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OPTIMIZATION OF A CENTRIFUGAL COMPRESSOR IMPELLER AND DIFFUSER
USING A RESPONSE SURFACE METHOD

SM. Kim,' JY. Park? K.Y. Ahn® and J.H. Back”

In this paper, optimization of the vaned centrifugal compressor was carried out at a given mass flow rate
condition. Firstly, impeller optimization was conducted using response surface method (RSM) which is one of
optimization methods. After the optimization of the impeller was completed, diffuser optimization was performed with
the optimized impeller. In these processes, Navier-Stokes solver was used to calculate the flow inside the centrifugal
compressor. And the optimization is performed with Box-Behnken design method which is efficient for fitting
second-order response surfaces to reduce the number of calculations required. As a resuli, compared with the
reference model, the efficiency and the pressure ratio of the optimized impeller and diffuser are found to be
increased. The performance at off-design conditions is presented.

Key Words : 4419} 7](Centrifugal Compressor), %8 e](Impeller), T}FF#(Diffuser), 2 3KOptimization),
uh2-14 7} H(Response Surface Method)
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8 blade angle with respect to tangent l impeller inlet
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v gas specific heat ratio 4 diffuser outlet
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Number of blades 15
Inlet hub diameter 36.0mm . .
Inlet shroud diameter 71.5mm Table 3 Aerodynamic Requirements
Outlet diameter 140.0mm ‘ itions Yalues |
;)utleltl blade lllclighgtth 4.imm 100000 Pa
mpeller axial len 34 Amm
Blade inlet leaning angle 0 Inlet total temperature 298K
| Tipclearance 0.3mm Mass flow rate 0.3 kefs
Rotational speed RPM 50000
Table 2 List of Fixed Parameters Specific heat ratio 14
Number of vanes 11 Impeller outlet radius 70.0mm
| Inlet diameter 148 Amm Radius of impeller outlet measurement 72.0mm
-1 Outlet diameter 185.6mm i~ A 028
radial gap between impeller and 42mm Diffuser outlet radius Smm
diffuser Radius of diffuser outlet measurement 98.7mm
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Table 5 Comparison of the efficiency

Reference 90.73 2.48

Estimated 91.30 -
Optimized
Calculated 91.19 2.46
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Table 6 Comparison of Cp and K values

reference vane 0.56 0.161
optimized vane 0.65 0.125

Table 7 Comparison of efficiency and total pressure ratio

ref-ref 83.72 2.34

opt-ref 84.90 232
opt-opt 87.11 237
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