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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 wvalidation, two rotor blades operating hover flight conditions, Sharpe and BO-105
rotor blades, are considered. The aerocelastic 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 wvalidation 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 [-] NACA0012
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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T2 WYo] AHEEA 4L 2] HYol= Fiol digh
FEMS A STt UM 71ed A o] 2E &
Hol=7t FHehaA WA= 2E TFE oF AR B
sk off dAte] A= Al AR 7o) ofF dd
olExty =E| ZR{ 93 §UF = AR 2 £
ojt.o| faykE7t Atk RIEE|3, ol vPgeR oojx
Y Table Look-upg &3l 2 E#ol= ZF Thof|A]
g g 93 mdE ALvr ALEd 2 EHolt 7}
oA Q] ok B2 F25A mEo HEE, 723
A BEoME FEsiA ZiaE viges 1z S, ¥HE
9 £8S ARt 22 Wyo| YIdH A=e e 5y
olte] A T HEE thA THEA BB HEE
HYPE AR oigk FEMS st 28 Eol=9
T2 WMy 38 SR oYz}t Time Step viTH 2
B Eo|= SIHoZRE] Shedding He 3F 7+x9 9y
e s nA=R HPH AR dfe] FES] £ET
w7tz FEsiAE ettt B AolMEs AA vl
2718 Esla g £YH FHaA AME Hige
2 32 WS dSstn HYHE AAE oA N
Bo AGsh= A 38-+= QAL 13 Tteratione
2 Holstgct oldt ukE AL FY dkEat pLRA W
Bl gt 28] EFol=o] ¢ Wert 8% wirkA| vHEd
tt =g Byol=eo] Aol wet Iteration?] ¥HE Sl o
A, SHePEM Hileh= 38 W F2A Bds wEd
4 Stk

2.2 Sharpe 2H =40|= SFd dli4

221 Sharpe 2H 20| 2&

MiE FeHd siMAY ASES AT A WA md=
Sharpe 28| E2ol=E 12slith Sharpe 28 =@
Twist Angleo] 3, A9l Zo] B=7F 4AE 2o)e] Elo]
T8 d=lo] 9tk AR HI8Y, Collective Pitch Angle 2°,
£, 6°, 8, 10" 2Zol|H Fg-+= QAN S 3Tt

Sharpe 28 E¥o|E: @I AETR o]Fol3 C-&

o Rxo] 2712 MR o] Ytk Beolzel y)
HL oug Fo2 olTold Ytk AHE T= Y BHS

ZAEA [5]o] AA=C] len A P s =He
Table 22+ 2t}
Table 2. Sharpe’s rotor specifications and analysis condition
Property Value
Rotor radius [m] 0.9615
Hub offset [%] 95
Aspect ratio [-] 11.1285
Airfoil [-] NACADO12
Tip mach number [-] 0.296
Collective pitch angle ['] 2,4, 6,8 10
Time step [] 10
Total revolution [-] 20

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

L

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

Airfoil [-] NACAZ23012

Tip mach number [-] 0.642
Collective pitch angle ['] 131{;}; zgzs
Time step ['] 10

Total revolution [-] 10
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angle of attack along radial position
depending on collective pitch angles
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Fig. 14. Geometry of deformed rotor blade
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