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Introduction

• Chapman’s measurements in the 60’s

• With external flow :

 Modelling ?

I = KV(V − Va)

I = KV(V − Va) + CUin(V − Va)

⇒

3
Seville Chapman. Journal of Geophysical Research, April 1970.
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1. Theoretical two-way two-domain model

2. Two NACA0012 collector configuration study

1. System description

2. Propulsive properties
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Physical Parameters

Electro-drift Péclet number : 

Pe = μφa /Dρ
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Monrolin et al., J. of Comp. Phys., October 2021.
Picella et al. AIAA, April 2024.
Marques et al. J. Phys. D., Submitted
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1.  Comparison with Experiments

6
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Sylvain Grosse et al., Journal of Electrostatics, 2025
Seville Chapman. Journal of Geophysical Research, 75(12):2165–2169, April 1970.
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Varying  : - - - - dy Varying  : ——dx

Crucial set up !

 Smaller angles : high thrust-to-power ratio⇒
 Always larger than turbofan’s 3 ⇒ N/kW
  ⇒ T/P ∼ 1/Uin
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Varying  : - - - - dy

Varying  : ——dx

  : set up dependent !⇒ T/P ∼ 1/Uin
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2. Efficiency 

 Smaller angles : more efficient.⇒
 Efficiency increase with external flow speed. ⇒

12 Low efficiencies nonetheless⇒

Varying  : - - - - dy Varying  : ——dx

5 kV/cmEext =
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Conclusion

• Numerical methods used to find optimal configurations.

• Smaller angles are optimal for thrust density generation.

• Same for Thrust-to-Power and efficiency. 

• Competitive thrust density and thrust-to-power.
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2. EHD Thrust Density

Varying  : ——dx

  better up until almost 40 m/s.⇒ dy

 Smaller angles are favorable.⇒

Varying  : - - - - dy

Angle 
(º)

Applied
Potenti
al (V)

dy (cm)

15 20705 1.1

60 40000 6.9

Angle (º)
Applied

Potential 
(V)

dx (cm)

15 77274 14.9

60 23094 2.3

 Close to 10-20 ⇒ N/m2 10

Complicated experimentally !



2. Configuration Study : Optimal Slopes 

 Optimal value for current intensity increase with external flow at around 50º.⇒
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2. Configuration Study :  Parameter Values

Angle (º) 15 30 35 40 45 60

Applied 
Potential (V) 20705 23094 24415 26108 28284 40

dx (cm) 4 4 4 4 4 4

dy (cm) 1.1 2.3 2.8 3.4 4 6.9

Angle (º) 15 30 35 40 45 60

Applied 
Potential (V) 77274 40000 34869 31114 28284 23094

dx (cm) 14.9 6.9 5.7 4.8 4 2.3

dy (cm) 4 4 4 4 4 4
64



2 NACA0012

dx = 4 c m

∂Ωc

∂Ωe

∂Ωc

θ

θ = 15o
θ = 30o
θ = 45o
θ = 60o

2 NACA0012

dy = 4 cm
∂Ωc

∂Ωe

∂Ωc

θ

θ = 15o
θ = 30o
θ = 45o
θ = 60o

NACA0012 collector

2. Configuration Study :  System Characteristics

 = 5 cmlc

 = 3 mmrc
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3. Study of different configurations

Sylvain Grosse, Nicolas Benard, Eric Moreau, Electroaerodynamic thrusters: Influence of a freestream on the current, ionic wind, and force produced by a DC corona discharge, Journal of Electrostatics 

∂Ωe

∂Ωc

∂Ωwall

∂Ωout

∂Ωin

φ|∂Ωe
= φa

φ|∂Ωc
= 0

u = Uinex
No stress (fluid)

Neumann (electric)

jp ⋅ n|∂Ωe
= 0

je ⋅ n|∂Ωc
= 0

∂Ωwall

GridCylindrical 

d = 4 c m

rc = 3m m

NACA0012

d = 4 c m

2rc = 6m m

∂Ωc

∂Ωc

∂Ωe

∂Ωe

2 NACA0012

d = 4 c m
2rc = 6m m

∂Ωc

∂Ωe

2rc = 6m m

∂Ωc

d = 4.3 c m

rc = 10re = 0.5m m
10rc

α = 15o
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3. Propulsive Properties

Grid 1 
5.49mm

d = 4.3 cm

10rc

Grid 2 
15.5mm

Grid 3 
30.5mm
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3. Numerical challenges

1. Multi-emitter configurations

2. Navier-Stokes at high speeds on large domains
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1. Two-Way Dimensionless Two Domain Model  

Δφ0 = 0

∇ ⋅ [−n0
p ∇φ0 −

1
Pe

∇n0
p] = γS0

∇ ⋅ [−n0
p ∇φ0] = α0n0

p |E0 |

u0 ⋅ ∇u0 = − ∇p0 +
1
Re

Δu0−n0
p ∇φ0

∇ ⋅ [−n0
e ∇φ0] = (α0 − η0)n0

e |E0 |

Δφ0 = − n0
p

∇ ⋅ u0 = 0

Δφ1 = 0

∇ ⋅ [−n1
p ∇φ0 − n0

p ∇φ1 −
1
Pe

∇n0
p] = γS1−∇ ⋅ (n0

pu0)

∇ ⋅ [−n1
p ∇φ0 − n0

p ∇φ1] − α1n0
p |E0 | − α0n1

p |E1 | − α0n0
p |E1 | = −∇ ⋅ (n0

pu0)

u1 ⋅ ∇u0 + u0 ⋅ ∇u1 = − ∇p1 +
1
Re

Δu1−n1
p ∇φ0 − n0

p ∇φ1

∇ ⋅ u1 = 0

∇ ⋅ [−n1
e ∇φ0 − n0

e ∇φ1] + (α1 − η1)n0
e |E0 | + (α0 − η0)n1

e |E0 |

Δφ1 = − n1
p

Inner domain Ω1

Outer domain Ω2

Full domain Ω

Inner domain Ω1

Outer domain Ω2

Full domain Ω

Electric 0th-order ⇒ Fluid 0th-order Electric 1st-order Fluid 1st-order ⇒ ⇒

+ (α0 − η0)n0
e |E1 | = 0

Nicolas Monrolin and Franck Plouraboué. Multi-scale two-domain numerical modeling of stationary positive DC corona discharge/drift-region coupling. Journal of Computational Physics, 443:110517, October 2021.
Francesco Picella, David Fabre, and Franck Plouraboué. Numerical Simulations of Ionic Wind Induced by Positive DC-Corona Discharges. AIAA Journal, pages 1–12, April 2024.
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2. Numerical Methods : Stabilized FEM

Ern and J.-L. Guermond, Texts in Applied Mathematics, Springer, 2021, https://doi.org/10.1007/978-3-030-56341-7
M. Braack, E. Burman, V. John, G. Lube, Computer Methods in Applied Mechanics and Engineering, 2007, https://doi.org/10.1016/j.cma.2006.07.011.







SUPG/PSPG           


Grad-div            


SUPG/PSPG       

LNS(u; u, p) := − 1/ReΔu + u ⋅ ∇u + ∇p = − np ∇φ

⇒ ∫Ω

1
Re

∇uh ⋅ ∇vh + (uh ⋅ ∇)uh ⋅ vh − ph∇ ⋅ vh − qh∇ ⋅ uh + np ∇φ dΩ + BC

+ ∑
t∈Th

∫Th

τSUPGLNS(uh; uh, ph) ⋅ ((uh ⋅ ∇)vh + ∇qh))

+ ∑
t∈Th

∫Th

γgrad−div(∇ ⋅ uh)(∇ ⋅ vh)

− ∑
t∈Th

∫Th

τSUPGMan0
p,h ∇φ0

h((u0
h ⋅ ∇)vh + ∇qh)

 





γgrad−div ∼ o(1)

τSUPG =
4Re, f luide

h2
T

δSUPG

τSUPG =
δSUPG

4 ∥un−1∥2

h2
T

+ 16
R2

e, f luideh4
T
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