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Matching Number of Blades between Impeller and Diffuser Blade
Effect on Performance of Well Submersible Centrifugal Pump

WANG Hongliang' SHI Weidong® YANG Yang' ZHOU Ling' LU Weigang'
(1. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China
2. School of Mechanical Engineering, Nantong University, Nantong 226019, China)

Abstract: The number of impeller and diffuser blades has a great influence on the head and efficiency of
the pump. The 250QJ140 type well submersible centrifugal pump was selected as the research object. By
the combination of numerical calculation and experiment, under the variation of blade number of impeller
and diffuser, the performance variation and internal flow field distribution of submersible pump were
analyzed. Based on the principle of not changing other geometric parameters, 16 submersible pump
models with two different combinations of blades were established. ANSYS ICEM software was used to
structure each group of models separately, and then the ANSYS CFX commercial software was used to
calculate the multi-working constant of each model. For each set of numerical calculation, standard k& — w
turbulence model and standard wall function were selected to obtain the performance prediction values of
each model under different operating conditions. Compared the predictions of the performance of each
group, it can be found that the efficiency of submersible pump model was the highest when the number of
impeller and guide vane was 7 at the rated flow rate. Under the low flow conditions and high flow
conditions, the pump medium flow angle was changed. Under low flow conditions, increasing the number

of blades of the impeller and guide vanes can improve blade rectification of the liquid medium, thereby
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improving the performance of submersible pumps used in wells. In the case of large flow rates, fewer

impellers and guide vane blades were more capable of reducing the effect of the blade on the liquid media

crowding. Prototype manufacturing and performance test were carried out under the condition of good

performance in large flow conditions. The test results showed that the model performance was better.

Under the rated flow conditions, the predicted values of head and shaft power were 2. 4% and 1. 6%

lower than those of the test result, and the predicted efficiency was 1. 1% higher than that of the test

results. The overall changing trend of numerical prediction results and experimental results with the flow

was consistent, which confirmed the numerical accuracy of the research.

Key words: well submersible pump; impeller; diffuser; blade number; numerical simulation
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Tab.1 Combination scheme of blade number

between impeller and diffuser
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Tab.2 Analysis of grid independent

FE ERRERMER S/ mm o4 4% 5 B/ %
a 2.5 4.659 4 x10° 75.21
b 2.0 5.452 8 x 10° 76. 68
c 1.5 7.2575 x10° 78.71
d 1.0 9.546 8 x 10° 78. 69
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Cloud maps of head of well submersible pump models
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Fig.5 Cloud maps of shaft power of well submersible pump models
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Fig.6 Cloud maps of efficiency of well submersible pump models
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Fig.7 Static pressure distributions on cross section of the second stage impeller channel under 0. 60
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Tab.3 Pump performance test results

W/ (m®-h ") P/ m K/ kW &L
0 69. 65 17.70 0
31.61 67.57 19. 67 29.57
56.01 66. 24 21.24 47.56
76. 91 63.27 21.89 60. 53
97.37 60. 48 22.72 70. 60
125.96 56. 56 23.92 81.09
132. 62 54.72 24.27 81. 41
136. 74 53.58 24. 49 81.49
144. 11 52.18 24. 66 83.05
158.93 49.25 24. 68 86. 38
171. 67 44. 31 24. 81 83. 47
177.51 41.82 24. 80 81.54
191.75 35. 60 24.23 76.72
204. 28 30. 10 23.74 70. 55
215. 37 24.57 22.85 63. 05
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Fig. 14 Comparison of test and numerical results
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