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Multi-Objective Optimization and Performance Analysis of Centrifugal

Compressor Impeller Based on the Immune Algorithm
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to further explore the optimal design of high-performance centrifugal compres-
sor, taking the impeller of a centrifugal refrigeration compressor with air bearing as the research
object, combined with the multilayer BP neural network, a multi-objective impeller optimization
strategy based on the nondominated neighbor immune algorithm is developed. Firstly, the hidden
layer structure of the neural network is optimized using the immune algorithm, aiming to improve
the nonlinear approximation ability of the neural network as a surrogate model. Secondly, the
immune algorithm is applied to optimize the performance of impeller under all operating condi-
tions with the polytropic efficiency of near surge point, design point and near choke point as the
optimization target. The aerodynamic performance and internal {low characteristics of the impel-

ler before and after the optimization are compared and analyzed through numerical simulation.
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The simulation results show that after the optimization based on the immune algorithm, the poly-
tropic efficiency of the impeller increases by 1. 8%, 1. 9% and 4% at the near surge point, design
point and near choke point, respectively, indicating that the stable operating range of impeller is
widened. The flow field analysis shows that the loads distributed from LE to TE of the main
blade and the splitter blade at 90% span increase obviously after the optimization, which reflects
improved work capacity of the impeller. The shock loss decreases because of the reduced inclina-
tion angle of the splitter blade. The mixing phenomenon between the leakage flow and main flow

in the passage is obviously weakened, and the flow field is more uniform, which verifies the effec-

tiveness of the proposed multi-objective optimization strategy.

Keywords: centrifugal refrigeration compressor; multilayer back-propagation neural network;

nondominated neighbor immune algorithm; aerodynamic performance; multi-objective

optimization
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Table 1 Main geometry and aerodynamic parameters of
impeller and diffuser
e Bl
HER 0 EAR Dy /mm 94. 00
e 0 AR D, /mm 145. 00
58 1 SERE by /mm 11. 91
I 16 8] B o/ mm 0.23
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HOEE T./K 279.15
O EF P /kPa 360. 00
OS] Po./kPa 645. 01
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Fig. 1 Grid distributions in the computational domain
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Table 2 Grid independence validation

MM/ T RN 2R/ BIRL
80 40 89. 65 1.773
160 100 90. 20 1.808
240 160 90. 18 1.804
320 240 90. 20 1.808
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Fig. 2 Comparison of experimental results'’” of centrifugal

refrigeration compressor and numerical results
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Fig. 3 Geometric parametric modeling of centrifugal impeller
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Table 3 Space of decision variables for centrifugal
impeller optimization
SR 4 WA RE WIS B
v, 47.00 [0,4]
v, 46. 47 [0.4]
A T L A w5 ) V, —15.53 [—4,0]
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Vs —11.91 [—1.1]
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e IE 2245
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Fig. 4 Structure optimization flow chart of hidden layer
of multi-layer neural network based on NNIA al-

gorithm
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Table 4 Test results of multilayer neural network
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Fig. 5 The flow chart of impeller optimization and population

evolution based on NNIA algorithm
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