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Abstract

Centrifugal pumps, as key fluid transfer equipment, have an optimized design that is of great signifi-
cance for improving energy efficiency and reducing operating costs. This paper systematically re-
views the current research status from three dimensions: performance influencing factors, main-
stream optimization methods, and optimization objectives. Research shows that the geometric pa-
rameters of the impeller and volute (such as the number of blades, outlet installation angle, wrap
angle, etc.) have a significant impact on the performance of the pump and are the basis for optimi-
zation. At the method level, CFD-based numerical simulation has become a core analysis tool; ex-
perimental design methods represented by orthogonal design and Latin hypercube sampling can
efficiently construct sample spaces; surrogate model techniques represented by response surface,
Kriging, and neural networks effectively replace time-consuming simulations; intelligent optimiza-
tion methods such as genetic algorithms and particle swarm optimization achieve efficient multi-
objective optimization. Current research has shown a shift from “experience-driven” to “data and
model collaborative-driven”, and has achieved significant results in improving efficiency, head, cav-
itation performance, and reducing vibration. In the future, with the further integration of intelligent
algorithms and multi-physics field simulation, the optimization design of centrifugal pumps will de-
velop towards more efficient, more accurate, and more systematic directions, providing solid sup-
port for the greening and intelligence of pump equipment.
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JIHEAT T VR T . B0 IR — RN RE RO IR B RE R L, EE AN T By AR g
TR, HETRAREEM R B BiER, WUARTE 2 B B0 IR SR, AR SRS B RE IR IR 4R
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T — WA SE (KL, R BRI IA % o WSE TR B 20 ST . BURAGE Wi 2, A H
FA IR M R AORE . RO BEE AR IR At e AL R T I s 0 ksl A= s [ 7]-[9] -

ERAAR[L0]RE N, AEXT P B 3~6 (32T I AR EE AL B0 O Rt AT 1 SRt 7T, e kB, BB
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L ORBUM GRS TR HE R A A RE . ORI BTS2 B Kl DL A A P RERIAE AE RN o
W 2R B IR MR R S A e M . B A5 EI[12], FESe R OARAE A AR BT I ) AR
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1A X B O 2R B RSCR AT BOR B M B 5 B 6 1A s A DA PT LU IR DR IS M RES B, 28
FEF[AB15E N, WEFEAS FRI T Fr 2200 BER B O AR PR RE . AL AN P SR T i i S AT AT 9T, R A AR
FNHEH ORI RE T, #REN B ORI R AR . FE I JE BN JE Ak RE R ) F
FOH, TREAR[14], BT XA R B R P AN 7 ) J5E AR A KR BTN & it s SR BB AL 3 A i J5
AR B0 TR R AV E RO . 45 R, X TR LR B0 R (ns = 49.9), 7[R EEAR AL
FX E MR PR, X B 1 &R AU N A o S8 T B At i SR
BESZHA AR ST AR, XUZE AR [15]55 N, 383 2532 i A B A R K/ X 8 D K A P BE ) SE L EEAT T 7
WEFERY]: BOR RS A B A gD, SO AT 128 I SRR/ S AR RIS
OISR BEAE A AR N O, i S AL 128° I S AR AT PR R s .

B I RO SR R SR SE X SRR RE R (AR O SCRRI R BRI 90 K 2, R B e 1 5
H. R WA S5 KR @O KK e 88 R T3, ™ DL I RS 77 T 1)
A RELW, FER A SRR O R R AR REIA B RAEIRES, REEHT TR Y O R AL B AN
PEREFETHR ML T EEAKYE . 852 & B BT B AT R T4 55 AR ah PRtk  BRARRIZAT I R I &,
I/ BE B AR K .
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AR, BEETHEN AR SRR E, A5 O0R MBS0 R E R H . RIS
43)) 715 (CFD) i B i, RN I8/ D IR B AR Y ¥ S S 57, AT 19 48 S B A LRI 45 R 150 U1 391, AT
BEO IR BT R AL R R AT B R 1 3R =

AR, A5 BRI RAREN 55, TERS QR MR T A T TR TS, BUS T A S8R . B
UK[16]55 N, TEXT 2 9B O IR IR N AR T B U I 7e . FIH ANSYS FLUENT pilb ik, T ik
i 35 1) Navier-Stokes 75 P2 FIARAE R k-e T IR AL . SRJ5 A ANSYS ICEM B AFxf & Bt S A I8adE AT
BERIAY S B0 IR B FE AN Gl D 2R AT R RS TE M SR v . A oe (17155 N, KA ANSYS Fluent
PEXS LT KSR M 5 SR AT AL BT, 7E Workbench mesh FHHEAT R 20 W%, I LAIZRE AT N kS TG e 1 56
TERIHEN . )5, B EAN R TN R B4R S S 45 BRI FE AT R LG, B TR Z RIEAE 10%
DAY, DRI AR SE S 20 B T 0 B0 3R I 7K R I ¥ B ) SRR B R T2 2 4k, AN /b2 ilid CFD-
DEM #HFSE HITE, THE T BO IR IR P9 [ AR 31 B RORES 6 IR BE 3 [18] [19], A4 R 00l h - B
PR T B O R MBI S A BB R . 7R B0 R B B S AR ) R L A R
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FE B %I TRt BN FE VR R AR, NTTHIBTR T2 (e RE /1[20] [21]. #E BRI
Beitr, 2] CFD HARAT R T 42 w22 1 e AL R RE -

w4, iAREh 715 (CFD) I BUE R EOR, # 2 N T B LR AL B MR ARFEAA R K F e
ALk, 32 TR 25 8 S A PR REREIIL, 2B LR M RS 5 o CFD B il — P IIT R SN
N T RS R R A T R 5 .
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TR B ORI SEAE AT, IR RS L, AR TR RS, —
P& LUK Ak . IEAS R B REGE N EME R BT ik, Bob—Fi g6 N TR E Refl
SRR 7. MITER BRI VE S, AT ARSI sk, 350 M AR BT 4R BT AR AT RO
JBE, BT RN MR R L T RNy AR S  vE s

eG4 MR T 7, B0 AR IR A0 e k8 I 2 S K D94 2 5 2 JUART S8 TR) 1Y) SR AR
B, XA RS EA A, I TiE B K 8RR BT R R m s R it 7 R . MZEE[22]%
N, FEX ZTHESOIR M R BE T, RK IR R NI RS H O S B IR HE S, @y T —8BUZE
THMERE N B bR LASHIK IR R A O W s A et i, S T IR XRS5 3R B AL LT S 4501
BRI TEM[2315EN, fETF SR FL B O AR s, LUK 338 e VSRR 2 ) 1P R A
FUWT B AN IRAETFIL S5, AR T B . XIFR[24158 N, FERTFIT S 22 00T B B8 0 3
W FE K JHR M R, LUK Ty RRAE R 5 B A S 22 B . A5 R AL T 5 i v ]
PLER, WRFK IR EE N, RUGEEM. KA IR RIEE 6 5 B br 2 5000 70 R % 5 (e 4 b rg
HL 4R PERE I RE ), (EAE 2 B AR S B R AETE B IG  T IESS BT AT LU Uil o 2 H Ar 250
PR Ak 8, IEAZ TR — R T IR AR L 2 I Z RIS I BCF Ge it Jrik, eIt g B Y 43 A 1
RIEFEA AT AT S5 50IE, T s R i % H i RSB A T 5. B UER[25]5F N, DA B g iy S s
O ZE TR TN, B B V5B b2y B 2 R RO p2 A LA o BRI, L
L9 (43) 1IEAT 5 T7 5 . i1 CFD RS H B O % A0 85 1 S HOM R FE M AR FE B K B/ MK b2, B2,
@, Z, H5E T RS R S SRR AT A G . FERE[26]55 N, TERF T B8 0o FE R Al 17 7 R S
K ZE iz FHIEAC BiHE, B8 Los (5?)IEACR R Gt cHE 1 i T R] B -5 47 FL AR 5 AN IR 3R 4% LK
(1) 25 AR, e R R ) A 2t 2 T 5 B0 B Bl 1) 7 16 32 R i 5 B AL DG L D7 ZE (T TRIBR- 0.5
mm. ~FELEAR 7 mm), FECRHTE SRR R AT (7 I T 0.3%F1 3.76%) AT HE T, f8i kA /K
FE% T 45.6%. BM27158 N, 12 PRI, BHET Lo @GYIEXKR ARG T |4 H 1
ARHE . S T e R R T T B A R O £ R F KR R R IR, Sl AR 22 A T
WU H & R R AR I I, e T st 28450 =0°, t=2mm, b, =23 mm), fliZE
RBIRTE 4.87%. FRAHFRTER 2.8 m. MHITL[28]5F N, FE XU 72 B8 O 38K Stk Re b, did 2 40 L
(3% IEAZ R R Gt/ # 7 XU 5% J25 [ ELA B o 2 F5UA B B P 5 22 A SR S O /K M R I 52
IR ZE AT AR T SRR PRI, FRE T BRI E T RIS A, AR
IR IR SR BEARIRTE T 20 1.7% . SIS LA 1 ] A SRR, IEAZ A AE B O = Ak i it
FIREIEAS R, DA BRI S AU i 22 B R . %07V BERE v VR B DGR S8 (e T LART RO SE S il g A
F. MU T g5 SR R RE(RCR . RE Bl )M ERINE, e A s . Sl 7 RCRR
Fh BRI Bl KR BRSSOl R T O R R Gt S S .
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$ir 1 HE ST 5 R (Latin hypercube sampling, LHS) & — /> Z ke 53, ik &% BE LA & (1) B AR A
BRI 5y FEA AR RS DX T — SRR AR SR SE IR AR 2 (] i 3 S s, Ho AE T DU I RE IR
RARTH SR R PG TS, Rt R BRI AE O, A4 St e il v 5 55 52k R G XK
PG AR AN HER PE[29]. B o2 i McKay S8[30]3 HH, 78BSO A= LA BT o 1 i T A2 ] Y
Fg. BARBLIFEAN, EXRTEOERAETH, 12/ ANSYS Workbench ¥ & 1-f) OptiSLang H fir#2
At ()23 ) 3 78 47T #8577 (Space-filling Latin Hypercube Sampling, SLHS) 75 5 B2 5 3a Bl P9 e 2 £ dis
FEo B S S HSE], B IRFEATE AN SR M AR 5), SR ECRAERCR A St . R E
Je[32]FIAEAE 2 [33156 N, KA LHS J5ikif ot 7 B0 IR mH4e 1) 3 MM SHUR L fE . 1 2280 A
FEMFAT R EREE, D EREAMEAREIEA, R0 )5 5 ORI KRR A R & . 1%
T3 AT DR R R, 8 i IR ) S AR 2 SR R

4.2. REEERR

e MR R SES HRRMEREZ RIMA A, (HREE TR Z AW, Xt
ZHNSEIEAEH .. LB AXANEHMER T, TN G EE@EE B AR &S5, W E T
B KIEAT CFD 5. s, FEXF B0 2R AT AR T T AR BRABE 2R 1) S 7 A b A e 8 2250 A 20T
A, A BEAHER 1) CFD B HE . ARBEBIR 3 @t @ Wi S 505 MR B AR 2 A R A %L
s, Hariz AR B ORI TR AR AR = B M N TR . Kriging 8. MR ML, 52
A VSR

PAF 9l JUAF N ds AR B AR 0 B O R AT R A Yot AT AR VE R SR, B I [34]55 N, 2T
b BRI R BT SR DR SRR L A B SR SR — B [ R S i KRB AR TR
IR . SKAR[35]55 N, TEAER R B3 0o 56 S80S AMRR M 2 TR (R ISR B, SR 00 48 2% S s of e F
& (Kriging) 5 B AT B IE RN £l 5 7 THEAR, A FER T TR FE AR AR . ARER[36]155 N, ERT FifitE
e G 2O ZRE A DR BELTL BRI, )P o 7 TR AR A 1 vE T 7 AR R I I S5 R S 80, B e T ek SH R AR
FEEMSHEUE . GICERTIEN, EXEOE BRI, RN T2 W 2 1554 (Artificial
neural network, ANN)#J 2 250 R S EL SRR B 2 RIS R R . ZR[38]% AN, Ll AthZ g Fifria
TR R, KA PSO-LSSVR AREIBLAY G IZ L5 M BEATARA T, FF3 W% 725 1T DU SR T 5 .0
FH MR AL

43. RUEZE

G B L EAE R FERIT RIS R E R, fFERAGE S FHTTKERKR. BETHE
MU ARRIEED, JT B SR AL 55 e O A0 SR & T O RO AT BE[39] . bR 502 32 B 4R 8%
5% (Genetic Algorithm, GA). Hi-T#£ 5% (Particle Swarm Optimization, PSO). I8 574 (Ant Colony Opti-
mization, ACO) M A 4LLIE -k B2 (SimulatedAnnealing, SA)4%, i@ i B0l AE Wb AL I s FE S R, Sl
X B L AR G SR A R AR

Vo r g b ) ARER BT 5 R A VAR S S 07, R BT OEZ BRI BTHR 300, & 0TEEAL
BB O SRR e Y BB R . FRKAE[40158 N, BE TR A S BB AU I LL % Honp
JEEOREMA AT 2 Bintil, BRI 7 HOKIRCE 5. XBIB[411% N, KM NSGA-II FiLsdi&
Wi J87 T — R B O FER TR I R R E AT, LS R /K ) R0 LR WA e it
PEm 6.32%, LRTIREIREM 2.01%. FF[42], 7EEARSCHIRH T —Fdult ) RBF AREE AL i 7
%, 4 NSGA-I BHAEFIEBHT | B DR M40 B %M1 2 BRI Bt 5K)T[43]158 N, DLBCR SRR
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W 2) MEIU BAR(n: B0 TOURE . IS8T AR IESE); 3) i e I AL AR B v Rl AT BURE
4) K BURE 5 B AT J U R 57, JFREAT 07 5058, Geit i fiik HARME: 5) Mg AP, e I
WA R S AR EZ RIS R 2 6) FlZRiF I REEE R SO0 EM S &, RilimRtS A G .

R RETE LR B DS B AR, (BT FARRE R R 5% 40 i ol 75 5K i
Ayt — ZR AN PR FAEAE T R B A e 23] e ARSI FURT AR 7 R AR R «

1) BB BRI HATHE T CFD i FOH A SRR 5 8 R FE ML AL R AR ) 5 22
RN SRR, IFFREZNOVIRRE SN SEO E, BRI e i R E . ARk
BRI E T R B ah @i, Rt thsr & CFD i H A2 Ui 1 RS, MR LRGP 5] S 1 A e
NTEREMZS, LI MEREIRHR B =24 JLAT A0 B shil a4, JF 45 & omie s 1T BBt RiERE
X HIR 2B AN T A A

2) TR LS R A N E S BT BEXTE L BRIEIT A e I e T P I S AN SR A AR i
THCEGHE . M. B, SRR T AT EEVE R, 5 RBUL G KA BRI AERESE . R RHIFTE
R LR AR . 2 ARG R A IR LB, A JRe T i 5 5 A1 o 45 W o A 1) 2 PR AL e
THE SR A R

3) ®RAGHENE Z AR FRNAL: FERPERE R ZAR LT H T FE R A RS Rt h . AR B
R —FR AR, [ R - E R - W) - IKEhT Rt X EESLRERGET G, IR
Btk K77+ 48] MRS Z 2R IR, EIRIBK TR I, £35 %8 R, RaHE . B
R S R DR A A )R H AT -

E&WE

TFAREE T RARWIH T _E5H (LIKMZ20220980); 31 TV k22 98 4 208 Bes 61397 551 H « LA
WARHE, DWHMEER” B0 A A% O URAE SRR R 78 — LT R A 30 77 2 R FE 9 91l (Y 0G2025016) ;3L T
Tl R 2R T8 AR B SCR IR E « LRSS 28-S R I H flG NI N CIREE 7 M 50 AR 55 97 S B
(YIG2023024).
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