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Abstract: In this study, a method for optimal design of impeller and diffuser blades in the centrifugal compressor using
response surface method (RSM) and multi-objective genetic algorithm (MOGA) was evaluated. A numerical simulation
was conducted using ANSYS CFX with various values of impeller and diffuser parameters, which consist of leading
edge (LE) angle, trailing edge (TE) angle, and blade thickness. Each of the parameters was divided into three levels. A
total of 45 design points were planned using central composite design (CCD), which is one of the design of experiment
(DOE) techniques. Response surfaces that were generated on the basis of the results of DOE were used to determine the
optimal shape of impeller and diffuser blade. The entire process of optimization was conducted using ANSYS Design
Xplorer (DX). Through the optimization, isentropic efficiency and pressure recovery coefficient, which are the main
performance parameters of the centrifugal compressor, were increased by 0.3 and 5, respectively.
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Table 1 Design parameters of the modeled compressor

Design i Level 2
parameters Description |Level 1 (Ref) Level 3
Impeller LE angle
X, ] 45 50 55
Impeller TE angle
X ] 324 36 39.6
Impeller blade
Xs thickness [mm] 2.08 2.6 312
Diffuser LE angle
X4 ] 54 60 66
Diffuser TE angle
Xs ] 54 60 66
Diffuser blade
Xs thickness [mm] 12 15 18

3rd
Compressor

1st
Compressor

Intercooler]

® : Pressure sensor

® ;Temperature sensor

Fig. 1 Schematic of the multi-stage compressor
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parameters
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Table 2 Boundary conditions applied in this study Table 4 Parameters of DOE
Rotational velocity [RPM] 12,000
Working fluid Air (ideal gas) Xi [ Xo | X5 | Xy | Xs | Xe n CP K Pr
Turbulence model Shear stress transport
-~ Prossure 2173 1 [46.00(38.88| 2.99 |57.87|60.27|14.73| 87.48 [0.4224(0.2137|2.1605
[kPa] ' 2 150.44(32.48| 2.62 |58.67[62.93[17.40|86.04|0.4446|0.1928 [2.2333
Temperature
K] 318 3|51.11|35.52| 2.92 |54.13|62.67[13.13|86.44|0.4870|0.1286 |2.2121
Outlet
Mass flow rate 29.7
tkg/s] — 43145.11(33.12| 2.60 |61.87|58.13[16.60|86.18|0.4198|0.2079 [2.1800
Interface Frozen rotor, Periodic
Convergence criteria le-d 44150.89(32.96| 2.16 |60.27|55.73[15.67|86.10|0.4349{0.2205 2.2166
45(48.67(37.12| 3.02 |62.40(65.07[16.33|87.01|0.4198{0.2115[2.1989

Table 3 Comparison results of pressure ratio and
total temperature

Exp. CFD
Pressure ratio 2.23 2.20
Exit total temperature [K] 392 390
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Fig. 4 Pressure distribution on the meridional plane
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Table 5 Comparison results between RSM and CFD analyses

Optimal o o X o o Xe
wodel | Xt | Xl | oy | OXET | XLT | g n G K Pr
RSM 87.006 0.4583 0.1841 2.2043
52.57 38.25 241 55.70 61.25 14.80
CFD 87.008 0.4553 0.1912 2.2061

Table 6 Comparison results between Ref. model and newly designed model

o o X o o X
Results | X[ | X0 | gy | XL | XD | n G K Pr
Ref.
model 50 36 2.6 60 60 15 86.719 0.4321 0.2094 2.2034
nli)e‘;zl 52.57 38.25 2.41 55.70 61.25 14.80 87.008 0.4553 0.1912 2.2061
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Fig. 5 Results of sensitivity with various design parameters
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Fig. 8 Comparison of geometry between the ref. model and newly designed model
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