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Numerical Analysis of Rotor Performance and Wake Characteristics of a Complete

Tiltrotor Aircraft in Transition Flight
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School of Aerospace Engineering, Gyeongsang National University, Jinju, Republic of Korea'™

ABSTRACT

Tiltrotor aircraft are emerging as a promising next—generation vertical take—off and landing (VTOL)
propulsion system due to their longer range and faster cruising speeds compared to conventional VTOL
aircraft. However, flight instability in the transition zone, where the thrust direction of the tiltrotor
changes, remains a critical challenge. This instability arises from the rapid variation in effective angle of
attack, leading to nonlinear aerodynamic loads and the formation of irregular wake structures. These
phenomena can significantly impact the aerodynamic characteristics of the fuselage and wings, ultimately
reducing flight stability. This study predicts the aerodynamic performance of tiltrotor aircraft at different
tilt angles using source—doublet panel method and unsteady vortex particle method. The wake interaction
between the wake fields generated by the pair of rotors and the airframe significantly affects flight
performance during transitional maneuvers. The results highlight the asymmetric wake evolution and
their overall influence on the aerodynamic and stability characteristics of tiltrotor aircraft.
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Fig. 2. Wake structure of XV-15 rotor blade in hover
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Table 1. XV-15 aircraft and rotor blade properties and
simulation conditions

Property Value

Fuselage length [m] 12.83
Wing span [m] 9.81
Number of blade [-] 3
Wing sweep angle [’] 6.5
Wing dihedral angle [’] 2

Ao ] 64”2;?(35

Rotor radius [m] 3.81

Hub offset [%] 20

Twist angle [7] -40.25

Number of grid (Rotor blade) [-] 36/31

Number of grid (Fuselage) [-] 8,106

Tilt angle =0° -

Tilt angle =90°
Tilt angle =45°

1

\.
L. 1
~ %

‘l\

Fig. 5. Definition of tilt angle with XV-15 aircraft

configuration

Table 2. Simulation conditions for XV-15 rotor

Tilt Wind Collective Rotation Vehicle
angle | speed | pitch angle speed pitch
[1 [m/s] 1 [RPM] attitude []
15 65.45 2417 597 -0.27
30 56.07 2033 597 -0.77
45 4662 16.5 597 1.81
60 3717 12.67 597 2.85
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Fig. 8. Comparison of rotor thrust contour at tilt angle of 15°
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Fig. 9. Comparison of rotor thrust contour at tilt angle of 60°
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Fig. 10. Prediction of wake structure in X-Y plane with tilt angles
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Fig. 11. Measuring position of upper surface of the
main wing
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(c) Tilt angle = 45

{d) Tilt angle = 60°

Fig. 13. Prediction of wake structure in X-Z plane depending on tilt angles

(a) Isolated rotor

{b) Full configuration

Fig. 14. Prediction of wake structure in X-Y plane at tilt angle of 15

(a) Isolated rotor

(b} Full configuration

Fig. 15. Prediction of wake structure in X-Y plane at tilt angle of 60
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Fig. 17. Comparison of velocity contour at tilt angle of 15°
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