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Lately, due to the concentration of population in metropolitan areas, traffic congestion in the hub city has occurred, and
future mobility AAM development is undergoing active progress to solve this situation. Accordingly, reducing noise pollution,
which is pointed out as one of the problems of AAM, is an essential technical issue for urban operation. In this study, a
duct, which is a representative aerodynamic noise reduction method, was used, and numerical analysis was performed
using ANSYS FLUENT, a CFD software, according to the shape of struts in the duct. The FW-H of the transient-state LES
model was used, and the steady-state analysis value was used as the initial value to save analysis time. Case 1 without
strut, Case 2 with strut of an airfoil section, and Case 3 with strut of a rectangle section were designed and compared at a
rotational speed of 6,000 RPM. Compared to Case 1, Case 2 and Case 3 showed improved thrust by about 7% and 2%,
respectively. Compared to Case 2, Case 3 showed reduced OASPL from a minimum of 0.0793 dB to a maximum of
1.0072 dB. It was found that shapes of strut in the duct significantly affect thrust and aerodynamic noise.
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Table 1 Physical specifications of 9450 blade, duct, and strut
9450 blade Duct Strut

Diameter [mm] 240 140 20
Rotational speeds [RPM] 6,000 - -
Number of parts [EA] 2 1 4
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Duct

(a) Case 1

(b) Case 2

20 mm

(c) Case 3

Fig. 1 Geometry of three ducted blade cases with and without strut

Table 2 Number of nodes and elements at three cases

Case 1 Case 2 Case 3
Nodes 3.0 x 10° 3.9 x 10° 3.8 x 10°
Elements 9.1 x 106 1.25 x 107 1.2x107
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Fig. 2 Element dependency test for thrust value in fluid domain

Table 3 Boundary conditions for virtual analysis

Inlet pressure [Pa] 101,325
Outlet pressure [Pa] 101,325
Rotational speed [RPM] 6,000

Table 4 Listeners spot with the variation of local positions

X [m] Y [m] X [m] Y [m]
L1 0.5 L7 -1.5
L2 1.0 L8 0 2.
L3 0 1.5 L9 0.5 -0.5
L4 2.0 L10 1.0 -1.0
L5 -0.5 L11 1.5 -1.5
L6 0 -1.0 L12 2.0 2.0
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(a) Case 1

Fig. 3 Vorticity contours at three different ducted strut cases
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(a) Case 1

Fig. 4 Pressure coefficient contours at three different ducted strut cases
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Table 5 Thrust of three different ducted strut cases at 6,000 RPM
Case 1 Case 2 Case 3
Thrust [N] 4.64 4.98 4.74
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Fig. 6 SPL vs. frequency at six different listeners in cases 2 and 3
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