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A Study on Aerodynamic and Acoustic Characteristics of Blades by

Biomimetic Design for UAM
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Urban air mobility (UAM) is rapidly growing as a new means of transportation. As a result, noise pollution is emerging as a
new technical challenge. Therefore, the sawtooth-shaped biomimetic designs were incorporated on the trailing edge of the
blade to reduce flow-induced noise. The biomimetic virtual design was analyzed using the CFD software, ANSYS FLUENT
V20.2. Based on the steady-state RANS flow solution, the acoustic power was calculated using the broadband noise
source model to evaluate acoustic radiation. Four different cases with cutting lengths of 3.1 mm, 3.7 mm, 4.3 mm, and 4.9
mm of blades were compared with the base model at the rotational blade speed of 6,000 RPM. The maximum acoustic
power level of the biomimetic blades ranged from 37.24 dB to 39.88 dB, resulting in a 10% reduction compared to the
original blade (42.02 dB). The novel design affected the blade area, which inevitably reduced the slight thrust performance.
However, the thrust was reduced to approximately less than 5% compared with the base blade in case 1. The biomimetic
blade reduced the thrust due to its aerodynamic characteristics. However, the design of a blade with an appropriate cutting
length has a greater effect in reducing noise rather than thrust.
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Table 1 Detailed specifications of the UAM blade

Number of blades 2 EA
Diameter 0.24 m
Rotational speeds 1,000-6,000 RPM
Weight 67.7 g

2' ~

(a) Base model

S

(b) Case 1

(c) Case 2

(d) Case 3
——

(e) Case 4

Fig. 1 Base model and four different blade cases of biomimetic
design
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(b) Y+ contours on the blade from the front view

Fig. 2 Y+ contours on the blade
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Table 2 Boundary conditions for the virtual analysis

Rotational speeds of propeller [RPM]

Inlet boundary Total pressure [Pa] 101,325
Outlet boundary Static pressure [Pa] 101,325
Rotational speeds for validation [RPM] 1,000-
Blade 6,000
Target speed for analysis [RPM] 6,000
5
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Fig. 4 Comparison of RPM and thrust with the experimental and

numerical data for five different blades
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Fig. 5 Velocity vectors on the blade tips at 6,000 RPM
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Fig. 6 Vorticity contours around the airfoil cross-sections at the base model and Case 1
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Fig. 7 Pressure contours around the airfoil cross-sections at the base model and Case 1
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Acoustic Power Level [dB]
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(a) Base model
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(b) Base model at detailed view of leading edge

(d) Case 1 at detailed view of leading edge

Fig. 8 APL contours around the airfoil cross-sections of the base model and Case 1
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Fig. 9 APL around the airfoil cross-section at the blade
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Fig. 10 APL contours with different cutting depth on the blade
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Table 3 Aerodynamic and aeroacoustic performances of the blade at

the 6,000 RPM

MAX. APL Thrust
[dB] [N]

Base model 42.0187 4.125
Case 1 37.2402 3.9318
Case 2 39.875 3.8432
Case 3 39.7792 3.8035
Case 4 37.2997 3.7616
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