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Multi-objective optimization design of jet pump suction performance based on response sur-
face methodology
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Abstract: To address the insufficient suction capacity of jet pumps during the crude oil production stage, with the goal of enhancing
suction efficiency and flow characteristics, and by integrating response surface methodology with numerical simulation techniques, a
multi-factor coupling analysis was performed on key structural parameters, including throat-nozzle distance and throat diameter. In
addition, A quadratic polynomial numerical model correlating these structural parameters with the entrained medium flow rate was
established, and its iterative performance was optimized. The results indicate that a fitting accuracy of 99.72% is achieved for the
developed model, demonstrating superior fitting performance and high reliability. Following optimization, an 8.06% increase in the
flow ratio and a 2.57% improvement in operating efficiency were observed, signifying a substantial enhancement in suction
performance. This study identifies the optimal combination of structural parameters to maximize the flow ratio of the jet pump, thereby
providing a robust theoretical foundation and practical reference for the performance optimization design of jet pumps.
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Table 1 Main structural parameters of jet pump
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Fig.1 Computational domain mesh of the model
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Table 2 Mesh configuration
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Fig.2 Influence of mesh parameters on the flow rate
of the suction liquid
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Table 3 Range of values for influencing factors
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/mm /mm /mm R o/°
-1 3.34 1.8 30 3.2
0 5.21 3.5 67.5 5.0
7.09 5.2 105 6.8
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Table 4 Design and results of response surface optimization experiment
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5% AGHE/mm | BREAG/mm | CRERE/mm DR 0° WAL q

1~4 +1 +1 0 0 0. 525 4;0. 589 5;0.474 5;0.510 2
5~8 0 0 +1 +1 0.696 3;0.770 1;0.589 4;0.730 4
9~12 +1 0 0 +1 0.773 3;0.845 0;0. 753 3;0. 637 6
13~16 0 +1 +1 0 0. 445 5;0. 301 5;0. 450 4;0.462 6
17~20 +1 0 +1 0 0. 644 3;0. 666 4;0.819 2;0.739 2
21~24 0 +1 0 +1 0.647 9;0.510 8;0. 365 3;0.422 9
25~28 0 0 0 0.839 4
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Table 5 Significance test of model equation coefficients
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Table 6 Analysis of model credibility
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Fig.3 Response surface of factors A and B on flow ratio
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Fig.4 Response surface of factors A and C on flow ratio
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Fig.5 Response surface of factors A and D on flow ratio
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Fig. 6 Response surface of factors B and C on flow ratio
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Fig.8 Response surface of factors C and D on flow ratio
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Table 7 Comparison of prototype and optimal
combination scheme
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Fig.9 Schematic diagram of axial line segment
of jet pump
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Fig. 10 Axial pressure variation of jet pump before
and after optimization
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Fig. 11 Comparison of pressure distribution contours
before and after optimization
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Fig. 12 Axial velocity variation of jet pump before
and after optimization
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Fig. 14 Flowchart of experimental validation
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Table 8 Comparison of experimental and simulation
results of jet pump flow ratio
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