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Abstract

To address buoyancy compensation decay, water-surface effect variation, and the dynamic rotor lift
demand during water-surface takeoff of a cross-medium UAV, this study establishes a coupled anal-
ysis method that integrates Fluent VOF multiphase-flow simulation with MATLAB/Simulink dynamic
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modeling. A VOF model is first used to simulate the flow-field distribution and lift response under
pure-air, near-water-surface, and far-water-surface conditions, so as to evaluate the influence of the
free surface on rotor aerodynamic performance. The lift data obtained from the CFD simulations
are then introduced into Simulink to build a continuous water-surface takeoff model that accounts
for draft variation, buoyancy decay, and height-dependent lift correction. The results show that the
steady rotor lift near the water surface is approximately 10.0 N, which is about 13.6% higher than
the pure-air value of 8.8 N. When the ratio between the rotor disk height above the water surface
and the blade radius, H/R, exceeds 0.8, the influence of the water-surface effect is significantly weak-
ened. The Simulink results further indicate that static buoyancy offsets part of the vehicle weight
during the initial takeoff stage and increases the effective lift margin. As the vehicle leaves the water,
buoyancy compensation decreases, the net lift demand borne by the rotors increases, and the accel-
eration gradually declines. The proposed approach reveals the coupled mechanism among lift, buoy-
ancy, and water-surface effect during cross-medium takeoff, and provides a reference for autono-
mous takeoff control, disturbance-rejection control design, and parameter optimization.
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Figure 1. Overall structural diagram of the UAV
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Table 1. UAV-related parameters
= 1. EANMEXEH

fitr= HE (W) 15 K HeK A
HE 283¢g 50 mm 15 mm 117,810 mm3
TIREAR (T AE) 169 49 mm 53 mm 399,700 mm3
HFiE 167 g 49 mm 97 mm 732,000 mm?3
FEYAR 504 g 30 mm 181 mm 512,000 mm?
AL B 488 g 30 mm 13.3 mm 37,600 mm?
psenn 1458 g 359.3 mm 1,799,110 mm?3
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Figure 2. Schematic diagram of the buoyancy center and gravity center of the UAV
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Table 2. Coordinates of the center of buoyancy and center of gravity
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Figure 3. Comparison of the UAV before and after a 15° inclination
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Mesh Quality:
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Figure 4. Fluent mesh quality report
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VOF HEAY I8 I 3K A AR 0 BT FE I s A8 FF ARSI, SCBIN B R e . Aol B 4R, ik
JKTHFOZE K T = g 28 T, T LK T RN e 3 T 7 5
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Figure 5. Gas-phase contour under the pure-air condition
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Figure 6. Two-phase contour under the near-water-surface condition
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Figure 7. Two-phase contour under the far-water-surface condition
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Figure 8. Lift data of a single rotor blade under the pure-air condition
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Figure 9. Lift data of a single rotor blade under the near-water-surface condition
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Figure 10. Lift data of a single rotor blade under the far-water-surface condition
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Figure 11. Lift comparison between the pure-air and far-water-surface conditions
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Figure 12. Lift comparison between the pure-air and near-water-surface conditions
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Figure 13. Piecewise calculation subsystem of buoyancy variation with height
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Figure 15. Lift comparison between water-surface takeoff and ground takeoff
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Figure 16. Velocity comparison between water-surface takeoff and ground takeoff
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