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Design Optimization of an Axial Fan with Parameters and
Establishment of Data Analysis Process
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ABSTRACT

Axial fans are important rotating machines in various fluid mechanical systems. Recently, the requirements of axial fans have
become more stringent due to the sophisticated demands of fluid mechanical systems. If the boundary dimensions of an axial
fan were changed to satisfy a set of requirements, the entire fluid mechanical system would be redesigned and would likely
be costly. Accordingly, the development of axial fans that fulfill requirements without any change to their boundary dimensions
has increased. However, depending on the expertise of the engineer and through the process of trial and error, adequate designs
were made that met target requirements. Therefore, in this study, an optimal design was performed for an axial fan with variable
blades. To shorten the design time, the analysis software FanDAS and PIDO software PIAnO were connected to automate the
analysis procedure, and the optimization technique was used to perform the optimal design and analyze the design problem.
Total Efficiency was selected as the objective function, and 11 constraints related to total pressure, number of rotor/stator
blades, variable blades, and solidity were applied. hub to tip ratio, rotor chord length, number of rotor blades, rotor setting
angle, rotor camber angle, stator chord length, and number of stator blades were selected as design variables. In particular, in
the case of setting angle and camber angle, parameters were introduced so that the value decreases from the Hub position to

the Tip position. Optimization results revealed that the objective function was improved while satisfying all design constraints.
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Fig. 1 Geometric design variables of the axial fan

Table 1 Initial values, lower bounds and upper bounds of

design variables

Name Initial | Lower | Upper | Unit
Hub to Tip Ratio 045 | 03 0.6 -
Rotor Chord Length (Hub) 240 | 150 | 350 | mm
Rotor Chord Length (Mid) 240 | 150 | 350 | mm
Rotor Chord Length (Tip) 240 150 | 350 | mm
Number of Rotor Blades 10 |57 11,13, 17| ea
Setting Angle 1 (Rotor) 48.99 | 43.99 | 53.99 | deg.
Setting Angle 5 (Rotor) Parameter 0.5 0 0.9 -
Setting Angle 9 (Rotor) Parameter 0.5 0 0.9 -
Setting Angle 13 (Rotor) Parameter | 0.52 0 0.9 -
Setting Angle 17 (Rotor) Parameter | 0.59 0 0.9 -
Camber Angle 1 (Rotor) 14.69 | 9.69 | 19.69 | deg.
Camber Angle 5 (Rotor) Parameter 0.5 0 0.9 -
Camber Angle 9 (Rotor) Parameter | 0.66 0 0.9 -
Camber Angle 13 (Rotor) Parameter | 0.8 0 0.9 -
Camber Angle 17 (Rotor) Parameter | 0.88 0 0.9 -
Stator Chord Length (Hub) 240 150 | 350 | mm
Stator Chord Length (Mid) 240 150 | 350 | mm
Stator Chord Length (Tip) 240 | 150 | 350 | mm
Number of Stator Blades 11 |57, 11,13, 17| ea
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Table 2 Design specification of the axial fan

Specification Value Unit
Volume flow rate 3300 m*/min
Rotational speed 1200 rpm

Total pressure difference 55 mmH20

Fig. 3 FanDAS—PIANO Automation

Probability of
Satisfying
Constraints.

Stancrd Maximum Max.-Min.

Responses Deviation

Minimum Average

Total Efficiency -0.28 0.85 0.00 0.93 121
Total Pressure -1.18 68.86 0.39 95.06 96.24 1.4%
Difference in the Number of
Rotor and Stator Blades
Rotor Variable Blade (Hub)
Rotor Variable Blade (Mid)

0.00 37.18 1.48 144.00 144.00 84.1%

-2,109.83  499.85 22.53
-3,186.23 -1,073.07 31.95

4,102.96  6,212.80 38.2%
2,160.33  5,346.55 81.7%

Rotor Variable Blade (Tip) -4,024.22 -2,105.01 12.86 1,171.38 5,195.60 91.6%
Rotor Solidity (Hub) 0.26 1.27 0.01 3.75 3.49 87.1%
Rotor Solidity (Mid) 0.19 0.71 0.01 1.59 1.40 67.9%
Rotor Solidity (Tip) 0.16 0.56 0.00 1.25 1.09 50.6%
Stator Solidity (Hub) 0.26 1.29 0.00 377 3.50 86.1%
Stator Solidity (Mid) 0.19 0.72 0.01 1.59 1.40 68.1%
Stator Solidity (Tip) 0.16 0.55 0.00 124 1.09 52.4%
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Fig. 4 (a) Statistical Analysis and (b) Relationship between
two responses
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Table 3 Design variable importance ranking

Rank Design Vairable
1 Number of Rotor Blades
2 Number of Stator Blades
3 Hub to Tip Ratio
4 Setting Angle 5 (Rotor) Parameter
5 Rotor Chord Length (Hub)
6 Rotor Chord Length (Mid)
7 Stator Chord Length (Tip)
8 Rotor Chord Length (Tip)
9 Stator Chord Length (Mid)
10 Stator Chord Length (Hub)
11 Setting Angle 1 (Rotor)
12 Setting Angle 9 (Rotor) Parameter
13 Setting Angle 13 (Rotor) Parameter
14 Setting Angle 17 (Rotor) Parameter
15 Camber Angle 1 (Rotor)
16 Camber Angle 5 (Rotor) Parameter
17 Camber Angle 9 (Rotor) Parameter
18 Camber Angle 13 (Rotor) Parameter
19 Camber Angle 17 (Rotor) Parameter
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