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The need for fresh water in desert regions in different continents becomes nowadays a major 

concern for the local countries. People have used deep wells, river waters, sea water ... to overcome 

those needs. The aim of this paper is to present a new portable and energy efficient means to desali-

nate sea water for domestic use. The proposed model uses an MHD system to pump the salted water 

and Electrodialysis Filter membranes to separate salt ions so as to deliver fresh, drinkable water. 

This process makes the device simple, convenient, less bulky and energy efficient as it has no moving 

parts, uses no external pumps which require maintenance and possibly spare parts and only uses an 

external DC source to supply the current required for pumping and desalinating the solution to be 

treated. 

A 3D modeling and simulation of the magnetohydrodynamic - ion transport coupling by 

COMSOL Multiphysics software was carried out and the results obtained show a substantial reduc-

tion in salt concentration: at the outlet and after a period of 30s, the concentration of Na+ and Cl- 

are reduced by respectively 60% and 50%. 

Keywords: Water desalination; Electrodialysis process; Lorentz force; Magnetohydrodynam-

ics; Ion transport; Flow velocity; Molar concentration 

Nomenclature 

A


 magnetic vector potential 

B


 magnetic induction  

rB


 residual induction 

ic  molar concentration of the species (i) 

iD  coefficient of diffusion of the spe-

cies (i) 

fF  constant of Faraday, 

F


  Lorentz force 

J


 current vector density 

iN


  molar ionic flux of the species (i)  

P   fluid pressure 

u


  fluid velocity 

miu  ionic mobility of the species (i) 

V  electrical scalar potential 

iz   charge of the species (i) 

0  magnetic permeability of the vac-

uum 

r  relative magnetic permeability 

   Kinematic viscosity of the fluid  

F  density of the fluid 

   electrical conductivity 

1 Introduction 

The process by which salted water is treated so as to become fresh and drinkable is the electro-

dialysis. This technique is based on using filter membranes to separate ionic species present in the 

solution. At the industrial level, this process is used in the production of potable processed water [1-

6]. On small scale units, work was oriented to removal and recovery of some elements present in 

wastewater [4-5]. [O. Chaalal and M. M. Hossain] base the present work on an idea who conducted 
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a series of experiment to separate +Na and −Cl ions under the influence of variable electric current 

and voltage [6]. 

The use of MHD in the proposed work to pump the salted water takes care of the problems 

generated by external pumps that need maintenance, high energy, and in most cases, are cumbersome 

[4,5,7]. The driving force is generated by the interaction of magnetic and electric field through the 

Lorentz force. The whole system needs only a DC source and a permanent magnet. 

The analysis, modelling and simulation of the coupling of the magneto-hydrodynamic–ionic 

models are carried out using COMSOL Multiphysics software 3.5. 

2 Model analysis 

The process of electrodialysis is based on the fact that, in a conductive solution, the ions present 

are accelerated by the electric field E


 applied at the external surfaces of the cell. The electric force 

EqF


.=  tends to accelerate the anions towards the positive electrode and the cations towards the 

negative electrode through the filter membranes. The role of these membranes is to block ions from 

crossing over the AEM (anion exchange membrane) membrane lets the anions migrate towards the 

anode and block the cations from leaving the compartment B and the CEM (cation exchange mem-

brane) membrane does the opposite. At the end of the process, compartments B and C have high 

concentration of respectively +Na and −Cl .The solution in compartment D will have a low concen-

tration of ions and constitutes the “desalination or diluted compartment”. The speed at which these 

exchanges take place depends on the applied electric field and directly on the applied voltage (
d

V
E =

). The proprieties of the filter membranes play also an important role in the transfer of these ions [1-

6]. 

 

Figure 1. Schematic view of an electrodialysis cell 

As for the pumping of the solution through the electrodialysis cell, a pair of permanent magnets 

is placed on the external surfaces of the cell providing a magnetic field B


, mainly in the x-direction 

as shown in fig. 2. The proposed design is simple and has no moving parts that need replacement or 

maintenance. The applied Lorentz force is given by [4, 5 and 7]:    

 BJF


=  (1) 

Or 

 BEF


=


1
 (2) 

The direction and strength of the applied fields as well as the conductivity of the solution are 

the main factors affecting the force applied to the solution and influence its velocity. The overall 

system representing a single electrodialysis – MHD cell is shown on fig. 2. 
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Fig. 2 Basic principle of proposed design 

3 Mathematical modeling 

The proposed system uses the interaction of three physical models so as to produce the 
pumping action of the liquid, the separation of ions in the solution and recovery of fresh 
water. 

3.1 The electro-magnetostatic model: 

The application of a permanent magnet to medium results in a spatial variation of the magnetic 

field which affects the Lorentz force. In COMSOL Multiphysics, the software solves for the reduced 

magnetic potential A


based on the Maxwell equation [4, 5 and 7-9]: 

 
( )( ) ( )( ) V−=−− −−


σAuσBAμμ r

1

r

1

0  (3) 

The magnetic field B


 is than deduced using the relation: 

 AB


=  (4) 

As for the electric field E


, its variations are obtained when solving the Poisson equation [8]: 

 
0

−
=V  (5) 

With VE −=


 (6) 

3.2 The Fluid dynamic model 

In equation (3), the fluid velocity u


can be solved for using the hydrodynamic equations gov-

erning the flow of the incompressible laminar fluid with constant properties. These equations express 

the conservation of the momentum and mass [4, 5 and 10, 11]:  

 

( ) ( ) F

F

uP

F

uu
t

u 







11
. ++−=+





 (7)  

 0. = u


 (8) 

The coupling term F


 is the Lorentz force and represents the interaction between the electric 

and magnetic fields applied to the conducting solution.  
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3.3 The ionic transport model  

Once the fluid is pumped through the electrodialysis cell, the applied electric field tends to 

accelerate the different ions through the filter membranes and the original salted water gets separated 

into three types: a highly concentrated −Cl compartment, a highly concentrated +Na compartment and 

the desalination compartment. The fresh water is then recovered from this last compartment. 

The process by which the ions move in the solution and in different directions is guided by the 

effects of the concentration gradient, the potential gradient and the flow of the solution (convection). 

The flow of the solution is then generated according to the Nernst- Plank equation [4, 5 and 11, 12]: 

 ucVcFuzcDN iifmiiiii


+−−=  (9) 

The variation of the concentration of the i-species is governed by: 

 ( ) iifmiiii

i cuVcFuzcD
t

c
−=−−+



 
..  (10) 

The aim of this work is the reduction of the concentration in the diluted compartment. 

4 Simulation results 

Since the goal of this work is determining ways to reduce the salt concentration in the diluted 

compartment, the emphasis in the simulation was on the study of variations of the concentrations of 

the anions and cations present in the solution from their initial values of 500 mol/m3 as well as the 

factors affecting them ( E


and B


).The figure 3 represents the evolution of the concentration of +Na

ions denoted C1 and −Cl ions denoted C2 in the cell. The decrease in the respective concentrations is 

highly noticed. The factors influencing these variations are illustrated in figures 4,5,6 and 7. The 

results show that, at the outlet and after a period of 30s, the concentration of +Na and −Cl  are reduced 

by respectively 60% and 50%. As can be predicted, the figures 8 and 9 show that, when the applied 

fields are increased, the concentrations tend to decrease. 

 
Fig.3 Ionic concentration along the diluted compartment. 
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Fig.4 Variations of the Electric Field. 

 

Fig.5 Variations of the Magnetic Field. 

 

Fig.6 Variations of the Velocity Field.  
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Fig.7 Evolution of the velocity at the outlet of the diluted compartment 

 

Fig.8 Effect of applied voltage on flow velocity 

 

Fig.9 Effect of applied voltage effect on solution concentration 

5 Conclusion 

In this paper, a small-scale electrodialysis process for water desalination has been proposed and 

a 3D magnetohydrodynamic-ion transport coupling simulation has been presented. Various charac-

teristics mainly the flow velocity of the fluid and the ionic concentration of the ions present in solution 

have been studied. The results predict a flow of solution accompanied by a decrease in the concen-
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tration of ions present in the solution at the exit of the process, which makes this application, a prac-

tical and less cumbersome process because it is a simple design that uses no external pumps and has 

no moving parts. 

6 References 

[1] Siddiqui, M. U., Generous, M. M., Qasem, N. A., & Zubair, S. M. (2022). Explicit prediction 

models for brackish water electrodialysis desalination plants: Energy consumption and mem-

brane area. Energy Conversion and Management, 261, 115656. 

[2] Chen, Q. B., Li, P. F., Wang, J., Xu, Y., Wang, J., Dong, L., & Zhao, J. (2022). Transport of 

salts and monoethylene glycol (MEG) during electrodialysis desalination of industrial hyper-

saline MEG wastewater. Desalination, 530, 115683. 

[3] Sun, H., Li, A., Shi, P., Cao, X., Wang, C., & Cheng, S. (2022). Separation of NaCl and humic 

substances in anion exchange spent brine with electrodialysis. Desalination, 523, 115442. 

[4] Noureddine Bensedira, Mohammed-Salah Aggoune, Mabrouk Chabane, Said Drid. (2020) 

Three-Dimensional Simulation of a Small-Scale Electrodialysis Process for Domestic Use. 

Journal of the Serbian Society for Computational Mechanics / Vol. 14 / No. 2, 2020 / pp 83-96  

[5] Bensedira, N. (2021). Contribution à l’Etude, Modélisation et Simulation Multiphysique en 

MHD (Doctoral dissertation, Université de Batna 2). 

[6] Chaalal, O., & Hossain, M. M. (2015). A small-scale membrane electro-dialyser for domestic 

use, Membrane Water Treatment, 6 (1), 43-52. 

[7] Naceur, S., Kadid, F. Z., & Abdessemed, R. (2014). A solution of two-dimensional magneto-

hydrodynamic flow using the finite volume method. SJEE, 11 (2), 201-211. 

[8] Aggoune, M. S. (2010). Contribution à l’Etude des Phenomenes Electromagnetiques dans les 

Plasmas (Doctoral dissertation, University Batna 2). 

[9] Kolondzovski,Z., & Petkovska, L. (2005). Determination of a synchronous generator charac-

teristics via Finite Element Analysis. Serbian Journal of Electrical Engineering, 2 (2),157-162. 

[10] Isailović, V., Kojić, M., Milošević, M., Filipović, N., Kojić, N., Ziemys, A., & Ferrari, M. 

(2014). A computational study of trajectories of micro-and nano-particles with different shapes 

in flow through small channels. Journal of Serbian Society for Computational Mechanics, 8 (2), 

14-28. 

[11] K.N. Knust, D. Hlushkou, U. Tallarek, and R. M. Crooks. (2014).Electrochemical desalina-

tion for a sustainable water future. ChemElectroChem[J]. 1 (5): 850 – 857. 

[12] Petkovska, M., Leskošek-Čukalović, I., Vukosavljević, P., & Krstić, D. (1996). Analysis of 

mass transfer in beer dialysis and diafiltration with two different membranes. Journal of the 

Serbian Chemical Society, 61 (4-5), 331-342. 
 

 
 
 




	Blank Page

