577 -0.16199
3, 5 10651/134400 -4477/26880 0.036757 -0.16931
3, 6 2077/33600 ~1389/13440 0.027872 -0.098057
4, 4 9587/33600 10819/13440 0.135847 0.76064
4, 3 10651/134400 ~951/8960 0.036757 -0.16199
4, 6 10651/13440 -4477/26880 |  0.036757 ~(.16931
5, 5 9587/33600 10819/13440 0.15847 0.76046
5, 6 7527 /44800 -951/8960 0.086477 -0.16199
6, 6 9587/33600 10819/13440 0.15847 0.76064

*% a; side length of a hexagon

,30_
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4.3.2 3WuTEZRLO (B, (Q)]

Fig. T(bi0 6 A EHEE L3, cARER FOERMEL 6 AR ERMHEERN L TRD

EHCEHT D,
w, (x,y,2) =£,(z2) u;(x,y)
’ (4.21)
U gx,y,2) =1, &) uk.y), G=12-"- . 8)
LT
(z—z,) ./ (z,—2,) for i=12-, 6 (I@E)
fi(z)={ (4.22)
(z,~z) ./ (z2,—2,) for i=7 8- 12 ()
(1) (B])] 0iE
(Bl = fzzfg u, (x,y,2) u;(x,y,z) dxdydz
Z1
— fziz f;(2) £,(z) dz [ u,(x,y) u;(x,y) dxdy ( 4.23)

= 17175 (@) £,G) dz L, u, (e, m) u, (€, 7)) dude
21

*ﬂﬁAl
%(zzfz]) for 1<i,i<6or 7=<i,j=12
S () £,(2) da —{1 (4.24)
“ 5 (2, =20 for(1i=6, 7= =12) or
(1=j=6, T<i=12)
i i
o o i
[(B) =6 (z,—2z,) EiZ) 2B(2) {4.25)

B’ (B, )i Table 4 THZ Shi 2IRFED B, #ERICHTALRT,
9 (Q)] oHE

fEl#k ic
(Q)/, =Q, /P12 f(2)dz + B,/ /() {/(z)dz (4.26)
21 Z]
I for 1=i,j<6or 7<i,j =12
. Z1—Zs
fzfi(z) f,(z> dz:{ 1 (4.27)
B — for(1=i=6, 7=j<=12) or
Zr7 e (1=j =6, 7<i=<12)

(421)~(427) Ric kb, giz (3.9) X*E 3,
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5. BHEMREEGH OBV

Fig ALITRT LHIC 2L EZNVBHENPENL D, 6BEOPLEZMIZA, B, CO3E
R ENTVWIEEEEZ 5,
(4.5) XEFALZ v uxy 0y 0RDERD 5,

fg 2 (x,y) u(x,y) ux,y) dxdy
S TS a5 S a5 ) 1 e ) (e, ) dedy
1 r2 -

-r - 0
SN LR WP A DN AR G DR C L
- -rg - -

(5.1)

6. 6K FERA v a2atrlbL—Y 3 »

Fig. 1 TRT 5N 6 HBTRERAFE>SRFONETE A v ¥ 2289 58k, CITATION
OEDIEBICHEALTS (Fig.5) A v Y2 mOBES 0 HEERE, HE 2 - FOWA
BILL - THRESEZRLEE 5,

2T, 6BEROx -y FRHKFOEIRET OS2 AEFHAL, HEXRREMNI L
W L7, _

BEOFEMz — Fizid, AROBEREMRLELAIAERCZIABERLEIHE X »
VA HRL - MBESNTOR, BLl, chERMiC, ABTERENRELILA v ¥
a¥iRL—FEERL .

Ay va¥il—FELTH, 6AFREELRVI D, 3AKEZLAVI OO 2HESE
R L, 2hehicsdl, BROWHESEE A » v 2 A0FNEER L,

1 2 B R

2 L3R (120 (=R

(3) 176K (6 0 EEK)

SEOF T va vEEK L, RABELESETC, LVEERTHESTELLSHRAPRLD
HTHED,

Fig. 00 6 AL ERAE, LEEKD Ay vatrb—Ya OfERT, ABEBRAKE
Hird - MABEEERT, SFEOWKELLHHAIBEROANMOATH D, RETH (24T
51) AR LEIC, MEESERING, HEAEE, EXESRABERNEERRSL, HR
NOESE, BREFAPIBEZELIROESHENEN S,

Fig 2l 3B ELSETL 6 RRDOIBEERY., 6 AREROBALAETD, HAELLS
BEXREIAKOES» LK S,

BHREZHEILETDA v vatasl—va YORRKOBESAZ, RETHO v FHERAD
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5. FBEMHEESHEOWKEL

Fig. AT RT LI 2R AEZABHESRERZ D, 6H/EOhLE#HICA, B, CO3E
KRB ESNTWEBEEERER 5,
(4.5) REMALZ &, v) uxy) uyxy) 0BT ERD 5.

/ E(x,y) u;(x,y) u;(x,y) dxdy
=TS e 5 £ aE 50 £ u e m g (e, ) ded
l"l rz -

- " 0
(5 SR+ 5 M e+ 30 a8 £ u, (g m) u, (€, ) dEdy
-1 -1y -r (1) !

(5.1

6. 6 THEIRAvy2¥RXTL— g »

Fig Il TRT 5N 6 ABTFEREF >BEFOWEE £ v v 228 S, CITATION
OrS5EEICFEALTS (Fig.5) A v v S0FSSOHEERS, FE - FOMHE
BLL--TAHESERLEE S,

TR, bEEROx -y EEHKEFOIEFE SO LA EERABL, HERREMNT L
i Lo _

BHOFEMI — Ficlt, AEOBERANRELAIAERCR4BEEREZESBEH A v
VaER LS BBESATOE, BLlZ, ChEREBK, 6ABFREREMRELALA » ¥
= €F b— 5 2fEm L7,

Ay va¥FL—sELTH, 6AEERE2sHVLLD, IBEERLAVLI DD 2EE
R L, #hFEFhkdl, AROoWHEET £ v v 2 S0HNEEEL,

n 2 8 K

@2 73R (120 ERlE)

3 1764k (6 0 EEEK)
3EOAT v a vEBEB LI, 6AEEXESY T, LVeRRTHESIELOSEARNELD
R THL,

Fig 20ic 6 T EESE, L/6BRO Ay va¥r Lb—Ya v OFERT . KRBITAEHE
Rir s HABERERT, FEOHRENATEHIBEROANOALTH D, HBHEITH (2E&1T
F) Ak 58I, S ERINL, HAES, EXBFSANBBERALKLICMHL, HR
ADHIE, BRKEAHIBRCIROFESHASNSG.

Fig. 213 3AEERNECL 6 FROBESTT. c AREROBGLEND, BRLEUD
BEREIAEOCESIL LK S,

EREZEIETBA vy vatrl—Ya yORKOBESL, BRETHAO v FliE2ER/N
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CTLEHIRTAFRSENTCLETHS, 2E0, BETLIHALOESZEORAMEZR/ME
THELEHBUETHD,

Table 5iC, L/6FROBADIALEZRLABLF 6 ARERSHIcET 2 BHH, R
B, b FEOMEMN0 L ULHAK (HBRABEARNTHA) , BHTAONY FIIERT, /Y
YEMEEREARECBZI T EHED LS,

Table 5 Numbher of elements, etc., in the case of 60°—rotation
on the hexagonal geometry

Meshes Number of . Number ‘of Band width Number of
elements node points zero—flux nodes
Trianglar 3¢° ¢ 38 (30— 43 2] 2 g+1) 20+ 1
elements ’ 2
Hexagonal z B -
elements 14 2 £g+1)/2-2 ) 2 (f—-1)+1

¢, mumber of layers on a hexagonal geometry
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12, 1HEE, v+ 77k 7Y B eAKTFRCENSNABORTEERY L5, BT
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Fig.22 Basic problem
(60°—rotation )

0 8’ i@
13
M OHRAE, MOBRFFICHTAPETAG R, KX THA NG
6 (z,r)=],(2.405r,”R) cos (mz. H) (7.1)
AL, ZHMERRK, RRRTEL 505,

K, =v2 /(DB°+Z,) (7.2)

e
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crTBIREAR Ny 20 v THBHNEOBARKRAEN B,
B = (2.405/R)*+ (x/H)* (7.3)

Rﬁﬁ?ﬁ®¥&,Hﬂ%é?%%oRK@LTH,Hg%?%bt&%@?ﬂﬁjbfw
Lp8, CCTHRHEHEELTR=T7(cm) TitBEIN 5.

(2) FEMicLDETER
Sia i, B OGEE ETORER, @AM S0E M & L TT bR, x—y BilllE, Fig.22TnEn
ok 5716 BEEESL AT, zBAMIE, H 255588 ¢52ERKDEINT

3 ")
Mgwmm,ﬁ%@@¢b@wﬁwé%ﬁm®¢%?%®%ﬁ%,mgmwu,ﬁ@¢@@

AEODHFHEOSHERT, K 20Tk Table 6 TREH 5,
FITREEES L URFEAODEFESHORIFELOER, 6 ARROABNX 4 - AT
MW EiTEbbDEELSNS,
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2]
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1.0+ » computed 1.0+
i —-—— exact i
0.81 0.8 1
. 64 5 0.6+
-l _U 1
Q
0. 44 = 0.4
o
1 E
=]
Z,
0. 21 0.2 4
(1) |
L F L 1 r 1 1 1 i
0 10 20 30 40 50 60 70 80 cm 0 10 20 30 40 cm
[} node point
h . .
eragon Fig.24 Comparison of axial flux on
Fig.23 Comparison of radial flux on the basic problem
the basic problem ' (at the center )
(at the bottom)
Table 6 Comparison of K —effective on the hasic problem
exact by FEM
0. 9978 0. 9936

w38 —
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Fig. 25 GCFR configuration at bol
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Table 7 Input Sp

formal (18A4)

18 [33 parameters]

1. NGRP

2. NDW

3. NPOINT

4, NZMAX
5. NELEM

6. NXYRN

7. NZRN

8§, MIT

9. NBCON
10. NBOTOM
11, NTOP
12, NIMAX
13, NOMAX
14, NBAND
15, NKXY
16. NKZ
17. NSTART
18, NMTRX

NUMBER OF ENERGY GROUP

ecifications

5

maximum number of groups for down-scatterings

number of node points

number of node points

on -y plane

along z direction

number of elements on x-Yy plane

number of geometrical
number of geometrical

number of materials

regions on x-y plane

regions along z direction

number of node points with the zero flux boundary

condition on x-y plane
bottom boundary condit
0: zero flux,
1: reflective
top boundary condition
0: zero flux,

1: reflective

ion;

.
>

inner iteration maximum allowed for energy group

outer iteration maximum for execution stop

half bandwidth in the
number of coarse mesh
number of coarse mesh

direction

global matrix (see Section 3.2)
rebalancing regions on x-y plane

rebalancing regions along 2

starting option for initial guess for flux;

flat,

guess read from the

external tape (file unit 9),

dump tape (file unit 12),

complete restarting from the dump tape (file unit 12),

0:
1:
2: guess read from the
3:
41

modified restarting from the dump tape (file unit 12)

option for matrix calculationj

1: calculate all the matrices for a new case,

2: read the geometrical matrix on x-y plane from the

dump tape (file umit 12),



15.

20.

21.

22,

23.

2

24,

25,

26.

27.

a 28,

29.

NPRN3

NXYOP

NMOPT

NCSOP

NFISOP

NBCOP

NKOPT

NAUTO

NXP1

JAERI-M 82-071

print option for
0: no print,
l: print
print option for
0: no print,
1: print
print option for
0: no print,
1: print
input option for
¢: by cards,

1: from the dump
input option for
0: by cards,

1: from the dump
input option for
0: by cards

1: from the dump
2; from disk
input option for
0: by cards,

1: from the dump
input option for
0O: by cards,

1l: from the dump
input option for
0: by cards,

1: from the dump

the material cross sections;

regional data;

elements and coordinates;

regional data on x-y plane;

tape

material number data;

tape

nualear cross section data;

tape

x data;

tape

zero flux boundary condition data;

tape

the coarse mesh rebalancing region data;

tape

option for auto-mesh generating routine (on x-y plant);

0: not used (input by cards),

1: generate grid
triangles,
2: generate grid

3: read from the

meshes all composed of right angle

meshes all composed of rectangles,

external tape (file unit 14)

4: generate hexagonal meshes

number of node points along x directien for auto-mesh

routine



@

30.

31.

32.

33,

34.

@ 35,

C.

=7

HTII

NYP1

NEDOFP

NEDNO

NEDPT

NHEX

THG

JAERI-M 82-07 1

number of node points along ¥ direction for auto-mesh
generating routine

edit option for flux;

0: edit the point-wise fluxes on Z-j planes,

1: edit the element-averageéd fluxes on x-y planes,

2; edit the element-averaged fluxes on 2 meshes
number of edit fluxes for x-y planes or # meshes; the
number of z meshes with x-y planes for edit x-y plane
fluxes, or the number of x-y points with 2 meshes for
edit z mesh fluxes

input option for parameter 32, NEDNO;

0: by cards,

1: from the dump tape

number of layers of hexagonal geometry. If other
geometries NHEX=0

specify the reflective condition

1: 1/6 of hexagonal geometry (60°-rotation)

2: 1/3 of hexagonal geomelry (120°~rotation)

3: full of hexagonal geometry

0: other geometries

terminator

Floating point data

2% [8 parameters] (input for NSTART=3 in "*1$ card)

1.
2.

"T”

EP51
EPS2

SORF
POWER
TIME
FAL

Fa2
WHEX

criterion for outer iteration convergence (Keff)

criterion for inner iteration convergence (point-wise

flux)
over-relaxation factor B due to SOR method; 1.0<SORF<2.0

operating power level in megawatts for normalizing fluxes
CPU execution time limit in minutes

coefficient on geometrical symmetry of a nuclear reactor

for power-normalized fluxes (such as l/FAl—reaétor core)

number of nuclear fissions per watt-sec (l/Kf)

length of one-side of a hexagon if hexagonal geometry is

used '

terminator
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Geometrical data
point data on x-y plane (input for NMIRX=1 and NAUTO=0 "1$" card)
3% NELNO (4, NELEM)
input the number of the node points which compose an
element in anticlockwise, put NELNO (3,NE)=NELNO (4,NE)
for a triangular element
4% PX (NPOINT)
input x-coordinate on each node point
5% PY (NPOINT)
input y-coordinate on each node point
v terminator
data for auto-mesh generating routine (input for NMTRX=1 and NAUTO>0)
6% XNODE (NXP1)
distance from center to each mesh-division in x-coordinate
7% YNODE (NYF1)
distance from center to each mesh-division in y-coordinate
" terminator
2z mesh data (input for NMTRX<2)
8% NDZR (NZRN)
number of divisions in each region in z-direction (from
bottom)
9% ZNODE (NZRN)
region width in each region in z-direction (from bottom)
T terminator
regional data on z-y plane (input for NZYOP=0 and NMTRX<3)
10$ NZYGN (NELEM)
assign the region number on each element

tt terminator

Material data

material table (input for NMOPT=0 and NMTRX<3 in "1$" card)

11% NMRGN (NXYRN, NZRN)
assign the material number on each region (from bottom)

" terminator

eross section data (input for NCSOP=0 and NMTRX<3)

& 12§ CS (1HM, NGRP, MIT)

input macroscopic cross sections on each energy group
for every material; within a group, the order of data

in cross section tables is:
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Position Entry
1 1%
2 ¥
3 vz%
4 ek
5 zgTett
6 ng e+l
THM Zg->g+NDW

where NDW is the number of down-scatterings

et terminator

Fission spectrum (input for NFISOP=0 in "1$" card)
13*% AKAT (NGRP)
input the energy-wise z¢ in order of g=1,Z, ...NGRP

i terminator

Data for the zero flux boundary condition on x-y plane {input for
NBCOP=0 and NBCON>0 in "1$" card)
158 NBPOT (NBCON)

input all the numbers of ncde points with the zero flux
boundary condition

pnt terminator

Data for coarse mesh rebalancing region (input for NKOPT=0 in "18"

card) 7

x-y plane data

17$ KRPNT (NPOINT)
assign the coarse mesh rebalancing region number te each
node point

e terminator

3 mesh data

185 KZRN (NZRN)
assign the coarse mesh rebalancing region number to each
region (from bottom)

i terminator
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I. Edit data (input for NEDNO>0 and NEDPT=0 in "18" card)
105 NEDTB (NEDNO)

position table of edited fluxes or powers for specifiying;
the node point numbers in the z direction for NEDOP=0
(from bottom), or the mesh (element) numbers in 2
direction for NEDOP=1 {from bottom), or the element
numbers on «-y plane for NEDOP=2.

It is noted that the power in % meshes is edited even

for NEDOP=0 at power edit,

e terminator

Table 8 Added Subroutines

Hexagonal mesh generation

HAUTO1 Numbers of nodes, elements, zero-flux positions, and band

HAUTOZ2 Node-element map is made and pictured.
HAUTO3 Zero-flux positions are given.
PRINTH Region~element and material-element maps are pictured.

width are given.

Trianglar mesh generation

TAUTO1 HAUTO1
TAUTO2 HAUTQZ
correspond to
TAUTO3 _ HAUTO3
PRINTT PRINTH

Cross section reading

CROSS cross sections are read from the cross section table

of FBR group.

Specification of hexagonal element fumction

XY6 Bi' and Qij values are given for a hexagonal element
function.
Note: If triangular element specification is used to hexagonal geometries,

NAUTO=2, and NMEX, THG and WHEX are to be specified.
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9 . ANh F — 4% o #

BFEBBEOANT —%

— Py 3 ¥ a T——5 x 4

3301 4GREUPS,3DIM.HEXAGBNAL GESMETRY.TEST

3302 1¥

3303 1 0 0 F3 0
3304 1 1 o 1 0
3305 100 ° 1 1 )
3306 1 1 1 0 G
3307 0 0 0 4 9]
3308 0 6 0 5 1
3309 2%

3310 1.0 - 4 1.0 — 4 1.2 1.0 1.0
3311 1.0 11.55 T

3312 8¥
3313 5

3314 9%
3315 50. T
3316 10%
3317 F 10T
3318 11¥
3319 10T

3320 12%

3321 0.1 3.8 0.021 0.015 7

3320 13=

2323 1.0 0T

I3ra 17%

33?5 F 1T

324 18%

3327 F 1T

1308 19¥%

33009 1 ) 2 4 S
3339 T

3409 -

3829 7/

xx= END 9F DATA SET =xx=x

Fig. 29 Basic problem
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GCFREFAL(6ARER)

x 1 r——2 * 3 x 4 * é = 7
0100 4GROUPS.3DIM.HEXRGENAL GEBMETRY.TEST
Q200 1¥
0300 & S O 12 ¢} 17
0400 4 21 8] 1 0] 1%
0500 160 o} 1 1 @] 1
0600 0 1 1 0 0 -
jegranis] 0 0 ] 4 o o]
0800 i 4 0 18 17
09CC 2=
1000 1.0 - & 1.0 - 4 1.1 1.0 ?.5 1.0
1100 1.0 12,3 T
1200 8%
1300 32 4 3 1
1400 %%
1500 a0.0 35.0 30.0 25.0
1600 10¥
170C 2
1800 2R 2
1900 3R 3
2000 4R S
2100 2R S 7 ZR S
2200 6R S
2300 7R 4
2400 10 i1 4r 12 13 14
2500 ¢9R 15
2600 10R 16
2700 11R 14
2800 12 16
2900 13R 17
2000 1
3100 ER 2
3200 2R 2
2300 3 a4
2200 2 S
3500 2R 1
3400 é 8
3700 ZR k4
3800 10 14
3900 2R 15
4000 IR 14
4100 2R 16
4200 2R is
4300 2R 17 0T
4400 11%
4500 12 1 13 13 2 15
4400 14 15 3 4 1é 4
4700 : .18 4 S 6 16
4800 iz 1 13 13 2 1%
4900 14 15 3 a ié 2
5000 14~ 4 S & 10
5100 12 7 13 13 ? 15
3200 14 15 8 4 1é <
5200 16 7 S & 10
400 il il 12 13 11 iS
500 14 51 i P 1& 11
400 16 11 11 1 ic
5700 12%
5800 0.546%2 0.3378 0.0841 0.013% 0.004 0.0
5900 T
000 7%
8100 F T T
4200 1B¥
4300 F 1 7
4400 19¥
465600 i 4 & 11
4400 T

rxx END OF DARTR SET xxx

Fig. 30 GCFR

model (hexagonal elements)
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0100
0200
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0500
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0700
0800
0900
1000
1100
1200
1300
1400
1500
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1700
1800
1900
2000
2100
2200
2200
2400
2500
2400
2700
2800
2960
3000
3100
3200
3300
3400
IS00
3400
3700
3800
3900
4000
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GCFREFTAL(3AEER)

4GROUPS, 3DIM. HEXAGANAL GEBMETRY.TEST
1%
é S 0 12
4 31 0 1
100 O 1 H
o 1 1 0
¢ 0 0 2
G 4 0 15
ox
1.0 - 4 1.0 ~ 4 1.2 1.0
1.0 12.3 T
a8y
3 4 3 1
?x
a0.0 35.0 30.0 25.0 T
10
2 1
8R 2
14R o
4R J1Z2R 2 4R 4
2R S
2R S
ar £12R S &R 712R S 4R
4R P34R S 4R Q@
4R 1042R 2 4R 14
4R 195 6R 10 &R 1124R 12 6R
4R 15
fulg 14654R 15 4R 14
488 14
74R 16
4R 1772R ie 4R 17
78R 1 T
11
1o L 12 13
14 1= 3 4
16 4 =S )
12 i 13 13
14 1= 3 4
16 4 > o
7 13 12

1z

;;
—

Frg. 3007 RN

Fig. 31 GCEFR model {triangular elements)
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Pl = T i

@ HL. 6EEFEREFRCIEES L9477 v s vEBML, CITATION FRD L DT
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rhAI— FTEHETEEDICE, 0L EFABEDAFILETH S,

{5) ﬁﬂ@CRKFﬂM&@z—A—j/tl—?§$ﬁbf“?wa@?%%AK%hT
i, %ﬁ&x@ﬁm%$$®ﬁﬁmﬁrwﬁﬁmwﬁrﬁik%w

6 - FHAECHEShZ o, BCFESMsEn eI 0sl o, SRMREN
Fhd Al EH - A —F v ARALLESD S, 6 AKTERICOL TR, 5E, BX
AsK, BELEREONER, AR EHEDEONGREEATF -5 OREMLST SN
foo MAERONBALLESIOCHLETH S,

7 HEOFEMD — FICHBEERN EAHNE LARBET -7, ABREFRICETST
R4 T—F D4 w4 vEN, AEKEAEI ST RETHOEDTREE/ASNR
ﬂﬁ@%%m,W%E@ﬁ%ﬁidﬂ%ﬁ@ﬁﬁ%@ﬁ%m74wA«@A&ﬂﬁU%D6
M, D, FAERLZOLTHET ZARRED I EC LD, dREEMEL/3CEDL
7o

8) 6FEBRTREKEIE S0k, ¢CTH, FEM6EFEMT (Fig.2) ORXOERS
B EFNCHELAERBEKEHOAAREEF TN, EHFORLICHEEE S ABPETH
DESNTECESNZOT, 6HEERAHOFETHOEHAE 1 2EC RS -2 T5H
LTEAMENS S, StERMEFEMT LEARE LTS THA 24, R EZRAHE
BOALEDLSHEBECEMAPEEZTHES D -

9 2.3BXUTTH~NA, FEM2—FECITATIONORM TEZ 5K, DELHEFRD

— bbh -
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