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Ducted Fan Analysis Tool HTS Motor Sizing Model Integration

Motivation:
All-Electric Aircraft

Target Thrust

• Required Shaft Power
• RPM

Combined Geometry Analysis

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
resulting parametric cycle analysis and sizing outcomes revealed the system’s operational boundaries for a given aspiration space.

Philippe J. Masson,Senior Member, IEEE, Taewoo Nam, Taeyun Choi, Pascal Tixador,
Mark Waters, Cesar A. Luongo,Senior Member, IEEE,and Dimitri N. Mavris

Fan Design Parameters

Fan Analysis

Geometry Analysis

Specific Thrust & Mass Flow

• Fan Specific Work
• Hub-to-tip Ratio
• Fan Polytropic Efficiency

Adjust Duct Length

Duct Design and Analysis

Nozzle Design and Analysis

• Fan Pressure Ratio
• Number of Fan Stages 
• Tip Speed
• Stage Loading

• Working Gap
• Armature Current Density
• Armature Ampere-turn Loading
• Mean Armature Radius
• Machine Shape Factor
• Number of Pole Pairs

HTS Motor Design Parameters
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• Friction Loss

HTS Motor Sizing Variables

Motor Sizing Results

Converge?

Fan/Duct Weight Analysis
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Fan
HTS Motor

Thrust
Vectoring
Nozzle

• Aircraft propulsion is a good potential 
application for HTS motors

• Technology should be mature for the N+3 
generation of aircraft (2030)

• Built multi-physics integrated sizing model for 
electrical ducted fan

• Model included in aircraft synthesis and 
optimization software at Georgia Tech

Back iron

Stator winding

Electromagnetic shield

HTS field winding
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Weight

EfficiencyCOOLING SYSTEM
SIZING MODEL

SUPERCONDUCTING
MOTOR PHYSICAL 

SIZING MODEL

Ppropulsion

RPM
Size
Weight
Optimum shape factor

Losses/efficiency

Maximum
size

S/c material
• Temp 
•J(B)
• filament size
• Mechanical 
behavior

Critical 
Speed

Critical 
Torque

Electrical Model 
Parameters
Asynchronous 
mode
Steady State 
Operating Points

SUPERCONDUCTING
MOTOR DYNAMIC

MODEL
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Number of poles vs 
motor efficiency 
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Sizing ResultsDesign ConstraintsDesign Parameters

Best fan pressure 
ratio range: 1.3~1.33

Integrated 
Sizing
Model

Monte Carlo Simulations

Design Space Exploration

Continuous Variables

Discrete Variables

Conclusions

Future Work

Different fan numbers• Developed a new design tool for electric-drive ducted 
fan systems

• Performed parametric design space exploration
• Identified the boundaries of physically realizable 

solutions
• Identified the underlying correlations across design 

parameters, constraints, and resultant configurations

• Improve the electric propulsor model 
• Variable area nozzle 
• Off-design analysis capability

• Complete the entire powertrain model
• Source power and energy storage 
• Generator + Turboshaft Engine + Jet fuel
• Fuel cells + Hydrogen Fuel  

• Integrate refined design tool into aircraft sizing and 
mission performance model

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

Desired Design Example

Desired
Space

System
Power

Consumption
(kW)

System Mass (kg)
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Shaft Power: 1.97 MW, RPM: 11478, Motor Efficiency: 98.6, 
Total System Mass: 176.9 kg, Power Consumption: 2.0 MW

N
um

be
r 

of
 

F
an

 S
ta

ge
s

F
an

 T
ip

 
S

pe
ed

 
(f

t/s
ec

)

S
ta

ge
 

Lo
ad

in
g

W
or

ki
ng

G
ap

(m
m

)

N
um

be
r 

of
 

P
ol

es

S
ha

pe
F

ac
to

r
Tu

rn
Lo

ad
in

g
(k

A
/m

)

M
ea

n 
A

rm
at

ur
e 

R
ad

iu
s

(m
m

)

A
rm

at
ur

e 
C

ur
re

nt
 

D
en

si
ty

 
(A

rm
s/

m
m

2 )

C
1

C
2

C
3

C
4

C
5

C
6

C
7

C
8

C
9

C
10

M
ot

or
M

as
s

(k
g)

D
uc

te
d 

F
an

M
as

s
(k

g)

To
ta

l
M

as
s

(k
g)

M
ot

or
E

ffi
ci

en
cy

F
an

 
D

ia
m

et
er

(c
m

)

To
ta

l
Le

ng
th

(c
m

)

M
ot

or
D

ia
m

et
er

(c
m

)

M
ot

or
Le

ng
th

(c
m

)

S
ha

ft
P

ow
er

(k
W

)

P
ow

er
C

on
su

m
pt

io
n

(k
W

)
R

P
M

Number 
of Fan 
Stages

Fan Tip 
Speed 
(ft/sec)

Stage 
Loading

Working
Gap
(mm)

Number 
of 

Poles

Shape
Factor

Turn
Loading
(kA/m)

Mean 
Armature 

Radius
(mm)

Armature 
Current 
Density 

(Arms/mm2)

Fan
Pressure

Ratio
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Motor

Mass
(kg)

Ducted Fan
Mass
(kg)

Total
Mass
(kg)

Motor
Efficiency

Fan 
Diameter

(cm)

Total
Length
(cm)

Motor
Diameter

(cm)

Motor
Length
(cm)

Shaft
Power
(kW)

Power
Consumption

(kW)

Air Passage
HTS 
Motor
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Engine Station (ft)Fan hub-to-tip 
ratio too low

Motor-duct
interference

Infeasible Design Example
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Air Passage

HTS Motor

• Fan Pressure Ratio:1.32
• Number of Fan Stages:1
• Fan Tip Speed  (ft/sec):1429
• Stage Loading:0.667
• Working Gap (mm):45.4
• Number of Poles:4

• Shape Factor:2.13
• Turn Loading (kA/m):299.6
• Mean Armature Radius (mm):153
• Armature Current 

Density (Arms/mm2):93.7

• Design Thrust: 3266 lbs at sea level, static
(8 motor-fan propulsors produce Boeing 737 class thrust) 

• Cooling provided by liquid hydrogen at 20 K

Constraints

• HTS angular aperture (rad): 2.09
• HTS operating factor: 0.6

• HTS filling ratio: 0.8

• Inlet pressure recovery: 0.96
• Fan face Mach number: 0.6

Infeasible

Feasible

Desired

Low RPM 
designs


