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Influence of the Different Acoustic Excitations on Lift
Characteristic of a Multi-element Airfoil

Zhu Qiliang, Gao Yongwei, Ye Zhengyin
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; The gap flow parameters of multi-element airfoil are of significant effect on its lift characteristics. In
order to improve the aerodynamic performance of the multi-element airfoil, the major method is to change the
gap flow parameters by modifying the airfoil shape, the combinations of gap geometric parameters and active/
passive controlled the gap flow. Using wind tunnel experimental method, the lift characteristics of a multi-ele-
ment airfoil under conditions of flap acoustic excitation on/off are compared for the purpose of exploring a new
way to improve the effectiveness of high-lift configuration. The experiments were conducted in NF-3 wind tun-
nel. Internal acoustic excitations of disturbances are of four modes including single point, single row, multi-slice
and the M-type combination, The results show that, within the range of this research, the weak disturbances of
the acoustic excitation can indeed change the lift coefficient of multi-element airfoil. And disturbances manner
corresponding to the lift coefficient variation of the airfoil is also inconsistent. The lift coefficient of airfoil is in-
creased by M-type combination acoustic excitation and decreased by single point acoustic excitation, It is con-
firmed that the designers should study the dynamic press characteristics of flow near the flap.
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Fig.1 Parameters of multi-element airfoil
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Fig.2 Model in NF-3 wind tunnel
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Fig.3 Passive buzzer
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Fig.4 Frequency response curve of the buzzer
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Fig. 5 Buzzer arrays installed in upper surface of flap
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Fig. 6 Buzzers embedded in leading edge of flap
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Table 1 Influence of single-point acoustic

excitations on lift characteristic

—— Ft R BEA B (ACL)
/Hz fE 1 fE 2 fE 3 RrE 4
50 —0.007 5 —0.028 2 —0.0059 0.001 6
100 —0.009 7 —0.0105 —0.009 7 0.003 3
150 —0.007 9 —0.009 8 —0.0139 0.010 0
200 —0.0121 —0.009 3 —0.0110 0.005 5
300 —0.013 7 —0.0075 —0.016 7 0.0001
400 —0.015 0 —0.010 2 —0.018 4 0.0001
500 —0.014 9 —0.007 0 —0.0190 —0.004 6
800 —0.0100 —0.0100 —0.0120 0.000 4
1 000 —0.020 2 —0.0105 —0.0121 —0.0027
1200 —0.0155 —0.0130 —0.0101 —0.0019
1500 —0.0156 —0.0126 —0.0145 0.001 0
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Fig. 7 Distribution of buzzer arrays
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Table 2 Influence of single-row acoustic

excitations on lift characteristic

AR/ A A RBELMEAC)
Hz AT B 7 # C =
50 0.003 0 0.005 8 —0.019 2
100 0.007 5 —0.0019 —0.012 8
200 0.014 9 0.011 4 —0.0215
400 —0.005 2 0.014 3 —0.003 2
600 0.009 8 0.024 4 —0.042 2
900 0.012 9 —0.008 9 —0.0335
1 200 0.005 3 —0.016 9 —0.022 5
1 600 0.008 4 —0.016 8 —0.022 4
2 000 0.001 2 —0.012 3 0.023 9
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BEShHRE/ He
A+BE W A+B+C E#E
50 —0.022 2 —0.018 0
100 —0.013 7 —0.015 4
200 0.007 5 —0.003 0
400 0.014 8 —0.003 3
600 0.029 8 0. 020 6
900 —0.016 9 0.010 0
1200 —0.023 0 0. 009 8
160 0 —0.002 5 —0.017 3
200 0 0.016 5 —0.002 9
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Fig. 8 Distribution of special combinational buzzer arrays
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Table 4 Influence of special combinational acoustic

excitations on lift characteristic

SR/ Hz FtH R BEAR(AC)
30 0.015 2
30 0.020 0
30 0.021 9
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