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Abstract: The passive passing of fish through the pump station leads to a high proportion of inju-
ries and deaths. To balance the operation efficiency and the safety of fish passing through the
pump, this paper employs the computational fluid dynamics in combination with the fish damage
model and the genetic algorithm to carry out multi-objective optimization research. Based on the
sensitivity analysis, the significant factors affecting the performance of the tubular pump and the
survival rate of fish are selected respectively. The optimal Latin hypercube sampling, Kriging
model and NSGA- algorithm are used to construct a multi-objective optimization system. Final-
ly, one optimization scheme with the optimal efficiency (A), one with the highest fish survival
rate (C) and one that balances both (B) are obtained by assigning weight factors. The results

show that the efficiency of scheme A rises by 5. 2% and the fish survival rate of scheme C increa-

Wi B, 2022-11-03, FEHEFIA. MPBEIR(1963—) . & WF 5 5 B Rl GEGER . B MR R, X4
WH . ERARBIEES I HE (52209111 ; VLI H AR 23 4 ¥ Bh I B (BK20220542) 5 VL.IR44 78 7 4F 3k 45 9% B 30
H (BK20211547) ,

WX 4% HY R R] . 2023-01-02 W 4% B4k . https: / kns. cnki. net/kems/detail/61. 1069, T. 20221230, 1123, 001. html



12

[N S R NI S

ses by 49. 4%, compared with the initial design. The blade wrap angle, chord height and blade
forward-extended angle are the key factors affecting hydraulic performance. In contrast, the
blade forward-swept angle, forward-extended angle and blade thickness are the critical factors in-
fluencing the fish survival rate. Among these factors, the forward-extended angle exhibits oppo-
site influence on the hydraulic performance and fish survival rate. In addition, the mortality by
blade strike highly affects the survival rate of fish passing through the pump, while the strike
probability has a small impact on this. The survival rate of fish can be improved by increasing the
thickness of the blade leading edge, enlarging the blade forward-swept angle and reducing the for-
ward-extended angle. The research results in this paper provide a reference for the ecological-pro-

tection-oriented development of large pump stations in China.
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Fig. 1 Calculation domain of tubular pump model
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Fig. 2 Comparison of impellers before and after eco-friendly

design
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Table 1 Detailed parameters of model pump
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this model
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Fig. 6 Physical image of external characteristic test bench

of this model
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test curve
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system in this paper
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Table 1 Taguchi design optimization parameters table

(13 factors and 3 levels)
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Fig. 13 Plackett-Burman screening experiment design standardized Pareto chart
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Table 7 Weight factor ratio of each scheme
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Fig. 15 Comparison diagram of blades before and after

optimization
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Table 8 Comparison of blade parameters of each scheme (L{=75 mm, L;/D=1/4)
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http: // zkxb. xjtu. edu. cn




o505

T IGE B, 45 < 0900 BT AR K g e RN £ 2l i 1 BB A 2 H AR AL AT Y 19

3.2 JKAERE

KT RN & & 16 FroR, i LB LY
RABEZETH FNKIBESEETREA
WY 48 T, M7 %8 C WPk ge it 4k 5 9015 77 S8 40 LE AH

= FRMRGIE) R ROE) T RACKE)
—o- FHHR M) - PRI RGE) - FTRAGE)

75 EB(ER) J7RCOEZR)
-7 EB(#18) T RCHTR)
90 & 110
19
18
17
—46 g
E
- 5 Sﬁ
4 N
3
42
B
40 L 0
0.6 0.7 0.8 0.9 1.0 1.1 12

Bl 16 ARALTTIE 25 7 S MR 4 X b G +- )
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of each scheme (hub-rim side)
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