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Application of Numerical Optimization Technique to the Design of Fans
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Abstract

A Computational code has been developed in order to design axial fans by the numerical
optimization techniques incorporated with flow analysis code solving three-dimensional
Navier-Stokes equation.

The steepest descent method and the conjugate gradient method are used to look for the
search direction in the design space, and the golden section method is used for one~dimen-
sional search. To solve the constrained optimization problem, sequential unconstrained mini-
mization technique, SUMT, is used with imposed quadratic extended interior penalty func-
tions.

In the optimization of two-dimensional cascade design, the ratio of drag coefficient to lift
coefficient is minimized by the design variables such as maximum thickness, maximum ordi-
nate of camber and chordwise position of maximum ordinate.

In the application of this numerical optimization technique to the design of an axial fan,
the efficiency is maximized by the design variables related to the sweep angle distributed by
quadratic function along the hub to tip of fan.
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Table 1 Design Conditions
flow rate 8.5 m?*min
pressure difference 45 moH,0
speed of rotation 3000 rpm
number of blades 3
diameter of casing 0.2 m
hub-tip ratio 0.23
tip clearance 0.01 m
inlet pressure 1.0l1E-+5 Pa
density 1.205 kg/m
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fan input power " L
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Table 3 History of Optimization in Fan Design

Iteration [Zero-Sweep-Rnl Max. Sweep Efficiency
Angle(rad)
1 0.25531 0.31162 68.2
2 0.23093 0.50624 69.8
3 0.24186 0.54783 69.5
4 0.26508 0.59971 70.1
5 0.26692 0.60323 70.3
6 0.26825 0.60583 70.6
7 0.26950 0.60817 70.9
8 0.27028 0.60968 71.3
9 0.27028 0.60968 71.3
2= fan9
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