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COMPUTATIONAL INVESTIGATION OF AIRFRAME SHAPE EFFECT
ON ROTOR-AIRFRAME INTERACTION NOISE

E.M. Kim,' Y. Yang,' H.J. Lee,' M.J. Kang,' R.S. Myong'? and H. Lee™'?

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

Urban Air Mobility(UAM) or Advanced Air Mobility(AAM) has emerged as a next-generation
transportation system based on electric-powered vertical takeoff and landing aircrafi. Distributed Electric
Propulsion(DEP) system is applied to most UAM aircrafi, which inevitably accompanies an increase in the
number of rotors or propellers, thus leading to a strong interaction between the votor and the airframe. This
study conducted a computational investigation of the effects of rotor-airframe interaction on aerodynamic
performance and noise generation depending on the airframe shapes. Aerodynamic analysis was performed
using Lattice Boltzmann Method(LBM) simulation, and the noise level was predicted using the Ffowcs
Williams-Hawkings(FW-H) acoustic analogy with permeable boundary condition. Two different types of
airframe geometry were considered: cylinder and conical airframes. The thrust coefficient of rotor blades with
the conical airframe is higher than that of rotor blades with the cylinder airframe. Tip vortex breakdown
phenomenon and transition into turbulent wake state were captured in both airframes. Moreover, it was observed
that high-intensity noise was radiated over the broad surface of the airframe for the conical airframe case. The
comparison of overall sound pressure level(OASPL) on the hemisphere showed the strong interaction between
the rotors and conical airframe causes a considerable increase in the noise level, compared to the isolated rotor

and rotor-cylinder airframe.
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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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Fig. 6 Computational domain for LBM simulation
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Table 2 Simulation conditions

Pressure 101,325 Pa
Rotation Speed 5,400 RPM
Tip Mach Number 0.2
Total Revolution 25 Rev.
Reynolds Number 5.2x10*
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Fig. 10 Instantaneous vortical structures with the Lambda-2
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(a) isolated rotor, (b) rotor-cylinder airframe,
(c) rotor-conical airframe
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Note

This paper is a revised version of a paper presented at the
13th Asian Computational Fluid Dynamics Conference, Jeju
Shinhwa World, Jeju, October 16-19, 2022.
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