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Performance Analysis of Autorotation(2) : Performance of

High Speed Autorotaion
Hak-Yoon Kim*

ABSTRACT

Performance variation of autorotating rotor was investigated. The shaft angle of the rotor
is reduced while the flight velocity is increased. The BO-105 helicopter rotor blade was
replaced by untwisted NACA 0012 airfoil and the rotor was simulated by using Transient
Simulation Method(TSM) to judge the autorotation region for the variables. To simulate the
compressibility effect at high speed flight, two-dimensional aerodynamic data was analyzed
by compressible Navier-Stokes solver and Pitt/Peters inflow theory was adopted to simulate
the induced velocity field. Thrust and lift coefficients, lift to drag ratio variations were
investigated, also the lift and power were compared to those of BO-105 helicopter. Sharing
lift and power between the autorotating rotor and wing was considered when the
compound aircraft concept is introduced.
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Table 1. Geometric and inertial characteristics
of BO-105 helicopter

Parameter Value
Diameter 9.8 m
Number of Blades 4
Chord 0.27 m
Solidity, o 0.07
Airfoil Section NACA 23012
Blade Pitch Angle Variable
Blade Twist None
Cut out Radius 0.74 m
Flapping Hinge Offset 0.37 m
Blade Weight Moment 567.2 m-N
Blade Flapping Moment of N
Inertia(7,) 155.92 kg-m
Rotor ~ Polar =~ Moment  of )
Inertia(Blade and Hub)(7,) 7796 kg-m
Lock number, ~ 6.85
Tip Loss Factor, B 0.99
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Table 2. General characteristics and performance

of BO-105 helicopter

Parameter Value
Empty weight 1,276 kg(2,813 1b)
Maximum take weight 2,500 kg(5,511 1b)
Powerplant 313 kw(420 shp)x2
Never exceed speed 270 km/h(145 knots)
Maximum speed 242 km/h(131 knots)
Cruise speed 204 km/h(110 knots)
Range 575 km(310 NM)
Ferry range 1,112 km(600 NM)
Service ceiling 5,180 m(17,000 ft)
Rate of climb 8 m/s(1,575 ft/min)
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Fig. 17. Rotor power at various flight speed
and shaft angle 15 deg
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Fig. 18. Rotor lift at various flight speed and
shaft angle 11 deg
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Fig. 19. Rotor power at various flight speed
and shaft angle 11 deg
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Fig. 20. Rotor lift at various flight speed and
shaft angle 7 deg
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Fig. 22. Rotor lift at various flight speed
and shaft angle 3 deg
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Fig. 23. Rotor power at various flight speed
and shaft angle 3 deg
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