201749 A Z? M #L fﬁ ﬁé ﬂi 5548 B 4 9

doi:10.6041/j. issn. 1000-1298.2017. 09. 016

MR RS BAR AL IER A

) s 1 2 =3 \ 3 4 s 2
¥ R WEHR MEE BXEHE ANE KRES

(1. R 2K R R R A R S TR A R TR ol pg At 210098 5 2. 7 1 K 24 7K F K fa 24 B, pg &t 210098
3. R AARR IR S HLAUAEBE, B Rt 2100985 4. VLIR A VLA K B T R4S AL , #M 225200)

A O R AR Rl R A K AR BT KR 4R R R R AR PR RE B9 E B L S8 B HIE IR R T %, L
AR 3y R 3 Ik 30 A S s D B K SRR S T v O B O A 2 H AR AR B B L, (3Y)
IEZZRGEN T 9 A J5 58 WM R 80 FRE R a8 AN L5 5 o B 9 A Y 4 R RO Rl T SRR ) bk 3l
BRI LR Il SR S R A E T — AR B R SRRz ARy BREDOTRE T, KR
I B it B AP AR U A BB, K SRR |, 2 A ARG 349 5 5 Jl L 2 A 8 9 ik 47 R A e SR Y [ e, A R g
BT S5 T% IR TR T 1.21% ;JE Ikl REERAR T 11% ,56030E T 43R HriET7E 2 B bR E 20 P i 4748
X WOREE; £ AL B SRR BT IR

hE 4%k S TH312 XHERARIRAD: A X E %S : 1000-1298(2017)09-0129-08

Multi-objective Optimization Design and Test of Axial-flow Pump

ZHENG Yuan' SUN Aoran YANG Chunxia’ JIANG Wenqging® ZHOU Canhua® CHEN Yujie’
(1. National Engineering Research Center of Water Resources Efficient Utilization and Engineering Safety ,
Hohai University, Nanjing 210098, China
2. College of Water Conservancy and Hydropower, Hohai University, Nanjing 210098 , China
3. College of Energy and Electric Engineering, Hohai University, Nanjing 210098, China
4. Jiangsu Province Jiangdu Water Conservancy Project Management Office, Yangzhou 225200, China)

Abstract: The object is to improve the hydraulic performance of the axial-flow pump and find out the
main geometric parameters that affect the performance of axial-flow pump. Based on the L, (3*)
orthogonal experiment, number of blades, airfoil seating angle, hub ratio, the distance between the blade
and guide vane were selected as test factors, and each experimental factor corresponded to three levels.
Using orthogonal test method, the head, efficiency, shaft power and pressure pulsation were taken as the
evaluation indexes. According to the results of intuitive analysis and range analysis, the best experimental
scheme was determined by comprehensive frequency analysis. The results showed that hub ratio had the
greatest influence on the four test evaluation indexes and the distance between blade and guide vane had
the least effect. Under the optimum test plan, the flow regime was better, the whirlpool on the back of
guide vane almost disappeared and the streamline on the blade surface distributed evenly. After
optimization, the high pressure area of the blade surface disappeared basically, and the pressure
distribution was more uniform, and the optimization effect was better. Compared with the original model,
the optimized model of axial-flow pump in the flow and head satisfied requirement for module at the same
time, under the new design flow, efficiency was increased from 74.33% to 78.59% , which was
increased by 5. 7% ; shaft power was decreased from 20.54 kW to 20.29 kW, which was fallen by
1.21% ; pressure pulsation coefficient absolute value was decreased from 0.344 to 0.310, which was
reduced by 11% . Four evaluation indexes were achieved and the optimized model of axial-flow pump had
a wide range of efficient area and the feasibility of comprehensive frequency analysis method in multi-
objective orthogonal optimization was verified.
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Tab.1 Orthogonal experiment scheme
YISk
5
o) 3 % AR Bkl S5y 2
A B C P B D/mm
1 3 A1 0. 45 175
2 3 2 0.47 210
3 3 FLAL3 0.49 263
4 4 FLAL 1 0.47 263
5 4 W2 0. 49 175
6 4 FLAL3 0.45 210
7 5 A1 0. 49 210
8 5 HR 2 0.45 263
9 5 FLAL3 0.47 175
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Fig.1 Changes of airfoil seating angle for each section
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Fig.3 Set of axial-flow internal monitoring points

2.3 HEHEER

Xt O B AN T] 7 B8 A6 TR T Ui ek A Ak 1 B O A ke
BTS2 BT A WF 98 B A YR 45 SR T 0, il
TS N g ksl R it R 5 S s T
YEF = A1, FE 7 ik 3l i 15 78 ok 4 o b g ok,
1, 3 P P4 TR T B R S A AR A 1 )
kSR B o BUE TR BT R A S
WD R0 He g Bk sl i B B A TR
J1 Wk 8l ZE C R A 45 W0 A5 0 e Bk sh R
Tk N

¢ = ‘pi =P ‘
P ave

X C,——Jodm I T ik 8l 2 8K
pi— M R AR — I 2] e, Pa
Pu—— 1 A A A RT3 {H, Pa
9 MR Tr % T AR AR WER 2 Fros .

(1)



132

& ol Bl

I 2017 4

K2 RUITRERALHERYUER

Tab.2 Summary of design flow numerical simulation results
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1 6.42 14.92 72.12 1.19
2 6.58 16. 64 78. 47 1. 16
3 5.59 13.09 72. 66 111
4 8.01 20.29 78.59 0.31
5 6.70 15. 67 72.56 0.80
6 6.90 16. 74 75.28 0.74
7 7.48 17.58 72.94 0.53
8 7.72 18.47 74.25 0.99
9 7.70 19.76 79. 65 0.34
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