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A Simple Approach to the Design of Ducted Propeller

Gao Yongwei, Huang Canjin, Wei Chuang
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Ducted propeller design is often by rule of thumb, and requires a long time for the complexity of the
mutual interaction between duct and propeller. A simple method, which is combined with momentum theory,
the axial fan similarity and the blade-element theory, is proposed for the purpose of designing the blades and
duct during ducted propeller preliminary design stage. First, the mass flow through the propeller disk is calcu-
lated using the momentum theory, Then the fan diameter and hub diameter are estimated by similarity of axial
fan introduced by the authors. Finally the blade primary geometry is designed on the basis of blade element the-
ory. To verify feasibility of this method, a ducted propeller is manufactured and tested in NF-3 low speed wind

tunnel. The result shows that the method is useful and effective, and can accelerate ducted propeller design pro-

cedure,
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Fig.1 Axial flow of ducted propeller
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Fig.2 Pressure loss coefficient of inlet sector
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Table 1 Relation about blade number Z and tip hub ratio d

d z
0.3 2~6
0.4 4~8
0.5 6~12
0.6 8~16
0.7 10~20
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Table 2 Airfoil profile of duct geometry data
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x ¥ x Y
1 0 0 0 0
2 0.002 8 0.008 7 0.002 8 —0.006 2
3 0.009 8 0.027 4 0.008 5 —0.0107
4 0.014 9 0.037 5 0.012 0 —0.0115
5 0.049 3 0.0805 0.042 0 —0.007 4
6 0.086 5 0.104 9 0.082 0 —0.001 3
7 0.144 1 0.130 4 0.141 9 0.007 9
8 0.332 6 0.168 4 0.3018 0.032 4
9 0.483 5 0.184 9 0.5017 0.063 0
10 0.636 0 0.190 6 0.601 6 0.078 3
11 0.7905 0.182 8 0.8015 0.108 9
12 0.8737 0.173 3 0.8615 0.118 ¢
13 0.936 0 0.166 3 0.921 4 0.127 2
14 0.978 5 0.156 1 0.981 4 0.136 4
15 0.994 6 0.1511 0.993 9 0.138 7
16 1.000 0 0.146 8 1.0000 0.146 8
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Fig. 5 Model of the duct geometry
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Fig.7 Wind tunnel experimental facilities
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Table 3 Typical measurement results at different speeds
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