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Performance of Mixed Flow Pump under Condition of Non-linear
Distribution of Impeller Exit Circulation

WANG Mengcheng' LI Yanjun' YUAN Jianping' CHEN Jiaqi' ZHENG Yunhao' YANG Pinghui’
(1. National Research Center of Pumps, Jiangsu University, Zhenjiang 212013, China
2. Wuhan Special Industrial Pump Factory, Wuhan 430058, China)

Abstract ; In order to study the influence of impeller outlet span-wise circulation nonlinear distribution on
external characteristics and internal flow field of the mixed flow pump in the inverse design, expand the
optimization space, on the basis of the accuracy of numerical simulation verified by experiments, totally
17 different circulation distribution forms were constructed by inserting five control points into the span-
wise of impeller exit to control the circulation distribution. Keeping other design parameters unchanged,
the inverse design method was used to carry out three-dimensional modeling, and simulation calculation
was carried out by commercial software CFX, the external characteristics and inner flow field were
compared and analyzed. The results showed that the circulation distribution form had less influence of
impeller efficiency on design points and small flow points. When the circulation value was small at the
shroud and large at the 0. 75r

improved. In addition, compared with the circulation at the shroud, the circulation at 0. 75r, played a

., the pump efficiency under the condition of large flow would be greatly
leading role in improving the pump efficiency under the condition of large flow. The circulation
distribution form had a greater impact on the cavitation performance of the impeller under every flow
condition. The cavitation performance under small flow conditions and design flow conditions can be
but the

cavitation performance under large flow conditions would be decreased accordingly. The circulation

effectively improved when the circulation value was bigger at shroud and small at 0.75r,,
distribution form can significantly change the internal flow field of the impeller and affect the work
capacity of the blade at different blade heights. Therefore, to further improve the comprehensive
performance of mixed flow pump when using inverse design method, researching the nonlinear distribution
of impeller outlet circulation had an important significance.

Key words: mixed flow pump; 3-D inverse design; non-linear distribution of circulation; external

characteristics ; internal flow field
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Fig. 1 Loading distribution along meridional streamlines
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Tab.2 Circulation distribution form
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Tab.3 Effect of circulation distribution on performance of mixed flow pump impeller %
Hadlf An; AH; A4,
A=) 0.80Q,, Qe 1.20Q 4, 0.80Q,, Qe 1.20Q,, 0.80Q 4, Q es 1.20Q,,
1 0 0 0 0 0 0 0 0 0
2 0.37 0. 04 -1.18 -0.03 -1.26 -3.02 1.23 -42.54 8.71
3 0.14 -0.14 -0.86 0.78 1.98 4.32 5.71 81.48 32.65
4 -0.11 0.18 1.82 1.07 1. 80 5.32 5.53 111. 26 -15.62
5 -0.16 -0.27 -1.04 -0.07 -0.27 -2.86 -2.35 -42.74 8.13
6 -0.42 -1.15 -4.18 0 -1.53 -4.49 -9.11 —-89.06 49.73
7 -0.11 0.10 2.01 2.27 1.53 5.96 9.90 52.42 -29.19
8 0.11 -0.42 -2.63 0 -1.53 -3.86 -6.77 -98.87 42.02
9 -0.11 -0.64 -3.03 2.41 1.78 4.11 2. 60 -13.04 94. 55
10 -0.11 -1.36 -7.35 0.57 -0.76 -5.08 -10.42 -3.23 83.13
11 -0.11 0.13 1. 65 -0.57 1. 44 5.54 5.21 145.94 —-23.46
12 0.03 0.08 1.67 0.26 1.18 5.76 10. 87 114.76 -22.04
13 -0.31 0.19 3.07 -0.19 -0.50 5.03 11.51 122. 17 -58.57
14 -0.33 -0.58 -1.49 0.57 1.37 3.54 -3.00 —-40.27 37.67
15 0 0.10 1.79 2.27 0.76 5.38 9.38 17.74 -18.22
16 -0.10 -1.58 -7.98 1.42 0.18 -4.55 -9.84 25.05 86. 36
17 -0.95 0.42 1.73 -1.70 -1.53 4.36 6.77 88.71 —-63.81
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Fig.8 Influence of circulation distribution on inner flow field
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