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Design Optimization of a Centrifugal Compressor Impeller Considering
the Meridional Plane
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ABSTRACT

In this paper, shape optimization based on three-dimensional flow analysis has been performed for impeller design of centrifugal

compressor. To evaluate the objective function of an isentropic efficiency, Reynolds-averaged Navier-Stokes equations are solved

with SST (Shear Stress Transport) turbulence model. The governing equations are discretized by finite volume approximations. The

optimization techniques based on the radial basis neural network method are used for the optimization. Latin hypercube sampling

as design of experiments is used to generate thirty design points within design space. Sequential quadratic programming is used

to search the optimal point based on the radial basis neural network model. Four geometrical variables concerning impeller shape

are selected as design variables. The results show that the isentropic efficiency is enhanced effectively from the shape optimization

by the radial basis neural network method.
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Problem formulation

The initial geometry generation, meshing,
grid test and experimental validation are
performed and objective function & design
variables are selected

Y

Design space selection

Lower and upper bounds of variables
are decided
v/

’ Design space selection

’ Selection of thirty design points by LHS

v

Numerical simulation of designs

Determination of the values of objective
functions of the designs by RANS solver

Vi

Construction of surrogate

Radial basis neural network construction
using the evaluated objectives
\V/

Search for optimal point

Optimal point search from constructed
surrogate using optimization algorithm

Is optimal point within
design space?

Optimal design

Fig. 2 Optimization procedure
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Table 3 Optimim design variables g . Reforence - hub
. . . . R E -50 m] Optimum - hub ®
Design | Saxial(mm) |Sradial(mm) | Haxial(mm) |Hradial(mm) o x  Reference - tip
Reference | 2732 34.09 1544 1972 of O Optimum -tip ®
Optimum -27.76 34.66 -1555 21.32 706 055 05 075
Normalized radius
Table 4 Results of Optimization Fig. 5 Blade angle distributions
) ) Objective (efficiency, %)
Design Pressure ratio
Surrogate RANS
Reference 1.96 - .98
Optimum 1.97 87.20 86.98
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(b) Optimum
Fig. 8 Static pressure contours at 80% span(unit: KPa)

(b) Optimum
Fig. 7 Relative mach number contours at 80% span
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(b) Optimum

Fig. 9 Static pressure contours at trailing edge(unit: KPa)
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