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ABSTRACT

In this study, a method for optimal design of impeller shroud for centrifugal compressor using response surface method (RSM)

and multi-objective genetic algorithm (MOGA) was studied. Numerical simulation was conducted using ANSYS CFX with

various configurations of shroud. Each of the design parameters was divided into 3 levels. Total 15 design points were planned

by central composite design (CCD) method, which is one of the design of experiment (DOE) techniques. Response surfaces based

on the results of DOE were used to find the optimal shape of impeller shroud for high aerodynamic performance. The whole

process of optimization was conducted using ANSYS Design Xplorer (DX). Results showed that the isentropic efficiency, which

is the main performance parameter of the centrifugal compressor, was increased 0.4% through the optimization.
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Fig. 1 Schematic of the multi-stage compressor

Fig. 2 Configuration of the multi-stage compressor
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Table 1 Design parameters on the modeled compressor

Design Parameters | Description | Level 1 | Level 2" | Level 3
Xi P1 [°] 188 235 282
X P2 [°] 184 23.0 276
X3 P3 [] 21.2 26.5 318

“Reference model

4282

8
8

Angle in degrees
8

g

25.00 37.50 50.00 €2.50 87.50  100.00

LE to TE

75.00

Fig. 3 Control points of the shroud blade angle
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Table 2 Boundary conditions applied in this study

UEY 2R LFHEA
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Table 4 Parameters of DOE

Rotational Velocity [RPMI] 11,417 P1 P2 P3 n q W g

Working fluid Air (ideal gas) 1 2350 | 2300 | 2650 | 8.70 | 0.087 | 0.658 | 2.201

Turbulence model Shear stress transport 2 2350 | 1840 | 2650 | 8.58 | 0.088 | 0.656 | 2.198

Inlet Pressure [kPa] 231.3 3 2350 | 2760 | 2650 | 86.75 | 0.087 | 0.661 | 2.204

Outlet Temperature [K] 318 4 1880 | 23.00 | 2650 | 86.84 | 0.085 | 0.645 | 2.170

Mass flow rate [kg/s] 29.7 5 2820 | 2300 | 2650 | 86.63 | 0.089 | 0.664 | 2215

Interface condition Frozen rotor, Periodic 6 2350 | 23.00 | 21.20 | 8643 | 0.089 | 0.652 | 2.199

Convergence criteria le-4 7 12350 | 2300 | 31.80 | 8660 | 0.088 | 0.661 | 2.200

8 1968 | 19.26 | 22.19 | 8663 | 0.085 | 0.644 | 2.169

Table 3 Comparison results 9 1968 | 26774 | 2219 | 86.87 | 0.034 | 0650 | 2.179

B, CFD 10 | 2732 | 1926 | 2219 | 8.43 | 0.089 | 0.657 | 2.204

Pressure ratio, oy % 520 11 2732 | 2674 | 2219 | 891 | 0086 | 0.660 | 2.207

- 12 ] 1968 | 1926 | 30.81 | 8666 | 0086 | 0645 | 2.172

Exit total temp. [K] 392 390

13 ] 1968 | 26774 | 30.81 | 8663 | 0.087 | 0.652 | 2.182

14 12732 | 1926 | 3081 | 836 | 0.091 | 0.667 | 2.220

Isentropic efficiency, 7= ’;22:__:11 1) 15 12732 | 2674 | 3081 | 86.68 | 0089 | 0.670 | 2.220
Pressure ratio, pp = Poutter 2 714 y= AR A, ke ARSE] 4= ook, AAW
et e 37 ol 157)] AR maE, Auget 5

Work coefficient, ;L:% (3 2|8 9] AIE Table 4] HeERfSITt,
T

.. oy = hyas
Total enthalpy loss coefficient, ¢=———— (4)
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Table 5 Comparison results between RSM and CFD analyses

Optimal Model | X; | Xo | X3 n q Iz Pr

RSM 86.975| 0.0857 | 0.661 | 2.209

28.19|27.60|22.79

CFD 87.039|0.0851 | 0.659 | 2.205
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Table 6 Comparison results between Ref. model and optimal model

Optimal Model | Xj X5 X3 n q o Pr

Ref. Model | 235 | 23 | 265 |86.695|0.0871| 0.658 | 2.201
Optimal Model | 28.19 | 27.60 | 22.79 | 87.039|0.0851 | 0.659 | 2.205
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