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Abstract: To improve the aerodynamic performance and reduce the operating noise of circulating
fans, a bionic front grille inspired by the wing profile of the long-eared owl is designed. The
airfoil profile at the 40% wingspan cross-section of the long-eared owl’s wing is extracted using
reverse engineering methods, and a bionic front grille for the circulating fan is designed considering
manufacturing requirements. The influence mechanism of the bionic long-eared owl-inspired front
grille on the aerodynamic performance and noise of the circulating fan is investigated using
numerical simulation methods. The performance of the circulating fan equipped with the bionic
grille is validated through experimental testing. Simulation results indicate that, compared to the

prototype fan, the circulating fan with the bionic long-eared owl-inspired front grille achieves a
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longer effective airflow distance, more concentrated airflow, and a more uniform wind field
distribution. The bionic design of the front grille structure better aligns with the flow characteristics of
the airflow accelerated by the annular impeller, reducing tip clearance and flow separation between
grille channels, thereby effectively suppressing vortex formation and shedding. The turbulent
kinetic energy intensity within the circulating fan is significantly reduced. Experimental results
show that, compared to the prototype fan, the circulating fan with the bionic long-eared owl
wing-inspired front grille reduces noise by 1. 6 dB at operating speed, increases maximum wind
speed by 11.6%, and maintains nearly unchanged power consumption. Under identical noise
conditions, the maximum wind speed increases by 18.1% with a slight rise in power consumption.

Under identical wind speed conditions, noise is reduced by 4.2 dB and power consumption decreases

%60 %5

by 24.6%.
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Fig. 1 Physical model of the circulation fan

AR08 P Bt i RL 45 A4 R AIE L 2R JH Solidworks #(
X0 20 5 U A DX St AT = R R, A 2 Cad B
B D O IR AN . BUE R R R, 2 T
JEG T S R GG JAR 25 X6 3L 20 52 Wi /N R R A . (R B IS
P B 98 I 5 O B S AP O R AT B 1 i Ak
REPLIAR DX BRI 23 3 A B A3, 23 301 by i 1
FESURN R T3 O B WA B R S TR BR
B PR U R 05 o A PR 6 B 2E | SR B Y
)P, Ve R FE 0 BRI 1 B AT 3 Y B0 E K Ab
BRI D R AME Y 5 AL B
ASE R BE O 10 A5 M58 5ME . S8 T Jm 2L Hr o 1

zkxb. xjtu. edu. cn

TR AR 4 T W 1 RE 2, G 2
(. B 2 MEXT XOZ AR & DL b
JE 3 v e SO A WO RUBE B A PE R S, T P AR AR
JE a5 O Ay it % il o) v SF- 1T 5 AR TR 2R 3 A

0 IH-4 Ji
Ca) THE3 370 A 157

A

(b) A AR D A5 B A b il
B 2 R b AR A

Fig. 2 Computational model of the circulation fan
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Fig. 3 Computational meshes distribution of the circulation fan
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Fig. 5 Experimental test system
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Table 1 Comparison of numerical results and experimental

results on the prototype circulation fan
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Table 2 Comparison of experimental results under the
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