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Experiment of rod-airfoil interaction noise reduction

using porous leading edges
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Abstract: A method for rod -airfoil interaction noise reduction with a bio-inspired porous
leading edge structure was proposed, and then verified experimentally in the 0.55 mX0.4 m
acoustic wind tunnel. For typical configurations, the effects of porous metal foams in reducing the
peak noise and the mid-to-high frequency noise of the rod-airfoil interaction were determined. The
detailed acoustic measurements on three porous metal foams with different ppi (pores per inch)
values showed that the proposed porous leading edges can reduce the peak value of the rod-airfoil
interaction noise by up to 4. 10 dB and 4. 67 dB at the airfoil angle of attack of 0° and 10°, respec-
tively. It can also significantly reduce the mid-to-high frequency noise on the right side of the peak
frequency. The larger the proportion, the smaller the ppi value of the porous materials and the
better the overall noise reduction effect.
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Fig.4 Acoustic spectra of the baseline rod-airfoil configuration under different flow speeds
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Table 1 Peak SPL of the rod-airfoil interaction noise

Fa4 WHa=10°", EH-EE FTHESH OASPL
Table 4 OASPL of the rod-airfoil interaction noise
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Table 2 Peak SPL of the rod-airfoil interaction noise

at the airfoil angle of attack of a=10° dB
V./(m/s)
il 2% 4 7Y
30 40 50 60

Baseline 89.91 95.97 100. 78 103. 59
X20Y20Z20  85.24 92. 05 96. 45 99. 55
X50Y50Z50  86.95 93.75 97.57 101. 31
X80Y80Z80  88.12 94. 30 98.48 101. 26
X50Y00Z00  89.54 95.74 100. 55 103. 27
X20Y50Z80  87.04 93.69 97.66 100. 91
X80Y50Z20  86.40 92.78 97.00 100. 06

R3 DA e=0°K, EF-EEFIFHESH OASPL
Table 3 OASPL of the rod-airfoil interaction noise

at the airfoil angle of attack of a=0° dB
V.. /(m/s)
T 25 4 1
30 40 50 60

Baseline 94.74 102. 66 107. 50 111.95
X20Y20Z20  91.74 99. 82 105. 11 108. 92
X50Y50Z50  92.73 100. 83 105. 84 109. 81
X80Y80Z80  93.39 100. 93 106. 03 110. 08
X50Y00Z00  95.11 102. 81 108. 20 112.48
X20Y50Z80  93.49 101. 46 106. 53 110. 59
X80Y50Z20  91.00 99. 22 104. 61 108. 52

ZomAZ LM B BB AE A W] 9 R B L R AIC B
FE-FA TP A a=0"H a=10"H} , & {H
SPL 43 il %t £ A% 4.10 dB F14.67 dB,OASPL 43
M Z W% 3.74 dB 1 4.57 dB, H OASPL 728 1k
BRI SPL Y AL R A —~%., OY I
Ui 8 7% i 55 Z2 FL A L 0 VR F T AR RO, R 2 5 %
it Z2FL A T (ppi (B8 /N ) Bif 4 A% ok i a8 R 4
A a=0"F1 a=10"BF XF W (1) fe H ¥4 29 43 551 4
X80Y 50720 F1 X20Y 20720,

3 &

AR SCHE T 2 LA Sk 45 44 Ok 10 i) 5 A -3
T ¥R 78 0.55 m X 0.4 m 7 27 KU o AT A4
20 7 A S S E T ORT B M Ok 0 RT AT M LA AL
PEo M a=0"F1 a=10"M}, £ FL 7T % RE ff 1+ 35 W
7O SPL 1 OASPL 43 Wil fx £ [ 1% 4.10 dB
M4.67 dB LA K 3.74 dB f14.57 dB. #1 H Z %5
SER 3 AT R WY < 2 2L RORE RS 1 Lo R (2
FUARLE S HE Ty B ppi (8 AH XS BN, T35 0 75 1
R [ R SR RS TAE T B S A
it FIER(E R AU 1 — 25 B 22 L 2% 1 P R AL B

S Z Wk

[1] CASALINO D,JACOB M, ROGER M. Prediction of rod -
airfoil interaction noise using the Ffowcs - Williams - Hawk-
ings analogy[J].ATA A Journal,2003,41(2):182-191.

[2] HENNING A, KOOP L, EHRENFRIED K. Simultaneous
particle image velocimetry and microphone array measure-
ments on a rod-airfoil configuration[J]. ATAA Journal, 2010,
48(10):2263-2273.

[3] WANG Yong, ZHAO Kun, LU Xiangyu, et al. Bio-inspired



1814 it = 3

VAR S

[6]

[8]

[10]

[11]

[12]

aerodynamic noise control:a bibliographic review[J]. Applied
Scicences,2019,9(11):2224.1-2224.43.

JACOB M C.BOUDET J, CASALINO D, et al. A rod-air-
foil experiment as benchmark for broadband noise modeling
[J]. Theoretical and Computational Fluid Dynamics, 2005,
19:171-196.

AGRAWAL B R, SHAMA A.Aerodynamic noise predic-
tion for a rod -airfoil configuration using large eddy simula-
tions[R]. Atlanta, US:20th AIAA/CEAS Aeroacoustics Confer-
ence, 2014.

GIRET J, SENGISSEN A, MOREAU S, et al. Noise
source analysis of a rod -airfoil configuration using unstruc-
tured large-eddy simulation[J]. ATAA Journal, 2015, 53 (4):
1062-1077.

CARAENI M, DAI Y,CARAENI D.Acoustic investigation
of rod airfoil configuration with DES and FWH[R]. ATAA -
2007-4106,2007.

GALDEANO S, BARRE S, REAU N.Noise radiated by a
rod-airfoil configuration using DES and the Ffowcs-Williams &-
Hawkings * analogy[R]. Stockholm, Sweden: 16th ATAA/
CEAS Aeroacoustics Conference, 2010.

FB LN, AW, S A (A FRL AR T 3R AT A T R
FERRPE A S A SE IR AR R AR b — 4 A O
AR UL, 2020.

S e AR AR MRS IR AT /3 R T 9 0 3 04 8 T 5 L.
TEHLETT,2009,29(4):6-12.

XIE Ke, LI Xiaodong, LIN Dakai. An experimental investi-
gation of the flow field of rod -airfoil interaction[J]. Aircraft
Design, 2009,29(4):6-12.(in Chinese)

GIESLER J, SARRADJ E. Measurement of broadband
noise generation on rod-airfoil-configurations[R]. ATA A-2009-
3308, 2009.

X DER B SR, AR 0T A [ AT - 2 U I S R R R Y

[17]

[19]

U] B2 AR 5 TR, 2017,17(9):278-283.

LIU Xingqiang, HUANG Wenchao, LI Hongli, et al. The
simulation for rod -airfoil interaction noise[J]. Science Tech-
nology and Engineering,2017,17(9):278-283.(in Chinese)
LI Yong, WANG Xunnian, CHEN Zhengwu, et al. Experi-
mental study of vortex - structure interaction noise radiated
from rod-airfoil configurations[J].Journal of Fluids and Struc-
tures,2014,51:313-325.

SILLER H A,JACOB M C, MICHEL U.Flow and noise
modification by suction and blowing on a rod-airfoil configu-
ration[R].ATAA-2005-3029, 2005.

SIOZOS-ROUSOULIS L, GHORBANIASL G, LACOR
C.Noise control by a rotating rod in a rod-airfoil configuration
[R].ATAA-2015-2826 2015.

CHEN Weijie, WANG Xunnian, QIAO Weiyang, et al.Rod-
airfoil interaction noise reduction using leading edge serra-
tions[R].ATAA-2015-3264,2015.

CHEN Weijie, QIAO Weiyang, TONG Fan, et al. Experi-
mental investigation of wavy leading edges on rod-aerofoil in-
teraction noise[J].Journal of Sound and Vibration, 2018,422:
409-431.

ROGER M, SCHRAM C,DE SANTANA L.Reduction of
airfoil turbulence -impingement noise by means of leading -
edge serrations and/or porous materials[R]. ATAA - 2013 -
2108,2013.

E B RN BT AR BT ) % AT PIV A IR R SR
IR WS LT]. S 90 A4 J1 4, 2018, 32(1):64-70.
WANG Yong, HAO Nansong, GENG Zihai, et al. Measure-
ments of circular cylinder’s wake using time-resolved PTV[J].
Journal of Experiments in Fluid Mechanics, 2018, 32(1):64-
70.(in Chinese)

LIU Y, DOWLING A P, SHIN H C, et al. Experimental
study of surface roughness noise[R]. ATAA-2007-3449,2007.

(%4 TR M)



