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Various Operation Conditions
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ABSTRACT

In this paper, the Design of Experiment and metamodel-based multi-objective design optimization of the axial-flow fan is

investigated. The Design of Experiments proceeded for analyze performances on the various operation conditions of the

axial-flow fan. The 5-level full factorial design is selected for operation conditions and the 3-level near orthogonal array for

design variables. The metamodels are constructed on proper pitch angles for each flow rate and then evaluated based on

predicted R-squared. The RBFs are selected on low flow rates and the kriging is selected on high flow rates. For multi-objective

design optimization, the mean values and the standard deviations for performances are selected as the objective functions and

constraints. Optimization using NSGA-II is investigated and the Pareto front and compromised optimal solution which improves

the objective functions with satisfying constraints are acquired. To confirm the accuracy of the optimal, the validation process

and flow characteristics analysis are investigated. The errors of metamodel are under 0.4% for mean values and 4.2% for

standard deviations and reasonable flow characteristics are acquired.
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Fig. 2 Geometry of initial shape
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Table 1 Design specification of axial Fan

Qd(CMM) | PtPa) | n(RPM) | Pwr(kW) | Ns
Design point | 5400 2000 1200 200 | 237
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Table 2 Flow conditions and pitch angles

Table 3 Grid convergence index for the grid dependency test

casel case2 case3 case4 cased Q/Q, 0.8 1.0 1.2
Q/Q, 0.8 0.9 1.0 1.1 12 Performances m P, m P, 1, P,
Pitch (deg.) 5 25 0 25 5 Ny 529,048 576,206 672,258
N 264,048 304,367 351,775
2 A7) FAAE slstol, BRo A 5l B -z - =
IVl Amsys CFXVE AS 5191 A S5 159519 o 88.28 | 1995.4 | 91.12 | 2027.1 | 9230 | 2243.5
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L AR el = sfae] Ao Aa‘gsﬂ’% Selskal 03 89.85 | 2035 | 90.54 | 2060.7 | 91.71 | 22342
ok A o] A o2 #olis=-8t Navier e 048 | 04 | 0194 | -10.7 | 0.106 | -5.1
Stokes 4] (RANS)& o839l Hol= 5| o £ 1092 | -40 | 0383 | 229 | 0486 | 144
e AT =t 7Pk, SlAAS M = 8 | Apparent order, p | 3.827 | 20749 | 3.187 | 3.572 | 7.147 | 4543
o] HARS 9fste] 2 WA HREDS el ol & A o) 90.18 | 2035.0 | 91.32 | 2017.4 | 9233 | 2240.7
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Fig. 4 Design variables of axial fan
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Table 4 Range of design variables and performaneces
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Minimum Maximum Nominal
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Table 5 Predicted R—square of metamodels

Metamodels

Obj. | @/@, | KRG | RBFi | RBFr PR EDT | MLP
0.8 0.946 | 0.972 | 0.943 | 0.093 | 0381 | 0.000

0.9 0.977 | 0961 | 0.950 | 0.039 | 0.577 | 0.000

Eff 1.0 | 0963 | 0.901 | 0.889 | 0.014 | 0.680 | 0.000
1.1 0.988 | 0.944 | 0956 | 0.030 | 0.737 | 0.000

12 | 0725 | 0.053 | 0259 | 0.520 | 0.371 | 0.000

0.8 1.000 | 1.000 | 1.000 | 1.000 | 0.643 | 0.942

0.9 1.000 | 1.000 | 1.000 | 1.000 | 0.682 | 0.988

Pt 1.0 0.996 | 0.995 | 0.996 | 0.958 | 0.715 | 0.939
1.1 0.998 | 0995 | 0.997 | 0.981 | 0.718 | 0.974

12 0.995 | 0943 | 0.966 | 0.894 | 0.644 | 0.936
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