F43EF5 18 FRIAKRFFRAAHFRK) 2026 42 H
Vol. 43 No. 1 J Chongqing Technol & Business Univ( Nat Sci Ed) Feb. 2026

N P 5L Rk I LA AU S Rl B 5 0 5

I R, J° ARHE
L TR R 53 H TREER, L 200093

B OEHM A TR R ARBAFRF, vt h B WL #Z B RR FILAEZRG TR FILRB, HFRAER
BEFIRBRAITHE, WARRFILAZRS R B AR ERF G, Jik KA EFH 3% (Reynolds
Average Navier—Stockes, RANS) #F /R A B 2 2 X ik 4T Ao ME AR AR k| 2 AE S B 6 K mk b A% A K % AL 4L ( Large
Eddy Simulation, LES) 454 FW—H 7 5 7 #2 89 77 ik *F R gy ok 75 SEAT AL S o8 3D 4797 R a9 AR ik AT A 3h M Ak
Ford BRI AR R R TOUT e A, gt Wt R AT F LA T et b A B AR R, &t
KEREEN A GEZE AR BN Hrr R EREE X T AT FILEZA 2.5 mm 89 FILR B R, T
WRHIE 6. 2% I H R ES. 2% , BARK G A B4 3.6 dB; R A R g Fo 2 AR B ok 5 35 ) M3 3B A A “87 T
AR FILAZRG IR ERERR ALK BB T T 6 R REBAF, ER B RGO T o ERARRE, ik £
vt B WU E F AL SR AR AL RIS B R B A2 et R F SLRB SF R T F SL A RAR K AT, R A B
A3E KNG FLAR A T AR R R AR KRR R 7

Yebgltin] ;DA AR R s BB T R F AL KBS A FR

Bl TKOS  SCilikbRieS : A doi: 10. 16055/j. issn. 1672-058X. 2026. 0001. 015

Effect of Blade Perforation Diameter on Aerodynamic Performance and Noise of Small Axial Fans
ZHANG Jiangtao, SAI Qingyi, YAN Yonghui
School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Objective To reduce aerodynamic noise in small axial fans, blades with different perforation diameters were
designed near the trailing edge. This study compares the prototype fan with perforated fans to investigate the effects of
perforation diameter on aerodynamic performance and noise of fans. Methods The Reynolds-Averaged Navier-Stokes
(RANS) method was used to simulate aerodynamic performance of both prototype and modified fans. On the basis of
steady-state simulations, Large Eddy Simulation (LES) coupled with the Ffowes Williams-Hawkings (FW-H) acoustic
equation was employed to simulate fan noise. Aerodynamic performance and noise tests were conducted on 3D-printed
models to obtain performance parameters under different flow conditions. Results Perforating the blade can induce airflow
on the blade surface, improve blade surface pressure distribution, delay boundary layer separation, and suppress tip
leakage vortex intensity. Under design conditions, the perforated fan with 2. 5 mm diameter showed optimal performance:
static pressure increased by 6. 2%, static pressure efficiency improved by 5. 72%, and A-weighted sound level decreased
by 3.6 dB. Both prototype and modified fans exhibited approximately figure-8 shaped noise directivity. Noise reduction
varied with perforation diameter. Superior noise reduction was observed in the fan inlet and outlet directions, while lesser

reduction occurred radially. Conclusion Perforations near the trailing edge can improve fan performance and reduce
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noise. However, larger perforation diameters do not necessarily yield better results; only appropriately sized perforations

can enhance fan performance and reduce noise.

Keywords: small axial flow fan; aerodynamic noise; blade perforation; large eddy simulation; A-weighted sound pressure
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Table 1 Main parameters of the prototype fan
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Table 4 Noise simulation results of different models
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