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Efficient design method for blades of counter-rotating ducted fan

GUO Jiahao, ZHOU Zhou, LI Xu

(School of Aeronautics,

Northwestern Polytechnical University, Xian 710072, China)

Abstract: The design method for the blades of a counter-rotating ducted fan based on blade
element momentum theory has a fast design speed, but the design accuracy is not high. In order
to improve the design accuracy and maintain the design speed, the fast design method based on
blade element momentum theory was modified by CFD to propose an efficient design method for
the blades of the counter-rotating ducted fan coupled with CFD modification. Through continuous
iteration of the CFD calculation and modified design, the design results were converged to the
CFD results, and the blades meeting the design requirements were obtained. The results showed
that the MRF method was not accurate enough to solve the performance of the counter-rotating
ducted fan, and the unsteady CFD method should be used. After modifying the blade thrust ratio,
the inflow angle and blade aerodynamic forces through the CFD results, the design accuracy of
the total thrust was improved by 10. 4%, and the design accuracy of the torque was improved by
18.2%. The efficient design method used can better meet the design requirements with a small
amount of CFD modifications. In addition, the design efficiency was further improved by 25%

through the accelerated processing.
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Fig.1 Blade element analysis of the front rotor
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Fig.2 Schematic diagram of the duct section for the testing
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Table 1 Performance comparison of the

counter-rotating ducted fan
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Table 2 Performance comparison of the counter-rotating ducted fan after modification design

Bk 1 BIE 2 BIE 3 BIE 4
2H
Wit CFDU Wit CFDU Wit CFDU Wit CFDU
T./N 197.736 186. 298 199. 886 196. 373 199. 003 197. 482 199. 880 200. 188
Q./(N+m) 28.395 25.359 28. 326 27.518 28.017 27.736 28. 206 28. 208
T./N 221.192 207.125 223.720 220. 743 222.614 221.474 223.677 222.103
Q./(N+m) 28.395 25.295 28. 326 27.672 28.017 27.816 28.206 28.021
T/N 900. 000 836. 225 900. 000 891. 686 900. 000 891.432 900. 000 899. 119
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P12 X # B0 T R e 2 JLAwf
Fig.12 Final geometry of the counter-rotating ducted fan
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Table 4 Variation of modification parameters of the

counter-rotating ducted fan under

accelerated design
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Fig.13 Results of the chord length and torsion angle of the blade before and after accelerated design
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