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APPLICATION OF PRECONDITIONED CONJUGATE GRAD IENT-LIKE METHODS
TC TWO AND THREE DIMENSICONAL FLUID FLO¥ CALCULATION

TR HEA* « W. RODI#x

By Yoshihisa KAWAHARA and Wolfgang RODI

Performance evaluation of the preconditioned conjugate gradient-like
methods 1s made through the numerical simulation of two and three
dimensional turbulent flow fields with the finite volume method.
Preconditioned solvers examined include conjugate gradient method
(PCG), conjugate residual method (PCR), bi-conjugate gradient method
(PBCG) and conjugate gradient squared method (PCGS). Comparisons of
the performance of the solvers demonstrate that the combination of PCG
for the pressure-correction equation and PCR for the other equations
requires the 1least CPU time against both two and three dimensional
flows. PCR, PBCG and PCGS are shown to be superior to the vectorized
strongly implicit procedure (SIP) proposed by Stone when they are used
together with PCG.
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T bofho FEAC bBATE 5.

(3) PBCG : b EOBY—RAFBEREETL WY RAEALE
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HBEo# T THFLERLLEL, LhL, BRENRH
R T 2BEICRIKENNRERERT.

(4) PCGS : PBCGO T AT ) XAXHEHEELAZbDTHD,
TERMENICRFEMTHS. L L, PCCSRPBCCHFIAET S
FEUTFIOEBESLBLEY, TAHTY X LANSBBLELD 7o

Fig. 1 Flow chart of a numerical code.
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BHEICER LA BFRBIII0TED, 254 - FBFEAVWT WS, 7, 1EIEOREREOHIL
RERBEO2FE/ VANREMEMOLIRBICREEELTVWS, B- 11}, BECHABEORE,ST
HESRAPNHEE S 3R BELERLAbOTH S, MEEN 2 BIATVEREIIR, RLBBES
HIERCERALARES:E, 2EE» 2ot BRI LTHERALARFEEERLTWVWS, BEEN]1 -
DARBAENTVEBAICRETORELEIXTOFERCHLTHVAI L2 &K T 5. &£/, TCPUEKL
F I EICE LALCPUS A 4%, SCPUEWSZOMICIIBT—REERORITICHER L 2 ExEM%R
LTW3., &oic, TITRESLOAMERARNORENR V- TOKRTERE, EHZOSr M IE
H—XERRAOREN—F VRATEDRERDIADICTOIRATER KON 2R LTS, Fdo
B (-) RUHBERDTERSEHLAIEERLTVLS,

CORERLY, BEOHEEICBML TROI ENE XL S, 1)MILUCR, MILUBCG, MILUCGSEFEAHBERIcET
RATAICER\ETHI N, 55 VRENTRIEV., FHBERRBPCERAVTRC S EMNENTH 3.
) BBE I D W TIIPCR, ITMICCCGE ILUCRE DM EEHB BN T WS, 3)EEONIGERE L Tk

Table 1 Performance comparison for case-l.

u
I = - - - = CPU Time{aee) Nusber of Iterations
RO"Uﬂ/V =1x105 Solvers TCPY SCPU TITR 3 u v 13 [
MICCG + MWILUCR | 14.1 | 12,1 | ss2 | ssse | ss2| ssz| ss2f ss2
KICCG + MILUBCG 15.8 19,2 H 8798 561 §61 | $61 561
MICCG + MILUCGS 16.1 14,1 S48 5693 S48 | S4¥| S48 St
wiceG + Iuek | 1.2 | 12 | sss | sesz | sss| ss3| ss3| ssa
MICCG + ILUBCG .1 12.1 $5% S84 583 558 83| 553
RICCG + JLUCGS 15.0 13,1 $41 LY ST T ST sy
jece + MILDER | 12.5 | 1008 | 418 | saz1 | ans| | s e
1CCG + MILUBCG 1.8 12.1 478 $718% 473 473 | 473 mn
toce + mibbees | 151 [ ans | oaes | sren | aos| 48| 495 4ss
MILUCR 26.2 24.) 564 11279 SB4 | S64| S84 | S84
NILUBCO - - - - -1-1-1-
(b) Turbulent flow in a S-shaped diffuser.
HILUCGS - - -] - -l-1-1-
Fig. 2 Test cases. SIP 1.7 | 18,1 ses | oasss | sea| sen| bee] sed
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MICCGL A AEDE 1-PCGSHR O AR &\, 4) AT ~ Table 2 Performance comparison for case-2,

&L"E‘:t—"lj 6GUStafSSOﬂﬁff;®éE‘i ICCG‘: ‘:ﬁ CPU Time (see) Nuaber of lterations

WTHB., EAUNOKRMM TR HEETFARM Solvers nt [ seev [ im | p | W v | x| e
TOEHBKEL, RO RELERET S6 wices + MiLucR | o128 | a0 | 3z | aee| e | ss | 97 | s | ws

ustafssonfiOEE LEBNIVWADHTH D L& wicee + MiLuece | 160 | 625 | a2 | ses a2 |10z |aor | es | %
2z oh 3, 5)PCGEEASHEPCR, PBCG, wicee + wiLvees | 1ns | wes | sz | ses| se | oo | ose | oba | &
PCCSOVWF N L ASIPXDBETH D, HEYHR weee + 1wuce | inv | ves | sz | wee| s { v [ wr | s | w

R Thsr LY TES, Uk, HEU—KAHIE wicce + ILUBCG | 14.7 | s.98 | 32 | ses| 97 | 96 |00 | 54 | s

ROBEICE L DCPUS 4 2 MBPEINTWVE Wices + tuces | 133 | 4ss | sz [ oses| s | 6 | w68 | m
CEHNERANS, icco + MiLuck | 128 | 445 | 30 | sse| 0 | w0 | o1 | a7 | 90
4, 2 SEEF47a-¥YROEHB 1cco + miLupce | 108 | 649 | so | see| o3 | ss | s | a3 | w0
SECER LA BT AKI2x30x14T H D, jceo + miLuces | ass | w95 | 30 | see| so | s | 6o | sa | 60
FEME S RTE—OHBETERLT WA, 2 rccG + IR | aes | sozs | a2 | see a0z [rez |aor | us | s
o LEHCE ORERED S EE RRED 2 tceo 4 1usee | 5.4 | 672 | 82 | ss2| o8 |103 {ns | 95 |00

1CCG + ILUCGS 13.9 §.28 32 §82| &4 84 L1 7 B¢

FONABREBBEKO0. IRBLEIET
55, yr—22eMTr2B8REOHALERE %

MILUCR 144 5. 69 32 640 [ 98 tH 97 94 96

HILUBCG 19.1 10.4 32 640 ) 104 | 100 ]102 9§ 96

LB bOMNEK—-2TdH3, Chib, UTo

KILUCGS 17,1 4l 32 640 ) 64 64 1] 62 64

CEMHIORS, DERTORENBERBL
TW3. 2)PCR, PBCG, PCGSELE T3 &, 2
EBSEAD A D & 14PCRAS, IWNFEE DE D S I3PCGSHH LBEN T W B, 3IMILUCR, MILUBCG, MILUCGS%:ER
WIERICBAT S C &, PCCOBRAICHE L TEM TRV, 4)GustafssonifiDFIAE~DEEIRICCCIT IR
BYTH B, FOMORBEICHLTRLTLLHRHTIRA W, 5)PCCEMAAEHE 1-PCR, PBCG, PCGSIE
WEFRGSIPL DI EBMMSEN. BB, Y223 ETRIVY, ENBORBICE  OHBRMSHE
nTW3, : '
PAE&Y, CCTHD LT ABEORAY, BHHERETIEROLIICEE, DPCGRENBEROR
OHEHCHEAAETSD, LhbB bHYWAMETH S, 2)PCR, PBCG, PCGSD W h ORFH b I X R M
FRE b2 HERXICHATETS S, IPCLHIBSLEIPCREIMFEHBIOREVRETEY, Lhbdb%E
DHERR REMBEKELLY., CORBERSIPEAD OEATHY, BYTHS. HPGLBEASDEL
PCGSIIB O K ERMINAEESRE5L 3 C &HBV., CORER, HEMNMMSATHSIPENENT VS, 5)P
CCEPBCGE DM R OEASIPLDEATWS, 6)FILEICH IS B0ustafssontfi DEE 12, KABHEREN
BrricZlbTsBE5cENTHD, ELMBORIT TRENBNEORE K LL S,

sip 16.1 6.95 34 637 34 H i H 3

E FIRGRdIBBO b ECHAERTLIY T — T2 v T v EN A OBEEEHEE £ L1,
B IcRE ML EiF T,
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