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Influence of Different Vortex Design on Parameter Analysis and
Performance Optimization of Mixed-flow Pump Impeller

WANG Mengcheng' DING Zheng' LIN Renrong® ZHANG Lingbo® CHEN Tingting’
XIA Weigang® CHEN Jiagi'
(1. College of Electrical, Energy and Power Engineering, Yangzhou University, Yangzhou 225009, China
2. Leo Group Co. , Lid. , Hangzhou 317599, China
3. Shanghai Kaiquan Pump Industry ( Group) Co. , Lid. , Shanghai 201804, China)

Abstract; According to different forms of circulation distribution, mixed flow pump design can be divided
into free vortex, forced vortex, and composite vortex designs. A mixed flow pump model TJ — HL — 05,
whose performance has been widely verified in the South to North Water Transfer Project, was taken as
the research object. Based on the inverse design method, the parameterization of the impeller blade under
the nonlinear circulation distribution was realized with the help of the continuity equation, the energy
equation and the simplified radial balance equation. On this basis, the parameter analysis of the mixed
flow pump impeller under the nonlinear circulation distribution under different working conditions was
studied by using the orthogonal experimental design, and the performance optimization of the mixed flow
pump was completed based on the analysis results. The results showed that the circulation control
parameters rv, and rv_ had a significant impact on efficiency and head under all operating conditions, and
compared with traditional free vortex design, compound vortex design had a higher optimization upper
limit. Compared with the original model, the efficiency of the free vortex design optimization results was
increased by 0. 31 percentage points, 1. 63 percentage points, and 1. 03 percentage points respectively
under the 0. 8Q

design optimization results was increased by 1. 09 percentage points, 3. 51 percentage points, and 9. 71

Q.., and 1.2Q,. operating conditions, while the efficiency of the composite vortex

des,

percentage points, respectively, and the head difference between the three under the design operating

conditions was relatively small. The results of the internal flow analysis indicated that using a compound
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vortex design that considered the distribution of circulation was beneficial for further improving the flow

state at the outlet of the impeller, thereby reducing the hydraulic losses of downstream components of the

impeller.

Key words: mixed-flow pump; free vortex design; compound vortex design; numerical simulation; flow

field analysis
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Fig.2  Comparison of circulation distribution at
impeller outlet under different vortex designs
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Tab.2 Arrangement and results of orthogonal experiments under different vortex designs

. K A H iR CRER R aTY

1;3: L, P, K, P, L. P,. K P,. St K, o, - No.s/ Mo/ M2/ Hio/ mos/ Mo/ m.o/ Hio/
% % % m % % % m

1 1 1 1 1 1 1 1 1 1 1 1 1 79.04 85.52 75.48 13.32 75.63 82.61 78.37 13.90
2 1 1 1 1 2 2 2 2 2 2 2 2 79.78 86.98 79.78 13.30 79.78 86.98 79.79 13.30
3 1 1 1 1 3 3 3 3 3 3 3 3 80.49 87.81 79.92 12.56 81.62 88.31 78.01 11.83
4 1 2 2 2 1 1 1 2 2 3 2 3 79.03 86.50 80.98 13.67 81.62 88.33 78.17 11.98
5 1 2 2 2 2 2 2 3 3 1 3 1 79.35 87.26 80.93 13.26 78.55 86.42 79.90 13.57
6 1 2 2 2 3 3 3 1 1 2 1 2 81.00 87.20 74.30 11.70 79.68 85.67 77.16 12.50
7 1 3 3 3 1 1 1 3 3 2 3 2 78.76 87.10 80.15 12.64 81.69 87.38 74.91 11.09
8 1 3 3 3 2 2 2 1 1 3 1 3 80.09 86.41 74.46 11.57 80.30 85.98 74.57 11.12
9 1 3 3 3 3 3 3 2 2 1 2 1 79.88 85.96 71.91 11.09 78.18 84.94 75.94 12.67
10 2 1 2 3 1 2 3 1 2 2 3 1 79.85 86.94 79.05 13.08 79.40 86.63 78.53 13.40
11 2 1 2 3 2 3 1 2 3 3 1 2 79.97 87.77 80.74 13.14 78.03 85.12 82.26 13.91
12 2 1 2 3 3 1 2 3 1 1 2 3 78.88 86.33 82.08 13.03 80.95 88.56 80.28 11.89
13 2 2 3 1 1 2 3 2 3 1 1 3 78.97 85.53 74.34 12.51 79.25 85.63 74.36 11.99
14 2 2 3 1 2 3 1 3 1 2 2 1 79.12 86.55 79.03 12.52 76.93 83.32 80.27 13.25
15 2 2 3 1 3 1 2 1 2 3 3 2 79.30 85.35 72.60 12.52 80.79 85.53 68.07 11.49
16 2 3 1 2 1 2 3 3 1 3 2 2 79.85 87.61 81.55 12.78 79.85 87.61 81.55 12.78
17 2 3 1 2 2 3 1 1 2 1 3 3 80.50 87.45 78.33 12.91 82.64 87.96 73.79 11.40
18 2 3 1 2 3 1 2 2 3 2 1 1 80.01 87.51 80.24 13.14 78.57 85.69 81.56 13.70
19 3 1 3 2 1 3 2 1 3 3 2 1 79.85 86.51 75.10 12.71 77.83 85.07 77.68 13.78
20 3 1 3 2 2 1 3 2 1 1 3 2 78.83 85.44 78.22 12.68 80.30 87.01 75.78 12.05
21 3 1 3 2 3 2 1 3 2 2 1 3 78.63 86.37 80.16 13.32 78.95 86.44 80.53 13.05
22 3 2 1 3 1 3 2 2 1 2 3 3 80.16 87.76 81.17 12.82 81.88 88.47 78.22 11.62
23 3 2 1 3 2 1 3 3 2 3 1 1 78.93 87.05 82.23 13.44 77.45 84.97 82.89 13.80
24 3 2 1 3 3 2 1 1 3 1 2 2 80.27 87.46 78.75 12.98 80.28 87.46 78.75 12.98
25 3 3 2 1 1 3 2 3 2 1 1 2 79.93 87.54 78.42 12.43 78.06 85.06 80.90 13.07
26 3 3 2 1 2 1 3 1 3 2 2 3 80.20 86.28 72.49 12.27 82.32 85.91 66.48 11.26
27 3 3 2 1 3 2 1 2 1 3 3 1 80.03 86.74 76.72 12.12 79.58 86.58 76.40 12.57
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Tab.3 Range analysis results under different vortex designs
il Bz bz L, Py, K, Py, L., P, K, P, St K, o, o,
B 28 vk
K, 79.65  79.71  79.89  79.48  80.01  79.49  79.48  79.22  79.67 79.62
K, 79.67  79.60  79.80  79.57  79.63 79.64 79.71  79.65 79.53  79.65
Mo K, 79.64  79.65  79.27 79.91  79.32 79.83 79.78 80.10  79.76  79.69
R 0.03 0.11 0. 62 0.44  0.69 0.34  0.29 0. 88 0.23 0.08
HERE 10 8 3 4 2 5 6 1 7 9
K, 86.52 86.78 87.28 86.67 86.57 86.78 86.83 86.34 86.62 86.76
K, 86.87 86.78 86.95 86.74 86.69 86.80 86.85 86.81 86.68  86.69
Mo K, 86.98 86.79 86.13 86.96 87.11 86.78 86.68 87.21 87.06 86.91
R 0.46  0.01 1.14 0.29 0. 54 0.02  0.17 0. 87 0.44  0.22
19 H i HeBk 4 10 1 6 3 9 8 2 5 7
Bt K, 76.53  77.55 79.72  78.95  75.62  78.47  78.93  78.27 78.11  77.82
K, 78.87  78.66  78.41  78.26  78.23  78.47 78.31 78.42 78.16  77.96
i K, 78.95  78.14 76.22 77.14 80.50 77.41 77.11 77.66  78.07  78.57
R 2.42 1. 11 3.50 1.81 4.88 1.06 1.81 0.76 0.09 0.75
HERR 3 6 2 5 1 7 4 8 10 9
K, 12.62  12.57 13.03  13.02 12.56 12.88 12.96 12.97 12.51 12.73
K, 12,91 12.85 12.75 12.82 12.72 12,79 12.75 12.77 12.86 12.71
H, , K, 12.64  12.75 12.40 12.33  12.89 12.50 12.46 12.43 12.80 12.73
R 0.29  0.28 0.63 0. 69 0.32 0.39  0.50  0.54 0.36  0.03
HERE 8 9 2 1 7 5 4 3 6 10
K, 79.33  79.67  79.74  79.17  79.88  79.47  79.48  79.92  79.46 79.31 78.44 78.01
K, 79.78  79.60  79.80  79.60  79.69  79.59  79.63  79.55 79.65 79.91 79.75 79.83
Mo K, 79.79  79.63  79.36  80.13  79.34 79.84 79.78 79.43 79.79 79.68 80.72  81.06
R 0.46  0.07 0. 44 0.97 0. 54 0.38 0.30  0.49 0.34  0.60  2.28 3.05
HEB: 7 12 8 3 5 9 11 6 10 4 2 1
K, 85.55 86.29 86.67 86.30 85.87 86.31 86.13 86.22 86.20 86.18 85.24 85.14
K, 86.69 86.23 86.48 86.20 86.53 85.96 86.42 86.64 86.31 86.28 86.47 86.43
Mo K, 86.61 86.33 85.70 86.35 86.45 86.58 86.30 85.99 86.33 86.39 87.14  87.29
R .14 0.10  0.97 0.15 0. 66 0. 61 0.28 0.65 0.13 0.21 1.90 2.15
HEA W He®k 3 12 4 10 5 7 8 6 11 9 2 1
Bt K, 75.85  77.42  79.21 79.02 74.82 78.08 78.16 76.28 78.07 77.56  79.18  79.06
K, 78.46  77.85 77.79  77.53  78.05 77.30 77.88 78.26 77.62 71.49 77.66  77.68
i K, 78.48 77.51 75.79  76.23 79.92 77.41 76.74 78.25 77.10 77.73 75.96  76.05
R 2.63 0.43 3.43 2.79 5.09 0.78 1.42 1.99 0.97 0.24 3.22 3.01
HERR 6 11 2 5 1 10 8 7 9 12 3 4
K, 12.47  12.44 12.81 13.03 12.40 12.65 12.68 12.31 12.41 12.61 13.00 13.43
K, 12.78  12.65 12.64 12.58 12.64 12.58 12.64 12.75 12.69 12.53 12.63  12.57
H, , K, 12.50  12.66  12.30 12.14 12.70 12.52  12.43 12.69 12.66 12.61 12.12 11.75
R 0.30  0.22 0.51 0.89 0.30  0.13 0.25 0. 44 0.28 0.08 0. 89 1.68
HEBk 6 10 4 2 7 11 9 5 8 12 3 1
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