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Abstract: In order to meet the future development needs of aviation electrification, 30kW aviation electric
drive ducted fan is studied. The performance design of ducted fan is carried out based on the existing design meth-
od of aircraft engine compressor. The rotor, flowpath and nacelle aerodynamic configuration is designed to satisfy
the propulsion system overall performance. The performance analysis model is established to evaluate the charac-
teristic of full work conditions. The ducted fan structure design adopted the fan—motor integrated design method.
The connection mode is simplified and the number of parts is reduced. The stress and vibration performance of
each part of ducted fan is analyzed based on the strength analysis method of aircraft engine. The 30kW ducted
fan is manufactured and ground and flight test is also carried out. The ground test is carried out on the aircraft
engine test facility. The error between design value and test results is less than 5%. The effectiveness and cor-
rectness of ducted fan design method is validated. The flight test of ducted fan is carried out on a general avia-
tion aircraft. All system works properly, which demonstrated the reliability of ducted fan in actual operating envi-
ronment.
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Fig. 1 Schematic diagram of electric propulsion system

Controller 2

Table 1 Electric propulsion system performance

parameters
Parameter Value
Battery output power/kW <60
Motor power/kW <30
Motor rotating speed/( r/min) 3900
Thrust requirement of plane/N =1600
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Fig. 2 Components model and cross sections of ducted fan
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Table 2 Ducted fan design point parameters

Parameter Value
Inlet mass flow ratio/(kg/s) 16
Design total pressure ratio 1.02
Design efficiency 0.90
Design power/kW 29.49
Nozzle outlet area/m” 0.228
Design thrust/N 850.00
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Table 3 Ducted fan S2 flow path design parameters

Parameter Value
Rotor tip radius/mm 300
Rotor tip speed/(m/s) 122.52
Inlet hub tip ratio 0.32
Rotor tip relative Mach 0.40
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Fig.4 Meridian plane of ducted fan
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Fig. 6 3D mesh of ducted fan
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Fig. 7 Mach number distribution in cruise condition of
ducted fan
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Fig. 8 Meridian plane of ducted fan
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Fig. 9 Equivalent stress distribution of ducted fan blade
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Fig. 10 Campbell diagram of ducted fan rotor
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Table 4 Ducted fan S2 flow path design parameters

Parameter Value

Bearing stiffness/( N/m) 4x10°

First—order critical speed/(r/min) 4969
Design speed margin/% 27
Cruise speed margin/% 70

Fig. 11 First order mode of ducted fan
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Fig. 12 Ducted fan ground test
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Fig. 13 Ducted fan thrust test results
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Table 5 Flight test platform design parameters

Parameter Value
Maximum take—off weight/kg 550
Wing span/m 14.5
Cruise speed/(km/h) 120
Maximum speed/(km/h) 160
Maximum cruise time/min 60
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Fig. 14 Ducted fan flight test
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