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AERODYNAMIC ANALYSIS OF ROTOR BLADE IN HOVERING AND FORWARD FLIGHT
USING LATTICE-BOLTZMANN METHOD

H.J. Lee,' J.Y. Yang,1 R.S. Myong]’2 and H. Lee”
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Numerical analysis of the rotor system has received significant attention due to increased demand and
recent developments in Urban Air Mobility (UAM) aircraft with multiple lifting rotors or prop-rotors. In this
study, computational analysis was conducted to predict the aerodynamic performance and wake structures of the
isolated rotor in the hovering and forward flight conditions using the Lattice-Boltzmann Method (LBM).
Caradonna and Tung's rotor was used for the validation model. The thrust and pressure coefficients for various
collective pith angles and tip vortex trajectories as a function of wake ages were compared against the
measurements. The comparison results showed that the hover performance of the isolated rotor obtained from
the LBM simulation was in good agreement with the measured data. Moreover, it was demonstrated that LBM
analysis is an efficient way for predicting the cyclic variation in the thrust, asymmetric wake structure, and
unsteady vorticity fields that occur in forward flight condition. Calculations showed that LBM simulation is an
accurate and efficient prediction method for predicting rotor aerodynamics and wake dynamics, which could be
helpful for designing advanced next-generation UAM aircrafft.
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Table 1 Geometry of Caradonna and Tung rotor

Airfoil NACA0012

Chord 0.1905 m
Rotor Radius 1.143 m
Aspect Ratio 6
Hub_Radius 0.2286 m
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This paper is a revised version of a paper presented at the
KSCFE 2021 Fall conference, Siheung, Gyeonggi-do, November
11-12, 2021.
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