Two-Way Electro-Hydro-Dynamic Coupling Modeling of lonic Wind with an External Flow
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Introduction to Electro-hydro-dynamics (EHD)
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Two-Way Corona Discharge and Fluid Model \

Modeling of a fully coupled corona discharge with the external fluid flow can be achieved by adding
fluid speed to the convective part of the charge conservation equations and an electing forcing to the
Navier-Stokes equations :
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Dimensionless Parameters Two-Way Two Domain Dimensionless Model

The dimensionless two-way coupled model is solved in two regions, one near the corona where the cold plasma is
Electro-drift Pellet number : P, = ug,/D, set up, and the other on the drift region. .
Ap =0
EHD Reynolds number : R, = @, /€yp// s Inner domain Q, {V - [n,( = Vo+M )] = a||n E|
V- [n(=Ve+Mu)] = (a—-n)nKE| 5
€ — _ :
EHD electric speed : U, = Ya |20 —> Outer domain £, Ay "p 1
r. \| pr V- [n,(— V¢+Mcu1) — FVnp] =S 50 :
e in :
[J ; u-vVu=-Vp+—Au-Mmn, Ve !
EHD Mach number : M. = e/ Full domain £ { V.-u=0 R,
]/’ 1
Ue #¥allc Asymptotic expiation with respect to the EHD Mach
Speed ratio : f = — Number : M/ — Ue ~ 102
Uin C /’tgoa/rc E
K = X=X + M. X'+ 0oWw? '
Asymptotic Expansion of the Two-Way Two-Domain Model
The Oth-order expansion was solved by | At the |st order the linear problem receives a source term from the Oth order\
The asymptotic expansion leads to two | Monrolin et al. and Picella et al. problem :
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Comparison with Experiments
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Numerical Methods
Solving the Oth-order fluid problem with P2-P2 stabilized fin@

elements and linearizing it with a Newton-Ralphson iteration using
FreeFem++ and Stabfem.
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Comparison of experiments and simulations of current Intensity
as a function of wind speed for a cylindrical collector
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Comparison of experiments and simulations of current Intensity
as a function of wind speed for a NACA0012 collector
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