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Design of An Axial Flow Fan with Shape Optimization

Seoung-Jin Seo, Seung-Man Choi and Kwang-Yong Kim

Key Words : Numerical Optimization(5*] 3 & 3}), Response Surface Method(¥H-3-¥ 7|%), Sweep

(22%), Lean(¥), Axial Flow Fan(% %% 7]), Stacking Line(ZE} 7] &}21)
Abstract

This paper presents the response surface optimization method using three-dimensional Navier-Stokes
analysis to optimize the blade shape of an axial flow fan. Reynolds-averaged Navier-Stokes equations with k-
€ turbulence model are discretized with finite volume approximations using the unstructured grid. Regression
analysis is used for generating response surface, and it is validated by ANOVA and t-statistics. Four geometric
variables, i.e., sweep and lean angles at mean and tip respectively were employed to improve the efficiency.
The computational results are compared with experimental data and the comparisons show generally good
agreements. As a main result of the optimization, the total efficiency was successfully improved. Also,
detailed effects of sweep and lean on the axial flow fan are discussed.
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Table 1 Ranges of design variables

Variables Lower Bounds | Upper Bounds

¥, (m) -0.02 0.04

Ym (M) -0.03 0.03

6, (m) -0.04 0.02

é, (m) -0.01 0.01
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Table 2 Quality of the 2™ order response surface for the
objective function

R R? Std. error of
o the estimate
Model 0.973 0.950 0.194
Table 3 Results of Optimizations
Efficiency |Increment
Reference 85.10 % -
Optimum with sweep and lean | 86.85% | 1.75%
Optimum with sweep only 86.35% 1.25%
Optimum with lean only 86.43 % 1.33%

Table 4 Optimal values of design variables

Design Optimum Optimum Optimum

variable |sweep & lean | sweep only | lean only
7, 0.0381 0.0229 0.0000
Vm -0.0220 -0.0094 0.0000
é, 0.0326 0.0000 0.0270
S, -0.0030 0.0000 -0.0003
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