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Abstract. In this paper, CFD software is used to simulate the Fluent numerical simulation of the 

DU300 airfoil trailing edge and the trailing edge of DU300. Using LES turbulence model, 

calculating the FW-H equation, the noise transformed by FFT transform, and the sound field 

distribution of the blade aerodynamic noise is obtained, and the variation of the aerodynamic noise 

of the monitoring points at different locations and the attenuation law are analyzed and compared. 

After DU300 airfoil blunt trailing edge increasing Bionic trailing edge, the influence of 

aerodynamic performance of the airfoil is very small, and it has a significant effect on the noise 

reduction. Which provides a certain reference value for the optimization design of wind turbine 

airfoil, the sound field distribution of the bionic trailing edge has certain broadband characteristics. 

Introduction 

The noise of the wind turbine generator is largely derived from the aerodynamic noise. The 

aerodynamic noise is more complex, and it is closely related to the complex flow around the 

blade.in existing research, Li Dian found that owl class with unique wings airfoil and the structure 

of feathers has great reference value on the blade design and can effectively improve the blade 

aerodynamic performance and acoustic properties. So this paper starting from the perspective of 

engineering bionics, through in-depth study of the mechanism of the Grass Owl silent flight, 

numerical simulation and prediction of aerodynamic noise, provides a new working principle and 

design idea for the noise reduction technology of wind power generation. 

At present, the research on the trailing edge is mainly about the serrated trailing edge. Xue 

Weicheng on the noise reduction experiment of the serrated trailing edge, found that comparing the 

Airfoil with serrated trailing edge with the original airfoil, the effect of the medium low frequency 

and high frequency noise reduction is obvious(over 2db). This paper will be more accurate 

simulation of the bionic Grass Owl wing trailing edge, by getting the features of Grass Owl wings 

feathers trailing edge wavy edge extraction to establish the trailing edge of the wave shaped blade 

and explore its noise reduction performance. 

The Parameters Determination of Grass Owl Imitation Leaf Tail Edge 

Deng Lei and other studied the aerodynamic performance of the blunt large thickness trailing edge 

and found that this type of airfoil has good aerodynamic and structural advantages which can make 

a part of the pressure recovery occurred in the wake and slow the trend of boundary layer separation, 

so the bionic trailing edge of this paper will be designed on the basis of DU-300 blunt trailing edge 

airfoil. 

This paper is drawing the 2D feature extraction Grass Owl wings referring to Liao Geng hua 

Method of measurement of the long eared owl wing morphology. Imitating the Grass Owl gliding 

wing shape expanded naturally, after completely expanding Grass Owl wings of nature death, 

Getting the wings fully expanded photos with the help of a high pixel digital camera and after 

treatment, Grass Owl wing of the two-dimensional shape image are shown in Fig. 1. 
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Figure 1-1 

This paper is mainly for the trailing edge of blade for biomimetic treatment, so focus on the 

initial wave type Grass Owl feather structure trailing edge parameter measurement. Among them, 

the wavy structure of the initial trailing edge is mainly expressed by the wave spacing S, the wave 

height h and the wave width W. The measurement results are shown in Table 1. According to the 

measurement results of the trailing edge of Grass Owl wing feather, the trailing edge of the wind 

turbine blade is shown in Fig. 1-1, and its specific parameters are shown in Table 1. 

 
Table 1 

Structure parameter s/mm h/mm w/mm 

Grass Owl feather at trailing edge 20-38 20-55 18-33 

Imitation leaf trailing edge 93 65 90 

Numerical Calculation of Bionic Blade 

Grid Division and Boundary Conditions. Building bionic blade model in ANSYS ICEM CFD, 

the mode is introduced into fluent 16 to carry out the blade geometry trimming and calculation 

domain mesh. Using hybrid grid, trailing edge section to generate structured mesh, Hybrid grid, 

with the rest of the unstructured grid, outfield uses: C-block, also of the airfoil model in the vicinity 

of the mesh refinement encryption processing, between the computational domain and the outer 

domain with interface connected. The final mesh is shown as the extra grid, and the total number is 

1 million 700 thousand. In order to ensure the validity of the results of grid computing, grid does 

independence verification. Combined with the best operating point of the airfoil, Setting import 

speed to 43.8m/s, the angle of attack of 4 degrees, 

Outlet pressure of 0.1MPa, no slip wall boundary conditions are adopted for Reynolds number 

bionic airfoil wall surfaces, and the length of the chord Reynolds number is about 3 million. In 

order to improve the computational efficiency, the calculation of flow field is carried out the steady 

state calculation by using SA model, after convergence, the LES model is used to the transient 

calculate. 

Numerical Calculation Model. In this paper, large eddy simulation is used to the steady state 

calculation. The basic assumption of LES is that energy, momentum, mass, and other scalar 

quantity which are mainly transported by large eddy. The geometry and boundary conditions of 

fluid determine the characteristics of large eddy, and the flow characteristics are mainly reflected in 

the large vortex. Small scale vortex affected by the geometrical boundary condition is small and is 

isotropic. The governing equations of LES are obtained by filtering the N-S equation in the wave 

number space or physical space. The filtering process is to remove the vortex which is smaller than 

the width of the filter or given the physical width, so that the control equation of the large vortex 

can be obtained. 
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Among them, ij
is the stress tensor, ij  for the sub grid stress 

Analysis of the Calculation Results 

 

  
(a)Blunt trailing edge airfoil section (b) Bionic trailing edge airfoil section 

Figure 3-1.  Picture of pressure cloud near the blade when z=0.1m ross-section α=4°,  

 

Pressure Distribution around an Airfoil. seeing from the pressure cloud image, at the 4 degree 

angle of attack, the Z=0.1m cross section, the maximum static pressure appears near the leading 

edge of the airfoil, and at the leading edge of the airfoil section. The pressure gradient changes 

drastically. At the same time, on the suction surface, the negative pressure area increased, due to the 

influence of the angle of attack, the pressure of the two kinds of airfoil is asymmetrical. But by 

comparing the pressure distribution of the trailing edge airfoil section and the trailing edge airfoil 

section, we can find that the different trailing edge shapes have little influence on the pressure 

distribution of the entire surface, which is almost no change. 

 

  
(a) Blunt trailing edge (b) Bionic trailing edge 

Figure 3-2.  Eddy currents in the vicinity image of the z=0.1m cross section of a =4° 

What can be seen from the eddy current diagram, in the 4 degree angle of attack, the Z=0.1m 

section is that, The trailing edge of the blunt trailing edge airfoil is separated from the air flow, and 

the flow separation is obvious and Periodic vortex shedding induced by pressure pulsation in the 

fluid, resulting in larger noise. After the airfoil section is equipped with bionic trailing edge, there is 

still an airflow separation phenomenon, and there are two distinct shedding vortexes, but the 

separation point of the detached vortex is delayed. At the same time, due to the installation of bionic 

trailing edge, then the vortex is broken down into a number of small vortexes, slows down the 

pressure pulsation. By comparing the vortex distribution images of the trailing edge and the trailing 

edge section, the vortex distribution of the trailing edge section, we can find that, the vortex 

distribution in the tail section of the airfoil with bionic trailing edge is more complex, and the 

original vortex is broken into small vortex, and the small eddies have a certain effect on the 

numerical value of sound pressure level. 
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Influence of the Bionic Trailing Edge on the Noise Field. Using LES turbulence model carries 

out the noise sound field numerical simulation of DU300 blunt trailing edge airfoil section, the 

installation of bionic trailing edge section. According to the result of noise calculation, analyzed and 

compared the receiving point and wake noise sound pressure distribution in two cases. Taking the 

axial midpoint of airfoil as the coordinate origin, establish the coordinates of the monitoring point, 

around the airfoil layout two laps of the monitoring points, the radius of 10C and 15C. 

 

 
Figure 3-3 monitoring radius of sound pressure level for 10C data  

Figure 3-4 monitoring radius of sound pressure level for 15C data 

 

What can be seen from the Fig. 3-3 and Fig. 3-4 are that, for a single airfoil, Position of 

monitoring points above the suction surface 

Due to the separation of sound pressure level, generated vortex, resulted in the increase of 

turbulence intensity, fluctuating pressure increases, so the value is slightly more, and compared to 

the number of two monitoring points in the axial direction and the other monitoring sites, the sound 

pressure level numerical is much smaller. Secondly, after numerical comparison with two kinds of 

airfoil section SPL, we can get that the noise reduction effect is not obvious in the axial direction of 

the airfoil section with bionic trailing edge, but in other direction, the noise is reduced by at least 

5dB, which indicates that the bionic trailing edge has a certain effect on noise reduction. And 

comparison of different monitoring radius of sound pressure level data, It can be found that with the 

increase of the distance, the sound pressure level becomes smaller and smaller, and the radiation of 

the noise is spread to the surrounding radiation, in areas with strong pressure pulsation sound 

pressure level value is greater. 

Two monitoring points were selected from all monitoring points to study the noise frequency 

distribution. 

(a)Monitoring point 10                           (b) Monitoring point4 

Figure 3-5. The Les model of 4 degrees of noise sound pressure level data 

 

Fig. 3-5 is the SPL-f distribution curve of the DU300 blunt trailing edge airfoil section under the 

sound pressure level with the frequency of the noise monitoring point 4 and 10 at the 4 degree angle 

of attack. The SPL-f distribution curve of sound pressure level along with the frequency of the 

bionic trailing edge airfoil is on the left side, the SPL-f distribution curve of sound pressure level 

with the frequency of the airfoil section of the usual blunt trailing edge being the right. Monitoring 

66.0886 
63.1621 

57.9395 

47.058 

57.3541 
60.9059 

67.8913 
60.5526 

58.112 

48.2142 

57.0233 

59.809 

70.9201 
69.4785 

64.6758 

46.9796 

64.0042 

69.4303 
71.6813 

69.3365 

64.4093 

48.353 

63.1099 

68.7979 

加装仿生尾缘噪声（dB） 

钝尾缘噪声（dB） 

62.5135 59.5076 
54.3002 

42.9689 

53.7409 
59.6362 

64.355 
57.006 54.566 

43.9297 

53.5799 56.2453 

67.384 
65.8567 

61.0068 

43.2217 

60.3385 

65.8168 
68.1547 

65.863 

60.9784 

44.6401 

59.6803 

65.333 

加装仿生尾缘声压级（dB） 

钝尾缘声压级（dB） 

697



point 4, monitoring point 10 are located at the front edge and trailing edge of the airfoil two 

monitoring points, through the analysis of these monitoring points of the sound pressure level with 

the frequency of the SPL-f distribution curve, to find the distribution characteristics of two kinds of 

airfoil noise. 

Analyze Fig. 3-5. Sound pressure level data, at the airfoil leading edge of the monitoring point 

10, both in the low frequency band has obvious dominant frequency. With the increase of frequency, 

the frequency spectrum shows broadband characteristic, but the peak value of the two is different. 

The peak value was obviously decreased after the bionic trailing edge, but the leading edge noise 

was not related to the effect of the separation of the tail fluid. So from Fig. 3-3, Fig. 3-4, we can 

find that, whether the installation of bionic trailing edge on the front edge of the noise reduction 

effect. By contrast tail margin monitoring point 4, the former low frequency has no obvious main 

frequency, and the later low frequency come out peak value, overall sound pressure level numerical 

and compared to the original drop a lot of so that noise reduction measures have certain effect. After 

4000Hz mainly reflecting the broadband characteristics of noise, the main characteristic is that the 

energy of high frequency position frequency is basically the same, the frequency band is wider, and 

the amplitude is basically unchanged. This is due to the high degree of instability of the flow around 

the airfoil, which leads to the trailing edge part of the vortex structure, which makes the noise 

present broadband characteristics. 
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