
∂Ωc

φ|∂Ωe
= φa

φ|∂Ωc
= 0

u = Uinex

No stress (fluid)

Neumann 
(electric)

jp ⋅ n|∂Ωe
= 0

je ⋅ n|∂Ωc
= 0

Asymptotic expiation with respect to the EHD Mach Number : Mc =
Ue

μφa/rc
≈ 10−2

Δφ = 0

∇ ⋅ [np( − ∇φ+Mcu) −
1
Pe

∇np] = γS
∇ ⋅ [np( − ∇φ+Mcu)] = α∥neE∥

u ⋅ ∇u = − ∇p +
Δu
Re

−Ma(np − nn)∇φ

∇ ⋅ u = 0

∇ ⋅ [ne(∇φ+Mcu)] = (α − η)∥neE∥

Δφ = − np + nn

Electro-drift Pellet number :   

EHD Reynolds number : 

EHD electric speed : 

EHD Mach number : 

Speed ratio : 

Ionization coefficient :  

Attachement coefficient : 

Photoionization : 

Pe = μφa/Dρ

Re = φa ε0ρf /νf

Ue =
φa

rc

ε0

ρf

Mc =
Ue

μφa/rc

β =
Uin

Ue

α = βge− Ei
E

η

S

Δφ0 = 0

∇ ⋅ [−n0
p ∇φ0 −

1
Pe

∇n0
p] = γS0

∇ ⋅ [−n0
p ∇φ0] = α0n0

e |E0 |

u0 ⋅ ∇u0 = − ∇p0 +
1
Re

Δu0−Ma(n0
p − n0

n)∇φ0

∇ ⋅ [n0
e ∇φ0] = (α0 − η0)n0

e |E0 |

Δφ0 = − n0
p + n0

n

∇ ⋅ u0 = 0

Δφ1 = 0

∇ ⋅ [−n1
p ∇φ0 − n0

p ∇φ1 −
1
Pe

∇n0
p] = γS1−∇ ⋅ (n0

pu0)

∇ ⋅ [−n1
p ∇φ0 − n0

p ∇φ1] − α1n0
e |E0 | − α0n1

e |E1 | − α0n0
e |E1 | = −∇ ⋅ (n0

pu0)

u1 ⋅ ∇u0 + u0 ⋅ ∇u1 = − ∇p1 +
1
Re

Δu1−Man1
p ∇φ0 − Man0

p ∇φ1

∇ ⋅ u1 = 0

∇ ⋅ [−n1
e ∇φ0 − n0

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

e |E0 | + (α0 − η0)n0
e |E1 | = 0

Δφ1 = − n1
p

I = CV(V − Vi) + Ku(V − Vi)

Two-Way Electro-Hydro-Dynamic Coupling Modeling of Ionic Wind with an External Flow

José M. D. C. Marques, David Fabre and Franck Plouraboué
IMFT,  Toulouse

Electro-hydro-dynamic (EHD) systems rely on acceleration of 
a charged fluid, directly converting electrical power into 
mechanical power. 

Chapman first modeled the behavior of intensity with 
an external flow :

How can EHD be modeled in the 
presence of an external flow ? 

Introduction to Electro-hydro-dynamics (EHD)

Typical Configurations and 
Boundary Conditions 

Nicolas Monrolin and Franck Plouraboué. Journal of Computational Physics, 443:110517, October 2021.
Francesco Picella, David Fabre, and Franck Plouraboué. AIAA Journal, pages 1–12, April 2024.

 Seville Chapman. Corona point current in wind. Journal of Geophysical Research, 75(12):2165–2169, April 1970.

C. Guerra-Garcia, N. C. Nguyen, T. Mouratidis, and M. Martinez-Sanchez. Journal of Geophysical Research: Atmospheres, 125(16):e2020JD032908, August 2020.
Sylvain Grosse, Nicolas Benard, Eric Moreau, Journal of Electrostatics

Modeling of a fully coupled corona discharge with the external fluid flow can be achieved by adding a fluid speed to the 
convective part of the charge conservation equations and an electing forcing to  the Navier-Stokes equations. The 
dimensionless two-way coupled model is solved in two regions, one near the corona where the cold plasma is set 
up, and the other on the drift region.

Vi :
C, K :

 inception voltage
constants

Dimensionless Parameters

Inner domain Ω1 Outer domain Ω2

Full domain Ω

Asymptotic Expansion of the Two-Way Two-Domain Model 

I = ∫∂Ωe

μ(np − ne − nn)∇φ = − ∫∂Ωc

μ(np − ne − nn)∇φCurrent intensity :

Inner domain Ω1

Outer domain Ω2

Full domain Ω

Inner domain Ω1

Outer domain Ω2

Full domain Ω

At the 1st order the linear problem receives a source term from the 0th order 
problem :

Comparison with Experiments

⟹

Two-Way Dimensionless Corona Discharge and Fluid Model  

The 0th-order expansion was solved by 
Monrolin et al. and Picella et al.

{
{

Funded by IPROP an EIC Pathfinder Project

∇ ⋅ [nn(∇φ+Mcu)] = η∥neE∥ ∇ ⋅ [nn(∇φ+Mcu) −
1
Pe

∇nn] = 0
{

Γ

Ω1

∂Ωe
Γ

Ion Density Fields with Flow Speed

Uin = 1 m /s Uin = 29 m /s Uin = 56.1 m /s

The asymptotic expansion leads to two one-way 
problems nonlinear at the 0th order and linear at 
the 1st order solved in the following order :

Electric 0th-order 

⇓
Fluid 0th-order 

⇓
Electric 1st-order 

⇓
Fluid 1st-order 

Solver structure

jn ⋅ n|∂Ωc
= 0

Electric Field Lines

Uin = 1 m /s

Ion Density Electric Potential

Uin = 2.87 m /s

Uin = 5.73 m /s

Uin = 12.26 m /s

∇ ⋅ [n0
n ∇φ0] = η0n0

e |E0 |

∇ ⋅ [−n0
n ∇φ0 −

1
Pe

∇n0
n] = 0 ∇ ⋅ [−n1

n ∇φ0 − n0
n ∇φ1 −

1
Pe

∇n0
n] = −∇ ⋅ (n0

nu0)

∇ ⋅ [−n1
n ∇φ0 − n0

n ∇φ1] + η1n0
e |E0 | + η0n1

e |E0 | + η0n0
e |E1 | = 0⇔u|∂Ωe

= 0

u|∂Ωc
= 0


