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ABSTRACT

This paper aims to predict the aerodynamic characteristics of individual rotor for the gust
and flight conditions. Transformation procedure into the wind frame is conducted to analyze
the gust. Hover, forward, and climb flight conditions of an individual rotor are analyzed
using the blade element momentum theory (BEMT) considering the rigid blade flapping
motion. XFOIL is used to derive aerodynamic results. Validation for hover, forward flight,
and climb conditions are conducted using the present BEMT. In addition, a static
experimental environment is constructed. The experimental results and the present BEMT
are compared and verified.
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Nomenclature
p density of air N, : number of the blades
) length in the dimensionless
R radius of blade r span direction
c chord length of the airfoil C Cpy lift coefficient slope and offset
Q rotational speed [9) : solidity
U, Uw U wind velocity in the fuselage T rotor thrust
! frame
Vi Vi V, wind velocity of the gust or draft H rotor drag
Vf forward relative wind Y rotor sideward force
V. descending relative wind Q © torque
U Ugns Uy, wind velocity in the hub frame M, roll moment
rotational matrix from the )
) M.
Rf’ R, fuselage frame to hub frame # pitch moment
a, B, tiit angle of pitch and roll ﬂf : flapping angle
U Uy Uy, wind velocity in the blade frame Bf : flapping angular velocity
R rotational matrix from the hub . Lock number
h frame to the fuselage frame v ’
y azimuth angle ﬁ, aerodynamic flap moment
wind velocity in the radial,
Up, Ur, Up tangential, perpendicular direction wgo non-rotating natural frequency
of the rotor blade
y radial span length 6,, I pre—cone angle
dy element length of the blade e : equivalent hinge offset
a angle of attack a : speed of sound
pitch angle of the blade Iﬂf : moment of inertia of blade
) ) flap angle coefficient of the 1°
| induced velocity BopBiepBuss harmonic. response
) inflow angle by ©initial built-in twist angle
N induced inflow ratio 0 * built-in twist angle slope
I incident yaw angle m : advance ratio
dL.dD t'vvofdlmensmnal aerodynamics Oy . thrust cosfficient
lift, drag
dF.,dF,,dM., twofdlnjensmnal normal force, Cp . power coefficient
tangential force, moment
two—dimensional aerodynamic . ) )
o Ca G coefficient of lift, drag, moment i + vertical advance ratio
F Prandtl tip loss function
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Fig. 1. fuselage frame notation
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Fig. 3. Blade element aerodynamic force
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