Superconducting Ducted Fan and Electrical System Design

for Reduced Emissions Aeropropulsion

Motivation: Philippe J. MassorSenior Member, IEEETaewoo Nam, Taeyun Choi, Pascal Tixador, S
All-Electric Aircraft Mark Waters, Cesar A. Luong&enior Member, IEEENnd Dimitri N. Mavris

This article introduces a new conceptual design tool for an environmentally sustainable method of aeropropulsion: a ducted fan
driven by a fully superconducting electrical machine. Such an electric-drive system could help mitigate aviation’s contribution to |
global climate change through the reduction of greenhouse gas emissions from aircraft. An electro-thermal motor sizing model was .
coupled with cycle analysis and weight estimation routines to create an automated environment for rapid design trade studies. The
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Design Space Exploration

Monte Carlo Simulations

Continuous Variables

Integrated
Sizing
Model

Discrete Variables

Design Parameters

Constraints

C1.: critical speed

C2:superconductor operating point
C3:minimum rotor inside radius
C4:maximum number of poles

C5: aspect ratio range

C6: operating temperature

C7:. AC losses

C8: Fan hub-to-tip ratio (0.2 ~ 0.4)
C9: Fan-motor geometry compatibility
C10: speed matching gas turbine

Design Constraints

Conclusions

e Developed a new design tool for electric-drive ducted
fan systems

* Performed parametric design space exploration

 [dentified the boundaries of physically realizable
solutions

* [dentified the underlying correlations across design
parameters, constraints, and resultant configurations

Future Work

* Improve the electric propulsor model
e Variable area nozzle
o Off-design analysis capability
 Complete the entire powertrain model
e Source power and energy storage
e Generator + Turboshaft Engine + Jet fuel
e Fuel cells + Hydrogen Fuel
e Integrate refined design tool into aircraft sizing and
mission performance model
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« Design Thrust: 3266 Ibs at sea level, static Infeasible Design Example
(8 motor-fan propulsors produce Boeing 737 class thrust) D -
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« HTS anqgular aperture (rad): 2.09 e
_ Fan hub-to-tip Motor-duct
 HTS operating factor: 0.6 ratio too low interference

Number Working Stage

of
Poles

« HTS filling ratio: 0.8 Desired Design Example

5 _ Shaft Power: 1.97 MW, RPM: 11478, Motor Efficiency: 98.6,
* Inlet pressure recovery. 0.96 Total System Mass: 176.9 kg, Power Consumption: 2.0 MW

50 e Fan face MaCh number: 0.6 e Fan Pressure Ratio:1.32 e Shape Factor:2.13

 Number of Fan Stages:1 e Turn Loading (kA/m):299.6

00 e Fan Tip Speed (ft/sec):1429  Mean Armature Radius (mm):153
803 « Stage Loading:0.667 e Armature Current

1003 e Working Gap (mm):45.4 Density (Arms/mm?):93.7

Desired « Number of Poles:4
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Fan Number FanTip Stage Working Number  Shape Turn Mean Armature c1 C2 C3 ca C5 C6 C7 cs co C10 Motor Ducted Fan Total Motor Fan Total Motor Motor Shaft Power
Pressure of Fan Speed Loading Gap of Factor Loading Armature  Current Mass Mass Mass Efficiency Diameter Length Diameter Length Power Consumption
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Design Parameters Design Constraints Sizing Results




