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Comprehensive design method for tilting ducted propeller
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Abstract: In order to design the tilting ducted propeller of unmanned aerial vehicle (UAV) with
higher cruising efficiency and longer flight time on the premise of meeting the requirements of hovering
and forward flight, a design and optimization method of tilting ducted propeller was proposed. According
to this method, the blade was designed firstly by the classical method using the blade element momentum
theory and the vortex theory of the ducted propeller. The blade meeting the design requirements can be
obtained through computational fluid dynamics (CFD) correction and the classical method was iterated,
and the final tilting ducted propeller was obtained through the iterative and comprehensive optimization
design in hover and forward flight states. The design results showed that under the premise of meeting the
design requirements of hovering and forward flight, the cruising efficiency of the UAV was increased to
92.3%, and the flight endurance was increased by 7.1%. This method can achieve high design accuracy
and can be designed with hover and forward flight as the optimal design points, and the two optimal design
points were considered comprehensively to increase the UAV’s cruising efficiency and flight time. The

tilting ducted propeller designed by this method can meet the requirements on the UAV’s cruising
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efficiency and flight endurance.

Keywords: design of tilting ducted propeller; vortex theory of ducted propeller;

coupled CFD design; cruising efficiency; flight time
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Fig. 1 Schematic diagram of propeller element force
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Fig.2 Diagram of geometric model
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Fig.4 Schematic diagram of local mesh of propeller blade
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Fig. 8 Design results of chord length and twist angle
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Table 5 Comparison between design value and calculated

value of ducted propeller

BH i CFDHEE  RE/%
RM-HrJI/N 77.900 76.982 1.2
HE/(N-m) 10.612 10.637 0.2

BRIFIN 82.000 84.469 3.0
HwW 4242961  4252.956 0.2
T/ (kg/kW) 1.933 1.987 2.8
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Fig. 9 Modified design results of chord length and twist angle

W 6 FioR, BRgE R 5 iR EN 7.5% Z
Ah, ARS8 BT HE T T 1238 HAR 216
1% P o BEURE 7 7 05 B IE, NS T
K B, G v g B — SO R E B TR Y
F, SBIEZAT AL, TIREMRT 13% £ 4.
I, A8 2 R ORI T o L
B4 25 B B AR g Ml R AR T 2%, 34 I Tl 3R 3 fir .
3.3.3  ARFRHUAEEATE T ALK

W 7 BEIPIRAS ZF F B A5 5E TR, 78

*6 BERMNEBEBEREIHESITHEBELSRILL
Table 6 Comparison between design value and calculated

value of modified ducted propeller

ZH Wi CFDHHME  RE/%
RN 72.160 71.800 0.5
HAE/(N-m) 9.216 9.245 0.3

SR TN 82.000 82.434 0.6
VIEAY 3 687.000 3698.23 0.3

Ty afi/ (kg/kW) 2224 2228 0.2
IR ST 0.120 0.129 7.5
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Table 7 Hover data under the second condition of

design state
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Table 8 Hover and front flying power meter in

two design states
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Fig. 14 Duct propeller geometry model after integrated design
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Table 9 Numerical calculation results of ducted propeller

hovering and forward flight

S A K
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