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Electroaerodynamic (EAD) propulsion has gained considerable attention
in aerospace research due to its ability to generate thrust even in rarefied
atmospheres at high altitudes. This study presents a comprehensive
analysis of the performance and optimization of a decoupled EAD
propulsion system, emphasizing its potential advantages over conventional
propulsion technologies. A hybrid genetic algorithm—sequential quadratic
programming (GA-SQP) approach was employed to optimize the system
across various thrust levels. The optimized results were compared with
traditional electric motors, offering insights into key trade-offs between
the two systems. Findings indicate that while the EAD propulsion system
operates at higher voltages than electric motors—resulting in increased
power consumption—it provides a distinct advantage in terms of weight.
As thrust levels rise, the system's mass exhibits only a marginal increase.
For thrust levels between 10 and 70 N, the maximum mass increment is
limited to 333 g, making EAD propulsion particularly suitable for
applications requiring high thrust-to-weight efficiency. Sensitivity
analysis further reveals that increasing system volume enhances thrust
without proportionally increasing power consumption, albeit at the cost of
additional mass. Additionally, increasing the voltage across the system’s
electrodes improves thrust and power consumption without affecting
mass. Although higher power consumption necessitates larger energy
storage and conversion systems, the minimal mass increase relative to
thrust highlights the EAD propulsion system as a promising alternative for
high-altitude and space applications where weight constraints are critical.
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Fig. 2. Overview of the propulsion system [2].
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Fig. 1. Overview of MIT's drone [1].
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3. Corona Discharge
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Table 1. Fixed parameters of the propulsion system.

Parameter Symbol Value
Electric permittivity € 8.85
X 10—12 F/m
- —4 mZ
lon mobility V) 2x10 sV
Elementary charge e 1.6 x 1071° C
lonization energy Eion 66 eV
Stage loss coefficient K, 2x1073
Air density p 1.225 kg/m3
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Table 2. Algorithm verification results.

Parameter Symbol Ri‘;:lejgce Ca\l;:;l::ed
Width a 0.314m | 0.3140m
Height b 0.186m | 0.1860 m
Length c 0.17m 0.1700 m
Voltage v 9920V 9922 vV
Thrust T 16.7 N 16.675 N
Power P 193 kW | 1.924 kW

Mass m 0.26 kg | 0.263 kg
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Table 5. The response of propulsion system outputs.

Thrust(N) Power (kW) Mass(kg)
10 2.630 0.346
20 6.239 0.412
30 7.113 0.631
40 8.728 0.576
50 10.204 0.679
60 18.820 0.668
70 19.392 0.488
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Table 3. GA-SQP settings.

GA Algorithm Setting
Parameter Value
Population Size 100
Elite Count 10
Generation Size 20
Function Tolerance 1x107°
SQP Algorithm Setting
Parameter Value
Maximum Iterations 20
Function Tolerance 1x1078
Constraint Tolerance 1x1078

13l s (GA-SQP) oo (3ltisge 2lep Jol> 0 5 ¥ g
Ol e slogd9y9 Gl =F Jgoa

Table 4. The response of propulsion system inputs.

N(N) | a(m) | b(m) | ¢c(m) [ n | d(m) | V(V)

10 0.4 0.2 0.2 | 1 |0.020 | 49660.8

20 | 0.453 | 0.249 | 0.203 | 1 | 0.010 | 29665.0

30 | 0.450 | 0.641 | 0.200 | 1 | 0.020 | 46627.4

40 | 0.783 | 0.204 | 0.201 | 3 | 0.020 | 41676.7

50 | 0.562 | 0.591 | 0.200 | 2 | 0.009 | 17472.0

60 | 0579 | 0.567 | 0.201 | 1 | 0.016 | 48753.8

70 | 0.525|0.252 | 0.215 | 4 | 0.012 | 30262.2
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Fig. 12. Mass to thrust diagram.
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Table 5. Electric motors data [22].

Figure Name T(N) | P(W) | m(kg)
T-motor U10
% oo 0405 | 704 | 10.14

T-motor U8

Lite K\/85 0.243 | 152.01 | 20.09

T-motor U8

Lite K\/150 0.239 | 278.14 | 30.02

T-motor U10

Plus K\/100 0.508 568 49.99

T-motor U12

Lite K\/100 0.792 696 59.85

T-motor U13
Lite K\VV100

@
®
@ | [TONY | 0243 | 30998 | 30.98
&
®

1.28 776 69.96
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Fig. 11. Power consumption to thrust diagram.
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Jobo Il a5 8Ly plgioe 10 S Jlagel 4 d2g5 L
e 9 P> & Ol iy Sl (59 32 (st 30 S () pdi it
G S9y 0 8L ol Lol s salgs (Bpae (lg5 4y oy S
SBrae ol oSl Sl s 4 (Bpas oy p Mg Gl 958
gaw il s 4 ite 18U pl ol S 092 g a8l
5l by o SWaol [l 4 e o5 Col i o)l
D9 oo 0)]923

59,5831 93 o Wy
0y ol ey i S Ol s yy Copmalis ST loges
Cowl 0l C‘)"M’I \;Jﬁ.‘u

200

)

TP
° s
Z 1000 | ¢ 2
E o
(= ) =

P
i

g 0 0.5 1 1.5 2 25 3 35 4 4.5 6
Voltage (V) «10%

Sy s Cones p Caliaes U1 o905 =& JSUS

Fig. 16. Sensitivity analysis based on voltage.
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