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Design of An Axial Flow Fan with Shape Optimization
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ABSTRACT
This paper presents the response surface optimization method using three-dimensional Navier-Stokes

Analysis to optimize the shape of a axial flow fan. Reynolds-averaged Navier-Stokes equations with k-¢
turbulence model are discretized with finite volume approximations. Regression analysis is used for
generating response surface, and it is validated by ANOVA. Five geometric variables, ie., distribution of
sweep angle at mean and tip, lean angle at mean and tip, and spanwise location of mean were employed to
optimize the efficiency. The computational results are compared with experiment data. As a main result of
the optimization, the efficiency was successfully improved.
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Fig. 1 Computational Grids and Boundary condition
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Table 1 Design Variables Range

design vanables Lower Upper
¥, -0.02 0.02
¥ m -0.01 0.01
5, -0.02 0.02
&, -0.01 0.01
{ 05 07

+ lean

Fig. 2 Definition of sweep and lean
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Fig. 3 Distibution of an axal and tangential velocity
downstream of the fan rotor
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Fig. 4 Comparison of pressure rise between experimental and
calculation of the reference fan

Table 2 Quality of the 2nd order response surface for the
obiective function

Std. error of
2 2
R R the estimate
Optimum 0.901 0.832 0.573

Table 3 Result of Optimization

Reference Optimum Increase
Efficiency &1 86.1 10
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Table. 4 Optimal values of design variables

design variables Reference Optimum
¥, 0.0 0.0059
¥ 0.0 -0.0072
8, 0.0 -0.0267
5, 0.0 0.0062
{ 0.0 05588

(a) reference
Fig. 5 Comparison of Optimized and Reference Blade Shape

(b) optimum
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