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Table 1 Geometry parameters of duct fan

Parameter Value
Blade number 5
Outer diameter radius/mm 77
Inner diameter radius/mm 19
Blade tip/mm 0.5
Design rotating speed/( r/min) 8000

(a) Panel elements of duct and fan blade

R1 geometric parameters
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(b) Chord length and pitch angle distributions of fan blade
Fig. 2 Panel discretization and geometry properties of

duct fan
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Table 3 Comparison of thrust

Method C, Relative error/%
Experiment 0.332 No
FVM 0.313 6.10
PVM 0.308 7.83
Pressure/Pa
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Fig. 8 Static pressure distribution for PVM
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Fig. 9 Static pressure of blade in 50% span
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Fig. 11 Vorticity distribution in axial section

Table 4 Time cost comparison of PVM and FVM

Method PVM FVM
Panel-vortex particle/mesh quantity 6 500/7 200 1.54x10°
CPU quantity for parallelization 8 28
RAM requirement/G 32 16
Time cost per step/s 14 25
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Fast aerodynamic prediction method and performance of
electrically driven duct fan

LIU Qian', LIU Hanru"?, SHANG Xun', WANG Yangang'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China;
2. Key Laboratory of Aerodynamic Noise Control, China Aerodynamics Research and Development Center,

Mianyang 621000, China)

Abstract: With the development of green aviation, it is necessary to develop an efficient numerical solution
method for the purpose of obtaining the performance parameters and unsteady aerodynamic flow field characteris-
tics of duct fan quickly in the design stage. Based on the weak compressibility of low speed inner flow and wake
dissipation property of small electric propulsion fan, panel elements from rotor and duct are combined with the
wake particles in this research. The panel method is used to solve the flow field near the blade solid wall, and the
vorticity transport equation is used to solve the far—field wake propagation characteristics, which overcomes the
fast wake dissipation problem of the finite volume method. The results show that the relative error of thrust by pan-
el-vortex particle method is 7.83%, and the static pressure from panel-vortex particle method developed in this
paper is consistent with finite volume method, which proves this method meets the engineering fast prediction re-
quirements. The method developed has low numerical dissipation in the wake calculation, which can reveal more
complex unsteady flow phenomenon of duct fan, indicating that the duct has obvious constraints on the develop-
ing of wake. After the wake propagates outside, the vorticity shows contraction and symmetrical distribution char-
acteristics. In terms of calculation efficiency, the panel-vortex particle method is efficient, and the time con-
sumed is nearly 1/6 of that by finite volume method for simulating same unsteady time steps, and this proves pan-
el-vortex particle method is suitable for unsteady aerodynamic design of duct fan.

Key words: Electrical propulsion system; Duct fan; Panel-vortex particle method; Unsteady aerody-

namic computation; Fast prediction method
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