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ABSTRACT

In the research a multi-fidelity strategy for generating fan blade geometry in the design space and developing computational
algorithm is implemented to achieve optimal design configurations. Our approach is based on combining selected high-fidelity
CFD simulations with a large number of lower-fidelity computationally inexpensive models to achieve the maximum Merit
Index based on both the circulation strength and the fan static efficiency near an operation point. In order to generate
low-fidelity CFD models satisfying the proposed performances given as inputs, a 2D meanline design method is combined with
total pressure and sweep-angle distribution functions set by the Taguchi method allowing radial streamlines, which is
equivalent to a 2.5D design method. The outcome model from the low-fidelity optimization is found to have a multi-curvature
blade surface resulting in the high energy transfer accompanying with a strong vortex strength with near the mid radial station,
not near the tip of the blade on the contrary. The high-fidelity optimization model is searched through a reinforced
machine-learning A.l. algorithm. This strategy significantly reduces the overall design cost while maintaining design quality,

thus providing a practical and robust framework for optimizing axial fan performance in terms of both efficiency and noise

reduction.
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P : 2l A4 (Static Pressure Coefficient)

® D9 (1/s)

13 : Z244= (Power Coefficient)
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Fig. 1 Flow chart of multi—fidelity fan design algorithm
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Table 1 Low—fidelity CFD summary
Pressure Factor tma/C Airfoil Sweep angle | Sweep Phase | n_fan lo Vorticity
Model # | Fan Comfig. ) (%) Type (60) angle(p) (%) (m%s) Distribution
#1 * 1.2 3 C4 7.5 2n 43.0 68.96
#2 @ 1.1 3 C4 22.5 2 44.8 57.26
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#27 @ 12 3 C4 15 2 41.4 58.58
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#64 @ 1.3 5 NACA 30 270 35.6 80.37
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Table 3 Grid convergence analysis using G.C.I,
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Grid level . o Efficency . GCl[%]
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Fine(N_3) 7.72 0.453 1.23 6.57 0.025
N, L
r= (#) d (6)
medium

HES trehin] 1,204 2,0 Afo]
& A%l d8) $do HEQ pE

¢7Tlf'di1.lnl - ¢(‘01L]‘S€
logl ]

¢fm6 - ¢medium
log(r) @

Fig. 59+ rof] W= GCI(Global Convergence Index)2]
Wbt bt gl

3.3 #ids SHH|w

MASAY A= Fig, 63 Zro] ISO 5801<7)Q Type B
£ WSSk AH|EA 3 28 @ B8, w9l Ay HE
(T dE34 4 52 °W§M7lL ARAT HEE

LERE ), A M| TR AES 285 fgt Al
ojdimel Hx 3 BEOoE LAHET ®3gh £ AP
Bz 2 2407} 800~1,200 mbar ] + 0,15 %
o] A e x| tAd 7]t A, + 1.0 % RH 9} 0.2

C olye] AUEE 7= HAE 252414, Hd SA<
¥ 150 mmAq®} 100 mmAq2] ZFAtrRewEr 7+ 171, 2|
500 mmAq 2] U ull=H|E}, 0~36,000 rpmo| SAHL=
Zh= gAY IAEEA Fo] ZFolA Qi

S=ERHMDIHSE =28 M2s8, Me=, 2025

WP ) P

Fig. 6 Schematics of ISO fan test chamber

— 70 - @ —Measured Preformance
=
= 60 o ~. —&—CFD Performance
] <
S 50 L — m —Measured Efficiency
< » S~ —5 CFD Efficiency
£ -
£
Z 30
L= P
20 ot
10 P
o w”
0 150
Q(CMM)

Fig. 7 Performance and efficiency comparison between
measured and CFD data for rank #2 model

o

Huasle 287} eterr AslE NES gL
o] AF=ksle] BLDC RE| Q] FE|ES Aofsto] 3447t 1
Xj% /\o}EHoﬂ J] %’IJ—]E o]_Q_U]— _’_01_4 z34 1:!1 B3NS EGH
A HASY 45 =2 A3 oy 9 Aw o ¢S
2R3} Blo] 8-S 7] 93 ale) 9F, e 4u|A
g 58 4 T i3 AHE A

Fig. 79]& Table 29 Uehd Rank #2 AA RES 71
AR H5toll thsfl Fig. 69 WS o8, 743 A}
Fig, 4°] Yephd A Fejo] wwele] thsf CF % Sl
o 29 A3l mge] M Atk S48 a8 PO
AR GO sl o WA RHEE Bl

At o g QAeAee Al Awdhs, HIAE=SE, A%t
=} 71 % DNNS A =850 shtaal 27)
o whell 9lom, WSS olEA|L mu)
S T e ATele] WS gelg o
2 ol Relo] oha) s 9, AgAlsEaEe o
23 478 ) B S 7ol Table ol Q124
5 wele] zo] WE sEol HmEol ek o)A
Learning rate= 107", 223} 7|& Adam HHO g AHH

T o
flo
1
0

~

83



GEfE - RS&E - AN - 0|2H - RYH - 0l&HK
Table 4 Loss—rates according to network architecture Table 6 High—Fidelity DNN Design Results
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