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ABSTRACT

As multidisciplinary optimization is gaining importance, recent advancements are focused on considering more design
variables and responses. In general, the number of required simulation or experiments for optimization increase exponentially
as the number of design variables increases. Therefore, it is essential to find important design variables through variable
screening. Screening is a process of finding the best combination of design variables that significantly affect the responses. The
accuracy of an optimal solution and the efficiency of deriving the solution are both heavily dependent on the screening results.
In the case of large-scale problems with many responses and design variables, it is crucial to have responses with uniform
degrees of design freedom when screening variables. In this study, a new screening method is proposed to allow users to select
as many design variables as desired with responses having degrees of design freedom as evenly as possible. The proposed

method was tested on two engineering problems for an axial fan design to prove its performance.
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Table 1 Design specification of the axial fan e
Specification Value Unit [
) General EE 2R
Volume flow rate 3300 m3/min Hame Csl Wapang Wiz o5t
Alias.
Rotational speed 1200 rpm e |
Optian for Simula Sop
Hub/Tip ratio 0.45 - Do i G 5 =
t Clear All Messages.
No. of rotor blades 10 €a 1@ ;[\Ime 229 2 0416 m:i;ang;jnzamasmvamaned_ »
2 D 2 -29 2% 90410 Distiibutor task is validated,
No. of stator blades 11 ea
Tip clearance 5 mm Fig. 4 Automation using PIANO

50

S=ERHDIHEE =28 253, HI3S, 2022



e FA7IA === 2H2 X+

Hub, Mid, Tip ¢*|o)|4] Leading edge®} Trailing edge A}
olo] W UolE &dh= chord length, 3] ko=
Blade?] 3]oj2] AEE 2Ju|3}i= Sweep angle, Mid $]*]¢]
A1€] Chord length tH¥| Blade®] Xt} F7]2] Hl&5 2Ju|s}
+ Maximum blade thickness to mid chord length ratio,
Rotor®} Stator?] Blade 74, 3] Wk}l Blade?] S14d
Ar=E 9Ju]sl= Setting angle, Blade T2l 3]ojX] A=
5 9Ju|gli= Camber angled AAHFE AASFATE
A=) 27| ¢H52 Free vortex methodE ©|-8-35}¢
AAsIE A, o|FA AAE x7] FES 7|EOE Setting
angle ¥ Camber angle®] A7 Hel= EFjo|=o) AMg==
airfolle] EYALE eteto] tome Ao, ool
E A9 dol= OF £15%, Maximum blade thickness to mid
+5%= A5Gt 18|31 Hub to
tip ratio, Sweep angle, 523} %] 9] 7H = Axial fan9]
A% B SR NE Tefstel 4, ok Mol 24
SIoiTt, AAME] A, SR H9l= Table 20 AEfsil o,
Fig, 50 AAME =463,
84 A= glo] FanDASOIA= Hubel A Tip7Hd) 1655
Slo] zF Q2o 4 9] Setting/Camber angle &2 U
4= Qlth B HLofAE Setting/Camber angle 1, 5, 9,

chord length ratio—

et o

Table 2 Initial values, lower bounds and upper bounds of

design variables in the axial fan design problem 1

Name Initial | Lower | Upper | Unit

Hub to Tip Ratio 0.45 0.4 0.5 -
Rotor Chord Length (Hub) 240 200 280 mm
Rotor Chord Length (Mid) 240 200 280 mm
Rotor Chord Length (Tip) 240 200 280 mm
Sweep Angle 0 0 5 deg.
Number of Rotor Blades 10 8 12 ea
Stator Chord Length (Hub) 280 240 320 mm
Stator Chord Length (Mid) 280 240 320 mm
Stator Chord Length (Tip) 280 240 320 mm
Number of Stator Blades 11 11 17 ea
Setting Angle 1 (Rotor) 47.25 | 44.89 | 49.61 | deg.
Setting Angle 5 (Rotor) 22.16 | 21.05 | 2327 | deg.
Setting Angle 9 (Rotor) 1457 | 13.84 | 153 deg.
Setting Angle 13 (Rotor) 10.89 | 1035 | 1143 | deg.
Setting Angle 17 (Rotor) 8.7 827 | 9.14 deg.
Camber Angle 1 (Rotor) 393 | 37.34 | 4127 | deg.
Camber Angle 5 (Rotor) 6.51 6.18 6.84 deg.
Camber Angle 9 (Rotor) 443 421 4.65 deg.
Camber Angle 13 (Rotor) 485 | 461 5.09 deg.
Camber Angle 17 (Rotor) 5.8 5.51 6.09 deg.
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Table 3 Initial values, lower bounds and upper bounds of Responses
design variables in the axial fan design problem 2 Total Efficiency | Total Pressure Moise Fower
Hub to Tip Ratio -38.78% -100.00% -43.08% -100.00%
Name Initial | Lower | Upper | Unit Roter Chord Length (Hub) | -19.16% -10.03% -831% -5.49%
Hub Diameter 0.684 | 0.608 0.760 m Rotor Chord Length (Mid) -60.51% -51.13% -20.25% -4769%
Number of Rotor Blades 10 8 12 ea Rotor Chord Length (Tip) -19.45% -265% -933% 872%
Setti le 1 (Rot 49.9 474 04 d Sweep Angle 3029% 20.26% 46.54% -1622%
© Tng angle 1 (Rotor) - - - °e m&gﬁx& -15.92% -950% -32.90% -5.20%
Setting angle 3 (Rotor) 39.3 373 413 deg. Number of Rotor Blades | ~100.002 -30.55% -100.00% -6.63%
Setting angle 5 (Rotor) 316 | 300 | 332 deg. Stator Chord Length (Hub) 0.45% 20.36% 63.53% 23.00%
Setting angle 7 (Rotor) 262 | 249 | 275 | deg Stator Chord Length (Mid) | -18.94% -19:11% e =S
Setting angle 9 (Rotor) 222 21.1 233 deg. ﬁ; Stator Chord Length (Tip) | -24.66% -1813% -40.63% -2524%
= Number of Stator Blades 1346% 37.40% 28.71% 41.18%
Chord Length 1 (Rotor) 024 | 020 | 0.28 m 5 - - - .
a Setting Angle 1 (Rotor) 23.09% 16.01% -5.99% 10.05%
Chord Length 3 (ROtOl’) 0.24 0.20 0.28 m Setting Angle 5 (Rotor) _32 549 12.34% A40.61% 975%
Chord Length 5 (Rotor) 0.24 | 020 | 0.28 m Setting Angle 9 (Roton 3868% 16.65% -23.67% 228%
Chord Length 7 (ROtOl') 024 020 028 m Setting Angle 13 (Rotor) -18.81% -19.38% 13.00% -1579%
etting Angle 17 (Rotor) - 7 = -
Chord Length 9 (Rotor) 024 | 020 | 028 | m ”:A - i e e N oo
Camber Angle 1 {Rotor) 1333% 7.98% 43.90% 8.3%%
Camber angle 1 (Rotor) 7.5 7.1 7.9 deg. Camber Angle 5 (Rotor] T e e =T
Camber angle 3 (Rotor) 33 3.1 35 deg. Camber Angle 9 (Rotor) 4248% 20.35% -27.87% 12.16%
Camber angle 5 (Rotor) 2.6 2.5 2.7 deg. Camber Angle 13 (Roton) 1592% 21.17% -5430% 19.72%
Camber angle 7 (ROtOI') 3.7 35 3.9 deg Camber Angle 17 (Rotor) 1590% 16.18% -23.57% 13.31%
Camber angle 9 (Rotor) 6 5.7 6.3 deg. Fig. 6 Design sensitivity matrix of the axial fan design
problem 1
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Table 4 Selected design variables of the axial fan design
problem 1

Proposed Conventional

|
Hub to Tip Ratio
Number of Rotor Blades
Rotor Chord Length (Mid)
Stator Chord Length (Hub)
Camber Angle 13 (Rotor)
Camber Angle 1 (Rotor) Camber Angle 9 (Rotor)

Sweep Angle Number of Stator Blades
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Table 5 Comparison of FFD results in the axial fan design problem 1

Proposed Conventional
Efg;flllcy Total Pressure Noise Power E f;:itzlllcy Total Pressure Noise Power
Diff 0.066 10.9 23.5 4,353 0.068 10.5 234 3,966
Norm. Diff. 0.97 1.00 1.00 1.00 0.96 0.99 0.91
Ave. 0.993 0.965
St. Dev. 0.015 0.040
Responses Table 6 Selected design variables of the axial fan design
Total Pressure | Total Efficiency problem 2
Hub Diameter -55.72% -48.94% Proposed ‘ Conventional
Number of Rotor Blades -13.34% -36.11% Setting Angle 9 (Rotor)
Setting angle 1 (Rotor) A3.75% 61.90% Chord Length 3 (Rotor)
Setting angle 3 (Rotor) -3042% _93.46% Hub Diameter
Setting angle 5 (Rotor) -20.83% 23.44% Chord Length 5 (Hub)
Setting angle 7 (Rotor) 20.23% 58.80% Setting Angle 1 (Rotor) ‘ Chord Length 1 (Rotor)
Setting angle 9 (Rotor) 100.00% 100.00%
jﬁ Chord Length 1 (Rotor) 36.02% 59.89% Table 7 Comparison of FFD results in the axial fan design
;f Chord Length 3 (Rotor) 45.80% 78.32% problem 2
E Chord Length 5 Rotor) | -40.99% 64.12% Proposed Conventional
Chord Length 7 (Rotor) 48.03% 5.75% Total Total Total Total
Chord Length 9 (Rotor) _46.25% 53.07% Efficiency Pressure Efficiency Pressure
Camber angle 1 (Rotor) 36.23% 52 49% Diff 14.11 74.62 8.47 55.76
Camber angle 3 (Rotor) 36.47% 26.40% Norm. Diff. 1.00 1.00 0.60 0.75
Camber angle 5 Rotor) | -4569% |  4013% Ave 1.00 0.68
Camber angle 7 (Rotor) |  -32.52% 28.96% St. Dev. 0.00 0.11
Camber angle 9 (Rotor) 13.86% 40.79%
SR oA 12 BUsHA AT Pt 71 P

Fig. 7 Design sensitivity matrix of the axial fan design

problem 2
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