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The Effect of Scaling of Owl’s Flight Feather on Aerodynamic Noise at
Inter-coach Space of High Speed Trains based on Biomimetic Analogy
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ABSTRACT

An analysis and design method for reducing aerodynamic noise in high-speed trains based on bio-

mimetics of noiseless flight of owl is

proposed. Wind tunnel

testing and numerical CFD

(Computational Fluid Dynamics) simulation for the basic inter-coach spacing model are carried out,

and their results compared. To determine the effect of scaling of the owl’s flight feather on the

noise reduction, a two-fold and a four-fold scaled up model of the feather are constructed, and the

numerical simulations are carried out to obtain the aerodynamic noise levels for each scale.

Original

model is found to reduce the noise level by 10 dB, while two-fold increase in length dimensions re-

duces the noise by 12 dB. Validation of numerical solution using wind tunnel experimental meas-

urements are presented as well
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Table 1 Modeling and Simulation run parameter
Parameter Condition
Frequency range 100 ~ 2000 Hz
Element size 1 ~ 34 mm
No. of Element 656553

Timestep 0.00005 s
Flow duration 0~3s
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Table 2 Sound pressure level at peak frequencies
185 km/h 200 km/h 235 km/h
Freq. | SPL | Freq. | SPL | Freq. | SPL
Ist Simul. | 91 100 101 107 121 112
S
Peak Theory| 70 - 76 - 88 -
Exp. 65 113 75 115 80 116
nd Simul. | 187 112 202 111 237 120
n
Peak Theory | 164 - 177 - 205 -
Exp. 200 102 235 102 240 107
3rd Simul. | 278 103 300 105 359 109
T
Peak Theory| 259 - 278 - 322 -
Exp. 225 106 305 96 325 97

L

3i= 7} Rossiter’s equations 7|5 o2 F&
A

JRES £% 8 Fo5E A3 S

> o

2

=
T

YA B 5 %ol o &4l el 5 4
Ase gAgeR fAR AL 2 5 Ak s
AN A o240 W tha Be Fo
gge ZE Qo d5Hlt ot AvANe
o183 A A AA 4L AT BASA 2
Sl olsh e oAk wAE Aow o

& Folo] AN AR

500

LoL R 4% peak
-_— [/ 1
= : G
= 400 -
= sam=="T 3 peak
Z o300 -
E ) F - L] I =
g T T o
= o0 > - e e swsaeo
””” - ek - 1 peak
0
45 55 65 75 85
Inlet velocity [m/s]
== lstpeak == Ind peak - = 3rd peak == 4th peak

o 1stpeak (simu) @ 2nd peak (simu.)
® Indpeak (exp.) & 3nd peak (exp.d

3rd peak (simu.) ® 15t peak (exp.)

Figure 3 Numerical and experimental comparison
based on Rossiter’s equation
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Table 3 Scale model specification

Leng | | 2 | | o0 N of
x1 | 14mm 15 0° 3mm | 3mm 41
x1.5| 21mm 15° 0° 4.5mm | 4.5mm 27
x2 | 28mm 15° 0° 6mm | 6mm 20
x3 | 42mm 15° 0° 9mm | 9mm 13
x4 | 56mm 15 0° 12mm | 12mm 10

SR Abo] A7 FIke] of
. Z} scale model] W&} <77}
S 1% & itk & 42 A

Ageke AL Flskih

__

(a) Scale 1 (b) Scale 1.5

(c) Scale 2

(d) Scale 3 (e) Scale 4

Figure 5 Vortex distribution for different models
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Table 4 Averaged vortices magnitude

Averaged vortices magnitude
Scale 1 1228 S°!
Scale 1.5 1227 5!
Scale 2 1205 !
Scale 3 1242 51
Scale 4 1272 5!

3.2 A9 =5t

13 6+ 7} scale model®] 23FTAMHS
% 4 2945 veldy a8 694

Hz °]% djdolA = Adairr 42 As &
A& = Atk Scale 19 2 & H8st= B¢
713 Z2F 3 b)) 125 ~ 1000 Hz < E

e A F7HH0 o 2 dB Az EAF Ak

7 A2 A9l 630 Hz o] % oA 23]

= R

2 71E A7 BPEG 280 AN aRE 744
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E AL 49 AZENE ey A8HE 4 9
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104.92 103.947
110 94479417 9544
91.20

Sound Pressure Level [dBA]

125 160 200 250 315 400 500 630 800 1000 O/A
Frequency [Hz]
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Figure 6 Sound pressure level according to scailing
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