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Abstract: To enhance the aerodynamic performance of axial fans and reduce their operational
noise, inspired by the structure of annular propellers, this study proposes a novel annular
impeller design for axial impellers used in fans, along with its parameter design process and
methodology. By extracting the basic parameters of the prototype impeller profile and adjusting
the basic shape of the impeller, the blade section is geometrically reconstructed. The design of
the annular impeller is completed by smoothly connecting the vortex ring structure at the blade
tip. The influence mechanism of the annular impeller on the fan’s aerodynamic performance and
noise is studied using numerical simulation methods. The effectiveness of the design of the

annular impeller axial fan is validated through experimental testing methods. Simulation results
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show that the use of the annular impeller improves the pressure distribution on the blade surface
and the uniformity of the overall flow field velocity distribution, thereby enhancing the effective
air delivery distance of the fan. Moreover, the vortex ring structure effectively suppresses the
strength and diffusion range of the blade tip shedding vortex, reducing the turbulence intensity in
the main flow area. Experimental results indicate that, compared to the prototype axial fan,
under three operating conditions at the same rotational speed, the maximum airflow speed of the
annular impeller fan increases while noise and power consumption decrease. Under the same noise
condition, the maximum airflow speed of the annular impeller fan increases by 20.0 m ¢ min ',

with power consumption remaining relatively unchanged. When maintaining the same maximum

airflow speed, the noise level of the annular impeller fan is reduced by up to 1. 5 dB, with a

maximum reduction in power consumption of approximately 13.9%.

Keywords: axial fan; annular impeller; aerodynamic performance; aerodynamic noise
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(a) Bk

FIH Solidworks K {4 AR 4f 52 B RS X 3 4% X
BT YRR, R 2 fin ., BE RS R R
WS 6T 297 5% W) /0N %) 38 2 R 5 A 40 dn XL SR LS
JEAE R ER R 0B T BRI A A G A 4 A
HEAT AT A A L, 300 1A% DX A 455 2 111X i XL
FHIX 3 A48 SR 1 S0 o g b A 480 S P T AR 3R 8%
B AR A 0L 5 it 11 %t 11 AR 9 B A 38 4 L R
BAME D R E, xR L R T OAE e b
BN i W7 N Ry o o) P e T T I KO P
IME.

zkxb. xjtu. edu. cn

5D

— HX
Ji3 Sk~

HETX
41X
B2 U T = e T

Fig. 2 Computation domains for the fan
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Fig. 4 Fan experimental test scenario
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Table 1 Comparison of the numerical results on the performance
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of the prototype fan with the experimental results
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Fig. 7 Special parameters for annular impellers
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Table 2 Structure parameters of annular impeller
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Fig. 8 Comparison of the static pressure distribution on the

surface of the two impellers
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cross-section 0. 54 m from the center of the impeller
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Fig. 14 Turbulent kinetic energy distribution in a section

in a fan
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Table 4 Performance of the fan under three operating

conditions
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Table 5 Performance of the fan at the same maximum

wind speed
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Table 6 Performance of the fan wunder the same
noise condition
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