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Optimization Design of Multi-stage Submersible Pump Based on CFD
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Abstract

Combined with the characteristics of multi-stage submersible pump, the pump with sloping impeller
and space guide vane was optimized using efficiency as optimization object. To improve the accuracy of
numerical simulation, parametric fitting for sloping impeller and space guide vane was carried out. In the
process of optimization, the blade inlet and outlet angle of the impeller and guide vane were considered as
the control parameters. The range of angle was increased *20°compared with the original model. Based
on the successive flow field check, the optimal impeller model was obtained in the variation range of
control parameters searching the optimum value of objective function based on genetic algorithm. The
optimal model was obtained when inlet angle at the bottom of the blade was 35.53° and the outlet angle
was 27.32°, the inlet angle of the guide vane was 15.48° and outlet angle was 61.75°. The pump
efficiency increased by 4.12% , and the single stage head increased 1.449 m. The range of high
efficiency has been extended, the stability of pump operation is improved, and the performance of the
pump is optimized.
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Fig. 1  Geometrical model of impeller and guide vane
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Fig.2  Grid of front two stages for submersible pump

2 HEEM

2.1 #EHAFEMRRER

il Jy A% % F & 3 I 2 Navier — Stokes J5 72
i A5 B 16 FH A 1 AR 4F T SIE AR D Y Spalart —
Allmaras — J5 F& Jifs S 81" Spalart — Allmaras 5
TR it 7 0 e et P X i 2 Y, R RIS AR i , T L
CPU FiI A 755 8] f FIAR b

i FH 22 55 19 A AR T I B 22 16 T 45 4t it oA 42
o TR e S
2.2 hREH

TH DX A 11 30 B A B 3 A 4 ) i



144 & Ak HLOM R

2012 4

SRR B AR TS R ARGE 0
F 3 5 [ BE 1 O 2 o 1 iR i 0 S St 2
[F3) T Ay 3l e A 1 T o I T T BE DX JBRCRe HCBE T R
B, IR BoE M R 2R LR B S [ RE 2 O J0 S
ot PABE T D AR

3 MALREE

3.1 SRZREUTER

B X Vs K 2 v o S A AR A —— A A
W R AT 25 0 el LS SR AR KSR H Y . E 29
Fr A B, B ST GO B P A XA 2 G
SR AT AR AR AR B S A Y I SRR TR R
A8 5 I GG S 2 G Bk T R AL, TR X AR 2
PR G HAT AL AR B A S R R B S X e
D56 5 Je 03 I 2H 5 50 50 1 A 7 4008 400 R 1 i
W, A 5 S A i R R IO W) R AR A 20 3R S
AL m
3.2 WENSHL

TR 7K B 1) 2 B0 30 2 s D G A TR 1) T Ao o 1 4
TS B0 BERR 1Ok, T H 26 20O IE S 50k 1
BERIEE A5 5 5 G LA AR 22 T8 L, DN AR HIE 5 22 1 1k
T S AE e JL A Bty 1 AT o

YTt g S B R R S S
A FEA L, A SC LA 56 1 R 19 2 50tk o # h f3i] F
FTULE o IR i I LG A R 1 2 B fb T2 B A b i
TSt BRI EAT . WE 3 TR b 58 8 T
RN R EE R 1 S A AR, T
AP E AR R D5 i) b BE 43 0.10% (30% |
50% 70% 90% F1 100% 1 7 A4~ i i 17 5 Ffb i
R DARTES B0b 5 i i 85 R g i BU AR R, S 4K
o) 5 e BRSBTS & A S B8 A AR B, AT
K BARZE/NT 10 70 B RTINSk 2 5 pk R 5 4 4
RISERW) 4, AT LA 2 5 22 fb 75 3K o
3.3 RUSHMIERE

WASECN BT R e S 8. B, k2=
¥oliZ 5t Bl B 3k B R B H AR
255y AR R B A 25 R R 4 e O AL B2 eR B 2 8,
SO T G X R A

AR LA RS EE AR O A O ER
AR 9 36 1 AR R DA R i e A
f HEW OVSERE M R EAE . H IR B R Z B R
ZYREABUE L D EAR A RIERE ) &, RIF 5
BEAAE, R A i O AR W R s B bR
ORI B A B, B ARG Al T R e X B AN B e ) AR
AR P A R R o AR AR X A
HE A A AR DL R 7S ) S i 1 0 0 R 1T A0

o/— HLiM3

L 2

JH )45 ' /rad
5 &

o
ih

I ) 3
h s
®)
K3 kgt 250k
Fig.3 Parameter fitting of blade for impeller
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Fig.4 Optimization strategy
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Tab.1 Optimization scheme

kO e OMm SrbiEos SR oM

FoE Al

B/ (%) B2/ (%) B3/ (°) Bs/(°)
G 22.73 44. 67 22.59 79.33
etk 35.53 27.32 15.48 61.75
07 4 180
Of  Tmaw ey 175
8 &:%
7 a/uﬂ/ﬁ ‘\\ 70
g 6 \ 165 NS
= 160 =
S 4t THy T ] e
T3l —A—H, a7 X
2| ——H, ——7, 150
1 - ]
0 40

20 24 28 32 36 40 44 48
W Q/mh”!
F 6 AT S 2 AR g Al 2k
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and optimization pump
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