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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
Blades ;
Height [m] 0.024
Thickness [m] 0.0002
Worki Mass flow rate D] | 2507 e
orkin | oL wmes  woe o
xing Pressure [Pa] 538 &
condition - — :
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®
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Fig. 5 GUI for preconditioning process for aerodynamic analysis
part of Total FAN-Regen®
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Fig. 6 GUI of Total FAN-Regen® for post-process of
aerodynamic analysis
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aero—acoustic analysis

v sris_ovimas_rep
W DESIGN ANAUSIS NOKE | OFEMEZE EOC]
FanTE: [REcanFAn =l
et ri: Voo
e ] |
Save Sapt. RUN :
s oot . 159,
nz.
95.7
743
52.9
31.4
100
" e e | e | SO Conpon | SaER S S P
Output Ea
overALL  ozass o2 wnere
= oy

Fig. 8 GUI of Total FAN-Regen® for preconditioning process of
aero—acoustic analysis
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Fig. 12 Definition of design variables

Table 2 Results of the design optimization

Desi Design variables
esign
g H/W )
Reference 0.5 46.40
Optimum 0.38 42.78
. Objective function 1 (Efficiency, %)
Design
RBNN CFD
Reference - 34.00
Optimum 37.00 35.50
) Objective function 2 (Noise, dB)
Design
RBNN CAA
Reference - 115.00
Optimum 103.59 101.62
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Table 3 Results of Performance test
P Perfgz:cr;ance Nlrlérslﬁllizal Error (%)
Effi(c;oe)ncy 32.90 3550 7.32
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