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Experimental research on noise reduction of bionic

axial fan blade and mechanism analysis
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Abstract: According to the fact that the long-eared owl wing with non-smooth leading edge
demonstrates a remarkable reduction of the flight noise a kind of bionic axial fan blade with non-
smooth leading edge was designed. The pilot experiments show that the noise level of the bionic non-
smooth blade in the 50 ~ 2000 Hz frequency range is remarkable lower than that of the prototype
blade, the maximal noise reduction rate is 2. 52%. The factors affecting the noise reduction of the
bionic non-smooth blade are in the order of importance as follows: the interval, the height and the
number of the non-smooth element. The computer simulation analysis shows that the noise reduction
mechanism of the non-smooth leading morphology consists in the reducing the airfoil surface turbulent
boundary layer pressure pulsation, retarding the rear airfoil shedding vortex separation, reducing the
chaos airflow among the airfoils, thus rectifying the flow around the subsequent airfoil to control the

turbulence breakaway, all these results in reduction of the turbulent flow noise.
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Fig. 1 Non-smooth leading-edge of Long-eared owls wing
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Fig.2 Bionic non-smooth leading-edge characteristic
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Table 2 Test scheme and analysis of results
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GEAE BEE Rmm o S gmm AT BRE  RAMAE HRR
/dB m/ % /dB /%
1 2 4.0 22 70.9 0. 56 75.3 0. 40
2 2 4.5 25 70.7 0. 83 74.8 1. 10
3 2 5.0 28 70. 3 1. 40 74. 4 1.59
4 2 5.5 30 69.7 2.24 73.9 1. 32
5 3 4.0 25 70. 4 1. 26 74.7 1. 19
6 3 4.5 22 70.1 1. 68 74.5 1. 46
7 3 5.0 30 69.5 2.52 73.8 2.38
8 3 5.5 28 69. 8 2.10 73.6 1.98
9 4 4.0 28 71.0 0.42 74. 4 1.59
10 4 4.5 30 70. 2 1. 54 74.2 0.53
11 4 5.0 22 70.4 1. 26 74.8 1. 10
12 4 5.5 25 70.7 0. 84 74.3 1.72
13 5 4.0 30 70. 3 1. 40 75.1 0. 66
14 5 4.5 28 70. 2 1. 54 74.5 0.93
15 5 5.0 25 70.5 1.12 73.7 1. 85
16 5 5.5 22 70. 8 0. 70 74.6 0. 66
0 0 0.0 0 71.3 0. 00 75.6 0. 00
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Fig. 5 Comparison of sound pressure level
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Fig. 6 Computational model
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Fig. 7 Computational grid of bionic airfoil surface

and external flow field
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Fig. 8 Contours of pressure plotted for airfoil surface
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