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The aero-acoustic noise reduction based on biomimetics : A case study
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ABSTRACT

Recent years have witnessed speed up of moving vehicles such as high-speed of trains.

Increase

in speed entails concomitant increase in turbulent air flow which contributes toward aerodynamic

noise.

owl feather.

The proposed method for aerodynamic noise reduction is based on a biomimetic design of

The five morphological parameters of the owl feather is extracted from close ob-

servation, and simulation cases are constructed by applying design of experiments methodology.

Swirling strength for each case is obtained through steady-state CFD analysis, and key morphological

parameters that affect the turbulence are identified.

formed on selected cases to predict the air turbulence.

tribution levels which is expected to lead to varying aerodynamic noise levels.

Large eddy simulations (LES) are then per-

Different cases show varying vorticity dis-
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Table2 A% 3
No.| A B C D E Z+8-012}
1 1 1 1 1 1 1
2 1 1 1 1 2 1
3 1 1 1 1 3 1
4 1 2 2 2 1 1
5 1 2 2 2 2 1
6 1 2 2 2 3 1
7 1 3 3 3 1 1
8 1 3 3 3 2 1
9 1 3 3 3 3 1
10 2 1 2 3 1 1
11 2 1 2 3 2 1
12 2 1 2 3 3 1
13 2 2 3 1 1 1
14 2 2 3 1 2 1
15 2 2 3 1 3 1
16 2 3 1 2 1 1
17 2 3 1 2 2 1
18 2 3 1 2 3 1
19 3 1 3 2 1 1
20 3 1 3 2 2 1
21 3 1 3 2 3 1
22 3 2 1 3 1 1
23 3 2 1 3 2 1
24 3 2 1 3 3 1
25 3 3 2 1 1 1
26 3 3 2 1 2 1
27 3 3 2 1 3 1
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Table 3 314-5-A12] A4k

Fluid (air)
Density 1.225 kg/m?
Temperature 288.16 K
Viscosity 1.7894e-05 kg/m-s
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Air Speed
55.56 m/s

(200km/h)

Moving Wall
56.56 m/s

3 AdER S £Ysslth. Table 4
oA Hiempel o] AmAAoZE Navier-

Stokes WAAS ©

q

S|
oA A&l Standard k
208 apgaidon, gEAs =7 A A%

AS =8 =
WHoRRE dES AT + Ut BN &
Eale] &ueh de AAA AN "Semi

Implicit  Method for  Pressure-Linked
Equation algorithm"& AMg3tiEd. 2 Fejrt
rdstar 7Pt wol AMEEE algorithm 5 shuol

o,

Table4 A3Ja2] cA|Q] 2| uulA 4]

Condition

Continuity & Time averaged

vernin tion . ;
Governing equatio Navier-Stokes equation

Turbulence model Standard k-¢ (2 equation)

Pressure term SIMPLE algorithm
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= Swirling strength©] 766.67.57'¢1 HlHo|
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strengthe YERNA L, Figure 3& H|WE 98}
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Table 5 Z} case® AA 7%

No. Swirling strength (S~ 1)
base 766.67
1 1429.21
2 3217.92
3 1358.52
4 2418.97
5 2192.49
6 2585.50
7 3380.04
8 2718.63
9 3088.09
10 1518.71
11 141991
12 1541.22
13 437547
14 4806.74
15 1505.82
16 1490.74
17 1461.86
18 1653.63
19 2824.29
20 2937.50
21 1218.26
22 663.37
23 673.38
24 663.14
25 1196.61
26 1219.74
27 1144.08

5000

Swirling Strenghth [1/s]
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Figure 3 case™ Swirling Strength
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Table 6 SNH|o| th3+ W&

FE | Aol | YEAE | zE34%E | #Y 7+
1 2488 1939 1396 2250 2143
2 2196 2206 1692 2087 2291
3 1390 1928 2984 1736 1640
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Figure 6 Vorticity distribution (side)
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Figure 8 Vorticity distribution (top)
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