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Validation for Performance and Hub Vibratory Load Analyses of

Lift-offset Coaxial Rotors in Wind-Tunnel Tests
Yu-Been Lee' and Jae-Sang Park®

Department of Aerospace Engineering, Chungnam National University, Daejeon, Republic of Korea

ABSTRACT

Performance and hub vibratory load analyses for a lift-offset coaxial rotor are conducted
using a rotorcraft comprehensive analysis code, CAMRAD II. The lift-offset coaxial rotor is
trimmed to match the total rotor thrust(lift-offset coaxial rotor’s thrust) or the individual rotor
thrust(upper and lower rotor thrusts, respectively) in this study. The individual rotor’s lift and
torque, and effective rotor lift to drag ratio for the total rotor are investigated for various
advance ratios and lift-offset values. The two result sets with different trim methods are similar
to each other and they are correlated well with the wind-tunnel test results. Therefore, the
present study using CAMRAD II validates successfully the aeromechanics modeling and
analysis techniques for the lift-offset coaxial rotor.
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Nomenclature

R Rotor radius, ft CL Rotor lift coefficient

C Blade chord length, ft Cp Rotor power coefficient

0 Coaxial rotor solidity Co Rotor torque coefficient

AZ Inter-rotor spacing, %R Cr Rotor thrust coefficient

FM Figure of Merit 0y Collective pitch control angle, deg

LOS Lift-offset 0y, Lateral cyclic pitch control angle, deg
L/De Effective rotor lift to drag ratio 01, Longitudinal cyclic pitch control angle, deg
W Advance ratio .

Fzyp 2P hub vibratory vertical force, Ib Superscripts

Mx,p 2P hub vibratory roll moment, lb-ft 8] Upper rotor

My,, 2P hub vibratory pitch moment, lb-ft L Lower rotor
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Fig. 2. Lift-offset coaxial rotor in wind-tunnel[4-7]
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Table 1. Properties of UT Austin Lift-offset
coaxial rotor[4-7]

Hub type Hingeless
Number of blades per rotor 2
Rotor radius, R 3.3333 ft
Chord length, ¢ 0.2625 ft
Inter-rotor spacing, AZ 13.8%R
Root cutout 12.0%R
Nominal rotor speed 900 RPM
Coaxial solidity, o 0.1
Airfoil VR-12 with a tab
Taper ratio 1.0
Built-in twist angle 0.0°
Pre-cone angle 3.0°
Cross—-over angle 0.0°




500

k2 AF

O]%‘i t =

rok

IR BTN

3.00%R , 1
—>

(a) Nonlinear finite beam element model

« 0.15%R
AN

= %
< .‘ ,,ﬁys.m%R
Lower rotor . N~ Upper rotor

\}\ N cew

-..;>‘1’=0°
cw
(b) Aerodynamic panel model

Fig. 3. CAMRAD Il aeromechanics model
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Table 2. Various advance ratios and Lift-offset
values[4]

Advance ratio, u
Lift-offset, LOS

0.21, 0.32, 0.43, 0.53
0, 0.05, 0.1, 0.15, 0.2
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