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Abstract

To investigate the aerodynamic interference mechanism between the upper and lower rotor disks
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of a fixed-pitch coaxial counter-rotating unmanned aerial vehicle (UAV) in hovering state, an aero-
dynamic numerical model was established for a small-scale coaxial UAV. Using computational fluid
dynamics (CFD) methods, the velocity fields, pressure distributions, and load characteristics were
comparatively analyzed under the baseline single-rotor condition, practical-clearance coaxial con-
dition, and various rotor spacing ratio conditions. The results indicate that the downwash of the
upper rotor deteriorates the inflow conditions of the lower rotor, leading to a 14% reduction in the
thrust of the lower rotor compared to the upper rotor (with the upper rotor accounting for approx-
imately 54% of the total thrust); moreover, the total thrust of the coaxial system suffers an approx-
imate 20% loss compared to two isolated single rotors. Under an engineering criterion that (i) re-
quires the total thrust to reach at least 90% of the maximum tested value, the net torque not to
exceed 0.1 N'm, and no evident disordered small-scale vortices, and (ii) selects the minimum axial
spacing satisfying these requirements, the recommended spacing-ratio range is 0.369~0.45. For the
compact prototype equipped with 613-mm-diameter rotors, the lower bound (0.369) is selected.
Furthermore, the inter-disk interference disrupts the anti-torque balance, rendering the torque of
the upper rotor about 6% smaller than that of the lower rotor, which induces a counter-clockwise
yawing trend in the system. The research findings provide a theoretical basis for the aerodynamic
layout optimization, rotor spacing selection, and differential-torque yaw control compensation of
coaxial UAVs.
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Figure 1. Geometric model of the fixed-pitch coaxial dual-rotor
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Table 1. Simulation conditions
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Figure 3. Fitted curve of thrust versus rotational speed for a single rotor
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Figure 4. Rotor thrust comparison curves
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Figure 5. Comparison of anti-torque between upper and lower rotors
B 5. ETHER AL

0.16}
0.14}
0.12}

E0.10}

5;0.08-
0.06 |
0.04}

0.02F

0.00

0 500 1000 1500 2000 2500 3000 3500 4000 4500
n/(r/min)

Figure 6. Variation curve of net torque
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Figure 8. Comparison of velocity fields under different spacing ratios
& 8. TREIEELL TIREHFTEL

45 EhS o

Jr B AL ARYE T2 BRI S S22 o X EE N e 3R 3 0 A ATk — 5 A 3 T xRz 0 Dk
IS o

K9 ga i 1 SRR AR T 5 70 0 A 5 e AR MEXT b (iR, fE BeSR R, L BRI 2
AR BT AL B 3, T 2R 0 et A% O DX SR/ TAIRSZ e 38, FL B — 0 P8 v 1 X H B ke
fERhes , H R UE X RN TAGL e 3, H oMl a2 e S, 0N R A 0 X
BB, HFRRAEEE . X EZR T R e AT Eie R pam Nk, HoREE 505 17k 4
WEUE, FEEREAA ROWA N, WAL T 0 1 55 A o XK R, e 20 ] S (s
TR ML, RZER L XA TR R AT 4 AR A1 BE S 0.6 R~0.9 R &b, iZAb AT+ EE Ttk X

Pressure

Pressure
1.000e+03 1.000e+03
" 6.000e+02 6.000e+02
[ — 2.0006+02
-2.000e+02 =. -2.000+02
-6.000e+02 -6.000€+02
| 1.000+03 -1.000e+03
1.400e+03 | -1.400e+03 .
1.8006+03 | 1.800e+03 |
| 2.200e+03 -2.200e+03
-2.600e+03 -2.6006+03
-3.000e+03 -3.000+03
[Pa] [Pa]
(a) e (b) LjeR
Pressure
1.000e+03

[ 6.000e+02
- [ 2.000e+02
-2.000e+02

-6.000e+02
-1.000e+03
-1.400e+03
-1.800e+03
-2.200e+03
-2.600e+03

-3.000e+03
[Pa]

(c) Fhe#

Figure 9. Rotor surface pressure distribution
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Figure 12. Comparison of flow field structures under different spacing ratios
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