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Application of genetic algorithm in optimal
design of centrifugal pump

HE Xi-jie'?, ZHU Guang-gi'* , LAO Xue-su’
(1. Shijiazhuang Kingda Pump Industry Group Co. Ltd, Shijiazhuang, Hebei 050035, China; 2. Shijiazhuang Slurry Pump Institute,
Shijiazhuang, Hebei 050035, China)

Abstract: Optimal design method of centrifugal pump is presented and discussed by using genetic algo-
rithm. The optimal design of geometrical parameters for low specific speed centrifugal pump is studied by
using genetic algorithm. Mathematic model of optimal design for low-middle specific speed centrifugal
pump impeller parameter is established; multi-objective optimal design is changed into single one. The
impeller parameters of low specific speed centrifugal pump are optimized through genetic operating of
multi-selection, crossover and mutation and after a large number of calculations, compared with designed
-pump by traditional method. The results show that the pump efficiency of optimal designed impeller by u-
sing genetic algorithm is increased a little and the unstable characteristic curve is eliminated. Optimal de-
sign method by using genetic algorithm has the advantages of simple in thought, easy to realize, and nota-
ble effect in application than traditional ones.

Key words: centrifugal pump; genetic algorithm; optimal design; impeller; geometrical parameters

BLORMKART, REBBERENREES IEANEENER IRARRE T —EHLE
W RARFRRA TR BERQIUTSH, 26 RABE" . kR AN E 3
H R0 TR o A G TR FIR <+ . WRERAB T . BB BRI T RR T
BORET, —BRAGERIT T BETHE  ERACEEN & NERAXFRRE, MR R

WHEEN: 2007 -12 -10
HEMM: AHERO036—), B ITHEA, HREFRLTER, 1§+4 50T (hxj1936@ 163. com) , H B M T AT MBS
KITH(1964—) B WAL BEREN, BE LB, Bl & L EIH (289333@ sohu. com) , B MIK S HUBBIBR 5.



®2m

AHRE: BEEEERCREMARTPHEA 41

AR EEE RSO HRENES.

EERABEBEEE L ER ORI RIHG
HULE SEHATRACTL T, T TR g
CRBER BRI I

1 EEEZENLET

BAGH R B 42 60 £ E Holland K
HepERHOR M, B—F 2 T A YR ML S
8 GE S TERRANATEN BB RMAH
R ERR MBS REAR, & x5 B
ik EX R E— RIRE R, AT H
—REIBEE, B 4 R R B & SE B R
e, i FHBEBE R, 5 TELH, AR
BEFRATIRF L0 TENA RT3, I
HiE R 6 A & A SRR e T AT A
i EEREEHEGE T EHA.

EYREYENTBERERREK HBER
b Rk —RR— S RIE SR, It e
[RIRB ) AR O ARED. 18 1% ST 2o (AL 4k IR0 R B SR 8 2 A
—BER(FRBE) FFERH (FRAIEETHRE) . — D BHA
H BN MR, — MR — N R k. B AT
e R IR0 B B 4 () K/ R AR B RUBE. BB
g, W RV AR P &G R B A=
A RBEREHY. Y ik v BRI 6433 R B g BR ol Br
BERBRT - REENITS. RIEHLL“ EE
A AR, 1 35 R 5 L BE M A e B A AT R A
(HFRES) R R R Gk XX (HX) ~RE
SE R BEERRYURBE RO, R MR
BAT—R. EREMBHEANREAEETATRE,
DAEFAHGME BN BdEH XX 2R
BAE)G, BBIH — B, X B (5 10) Rl
BEEX OB, 2l A HREERZE A RAH
P rb B A B B SRR A o TRV REL O A

2 QIR FER

KFEK B, KEHREE BIrtR AR RE.
Z BB M BER R T B R TR F.
SRR R
X = [xl’xz’"'
i BAR R
"min f;(X),i=1,2,",m
S.T. g(X) =0,i=1,2,--,m

%17 e E"

g(X) =<0,j=1,2,-,n
RERFH,X = [2,5, %] HEHER X £
n BRRIREE P 1A RGE R n FERKIRZS 6] 1, (X)
KBRS (X) = 0 HEXAH (X)) <0 R
FERZH ; min 0] L5, max.
Z BRI, — AT H AR B B iR EAiR
THE) .
Fe IR AR T 7 B X PR AR A%, AT LA
BRI TR, R
X" =[x 2,0, %) ]T
AL RARACBT AR &M, T BB B AR 3K A(X)
BRREAX" ) (BKREED) , B X R
BRLA. Bls X® MBIl F(X") SRR
n
BORAEEHRARY
Hy = _;_(uzv.a - uwn,) (1)

ERREHBAOETRMEZGT, BB AR -
(1) AIUE X

i = (W) B - ) (2)
R HESHEEERR ARG) HEY 56, %
M O HE RS, AR () HEY; 9, AEKE
BRCR RIER(S) B b, AR OB,
HHEE DT, 0, HRKKIIEER, RER(6)
HE.

_ asin B,
p=1 - (3)

_ 1 zS
¢. =1 wD,sin B, (4)
AH D, R iR O B ARz A 4GS I R R

-0.65

nl
m =1—0.028(m) (5)

2.55

"7h=1‘_n_oT (6)

HR MR BB R A BN K
.BZ < 90 z—0.773 ( 7 )
ML EELREN ETE R R NMERR,
31X — o) R 3 22 [ B R phy T 4 IR A R AR 2R KB

R XFHEREERRASEHRHEN 10% ~

30%. B, ERMEHFENBLT, REBSH
HEEHER R B G/NR BRI B/, 7T LAMEN
witBRZ— ‘

B PR EE OEM RSB BITEE



42 HO%

! LA $20%

BRI .

in D} = g, On 1 8
o (m +6017vb2|/121an ﬁz)#(“_")z( )
60/
S.T. b, e (5,15) ‘
ze (4,7)

B, e (20°,40°)
3 &t

BORBHHHE QO N2 m*/h, B H K50 m,
538 n 292 900 /min, RFABEEENEHRSH
HATHAR I

HEITERERM LR (n,) K 46.9. HEL T
HEE# R (n, =20 ~ 80", I H LA

*1

NNTRY 2113 A0S R ary = il DIRUE -2 O F: 3
HEBERIRI , R RIS B R 8 (BlnH R )
HoL5 A B R L
TERAREEEMETRSRAT R
it :
3.1 AMERD
B B BB AL T AR S B B, T8
ot B TR R 12 ] 2 TR L R A
B AH TR = (b)), 5 = (2), % = (B,) &
BH SRS 8 ,b,, 2,8 BB, TR 6 i
A BT, NMERAR 18 B
BHL AR B, RR— AN TR A%
HERX, = 001010000111010100 , Frr %t i f) = L&Y
B X, = [10,7,20). A&flh 12 MECREEK) %
HE X FFEL .

MEIITRERLK

Tab.1 Initial chromosomes

Fs HEE X, KA X, EFRE D, BRI Fi(X) mAEVD Fi(X) HHBEP  REWE g,
1 001010000111010100 X, = (10,7,20) 192. 44 29. 49 29. 49 0.1000 0.100
2 000111000101011010 X, = (7,5,26) 206. 52 15.41 23.80 0.090 0 0.190
3 001001000101011000  X; = (9,5,24) 201. 50 20.43 23.60 0.081 0 0.271
4 000111000100011110 X, = (7,4,30) 221.93 0.00 23.36 0.073 0 0.344
5 000110000111010101 X5 = (6,7,21) 202. 83 19. 10 21.57 0.065 6 0.410
6 000110000100011100 X = (6,4,28) 221.85 0.08 20.43 0.059 1 0. 469
7 001000000110010110  X; = (8,6,22) 198. 33 23.60 19. 69 0.053 1 0.522
8 000110000111011010 Xz = (6,7,26) 200. 36 21.57 19.10 0.0478 0.570
9 001000000110011000 X, = (8,6,24) 198. 37 23.36 18. 14 0.043 1 0.613
10 001011000101010111 X, = (11,5,23) 198.13 23.80 15.41 0.038 7 0. 651
11 001001000101010101  X;; = (9,5,21) 202.24 . 19.69 0.08 0.034 9 0. 686
12 000110000110011001 X, = (6,6,20) 203. 79 18. 14 0. 00 0.0314 0.718
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Tab.2 New population after genetic operation

HHBE X, EXEE X TRBEE X",
X, = (11,5,23) X, =(10,721) X", = (1,8, 24)
X, =(11,52) X, =(11,523) I = (11,5,23)
Xy =(10,7,20) X, = (11,5,23) X7 = (11,5,23)
X, =(10,7,20) X, = (10,7,20) X", = (8,6,22)
Xy = (10,7,20) X% = (10,7,20) X", = (7.4, 21)
X, = (8,6,24) X = (8,6,23) X" = (8,6,23)
X, =(7,6,26) X", = (7,6,26) X", =(7,7,28)
Xy =(9,521) X%y =(9,5,.21) X" = (9,5,21)
Xy = (6,625) Xy =(6,625) X" = (6,6,25)
X' =(7,7,22) X"y =(7,7,22) X"y = (7,1,22)
X'y =(7,5,26) Xy, =(7,5,21) X", =(7,5,21)
X'y = (8,6,24) X", = (8,6,24) X", = (8,6,24)
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Tab.3 Comparison of design results
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