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Optimization of Impeller Meridional Shape Based on
Radial Basis Neural Network
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Abstract: To improve the efficiency of residual heat removal pump, 35 impellers, whose design variables
are the radius of shroud arc, radius of hub arc, angle of shroud and angle of hub, were designed by Latin
hypercube sampling method. 3D steady simulation was conducted to get the efficiency under designed
flow rate by ANSYS CFX 14.5 software. A radial basis neural network was used to build the
approximation model between efficiency and design variables. Finally, the best combination of the design
variables was obtained by solving the approximation model with genetic algorithm. The results showed that
performance curve simulated by CFD had a good agreement with that of experiment. The deviations of
efficiency and head between numerical result and experimental result were - 2.1% and -3.7%,
respectively. Compared the efficiency predicted by CFD with that predicted by radial basis neural
network , the deviation was only 0. 02% , thus the radial basis neural network can predict the efficiency
under design condition accurately. The efficiency of the optimal pump was 76. 75% and the optimization
made an increase in efficiency by a percentage of 6. 18. The optimization improved the velocity and
turbulence kinetic energy distributions in the impeller. The vortexes disappeared and the velocity became
uniform at the shroud. Thus, the optimization process for the impeller meridional shape was practical.
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Fig. 1 3D structure of residual heat removal pump
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Tab.2 35 schemes and calculated efficiencies

FERFE a/(°) a,/(°) r./mm r,/mm n/ %
1 95. 00 91.29 56.91 105. 59 76. 21
2 95.12 90. 00 52.50 110.29 76. 45
3 95.24 92.24 60. 00 120. 88 76. 17
4 95.35 93. 18 50.29 107. 35 76.20
5 95.47 92.47 58. 68 114. 41 75.91
6 95.59 90. 12 54.71 118.53 76. 31
7 95.71 90. 59 52.06 117.94 76.07
8 95. 82 93.41 45. 88 112. 06 75.72
9 95.94 90. 71 48.97 115.00 76.07
10 96. 06 93.53 56.03 122. 06 76.13
11 96. 18 92.59 58.24 120. 29 76.01
12 96.29 92.94 55. 15 119. 71 76. 16
13 96. 41 91. 65 59.12 115.59 76.07
14 96.53 93. 88 48.53 117.35 76.00
15 96. 65 93.76 57.79 125. 00 75.39
16 96.76 91.53 49. 85 116. 18 73.99
17 96. 88 90. 94 45.00 112. 65 76. 47
18 97.00 91. 18 48.09 116.76 76.09
19 97.12 91. 88 57.35 108. 53 76. 14
20 97.24 92. 82 54.26 123. 82 75.49
21 97.35 90. 82 55.59 107. 94 76. 38
22 97.47 91.76 51.62 106. 76 76.42
23 97.59 93. 65 51.18 110. 88 75.98
24 97.71 90. 47 46.32 105. 00 76.37
25 97. 82 92.00 53.38 111.47 75. 86
26 97.94 91. 06 50. 74 121. 47 75.97
27 98. 06 92.71 47. 65 122. 65 75.50
28 98. 18 94. 00 47.21 124. 41 75.05
29 98.29 93. 06 59.56 113.24 75.92
30 98.41 92.12 46.76 123.24 75.40
31 98.53 90. 24 49. 41 106. 18 76. 30
32 98. 65 93.29 52.94 109. 12 75.62
33 98.76 92.35 56.47 113. 82 76. 04
34 98. 88 91.41 45.44 119. 12 75.54
35 99. 00 90. 35 53.82 109. 71 75.74

JZ A8 1) 35 R BOCR X R a5 AR ) R B L 3 980G I 1
FEL ks Bl 55 3 JZ Sk R B A X R Y
Wi JO7 L o A2 1) i il £ [ 4% LA 95 ) FRT B L 2 >0 8
PR AL A, T EL BB 08 8 AT S AR R ek .
iR I 7 s o
3.4 ZREBEEHEE

Z By AR PR AR G AR Tk kAT T Rt
HA A R 255K i B 0 Ft SR o L sUE A
8 P, 0w AE T8 B A FpRE 20 9 LA T B, B
CET AL G A Sk i R .
Isight fRAC I 22 15 388 1% 33k 19 30 20 2 Bk i 1
HERU RO 20, 8 19 80O 10, 2R U 50, 58 X
A 0.9, 48 S 0. 01, B [l 3L A2 5 0. 01

7 AR ) R I 4 45 R R

Fig.7  Structure of radial basis neural network
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Tab.3 Comparison between geometry

parameters and efficiency

/(%) «/(°) r/mm  r/mm 0/ %
5 A 99. 00 90 58 103.0 70. 57
Ak (F ) 96.52 90 45 114.6 76.73
Ak (CFD) 96. 52 90 45 114.6 76.75
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