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Analysis of Rotor Vibration Response and Noise Based on Two-Way
Fluid-Structure Coupling
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(State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics & Astronautics,

Nanjing 210016, China)

Abstract: In order to accurately estimate the impact of the fluid-structure coupling effect on the vibration
response and noise calculation of rotor blades, a computational fluid dynamics (CFD) model and a
high-precision structural finite element model are established in this paper. One-way and two-way
fluid-structure coupling calculations are completed based on the weak coupling method, and the Kirchhoff
method is adopted to solve the FW-H equation so as to analyze the rotation noise of the rotor blade. Firstly, a
finite element model with high precision is established based on a modal test, and the CFD calculation is
completed. Then, the numerical results of CFD are transferred to structure by using two grid mapping
methods and a quaternion interpolation approach so that one-way static and transient fluid-structure coupling
analysis can be acquired. Secondly, the structure’s dynamic response and transient flow field are calculated by
using the weak coupling method, so we can analyze the difference between the one-way and two-way
solution. Finally, the rotation noise of the blade is calculated based on the time-varying aerodynamic
pressure, which results from the one-way and two-way fluid-structure calculation. And the magnitude and
distribution characteristics of rotation noise calculated by one-way and two-way fluid-structure methods are

analyzed and compared. The results show that the dynamic response and noise propagation of the rotor
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calculated based on the high-precision model and two-way fluid-structure coupling method accord with the law

of hovering rotation noise, which can provide reference for blade design, strength check, and noise prediction

in the future.

Key words: rotor; finite element model; fluid-structure coupling effect; dynamic response; rotation noise
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Table1 Equipment and parameters

L2 L =2 P 250
HEFETRER NI PXI-4472b 24 bit, 102.4 kilo-sample/s, 8 inputs, Vibration-optical fiber splice, 110 dB DR
Iy ke PCB 086C03 0 to 500 Ibf, 10 mV/Ibf (2.25 mV/N)
T A% IR A 356A26 50 mV/g,0.7 kHz to 6.5 kHz
15 kA% L 2 MO002¢10 for Sensor 333b32
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Table 2 Frequency of blade

11879 BABE/Hz BB/ % JRALIA

1 59.126 0.335 TR
2 167.791 0.341 5L
3 324.564 0.342 YR
4 515.862 0.585 R
5 743.089 0.644 Y5
y&x { y‘tix
(a) The first-order (b) The second-order
:
) y‘fjx [/ y‘iix
(c) The third-order (d) The fifth-order
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Fig.4 Modal shapes of blade test
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Fig.5 Structure finite element model
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Table 4 Material parameters and mesh data of each

component of the structure
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WK R e/ IR He EEE N
#/GPa  (kgem *) - mm
K3 24.0 2030 0.300 2.5

WK 10.0 50 0.250 1.25,2.5
Edd 8.0 1980 0.157 0.9
5% 4% 21.0 2030 0.300 2.5
i 2% it 7.5 11 300 0.280 2.5

187 1 2 3 4 5
1 1.0000 0.0308 0.0074 0.0573 0.000 4
2 0.0308 1.0000 0.0765 0.0090 0.1299
3 0.0074 0.0765 1.0000 0.0065 0.0081
4 0.0573 0.0090 0.0065 1.0000 0.0136
5 0.0004 0.1299 0.0081 0.0136 1.0000
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(b) The second-order

(c) The third-order
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(e) The sixth-order
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Fig.6 Modal shapes of simulation
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Table 5 Comparison of experimental and simulational

results
Bk SCER/Hz RO /Hz  MXFIRZE/ %
1 59.126 64.649 —9.34
2 167.791 172.36 —2.72
3 324.564 334.45 —3.05
4 515.862 546.50 —5.94
5 743.089 810.75 —9.10
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Table 6 Comparison of experiment and simulation after

modification
Bk SCERBUR/Hz  FEUWR/Hz AR/ %
1 59.126 59.928 8 —1.36
2 167.791 162.430 0 3.20
3 324.564 315.800 0 2.70
4 515.862 515.990 0 —0.02
5 743.089 766.750 0 —3.18
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Fig.10  Process of two-way fluid-structure coupling
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Fig.14 Time variation of blade lift obtained from unidirec-

tional fluid structure coupling calculation
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obtained from unidirectional fluid structure coupling

calculation
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Fig.16  Time variation of blade lift obtained from single and

bidirectional fluid structure coupling calculations
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Fig.17 Stress distribution of blade at different time points
obtained from bidirectional fluid structure coupling

calculation
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Table 7 Comparison of results
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Fig.19  Acoustic results of one-way fluid-structure coupling

ar
A% / dB
2r 44
Vi
!
g 3%
‘ 3
S0 3
>~ | 2
| 22
= A
16
72 x
-3

3 =2 -1 0 1 2 3
X/R
Bl 20 XU 3 [ RS & P S BRI S 45 R

Fig.20  Acoustic results of two-way fluid-structure coupling
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