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Development of Aeroelastic Analysis Code for Rotor Blade using Coupled Nonlinear
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ABSTRACT

The vibration of the rotor blades inevitably occur due to the nature of the rotating system.
Therefore, the aeroelastic analysis is required to analyze the vibration characteristics of the rotor
blade and develop novel technology for reducing vibratory loads. As the demand for aeroelastic
analysis increases, the domestic and international studies in this field have been conducted. In this
study, we developed an aeroelastic analysis code for the rotor system by combining a nonlinear
vortex lattice method for aerodynamic model and geometrically exact beam theory for structural
model. For solver validation, two rotor blades operating hover flight conditions, Sharpe and BO-105
rotor blades, are considered. The aeroelastic analysis is conducted to predict the aerodynamic
performance and aeroelastic stability, and investigate the effects of the rotor blade's structural
deformation on the evolving wake geometry. By comparing the predicted values with results from
other previous studies, we performed the validation of the analysis tool. The validation results
showed that the aeroelastic analysis code developed in this study can provide reasonable results
considering the aerodynamic—structural interaction.
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Table 1. Caradonna-Tung rotor model and
simulation conditions

Property Value

Rotor radius [m] 1.143
Hub offset [%] 20
Aspect ratio [-] 6

Airfoil [-] NACAQ012

Tip mach number [-] 0.439

Collective pitch angle [’] 5 8, 12
Time step [’] 10
Total revolution [-] 20
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Fig. 1. Comparison of the sectional thrust coefficients
with the experimental data
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Fig. 4. Flow chart of aeroelastic analysis for rotor blade
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Table 2. Sharpe’s rotor specifications and analysis condition

Property Value
Rotor radius [m] 0.9615
Hub offset [%] 9.5
Aspect ratio [-] 11.1285

Airfoil [-] NACA0012

Tip mach number [-] 0.296
Collective pitch angle [’] 2,4, 6,8 10
Time step [’] 10

Total revolution [-] 20
1
S~

Fig. 5. Sharpe’s rotor blade modeled by vortex lattice
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Table 3. BO-105 rotor blade specifications and
analysis condition

Property Value
Rotor radius [m] 491
Hub offset [%] 20
Aspect ratio [-] 18.185
Twist angle ['] -8
Conning angle [7] 2.5

Airfoil [-] NACA23012

Tip mach number [-] 0.642
Collective pitch angle [’] 1‘3252 2225
Time step [’] 10

Total revolution [-] 10
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