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Design of Low-specific-speed Multistage Self-priming Spray Irrigation Pump
Based on Multi-objective Fuzzy Optimization
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(1. National Research Center of Pumps, Jiangsu University, Zhenjiang 212013, China
2. Key Laboratory of Modern Agricultural Equipment and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: Based on the single-stage self-priming centrifugal pump, a kind of self-priming device of
multistage self-priming pump with high self-priming performance and external characteristic was
proposed. Based on the positive and inverse diffuser, the backflow device was creatively designed and
composed of gas-liquid separation chamber, outer shell, self-priming cover plate and gas-liquid mixture
chamber. The high-pressure water of final-stage pump chamber was sent to the first-stage pump chamber
through the backwater device, and the gas-water was mixed repeatedly in the self-priming process. When
the self-priming was completed, backflow valve in the self-priming cover plate was automatically shut off
under huge pressure difference, which effectively improved the efficiency of self-priming pump. Based on
the multi-objective fuzzy optimization design, the multi-objective optimization model with the maximum
head of off dead point and minimum value of maximum shaft power was determined. Combined with
design experience and technological needs, relevant constraints were established and solved through
nonlinear extremum. Finally, the hydraulic optimization design of flow components was completed with
the optimum solution. By doing the external experiments of multistage self-priming spray irrigation pump,
it was concluded that the head of off dead point and maximum shaft power met the demand, which
provided a new reference for optimization design of pump.
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Fig. 6 Two-dimension diagram of impeller and diffuser
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Tab.2 Experimental results of new model pump

W/ HOmEY R/ LA B/

(m*+h™1) m (remin~')  IhER/W %

0 66. 46 2800 453 0
1.33 59. 44 2800 801 26. 81
1.75 56. 96 2800 838 32.38
2.15 53.81 2 800 871 36. 11
2.55 50. 55 2 800 898 39.05
2.95 46.43 2 800 922 40.43
3.34 41.87 2800 936 40.73
3.76 36. 48 2 800 947 39.45
4.17 30. 81 2 800 948 36.90
4.59 24.58 2800 938 32.78
5.00 18. 66 2 800 921 27.61
5.38 12. 40 2 800 899 20.22
5.78 6.02 2800 878 10. 78
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