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Abstract

The tone noise is one of the important sound sources of fan. Tone noise is generated by the inte-
raction between the viscous wake of blade and the downstream vanes. There are four rows of
blades in the two-stage fan, and the sound source is more. In order to reduce the noise of the
two-stage fan, it is necessary to study the sound source distribution of the two-stage fan. This pa-
per mainly studies the interaction between R1-S1 and R2-S2 of two-stage fan, and analyzes the
tone noise of S1 and S2 blade forward transmission. The acoustic performance of the fan is nu-
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merically investigated using a hybrid unsteady Reynolds averaged Navier-Stokes (URANS)/acoustic
analogy method (Goldstein equations). The result show that the number of “cut-on” modes of the
second stage is higher than that of the first stage, resulting in higher tone noise of S2 than that of
S1. The sound power level of S2 is 13.09 dB higher than that of S1 at 1BPF.
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Figure 1. Physical model of two-stage fan
B 1. WRRERE

Table 1. Key design parameter of two-stage fan

1. NRRER KRS

Parameter Data
Numberof R1 blades 18
Numberof S1 blades 20
Numberof R2 blades 22
Numberof S2 blades 24
Shroud diameter/mm 250

Hub diameter/mm 150
Tip clearance/mm 1
Design speed/rpm 5000
Design mass flow/kg's™' 8.5
Total pressure ratio 1.1
Isentropic efficiency 83.5
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Figure 2. Time histories of stator pressure
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Table 2. Key design parameter of NPU-fan
= 2. NPU-fan ) XBIRITSH

Parameter Value

Number of rotor blades 19
Number of stator blades 18
Design speed(rpm) 3000
Massflow (kg/s) 6.1
Total pressure rate 1.02
Shroud diameter (m) 0.5
Hub diameter (m) 0.285
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Figure 3. Comparison of the experimental and numerical results for the NPU-fan [12]
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Figure 5. Mesh of the fan
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Figure 6. PWL of tonal noise
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Table 3. Mode analysis of two-stage fan
= 3. MR R BRI BERES S

BPF M=sB+kV n
1 -2 0
Firststage 2 -4 0,1
(B=18, V'=20) . 6 0.1.2
14 0,1
1 -2 0,1
Secondstage 2 -4 0,1,2
(B=22,V=24) . 6 0.1.2.3
18 0,1
DOI: 10.12677/0JAV.2023.113010 95 - 5HRE)


https://doi.org/10.12677/OJAV.2023.113010

g

Iu..

&

farey
=¥

5 R4

ARILEETIA(URANS) F35(Goldstein F7 FE)IRA TN 7778, 0T 17 WA % - S r=E 1
WEFS . ESE, HT T RUE R R R DR, S2 (R R PR DR = T S1. A IBPF #| 3BPF, S2
55 S1 B M S S Ty 3R 2 [ () ZE (8 ﬁﬁ«ﬂid\ S2 & 1BPF 7= T4 S1 15 1 13.09 dB. S2 7E 3BPF [
FEIRBGAULLE ST T 0.34 dB. SRJ5, BT EEAS M W E XA 55 2 2 T A RS A R e T
F1G, B2 “HIE” MEESLE 14,

E&WmE

[E X 5 AR 34 YT 20 H (No.52276038), [E5 H 2R R34 B Bh E 100 H (No.51936010), [EX
H SR L 2 5 42(52106056) , WL 25 K SRR S B ML EE Al R 2% w0 30 H (P2022-A-11-003-001, P2022-B-I1-
011-001).

S0
[1] Qiao, W.Y. and Wang, L.F. (2016) Aero-Engine Aeroacoustics. Northwestern Polytechnical University Press, Xi’an.
1-10.

[2] Qiao, W.Y., Wang, L.F., Duan, W.H., et al. (2021) Theory, Model and Method of Aero-Engine Aeroacoustic Design.
Journal of Propulsion Technology, 42, 10-38.

[3] Envia, E. (2002) Fan Noise Reduction: An Overview. Aeroacoustics, 1, 43-64.
https://doi.org/10.1260/1475472021502668

[4] Zhao, X., Yang, M., Zhou, J., et al. (2019) An Algorithm to Separate Wind Tunnel Background Noise from Turbulent
Boundary Layer Excitation. Chin J Aeronaut, 32, 2059-2067. https://doi.org/10.1016/j.cja.2019.03.035

[5] Morin, B.L. (1999) Broadband Fan Noise Prediction System for Gas Turbine Engines. Report No. AIAA-1999-1889,
AIAA, Reston. https://doi.org/10.2514/6.1999-1889

[6] Tyler, J.M. and Sofrin, T.G. (1962) Axial Flow Compressor Noise Studies. SAE Trans, 70, 309-332.
https://doi.org/10.4271/620532

Goldstein (1976) Aeroacoustics. McGraw Hill, New York..

]
] Morse, P.M. and Ingard, U.K. (1968) Theoretical Acoustics. Princeton University Press.
9] Goldstein, M.E. (1976) Aeroacoustics. McGRAW-HILL International Book Company.
] Munjal, M.L. (1987) Acoustics of Ducts and Mufflers. John Wiley and Sons.

1 ERE, FHEMA, LR, 5. BT RS/ 5 SRS R R AU R S BT[] BT A, 2014, 35(9):
2481-2490.

[12] Tong, F., Qiao, W.Y., Xu, K.B., Wang, L.F., Chen, W.J. and Wang, X.N. (2018) On the Study of Wavy Leading-Edge
Vanes to Achieve Low Fan Interaction Noise. Journal of Sound and Vibration, 419, 200-226.
https://doi.org/10.1016/j.jsv.2018.01.017

[13] Tong, H., Xiang, K.S., Zhang, L.J., Li, L., Chen, W.J. and Qiao, W.Y. (2021) A Study on the Fan Tone Noise Reduc-
tion with Wavy Leading-Edge OGV. AI4A4 AVIATION Forum, 2-6August 2021. https://doi.org/10.2514/6.2021-2258

[14] FEMEL, FRUEH, T RE, 25 GURYEHI s KU 53 e s 3 sl 7 [J]. #EdEER, 2019, 40(2): 295-306.

[15] ERE%, FHEM, & F!, S5 HT UL/ IR A A (R ML R IR RS BT TT[0]. S AR, 2014, 35(9):
2481-2490.

[16] R, TA%, FRREER, & 20 A0 SBOR BTG ER T R X 5 I AU e R R R R ) BB AT RO,
2021, 42(10): 2237-2248.

[17] (2011) ANSYS CFX Reference Guide, Release 14.0, ANSYS Inc.

DOI: 10.12677/0JAV.2023.113010 96 R 5RE)


https://doi.org/10.12677/OJAV.2023.113010
https://doi.org/10.1260/1475472021502668
https://doi.org/10.1016/j.cja.2019.03.035
https://doi.org/10.2514/6.1999-1889
https://doi.org/10.4271/620532
https://doi.org/10.1016/j.jsv.2018.01.017
https://doi.org/10.2514/6.2021-2258

	双级风扇转–静干涉单音噪声研究
	摘  要
	关键词
	Investigation on Rotor-Stator Interaction Tonal Noise of Two-Stage Fan
	Abstract
	Keywords
	1. 前言
	2. 双级风扇模型
	3. 数值方法
	3.1. 非定常流场计算方法
	3.2. 噪声预测方法
	3.3. 噪声预测方法的验证
	3.4. 计算域与网格划分

	4. 单音结果分析
	5. 总结
	基金项目
	参考文献

