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ABSTRACT

The use of an axial fan with variable blades can be very useful, as it can be used in various operating environments simply
by adjusting the pitch angle. Therefore, in this study, a multi-objective design optimization was performed, considering not only
the total efficiency but also the stall margin, which is beneficial for improving the operating range. Total efficiency and stall
margin were selected as objective functions, and 12 constraints related to total pressure, variable blades, solidity, total efficiency,
and stall margin were enforced. The design variables selected were the rotor chord length, rotor pitch angle, rotor camber angle,
stator chord length, and number of stator blades. To reduce the design time, the analysis software FanDAS and PIDO software
PIAnO were connected to automate the analysis procedure, and DOE was conducted to generate metamodels. In addition,
metamodel-based multi-objective design optimization was performed through AlDesigner, which is a sub-module of PIAnO. The
optimization results revealed that the 2 objective functions were improved while satisfying all design constraints. Furthermore,

through data analysis, it was confirmed that the optimization results are the best that can be derived under the given conditions.
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Table 1 Design specification of the axial fan

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

Hub/Tip ratio 0.329 -

Tip diameter 1520 mm

Tip clearance 5 mm

Number of rotor blades 8 ea
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Table 2 Initial values, lower bounds and upper bounds of
design variables

Name Initial | Lower | Upper Unit

Rotor Chord Length(Hub) 195 150 350 mm
Rotor Chord Length(Mid)

0.6 0.25 0.75 -

parameter
Rotor Chord Length(Tip) 330 150 350 mm
Stator Chord Length(Hub) 250 150 350 mm
Stator ng;inlgf;gth(wd) 0.5 025 | 075 -
Stator Chord Length(Tip) 250 150 350 mm
Number of Stator Blades 11 5,79,11,13,15,17 ea
Setting Angle(Hub) 48.02 46 54 deg.

Setting Angle(Mid)
parameter

Setting Angle(Tip)
Camber Angle(Hub)

Camber Angle(Mid)
parameter

Camber Angle(Tip) 4.12 3 9.5 deg.

0.25 0.25 0.5 -

23.04 21.5 28.5 deg.
14.67 10 20 deg.

0.25 0.25 0.5 -
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Fig. 2 Geometric design variables of the axial fan
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Table 3 Metamodel accuracy

RMSE
R M | R’
esponse etamodel (Test)
Kriging 1.000 0.003
. RBF. 1.000 0.005
interpolation
Total
efficiency RBF 0.930 0.012
regression
Polynomial 0.946 0.004
regression
Kriging 1.000 2.752
. RBF. 1.000 3.001
interpolation
Stall RBF
margin . 0.939 2.832
regression
Polynomial 0.953 2.778
regression
Kriging 1.000 2212
. RBF. 1.000 2.686
interpolation
Total RBF
pressure . 0.948 4.643
regression
Polynomial 0.993 2423
regression
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Table 4 Optimization results (design variables)

Name Lower Initial | Optimal | Upper
Rotor Chord Length(Hub) 150 195 190.85 350
Rotor Chord Length(Mid) - 276 221.81 -
Rotor Chord Length(Tip) 150 330 297.61 350
Stator Chord Length(Hub) 150 250 152.82 350
Stator Chord Length(Mid) - 250 196.84 -
Stator Chord Length(Tip) 150 250 265.69 350
Number of Stator Blades 5 11 9 17
Setting Angle(Hub) 46 48.02 46.43 54
Setting Angle(Mid) - 29.29 31.04 -
Setting Angle(Tip) 21.5 23.04 22.38 28.5
Camber Angle(Hub) 10 14.67 10.00 20
Camber Angle(Mid) - 6.76 6.95 -
Camber Angle(Tip) 3 4.12 445 9.5
Table 5 Optimization results (responses)
Name Lower | Initial | Optimal | Upper | Unit
Metamodel 0912
Total 0.886 | 0.886 ——— - -
efficiency | FanDAS 0.908
Metamodel 41.372
Stau 36.173 | 36173 —— - -
margin | FanDAS 44,072
Metamodel 60.16
Total 55 | 5523 ——— 60 | mmAq
pressure | FanDAS 60.18
Rotor variable blade
(Hub) - -10.81 | -44.05 0 mm
Rotor variable blade
. - -1,346 | -1,781 0 mm
(Mid)
Rotor varlgble blade i 2135 | 230 0 mm
(Tip)
Rotor solidity
0.5 0.99 0.97 2.5 -
(Hub)
Rotor solidity
. .62 . 2. -
(Mid) 0.5 0.6 0.50 5
Rotor solidity
. 0.5 0.55 0.50 2.5 -
(Tip)
Stator solidity
(Hub) 0.5 1.75 0.88 2.5 -
Stator solidity
. 0.5 0.77 0.50 2.5 -
(Mid)
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