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| B HA/MEMESNT QEREMNEARENEHTHH. RA WinSock 0 . FRKB.CSEKR
By, KA T RENWE, WHTRENES NS FEBRF TN FE . Hicks-Henne EXRHBSMA T KRS
AM RS & SRR RE, KETAFH BRTANEATEMNNE. EWEARSRMN . RETHEY
ARE METHEFRTSEBNEREN. FINEODIRBEN 0.5 MO I EENHBMRA=Z4HRAN
#EFTFIHRART, RAEH BRI AAERQEESHABT TRENH,

£ 8 W: MTMEERRSE EON: o8, THRE: FITRENR

PEARS: V2313 XMERT: A

Design optimization of compressor blades using parallel
genetic algorithms

WANG Guang-wen, ZHOU Zheng-gui, HU Jun

(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016 ,China)

Abstract: Simple Genetic Algorithm is improved with Niche and adaptive operator, the
new algorithm called Improved Genetic Algorithm(IGA) is parallelized using WinSock, mul-
tithread and Client-Server architecture. Blade profiles are parameterized using Hicks Henne
function, 2D cascade flow fields are calculated by using Navier-Stokes equation method. To
form software for design optimization of compressor blade profiles, the IGA is combined
with the above blade profile parameterization and flow field calculation method. The soft-
ware can be used for design of compressor blades or improvement of existing blades. In this
paper, design of two compressor blade profiles is taken as examples. The inlet Mach number
of two cascades composed of the blades is about 0. 5 and 0. 9, respectively. To insure im-
provement of cascade aerodynamic performances in whole work ranges, the objective func-
tions are constructed from consideration of both design and off design point performances. In
the optimization procedure, three computers are run in parallel to reduce design time. The aerody-
namic performances of optimal blades are obviously better than that of the initial blades.

Key words: aerospace propulsion system; compressor; blade profile; aerodynamic opti-
mization; parallel genetic algorithm

W B M 2005-08-02; #iT R M 2005-12-25
E2WB :SEREBAFES
fEEMA EXHX(1980—) B, RBBEBA HRMEMEALBESHHERS+4, TBARHRILSH HEHR.



924 M = s h % #

#H4-5 http:/Awww.cqvip.com

®waw

BB R AL AR 5 M HUNRE PR 5 3 E
BERFESS REATIZRIREBMEMN F, 83T
ARESE. AR FR. ARARITEERRE
FXRP ABWEXERERE. SBBEHRN, R
HARSHRIFNES, LMUARHBEERE
B R 3, 2490 3h 4R e 5 /DB, W OB R
W5 B F 2 Hy B/

HAFREZEESIHBER R SHEM
FRBAHSURENEFREAXRZR/B
BRESARE. RENE ROUBXRESERFL
RFRES. SORL1IR ARG I LN o BT,
XMZIRARMBEMELARENENRRE
MR A IR, BRET LRMBEHSR.
RO3-6 s MWL A TAH R MR, B
R, SETHENELE, REXETEESZKIT
W EFENE, MEXTHERENEBTETR
SR BmF AL EENEK. A0ELNRE
FEWA R T3 EA RN E T RB RN
. FIARENEASFEANATHE. K26
HENARRBRALH TR, HIHTREN
£ NS TR E % it M A Hicks-Henne Y M WS
B & MR EAHLH N B 300 BT,
ATETRFOR AR . RA VC++RHT X
SRR, BRGSO SRR
X7 0.5 M 0.9 WA ESHH BT RABR.

1 ®BHEGE

HERAEEBHRLERTH NS B H
PR B 2 ) 5 I 0 0 S 3 3 8 X I )
HREER;

B TR MR A R 3 R, R A Bald-
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3.1 EFXiRENEE

EXBENEGSCAEIRAEATE =4
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EHCH BT IHTRENEEIMN H 8RR 925

R1 SCGA 5 IGAHEFTHN
Table 1 SGA and IGA run parameters

AE HRIER RAEKE XK TREE %
SGA 20 10 0. 8(ABRPARE) 0. 05 B P ARE) BRARE LML
IGA 20 10 0.6~0.9GEBPHEL) 0.01~0. 1IGTBPHFEAD) HFEER, MERER
;2 SGA T IGA MM
Table 2 SGA and IGA test resalts
BERER 42 SGA AGA

100(y—z*»+(1—z)? 2 R 1R M W (3 50 ;W) 20 39

X —2.048<<z<<2. 048<Ty<<2, 048 LRBE K EESRE 42. 80 30, 62
(4—2.12+2'/3)2 +zy+ y (45 —4) ERKE 100
Hh,—3<2<3,2<y<2 20 ¥R iR /ME —1.031141 —1.031559
100 BRI 100

D2t z(—1.0,1.0) i=1,2,+,10

i=1 20 R B NME 0.03372 0.024 56

3.2 WEMENEMNFITER

HESHRERHT IR, d—RBEER
TREANEERESBHITIIENLNERS,
AR B (8] = BB T4 A A~ 0k 9 538 B BE 3 9K (3R
GHAOFANE. S—-RAREERE  SHAL
EFAREERRTRSRETH. §— A& Mk
MRFHEE —EHRNER, XRRAZ &I
RO NE BB X I HANERNER
. EXWREZE PCHMORRM LET, &
EEFUAMREFE. EX I EETRERABR
3, B 8 E 91T it N . i IR EBEIT A
PRA9BR . A 3CFE Windows 3 T, R A Win-
Sock 00 . FRB.CSURLEN. BEMXAT H#
78 NE(IGA). B 1% Goldberg B KRS
WEMBE 4 FATE L E2 hETHTELY
IGA #TTHRSHE. &3 EAEBESHTAEN
ERBFLE B 09I L Rt B 2E %8, 7T
RAAFTHERKE AT HAHHE,

%3 RAURSFESHNER
Table 3 Calculation results of simulation of flow fields

HENER HFusiE/s
1 64.02
2 34.24
3 23.37
4 17.74

L FITHE/ %
1. 000 100
1.870 93.48
2.739 91.30
3. 609 90. 22

(Cowwn )

MmmﬂmEﬁmiﬁ
F

(Mmuwmxﬂmﬁm

4

Bl O mENEFTE
Fig.1 Genetic algorithm parallelism

B2 EFFAGEINERE
Fig.2 Architecture based on parallelism 1
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RESWHE, R E L T o iR, b E et R
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BE4ARESN (S R BE B, 8RR
M. .08 2810 OB A T ol B EH K REA

KEHEA. o IHMEX TLEREABRERKR
B, ZERBRFMAFERHAATHE
8k BB WER T 5 BT SHRE.
EXZMRAERARZIHFAEFRNER
HEEN. BERERRKSHE Mo MBGTRS
WA A - B HAENHBILM S AN R
AERBRE R GHE. RETRHBETEN
EXRER, BSREA SABERRER
BEERBA i MELRR. REBERXRKS
HANXRMRKXBREERX LESALE. B
S IE % TSR RU/h R B0R Fol K IE B0s
4 BAEBH R 8B, X B A JUE 2 U X BT
KBRS RE. Hibx T H— o 5B ALK
HE ETHROCHATAREAMBERRR
REOH BRI AR/ ABARKE AT M A
BESRERE. (OXPHBBERKRBTFY
o BE=THATHBERKRBVFHRAI.
RFLBEKF RGN EHEFEREER=
B/ T eyt .
4.2 ANRLERIIH

BH 1 RESHBAR 0.54, A MER
X180 MEHBILMSE N MEkMH 6, =12°,
JE%M 6. =10, TR 22°(HEBEREEH,
HESAKXKTSEEA ; BRARE Va.=4.5. 8
AREFEZXMUR(SEKEHE X, , B EE
To MKEEMERN L, =0.50, W& /EEB
R, =0.5, 5% /NE¥2 R, =0.2, ¥MHHERE 4,

RUESBRA=4 PIV2.4.GHEWN . ZR—
KHHEALAT 200, B 3 ARAZRIBSE,

c;exp((

Bk R AR A R B AR BB R B
K. &4 HFGEHRARAH BOEBSHBX
B, AR ECHAT . RAHTESREAS
WA ERY . B RERKREAR/DTHSBY
A, B4 RBEBMERATHERAREFMN DMK
. B . (RFEBRSRAHBIREAHN
BERXREEMSMAMELBR. ERNHER
THEXABEB Y —4 B +4°, L EE A, RH
HRERASEHTRENTH, SHURERKXERA
F. HBAED+60, WA 6(a).(b) T F H R
HESKEATRANSERX RBAERS, &
B £ - K A9 B35 40 G, L EE 5Ca) Ml Sk

ik HOROLE 523 1R
6.5

0 5 10 15 20 25
EJ4R X

EH3 X1 RENERESRKXAELSHR
Fig. 3 Optimal individual variation with
iterative numbers
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Fig. 4 Blade profiles and Mach number
distributions on blade s at 0° attack angle
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Fig.5 Mach number contours and velocity vector
diagram at 6° attack angle
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Fig.6 Comparison of aerodynamic performance

of initial and optimal blades
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Fig.7 Blade profiles and Mach number distributions
on blade profiles at 0° angle of attack

T SR fk 4 &R v B X5 B A% M- R 3018 &
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6. 78 9 G O S4Bk 0. 54 M 0. 90 ) o i
ERFHESRONRITEH . RTEMN 1 PREX
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X4 AN 12VRSREHBSHER LR

Table 4 Comparisons of aerodynamic performance
of imitial and optimal blade

OCHATRER OHATK
RN KRB EAm O
g 0.0334 17.97
£ 8
b A 0.0249 17.99
it 0.0649 15. 07
w2
Ak 0.0364 14,53
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Fig. 9 Comparisons of aerodynamic performance ’* Iﬁ .

of initial and optimal blades
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Aerodynamic Design of Impeller Using Numerical Optimization Method
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A E.E=% NSHFERGITE.ME A4 R .Hicks-Henne REH BN FFERESHELSRLATR &
FRHELEES FRAMRBFLESNTERASDIRAERITERE. RAFXFERTKHRACRT RHHTEE
REBREHE. 3 Krain TERMHEHSEZRERUBRA ARG ITEBFRAASCARENITEARE. &
BAR B e, IR SRR ERTHRETE M RBEE AN K ERE/A. R AT D& &4,
MHEANEOLESHIERETRAERT RAETEREIBEEKEUREMNHRB TREARESR.

X@iA: HOESH; REHE; KSRk

HESHES. V2313 XWARIRE: A

Abstract: An automatic aerodynamic optimization system for centrifugal compressor impeller is constructed,
which is composed of flow field simulations in 3D Navier-Stokes equation methods, grid automatic generations,
parameterizations of blade profiles and meridional channels and optimization algorithms of SIMPLE method. It
is mainly important that the flow fields are simulated with a certain precision, as to aerodynamic optimization
design in this method. The flow field in the Krain impeller is simulated as an examination of flow field simula-
tion accuracy. In construction of the objective functions, the non-design point performance is considered, to a-
chieve the performance optimization in the whole work ranges of the impeller. Two impellers are redesigned u-

sing the optimization system. In the whole mass flow ranges at design rotating speed, the efficiency is im-

proved obviously and the pressure ratio keeps nearly unchanged.

Key words: centrifugal compressor; flow field simulation; aerodynamic optimization
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