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ABSTRACT

A compound helicopter with coaxial main rotor and pusher propeller has been attracting much
attention due to its long-range cruise and high-speed capability. However, the wake flow from the
coaxial hub system and fuselage directly affects the inflow condition on the pusher propeller during
high—speed flight. This study investigated the effects of hub system and fuselage wake structures on
the aerodynamics of pusher propeller using high—-fidelity lattice—Boltzmann method(LBM) simulation. The
validation study of the LBM simulation against the measurements on the ROBIN fuselage model predicts
the surface pressure coefficients on the fuselage at different locations. In this study, a geometry similar
to the Sikorsky—-Boeing SB>1 Defiant model is considered. The simulation results showed that the
complex wake structure generated from the hub system and fuselage results in a decrease in the inflow
velocity, thus leading to increase in the effective angle of attack of the pusher propeller blades.
Moreover, thrust fluctuations of the pusher propeller were observed due to the ingestion of highly
unsteady inflow into the pusher propeller. It was concluded that the simulation results provide significant
insights into the flow physics occurring around the hub system, fuselage, and pusher propeller in
high—speed forward flight conditions.
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Fig. 2. Pressure tab locations on ROBIN fuselage

Table 1. Simulation conditions for solver validation

Parameter Value
Fuselage angle of attack [°] 0
Forward flight speed [m/s] 21.08
Mach number 0.062
Reynolds number 4,460,000
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Table 2. SB>1 Defiant model specification

Parameter Value

Main rotor radius MR
Fuselage length 2.18 MR
Fuselage height 0.58 MR
Propeller diameter 0.45 MR
Hub system diameter 0.48 MR

Number of blade 8
Pusher propeller rotation direction ccw

Pusher propeller pitch angle [] | 40, 45, 50, 55, 60

b,
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Fig. 4. Isolated pusher propeller model
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Table 3. Results of grid convergence test

Resolution level Coarse Medium Fine
Total elements [B] 0.33 0.77 1.2

Cort';r‘;‘;ta[m”a' 52 90 132
Thrust coefficient 0.37 0.40 0.40
Torque coefficient 0.140 0.144 0.145
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depending on the pitch angle
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