
Accepted Manuscript

Charge injection in horizontal eccentric annuli filled with a dielectric
liquid

Walid Hassen, Mohamed Issam Elkhazen, Philippe Traore, Mohamed Naceur Borjini

PII: S0997-7546(17)30483-1
DOI: https://doi.org/10.1016/j.euromechflu.2018.08.009
Reference: EJMFLU 3348

To appear in: European Journal of Mechanics / B Fluids

Received date : 30 August 2017
Revised date : 5 August 2018
Accepted date : 18 August 2018

Please cite this article as: W. Hassen, M.I. Elkhazen, P. Traore, M.N. Borjini, Charge injection in
horizontal eccentric annuli filled with a dielectric liquid, European Journal of Mechanics / B Fluids
(2018), https://doi.org/10.1016/j.euromechflu.2018.08.009

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.euromechflu.2018.08.009


 Charge injection in horizontal eccentric annuli filled with a 

dielectric liquid 

Walid Hassena, Mohamed Issam Elkhazena, Philippe Traoreb, Mohamed Naceur Borjinia 
 

a Unité de recherche de métrologie et des systèmes énergétiques, Ecole nationale d’ingénieurs de Monastir,   
Monastir 5012, Tunisia 

b Institut PPRIME, Département Fluide-Thermique-Combustion, Boulevard Pierre et Marie Curie, BP 30179, 
86962 Futuroscope-Chasseneuil, France 

 

Abstract: In this paper, we carry out a numerical study of the Coulomb-driven electro-convection flow in a 

dielectric liquid using the finite volume method (FVM). The system under study consists of an eccentric annulus 
layer subjected to strong unipolar injection from an inner cylinder. All equations are written in bi-cylindrical 
coordinate system and are expressed using the vorticity – stream function method. The behaviour of the fluid for 
different system parameters is well studied. The taken parameters are in the range of eccentricity 0 ≤ e ≤ 80%, 
injection strength in the range of 0.5 ≤ C ≤ 10 and electric Rayleigh number in the range of 30 ≤ T ≤ 1600. 
 The distributions of the electric charge density and stream function are carefully examined. The computations 
highlight a significant effect of the eccentricity value on the flow topography. Indeed, increasing the eccentricity 
value leads to a significant reduction in electro-plumes as well as circulation cells number. Furthermore, an 
intensification in cells rotation, of about 116%, was recorded when eccentricity reaches 80%. Depending on 
torque values e-T, we observe the existence of multicellular regime made of counter-rotating vortexes. 
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 1. Introduction 

In the past 20 years, the analysis of an electric field’s effect in a dielectric liquid has 

received extensive attention due to its wide field of applications in major industries. This 

phenomenon, known as electro-hydrodynamic (EHD), has been widely investigated 

theoretically, experimentally because of the additional flows that it induces. Today the study 

of EHD is still very attractive because of its numerous industrial applications, e.g. 

electrostatic precipitators [1-2], EHD pumps [3-4], EHD laminar and turbulent mixing [5-6], 

enhancement of heat transfer [7-8]. This technology provides the benefits of providing a 

simple design, ease use, rapid control, low operating power, low vibration and low noise 

level. 

When a dielectric liquid is subjected to an electric field, ionic migration takes place from 

one of the electrodes (the emitter) towards the other electrode (the collector). This unipolar 

injection plays the major role in the establishment of the induced secondary flow. When some 

ions are injected from the emitter electrode in the fluid and as soon as T exceeds the linear 

stability criterion Tc  electroconvection is induced. 
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