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APPLICATION OF PRECONDITIONED CONJUGATE GRADIENT-LIKE METHODS
TO TWO AND THREE DIMENSIONAL FLUID FLOW CALCULATIONS

I BEAS « W. RODI##

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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Fig. 1 Flow chart of a numerical code.
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Table 1 Performance comparison for case-1.

Re=UL/» =1x10°

CPU Time(sec) Number of Iterations

Solvers TCPU | SCPU [ TITR P u | v |k 2

MICCG + MILUCR 14.1 12.1 552 §919 $52 | 582 552 52

MICCG + MILUBCG 15.3 18.2 561 5795 561 ) 561 | 561 561

MICCG + MILUCGS 16.1 4.1 548 5698 548 ] 548 | 548 | 548

NICCG + ILUCR 18.2 1n.2 593 $632 558 553 | 553 | 553

MICCG + TLUBCG 14.1 12.1 558 5484 553 | 553 | 9§53 553

MICCG + 1LUCGS 15.0 18.1 547 5447 547 54T} S47) 547

1CCG + MILUCR 12.5 10.8 478 5427 473 | 478 418 ] 473

1CCG + MILUBCG 18.8 12.1 478 §719 4731 478|478 473

1CCG + MILUCGS 15.1 13.3 495 §787 495 [ 495 [ 495 | 495

MILUCE 26.2 2.1 564 | 11279 5641 564 | 584 564

MILUBCG - - | - S B D

(b) Turbulent flow in a S-shaped diffuser.
MILUCGS - - - - - - - -
Fig. 2 Test cases. SIP 177 | 15.7 | 568 | 4sss | ses ] se8 | ses [ se8
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MICCGEHAADEPCESHER LK EL, )F Table 2 Performance comparison for case-2.
MPBiz B} BGustafssoniii DEIEIRICCGITIEH

CPU Time (sec) Number of Iterations

HThds. EHUAOKMB TIIBEERTRME Solvers nw Psew mml sl ow v v | x|
TOEBHIKRES, BOLUELERET 56 wices + LUk | 12.8 | 410 | s2 | see] o5 | o6 | er | wa | us
ustafssonfOEIE LEBFL BV DTH B & MICCG + MILUBCG | 14.9 | 6.25 | 32 | 369|102 {102 {107 | 85 | 96
Zioh b, 5)PCGEHMASHE/PCR, PBCG, WICCG + MILUCGS | 13.8 | 4.63 | 32 | 369 64 | 64 | 64 | 64 | 64
PCGSOWVT NG HSIPLOBHETH D, BRI wicee + 1Luck - | 12.7 | s.98 | sz | sesfoos | w6 | 97 | 0 | s
REThsLYirTES. b, HI—KFE wices + 1Luecs | 14.7 | 5.98 | sz | sso| a7 | ss [100 | 94 | 98
ﬁ@ﬁ?ﬁiltg {DCPUZ 4 L BBPEHhTWVWS wicce + 1oees | 185 | 465 | sz | seef o4 | 6a | 73 | 58 | 64
CEBEEEINS. . ICCG + MILUCR | 12.8 | 4.4 30 566 90 | s0 | 91 | 87 | o0

4. 2 SFEFRF 417 2a—YHOEKS tco + wiLosce | 148 | 6.9 | so | seef o5 | oa | o8 |59 | 0

SEIC A L7 B T AR 32x30x14TH D, 1cc + MILUCGS | 13.8 [ 495 | 30 | ses| 0 [ 60 | 60 | 58 | e
KA T RCEA—ORBETERELTVS. tcco + 1LUGR | 149 | 6.25 | sz | seoft0z |10z {107 | 65 | s
Fo 1ECEOREREOEFEHERBED 2 tcce + 1LuBce | 15.4 | 672 | s2 | ssa| o8 |10s [115 | o5 {100
B0 AN REEEE D0, R IR B C ET tcce + 1vces | 1.9 | s b a2 | ssaf ea | ea | s [ 1| we
B, re—z2i T B RREOBAEES & WILUCR e | see | sz Loseo] oo | e | e | s | e
LBk bORE-2ThD, chib, UFO WILUBCG 19.0 106 | sz | seo]rod {100 {202 | o5 | s
C L REIE D, 1)FRTORENREEH L WILUCGS 11 | sae | sz | w0 eu | sa | 6a 2 | 6
CWE. 2)PCR, PBCG, PCGSEHET B E, B sip 6.0 | 695 | os4 | oeer)osa | se | a0 | s | om

BHEERDB AL 5 [4PCRA, INHEHEDE » S IZPCCSHF B/ TV B, )MILUCR, MILUBCG, MILUCGS %I
BERNCEBT 5L, PCCOERICEER L THESTRARW, 4)GustafssonfE ORI MB~DEEIXICCI I
FEOTHLN, TOMOBEIHLTRET LEEN TRV, 5)PCGEM A& E /2PCR, PBCG, PCGSIE
WERGSIPL DEEBESEL, b, F—x2@ETRAVYE, EHB0BERICS { oHEEMSERS
hTws, : ‘
PlE&p, CCTMY B RMEo@AYE, FHEERETILROK LS, DPGRENBEROR
OCHEHMICHEHBAETHD, LR OEWMRMEETS S, 2)PCR, PBCG, PCCSOVTH O & FHFRER
TRz s> FRACHATETSS. DPCLHLEDOELPRIHERBORGEVRETHY, Lbbz
ORERBNEMBERKELRY., JOREUSIPED BN THY, EHTHS. HPGEHALEDE
PCGSIIBO R ERINEEFEEEA B I &HB V. CORER, FEBHEI» OB THSIPLXERTVS, §)P
CGEPBCGE DAV B EFASIPLDENTW S, §)RNEIT B AGustafssonHOEIE IR, FKNBHBEHM
BeriENAT2BECFENTHY, AHBORRTCRENBSZzOE—HEH LR,
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