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ABSTRACT

A multi-objective optimization of a regenerative fan for enhancing the aerodynamic and aeroacoustic performance was carried

out using an integrated fan design system, namely, Total FAN-Regen®. The Total FAN-Regen® was developed for

non-specialists to carry out a series of design process, viz., computational preliminary design, three-dimensional aerodynamic

and aeroacoustic analyses, and design optimization, for a regenerative fan. An aerodynamic analysis of the regenerative fan was

conducted by solving three-dimensional Reynolds-averaged Navier-Stokes equations using the shear stress transport turbulence

model. And, an aeroacoustic analysis of the regenerative fan was implemented in a finite/infinite element method by solving

the variational formulation of Lighthill’s analogy based on the results of the unsteady flow analysis. An optimum shape obtained

by Total FAN-Regen® shows the enhanced efficiency and decreased sound pressure level as much as 1.5 % and 20.0 dB,

respectively, compared to those of the reference design. The performance test was carried out for an optimized regenerative fan

to validate the performance of the numerically predicted optimal design.
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Fig. 1 Flow chart of Total FAN® system
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Table 1 Specifications for the regenerative fan

Parts Values
Diameter [m] 0.138
Impeller Thetac [deg.] 46.15
Clearance [m] 0.0003
Number of blades 41
Width [m] 0.012 e
Blades Height [m] 0.024 S
Thickness [m] 00002 =
) Mass flow rate [kg/s] 2.567 prera——————
Zzzggz)i Pressure [Pal 533 _ £
Rotational Speed 6743

Fig. 4 3D computational domain of regenerative fan
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Fig. 3 Graphic user interface(GUI) for preliminary design part of
Total FAN-Regen®

7|1 Z2A4A ol A FeiRl 7| 234 v e R 3akd
sl aystr] lsto] Flg 49} o] 32k Akt
oS Abs o ARl i, ALk ol tiske] ALt
AE Asor AR ALtG el gt AAE )
T A AFEAIE AX|E Held 4= 9lom, o2 v}
Z At el digt 731}—4*“ A w3 o ok A
AE 55719 A9, 1= 2 A Gl it ALtAA
£ AAsH= o) A= ICEM-CFD7} ARE-Et},

Fig, 5+ Total FAN-Regen?] 3% AL(-534S ¢
Axe S Holzoh Anks flsliAe Alitd ol of
ol &0 AARAT} <JH o] 3|HLe} 7o 7| HA
AL dFlof 3ttt o] TA oA AREAR= AAF U H|H
AXE AdE 4= Qlal HEAARS $J8t CPU & A

L of o

o
ofl
o rr

1

r

)

o N ot ok
U:

=
ok 2 glek, fEsAL 9t 221300l ANSYS-CFXE
S8 3 Reynolds—averaged Navier—Stokes

Yol §-Fshel] AHEE, 1217 BRAGE o
28 25t ‘_%—E‘Ei_._‘it Shear stress transport(SST) Xgl

B77F AsRAR AMgE, aen

S=ERMIIASE ==28: M7, Mg, 2014

Ready CiP UM scR

Fig. 5 GUI for preconditioning process for aerodynamic analysis
part of Total FAN-Regen®
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Fig. 11 Optimization GUI of Total FAN-Regen®
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Fig. 12 Definition of design variables

Table 2 Results of the design optimization

[e]
+

T

Desi Design variables
esign
£ H/W 0
Reference 05 46.40
Optimum 0.38 42.78
. Objective function 1 (Efficiency, %)
Design
RBNN CFD
Reference - 34.00
Optimum 37.00 3550
. Objective function 2 (Noise, dB)
Design
RBNN CAA
Reference - 115.00
Optimum 103.59 101.62
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Fig. 14 Performance test
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Table 3 Results of Performance test
B Perfg;rtr;ance N;ler)rsllelrl“ic(szal Error (%)
Efﬁ(f,}sncy 32.90 3550 732
S°$Sefr(‘i:§;”e 9499 10162 652
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