556 % 1M TR XK FFR (T F R) Vol. 56 No. 1
2026 4F 1 H Journal of Jilin University (Engineering and Technology Edition) Jan. 2026

B R I 2% 75 WL a5 W 45 M R sl W s 4 ) O

oo FLEFE O OELE O OFLINEALEKRALRLHFEX, R KR!
(LEMAF AETIRFR K& 130022;2. FHAF TRGAZFTHE A LR E KA 130022;3. FEE AR
FAFHARARFC ZAH AR FEFEL LR E, W) 4 1F 621000;4. PEME K h I EHARAE F
AT & s LA R B, A 101304)

 E. AL ENACAIZ ZA W& &t 7 A (R B 7 )R &M, £ km &k A 0" #H &
20m/sF30m/sty AT, EFFRNAMNRBIET O AETNEARAEBRERFE. GHREEZA
A L,20m/s kAU TEEMABEALFEARREX3.6dB;30m/s kM AH T ABERA
EEREH AL AR TFERNAEERF M EEALFER SR RS2 FMHILE 1.5dB,
AOmM/sRAFHT ABEARFEREREE D H1.5dB. KA A H W (Large eddy
simulation, LES)/FW-H (Ffowcs williams hawkings) & & t #L5& & ol 77 3% , N £ A %k @ &
AR EERATHEAEERET &S EEZAERIF . 4530 m/s Rk & 4T F F R A
MRXERLE TSR B A AL o Ry F A, R BE T FEKT 20m/s 30 m/s
AMERAUFEZRAERCE AN ENEANEETER L FHENEERZR, K F,
AAEM T WG ENGENHBRESH A B EZROY AL, VMM EAEFRAENT
BEBNEITRET X #,

KER: G FEHEA TR RATN ;AR F ko B F R mAHT &

RESES TP27 XEAREB:A  XEHS:1671-5497(2026)01-0086-10

DOI: 10. 13229/j. cnki. jdxbgxb. 20240669

Controlling aerodynamic noise of macroscopic point array

structure on leading edge of airfoil

SHEN Chun', LT Zhuang',MENG Jin',SUN Xiao-wei*,ZHANG Cheng-chun®,
CHEN Zheng-wu’, LIANG Dong*
(1. College of Automotive Engineering, Jilin University, Changchun 130022, China; 2. Key Laboratory of Engineering
Bionics, Ministry of Education, Jilin University, Changchun 130022, China; 3. Key Laboratory of Aerodynamic Noise
Control, China Aerodynamics Research and Development Center, Mianyang 621000, China; 4. Aero—Engine Academy of
China, Aero—Engine Corporation of China, Beijing 101304, China)

Abstract: In this paper, a point array turbulence structure is designed at the leading—edge of the standard

NACAOQ012 airfoil, and the bump array has obvious noise reduction effect under the condition of 20 m/s
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and 30 m/s at the 0° angle of attack of the incoming flow, and the speed of 20 m/s and 30 m/s. Compared
with the standard airfoil, the noise reduction of the total sound pressure level of the lattice leading edge
airfoil is 3.6 dB under the condition of 20 m/s incoming flow, and the noise spectrum curve of the point
array airfoil is lower than that of the acoustic wind tunnel background noise at 30 m/s, while the total sound
pressure level of the standard airfoil is 1.5 dB higher than that of the background noise, that is, the noise
reduction of the total sound pressure level of the point array airfoil is at least 1.5 dB under the condition of
30 m/s incoming flow. The LES (Large eddy simulation)/FW-H (Ffowcs williams hawkings) acoustic
comparison hybrid prediction method is used to illustrate the noise reduction mechanism of the leading—edge
array airfoil from the perspective of the spread coherence of the source of airfoil surface pressure
disturbance. In order to solve the problem that the acoustic wind tunnel test results under the 30 m/s
incoming flow condition cannot fully reflect the real noise reduction effect of the lattice airfoil, the spectral
characteristics of the sound pressure level under the 20 m/s and 30 m/s incoming flow conditions are
compared by numerical methods, and it is found that the lattice structure has almost the same noise
reduction effect at the two speeds. Finally, the influence of parameters such as height and number of rows
on the noise reduction effect of the leading—edge array structure was systematically analyzed, which
provided support for the engineering parametric design of the leading—edge array turbulence structure.

Key words: flow noise control; airfoil blades; hybrid forecasting; aerodynamic noise; flow control;

directional coherence
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Fig.1 Experimental model
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Table 2 Numerical simulation calculation scheme
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Table 4 Noise reduction for each monitoring point
dB

e/ agilp=y

(mes") RI R2 R3 R4 R5 R6 R7

20m/s  2.24 655 642 6.28 6.54 6.61 1.93
30m/s 095 6.30 6.36  6.12 6.56 6.48  3.10
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under different models
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