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NUMERICAL PREDICTION OF ROTOR-AIRFRAME INTERACTION NOISE

EM. Kim,' LY. Yang,l H.J. Lee,' MLI. Kang,l R.S. Myongl’2 and H. Lee *

'School of Mechanical and Aerospace Engineering, Gyeongsang National University
*Research Center for Aircraft Core Technology, Gyeongsang National University

Strong-intensity tip vortex generated from the tip of the rotor blade causes strong aerodynamic interactions
with the fuselage and structures. This interaction phenomenon directly affects the aerodynamic performance and
noise characteristics of the rotor blades. In this study, the computational analysis of rotor-airframe configuration
is performed to investigate the effects of rotor-airframe interaction on thrust, wake structure, flow field, and
noise levels using the Lattice-Boltzmann Method (LBM). The isolated rotor operating in hovering conditions is
used for the validation model. The thrust force and tonal noise associated with the 1st and 2nd Blade Passage
Frequency (BPF) of the isolated rotor are compared against the measurements. The validation results showed
good agreement with the experimental data. When a conical airframe is placed under the rotor blade, the thrust
force tends to oscillate periodically. In addition, rotor wake development along the downstream direction is
obstructed, and asymmetric wake structure can be observed, thus leading to a faster tip vortex breakdown and an
increase in turbulence intensity. Finally, the overall sound pressure level (OASPL) of the rotor-airframe is higher
than that of the isolated rotor at all microphone positions due to thrust fluctuation and a highly unsteady flow
field caused by the strong interaction.

Key Words : £4 &% FUE]E](Urban Air Mobility), AH % 8(Computational Fluid Dynamics),
& & & 8H(Aeroacoustics), 5% Z>r(Aerodynamic Noise), ZE]-7]4] 3% 2-8{Rotor-Airframe Interaction),
A} =1t H(Lattice Boltzmann Method)
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Fig. 2 Planform geometry of DJI 9443 propeller
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Fig. 3 Chord and twist angle distributions of DJI 9443 propeller
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Table 2 Simulation conditions

Pressure 101325 Pa
Rotation Speed 5400 RPM
Tip Mach Number 0.2
Total Revolution 25 Rev.
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Fig. 7 Computational grid system: (a) isolated rotor,
(b) rotor-airframe

Table 3 Comparison of thrust forces

Expt.(N) | Present(N) R“"at;X/j)E““r
4800 RPM 17304 1.5681 9.38
5400 RPM_ | 2.09% 2.0338 3.13
6000RPM_| 27712 25972 6.28
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Fig. 11 Z-velocity contour: (a) isolated rotor, (b) rotor-airframe
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Fig. 15 Comparison of OASPL directivity with elevation angle:
(a) OASPL, (b) A-weighted OASPL
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(a) OASPL, (b) A-weighted OASPL
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