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ABSTRACT

In this study, the effect of the hub on a high-speed lift-offset coaxial rotor is analyzed using
KFLOW, an in-house code developed at Konkuk University. To investigate the hub effect
at forward flight speeds of 150 knots and 200 knots, trim is performed under lift-offset
conditions, and a CFD-Trim coupled analysis is conducted using CAMRAD II as the trim
code. This approach reduced computational costs while ensuring high-accuracy trim
results. At both 150 knots and 200 knots, the trim variable results exhibited similar trends
regardless of the presence of the hub. Due to this similarity, the sectional normal force
distributions were nearly identical in the azimuth range of 30° to 360°. However,
differences is observed in the azimuth range of 0° to 30°. In the lower rotor, additional
peaks appeared, or the peak magnitudes increased due to the influence of the downwash
induced by the rotor when the hub was considered. Furthermore, in the upper rotor, the
root-induced BVI(Blade-Vortex Interaction) exhibited different characteristics depending
on the presence of the hub. When the hub was absent, the vortices generated at the root
directly influenced the blades passing near the azimuthal angle of 10° without interacting
with the hub. In contrast, when the hub was present, the root-generated vortices interacted
with the hub before affecting the blades. Considering the hub better reflects the actual
physical phenomena, and it is essential to include the hub in CFD analysis of coaxial rotor
in forward flight.
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Fig. 2. Chord length, pre-twist angle and thickness distribution of the computation model

Table 1. Specification of the XH-59A coaxial rotor

Property Value
Blade(per rotor) 3
Solidity(per rotor) 0.064
Radius 548 m
Hover tip Mach number 0.5784
RPM 338
IRS(Inter Rotor Spacing) 6.94%D
Pre-cone angle 3°
Upper rotor direction Counter clockwise
Lower rotor direction clockwise
Taper Linear distribution

Fig. 3. Background grid system
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Table 2. CFD-Trim coupling setup

Property Value
Forward speed 150 knots / 200 knots
Lift-offset 0.2
Target C,. 0.01315(11900 1b)
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Table 3. Results of trim value

Property 200 knots with hub 200 knots without hub 150 knots with hub 150 knots without hub
Go.u 9.15° 9.31° 7.14° 7.15°
0o, 8.62° 8.32° 6.65° 6.58°
016 -8.12° -8.36° -4.34° -4.38°
01 -7.4° -7.19° -3.65° -3.65°
01c 3.43° 3.41° 3.33° 3.27°
01 3.51° 3.45° 3.24° 3.25°
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o] A= =T F Tt st A7 hA Y] = 2] =] 915(2023~2025).
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