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Abstract
To address aerodynamic interference among rotors and flow disturbances during forward flight of
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quadrotor UAVs, this study investigates rotor spacing using the spacing-to-diameter ratio as the
characteristic parameter. A three-dimensional numerical model is established based on the sliding
mesh method and the Realizable k-¢ turbulence model, and its reliability is validated through lift
experiments. The results show that rotor spacing has a significant effect on lift and downwash flow
structures. A smaller spacing-to-diameter ratio strengthens wake coupling and promotes down-
wash aggregation, but also intensifies aerodynamic interference between rotors. As the spacing-to-
diameter ratio increases, rotor interference is reduced, and the lift gradually recovers and tends to
stabilize. During forward flight, the downwash flow exhibits increasing rearward deflection with
increasing speed. A smaller spacing-to-diameter ratio can improve flow-field continuity and wind-
disturbance resistance at low speeds through downwash aggregation, whereas a larger spacing-to-
diameter ratio is more susceptible to incoming-flow disturbances. The results provide a theoretical
basis for rotor-layout optimization of quadrotor UAVs.
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Figure 1. Geometric model of the quadrotor and computational domain
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Figure 2. Quadrotor and computational domain meshing
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Figure 3. Lift test apparatus
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Table 2. Comparison of experimental and numerical rotor lift

2. RERFANIRESIHEEEE

VY g 38135 4 34/ (r/min) SEEG T JI/N T JIN W%
3502 3.734 3.951 55
4068 4.076 4.324 6.1
4523 6.102 6.588 8.0

DOI: 10.12677/m0s.2026.1510140 12 5 1 A


https://doi.org/10.12677/mos.2026.1510140

AR, AR

4992 7.860 7.544 4.2
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Figure 4. Variation of average lift with different spacing-to-diameter ratios
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Figure 5. Velocity contours under hovering conditions at different
spacing-to-diameter ratios
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Figure 6. Forward-flight velocity contours at a spacing-to-diameter ratio of 1.8
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Figure 7. Forward-flight velocity contours at a spacing-to-diameter ratio of 2.6
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