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Improvement of Fast Elliptic Solver in Single-Phase
Thermal-Hydraulic Analysis

Toshiharu Muramatsu®, Isamu Maekawa®,
and Hisashi Ninokata®

Abstract

The ICCG (Incomplete Choleski Conjugate Gradient) method and the
direct inversion method implemented in COMMIX-PNC has been improved.
The improved items are as follows;
[ICCG method] Revision of storing scheme of coefficient elements
in computer memory array, and
[Direct inversion method] Implementation of the wave-front method.

The following results have been obtained in comparison with the old
methods in COMMIX-PNC.

[ CPU time for the// CPU time for the ]
old method new one

Scalar processing Vector processing
[ICCG method] x 1.89 x 1.27

[Direct inversion method] x 1,28 X 1.15
And, Total CPU time needed for a steady-state calculation has been
reduced by 1/1.4 times for the ICCG method with double precision.

The performances of each solver are as follows;

[Steady-State Run]

(1) The ICCG solver is fastest. The efficiency does not depend
the number of a computational cell and matrix condition.

(2) At the initial stage of steady-state calculations where a
relative variation of dependent variables is still large, e.g.,
above 10'2, the ICCG method is superior to the SOR method.

However, with relative variation of dependent variables below

* FBR Engineering Sec., Safety Engineering Div., OEC, PNC
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10"3, the ICCG method requires more CPU time to the convergence
than the SOR method.

(3) The direct inversion method is effective for the problems with
under the requirement of tight mass balance.

[Transient Run]

(1) In the fast transient case, the ICCG method is superior to the

SOR and the direct inversion method.
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2.1 ICCG ik
%mﬂ%LthGﬁmﬁm”Tm.%ﬁﬁﬂmmmmemﬁﬁmehr%wwmxﬁ
1 IRTEHEMN T 241 U Ao
CODFIETE, R A

ain a2 0 0 0 0
Ay Aoz a3 824 azs 0
0 a2 A33 0 0 0

A= ¢2.1)
0 aiz 0 au 0 840
0 sz 0 0 ass 0

| 0 0 0 8g4 0 Qe |
DIEHEFED A%, T O 1IRTGEINPICKET2 b0TH S,
A= | 811|a1z(az [azlazaz|as|aszfas 8.44[as|asa|ass|ass[as | £2.:2)

(2.2) WRY VIRSERCAIH D B B4 5 EHR O ALE TS & O EFI DR Y] 0 1R bEIRkC,
RITARY £ 578 1 IR ITIEIN S 50

JA= | 1(2|1|2|3|4(5(2|3]2|4]|6|2|5]|4]|6 (2.3)

IA = 1138 {1013 |15 (17 (2.4)

U LOWMGEERINT 2T Lick b, #HIoIRMERKOMmMICIIEYEL3, L,
ICCG MBI D 5 LDATER 2 L R+ — SIS THEICHIT I A RVESR B2,
HIHTTYIAND ass & ass ) OIS T, HED ij RADM ai; 285 (2.2) Ohh b
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COMMIX —-PNCIZIAT, 2 RFTLEFRICDNT 5 AESTPMERE T » FIBEICER S h
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IBATEN AR D LTI 2 RDOD8 5 A0 (EHE VMO B KT XM, +Z0) &755,
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Q R/, A , +Z

m Q N X [MO]+X
\\\Q\ \q\ \B\ ‘ 5 X-Z

\\n\ =Y N

A W Q q B\ (2.5)

\ o N A \\
\ N i\‘u\n\ N
Number N N ‘\\\\\ N -Z side
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LT AT, FETHINOEBRBELLZRRD 2 KTRFIPMICGER RSB ERAS N IR TH
MLT, TROABDIFFTHILTYWL L EEELS L, B0 i FEH@ OHIITEI - 1
B&i-3%FE (22T, @L@DER DHARREBIBT AMEBH LI, ~7 bt
BAENT 3 LT T o EMNBRMENLES 2, ¢1bb, MOERONIAMKRT LI
Fhud, BOBEOEHROMIBICTES T LMBTE,

O Element No.

«--- Sequence of
Calculation
<«—— Referernce

Y

ARRAY I
Occurrence of
Reccurrence

D& S BENRNBIBBFHROEER, <7 b QN 2RAHEICd %, 3730 B,
IR LTflic 20 TE A2, OOFEBATHE I Hitid, @L@QROVWTOEAMKTLT
WANLENSHD, @LOOHEIIIFINENTEL D, £CT, 2RTRIINDEHEERD
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Advanced Storage Scheme
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CDXIBEHNGXTR, ODEIBETE S Fdicit, MiEREREIZPIZVOE@QDEHDE
WRERDPLIETH 505, ©LOFDOEHRMITIIMMA NI, © L @D ELDIFINLEASE]
fiETdh 5,0

PIE LT, TRIOEIRYG ML 2 RITHTEREHN VO ESHTAEZ 2, COEAD
%ﬁﬁﬂ@ﬁ@%%ﬁ?@ﬁ@iémﬁéoCCT%&ﬁﬂ@%%%%%%?@@ﬁ%m¢®
BFie BB ERY,
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1 2 3 2
4 5 6
7 8 9
0 [ 11| 12

Z

LX Conventional Sequence

of Calculation Numbering of Matrix Elements
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DL, HNIFEEC 2T, A 120
1 2 4 RO A v 1 1T B Bt (1,
1) OGLEITHRENL T, Lkt v 2 0¥
: D 4 filid (1,2) ofiriic, a3 otz
2,1) DL & WD BBt Lo
6 8 10 ( ) DAL & WS filho]
TS EHClts) LT,
Z 9 11 12
Sequence of Calculation
X for Vector Processor

DEHIILY, A BIRERASE U ORIRAITF R A A LS ICE B,
éew4v?wﬁxﬂ@mbmmﬁ%ﬁﬁétw.ﬁ%%lﬁdomwTﬁmféb.mm&
mmfaa%&ﬁwm#$%%@mmm%n%n@pmmwonrumemaao

MO plane
T 1 Null
312
6 | 5 4
918 7
1] 10
Null 12
+X plane -X plane
1 Null Null
3| 2 2
6| 5 5| 4
9 | 8 8 | 7
11 10
Null Null
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+Z plane -Z plane
Null T 1 Null
3 3.1 2
6 5 6 | 5 4
9 | 87 8 | 7
11110 10
Null 12 Null

JEATR L iR o i A BRMICOR 4 L LUF il & 155,

MO plane

D | nm
®|®@
@|®
@

Null

SlClCl®)

+X plane -X plane

Null Null

5| M| =] ]
]| [=]| [=]] [~]

ORI
DO

Null Null
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+Z plane -Z plane

NulT A\l N1
b4 A\ A
VN4 A\ £
\ANANA
|V
Nt (N7 Nul1

COBSEENIBF DS B Null DALEICIZ 0. 0 DiAkEIIEh TV 3,
DL EBEEBNAEER T &L, 4 vFy 7 ZNBYEL DRREAERSH 3.
PIZIEMHEDI 8, X7 bYEXT PP EONFETNAEZTAS L,

B>

D = (Y, P)
= 121 Yi Pj (n : Array )
\
1 Null 1 Null
3 2 3 2
i 6 5 4 6 5 4
= L *
i=1
9 8 7 9 8 7
11 10 11 10
Null 12 Null 12
\ ~
Y Array P Array

oEPcEE®EIOh, Fus5 VSR,

D=10.0
DO10 I= 1,6
DO10 J= 1,3

D=D+y (I, H*P(, &)
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10 CONTINUE
DEIEA VT y I ZBEOWMNIRETED, ~7 b VEREIIEELE 70 75 3 v i i3,
4ED ICCG EMRED & —F i3, PO & 0 iHEARlish s,

2.2 EERE

SEIT 4 L FEMEORT Y Tld, Yale K% THISE S hiz LDUAMR/ Sy o — 9%V 247
AL, FREGTHIDAAICIZIE ICCG i & RO 1| RTINS H: 2428 L1ze LHL, D
WA b4 v 7y 7 AMIEESIR¥ICITI DN, ~2 b ikt 3 ETRRIAR LTV, %
LTIDA Y7y 7 AIREAE B NRICINZ 5 720, EEMIKICY = -7+ 70y b iE* %
SIENEM Lo COFHEOMMITIHERSE) M558, WAL fill-in HiH: 3 3BT % 5 &
HLBES] (70 v MTF) hicBlEL, CRRESOTHREET LWL FETH S, L
1ehio T, FEITHION, GEBEROFRMITIINDOAE) AT RRORE & & biCEE g
BRTNEEXO—BNICRES MWD, T OBIRISRES %= —EER L, Lk oz
HICH A EIT LT bDTH B,
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3.1 HIERERRMITHR
AEOHRDOMRAEMRT 57/, Fig. 8.1 1077 5 IO AMGARERE L1 L
TIERIGIRT — & & KU R 2R,

Case 1 Case 2 Case 3 Case 4 Case 5
Geometry Box~-2D - < - -
No. of Cell 27 108 432 864 1728
No. of Mesh 6x6 12x12 24x24 48x24 48x48
Ax [m] 0.1 0.05 0.025 0.0125 0.0125
Az [m] 0.1 0.05 0.025 0.025 0.0125
Inlet Veloc. [m/s] 0.1 < < - ~
Inlet Temp. [°C] 20.0 = = < <
Boundary Cond. No-Slip with Adiabatic
At [Sec.] 0.1 - - - -
No. of Outer Iter. 1 - < -~ -

L LR, WROMRERZLDOLDTHY, YEMERGED, £, L0
%, Xi#k2) THEMLbDE—Th 5.itMHid, SIMPLESTH Ic & 2 MiiH BTHD,
FvF = FRRATIE DAV, HIENEIFE, ERAD 20°C DKL LTV ZR1EH 5 0.1m/s
ADfEES A, BERKBONE T THEEITL S,

3.2 HEOMBILLSOR EE DL
IH ICCG & & S EIDHBE ICCG #EiL2W\WT, CG -7 1 HDKIEIc3d 3 CPU K [ %
AR VOB E LTHRD LRI Fig. 3.2 TH B, £/, UTRBLVED Y — 2D
WTIBICCG A e & L7 ER AR |
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IHICCGIE(S)*  WBMICCGi#k(S)* sk

(msec.) (msec.)

Casel( 27+w) 0.451 0.451 1.226
2( 108 ) 3.170 2472 1.282
3(432+wn) 14.742 12.140 1.214
4( 864 - ) 31.322 95.437 1.231

Caseb (1728 ¢ ) 78.146 64.989 1.202

: s = |0 ICCG 3T D CPU IS
({ﬂ L M = R 160G Bt o CPUTR )

mxmﬁ%me.%@@&EK;%$H@WM$%ﬁﬁT%&%L23&Haa

MgamiCDMMDG?NCKMT]%%vafﬂﬁiakﬁwﬂéhéﬁ&ﬁWW&.
%%ﬁ:uz#-ﬁwmchew—f@%%%$ﬂﬁm$%dVmuAme“%qwz@ﬁ
ﬁ?@ﬁ%mhtﬂﬁtwﬁmwﬁaLtﬁbtémféénmanmFOme.#ﬁf
waﬁmmﬁémmﬂwxﬁgnuz#—ﬁ%@ﬁb&ﬂéﬁ%ﬁwmm¢5®wﬁL.&E
RICCGH TA), TOTR=AAS RSB LU NI F ABHEI(V) & & ENIEA X 75t
BRIV, —%, CGv—7 (Solution Process) d G B5EAE, IHICCGiE i~ h
mhk%<mﬂrméocwmmmema&ﬂﬂchmémﬁmﬁmﬁmm,Ew4y?v
7xﬁﬁ®ﬁmm;5émﬁaéoﬁah5,ﬁﬁtwﬁﬁ@m16KQVW§%%$b
5twmcaw—fﬁm@ﬁ§%m¢éﬁ,cm%%ﬂ%mﬁw—@ﬁmmﬁézvz$—ﬁ
m@ﬁhéméxbﬁmgwc&%ﬁbfhéocommm.XMz)m%ﬁmmmémm
%LTBD.C®C&ﬂ64??w9ZM@@ﬁ®ﬁﬂﬂﬂﬁbﬁ§bot&§iéo

Fig. 3.4 ~ Fig. 3.8, Case 155 Case 5§ OWTDEFREREE ToIHH 8o 1
BEmRd, g1, DTFI@EiikEsiEs cic 7 L7 CPUB$[% COMMIX-PNC #1) T

D SOREE:E & bitiRd,
SOR #(8) IH ICCG #: % ICCG #:
(sec) (sec) (sec).
Case ] 44 .48 9.67 3.55
2 33.14 35.47 21.59
3 180.82 170.88 118.35 :
4 386.63 382.44 196.91
Case5 1617.21 1517.29 781.89 |

£, [HICCG k& B ER ICCG H: & D LT, WFND T — 2 iTo0 T HHET ICCG

¥ VP-100 2% 5 — i1 ;
A (WA TR I A 2E TS e/ kT (RSB P IR A i) = FAI ZE Tl fp oA it

P A

e e e e e
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HDF MK CPU IR TEMIRBICEIR L T 0, ZONMERILTEH 1805 TH 5, —75,
SOR &L DHETS, 2D KEBM ICCG kAR CPU MR TEMIRIBIZER L TH D, %
DML T TR 202 HTH B, 151, 7r—2 | OBICA Y U+ L OFEGETFIZA  ps10t
I 7842 LBV BT, BEMFDF MR SOR H: LRI L TH SR ICCG ik & TH
FLFL 1> T CPUNKBIZHR b T W3,

Fig. 3.9 3 &L U Fig. 3.10iC Case5 L3 242 7 » 7 1 TOTIE/ S5 v 2 DB &
e 2 7 » 772004 Vmax/Vmax=10"? ) TOEIR/ 5 v 2 DINHGARR DR %71, Xrhic
/R L7 SOR ikicxtd 5 ICCG Hi DWRMBIENE, XXHR 1) IC/R LMD bDER LT 3, ¢
BhBL, ARNIEE & bICEHEIRED ST & Mk, KEICEsE TOMICE T 3 BB
DESWVIKEDIMEFEDA ) v b« 72 Y 5 bBPECRASNB, Lidi-T, HEHIE
S IRIASHELEIRIE (EHIREIGEWVIRE) 1755 % TOMI3 ICCG B:AE I Tdh b HE gt
IBIT A - 71213 SOR BHSHRIICIS 5 T L ASTMRT X 5,

UTic, BERkicHd s R %2Rd, Fig. 3.11~ Fig. 3.15i1, &% — 221 TD
SERINEEEE TOWRMERTH 0, FALITFR, EHIREREE T L7 CPU ISR Lk

Tdh b,
SOR i (8) B B2k (S) S BB E g (S)
(sec) (sec) sec)
Casel 44 48 6.44 5.03
2 33.14 59.39 51.27
3 180.82 298.13 263.63
4 386.63 1143.19 913.68
Case5 1617.21 5727.44 4410.13

T, BEHARE: & M RBEHME: L DK TIR, 27 — RIC20 THREBHBHEMBAIEL
CPU Bl TEFIRMEICEE L TV 5, COFHMERI, #1.28/5ThH%, —FH SORELD
lETi’, 7—21%K& SOR #&AHE W CPU B TEHIRMEICELE LTV 3,

VYE&y, SRMEEMREIBEERZICKH L CPUKBOR THRREOMESRELN TS
%5, SOREEICH L TIR+ATIRLV,

33 NI PILEDOHE
SEIGRETTE - 72 ICCG & & Uil ###HE%E FACOM VP-100 & 2 7 4 2V TAY v
WREEMEL, TOMREME LI TN P VEEIC & 2 EHIRIET % E TOEE %
ICCG Eiic 2\ T4 Fig. 3.4 ~ Fig. 3.8 Wi TA] EIT, #7cE#EMEICS\ Tt Fig. 3.11
~ Fig. 3. 15 3ic [0 ] ENTHFIE L 720 LUFIC ICCG i 2 AW 125 & OERIRES | TOCPU
K22 7 5 —HEDBEOMEE & bitiRT,
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25— YNV g **
(sec) (sec)
Casel 3.55 2.87 1.24
2 21.59 18.91 1.14
3 118.35 100.21 1.18
4 196.91 155.10 1.27
Caseb 781.89 509.47 1.53

CPU ] (~2 b viFi)

CORERDP 5, ICCGHEENY bALLESE LT &ic L T, EHIRMES#E T CPU
%@mxtaHWﬁmﬁé@%nwmﬂmm%&m%mﬁﬁéhtctﬁwmaait,wm
@%LtﬁORﬁm%nm&45&$wLr%&%%mﬁﬁanfmac&ﬂwmao

MFM@&M&%mmk%é@ﬁﬁw@ﬂﬁitvmmuﬁﬁ%zﬁ5—&%@%@@%%&

Ek*ﬂmgz CPU I (2 7 5 — i) )

& bitmd,
R T —iRE N7 MVERE hoaE &
(sec) (sec)
Casel 5.03 4.36 1.15
2 51.27 46.39 1.11
3 263.63 231.25 1.14
4 913.68 798.46 1.14
Caseb 4410.13 3616.31 1.22

ca%%m%,Nﬁrwﬁﬁ%ﬁmatcawgb.Eﬁﬁ@ﬂ&ifwcmméﬁﬁzw
7 —HEDBAL D b 0.87 fBicEfEshI-c L9 h 3, LdL, ~Z bdbdHEL
ftﬂﬁﬂ&—xwowt&mﬁmﬁﬁ%ﬁﬂwﬁﬂfﬁéC&ﬁﬁbémho

3.4 WATE
Lie L,“tétﬁiﬁ%ﬁfﬁﬁiﬁﬁtﬁ#%itﬁwéﬁﬁmmﬂfﬁctU&ﬁ@%‘éﬁw6, EBfkic>

WTLIF OBIEH & & 15 - 12,

(1) BHTEROHE L VRO K 5 FLERBEIT -7 100G HsE &5 CPU B[
THREETE 5, |
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Fig., 4,1 Cell Partitioning for Two-Dimensional Analyses of
JOYO MK-I Natural Circulation Test
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Fig. 4.7 Mesh Arrangement for MONJU PLOHS Analysis
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