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Mechanism of internal/external flow coupling effects

on the performance of distributed ducted fan
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(National Key Laboratory of Science-and Technology on Aero-Engine Aero-thermodynamics,
School of Energy and Power Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The coupling effects of internal/external flow has a significant impact on the
aerodynamic performance of the distributed ducted fan. In order to further reveal the aero-
dynamic performance and mechanism of the internal/external flow coupling effect during the
climbing and cruising of the distributed ducted fan, this problem was discussed in detail
through three-dimensional RANS (Reynolds-averaged Navier-Stokes) numerical simulation
and experimental methods. Results showed that the rotor blades and lip affected the thrust
significantly in different flight conditions. With the increase of dimensionless mass flow rate,
the rotor inlet flow direction changed from negative angle of attack to positive angle of at-
tack, and the thrust coefficient increased. There was an optimal air angle of attack, resulting
in highest aerodynamic efficiency in the climbing condition. At cruising condition state, the
lip friction resistance was the least and the propulsion efficiency was the highest. Either lar-
ger or smaller dimensionless mass flow rate could increase the frictional resistance and differ-

ential pressure resistance of the lip wall, thereby reducing the propulsive efficiency.
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Table 3 Relationship between thrust and inflow velocity

under the condition of constant ducted fan

rotating velocity

RATE B/ (m/s) CED 554 J5 /N
40 51.353
50 31. 865
60 23. 886
70 9.278
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Table 4 Relationship between C,. and thrust with

70 m/s cruise velocity

Conte CFD 54t J3 /N
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1.0107 32. 2436
1.0159 35.9518
1.0345 39.7790
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Table 5 Contribution of component aerodynamics to

thrust in different C, internal/external

flow coupling effects

PR EII/N
DN Coie >1 Cop 1 Cor<<1
SMRHLEREE  346. 923 345. 258 344. 209
HESHERETT —282.606  —283.945  —284.807
Rk BE TH 320. 152 319. 775 319.478
JE O BET  —342.014  —348.187  —349. 217
P L —1.557 —1. 849 —2.069
Wi #  —36.529 —36. 951 —37.215
St —0.276 —0. 257 —0. 253
Bt R 43. 356 28. 848 19. 327
T 3.901 1.194 —0.113
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