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Abstract

Recently, electric propulsion aircraft with various propeller mounting positions have been under construction.
The position of the propeller relative to the wing can significantly affect the aerodynamic performance of the
aircraft. Placing the propeller in front of the wing produces a complex swirl flow behind or around the
propeller. The up/downwash induced by the swirl flow can alter the wing's local effective angle of attack,
causing a change in the aerodynamic load distribution across the wing's spanwise direction. This study
investigated the influence of the distance between a propeller and a wing on the aerodynamic loads on the
wing. The swirl flow generated by the propeller was modelled using an actuator disk theory, and the wing's
aerodynamics were analysed with the VSPAERO tool. Results of the study were compared to wind tunnel
test data and established that both axial and spanwise distance between the propeller and the wing positively
affect the wing's lift-to-drag ratio. Specifically, it was observed that the lift-to-drag ratio increases when the
propeller is positioned higher than the wing.
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(a) streamwise propeller position in front of the wing
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(c) vertical propeller position

Fig. 1 Nomenclature of PROWIM[13]’s propeller
and wing configuration

Table 1 Specifications of a PROWIM model[13,22]

Streanwise Distance, Lx 0.2018m
Spanwise Distance, Ly 0.3m
Height, L, Om
Wing-span, b 1.28m
Chord Length, ¢ 0.24m
Aspect Ratio, AR 5.33
Propeller Diameter 0.236m
Free-stream Velocity, Vins 49.5m/s
Advanced Ratio, J 0.85
Rotational Speed 14,800rpm
Thrust Coefficient, Cr 0.095
Power Coefficient, Cp 0.097
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0.24
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Fig. 2 Convergence of lift coefficient due to the
change of chordwise and spanwise panel
numbers
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Fig. 3 Comparison of computed nornal coefficient
distributions with measured data[13] and
published computed results[14]
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Fig. 4 Lift coefficients due to the difference in the
propeller rotating direction
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Fig. 6 Effect of the streamwise propeller Fig. 7 Effect of the spanwise propeller position(Z’,)
position(Z’,) on the aerodynamic on the aerodynamic characteristics of the

characteristics of the wing wing
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