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NUMERICAL MODELLING OF THE COUPLING 
ELECTROMAGNETIC- HYDRODYNAMIC EQUATIONS OF 

AN ANNULAR INDUCTION MHD PUMP 

Nassima BERGOUG1, Fatima Zohra KADID2, Rachid ABDESSEMED3 

Abstract- The magnetohydrodynamic (MHD) is the study of the interaction of 
electrically conducting fluids and electromagnetic fields. This paper presents the 
numerical modelling of the coupling electromagnetic- hydrodynamic phenomena 
using the Finite volume Method (FVM) in cylindrical coordinate and the stream 
vorticity formulation  ξ, ψ in two-dimensional in an annular induction  MHD pump.  
The magnetic induction and the electromagnetic force in MHD pump are presented. 
The variation of the velocity in the channel of the MHD pump in harmonic mode is 
also done.   
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Nomenclature 

The symbols used are defined as 
 
A :  Magnetic vector potential [Tm]; 
B : Magnetic induction [T]; 
J : Electric conduction current density [A/m2]; 
( ex inJ J J= + ) 

inJ : Induced current density [A/m2]; 
exJ : Current density [A/m2]; 

V : Flow velocity [m/s]; 
σ : Electric conductivity [(Ωm)-1]; 
μ : Permeability [H/m]; 
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ξ (r, z):  Vorticity vector; 
ψ (r, z):  stream function; 
Vr, Vz: Components of the velocity; 
P: pressure of the fluid (Pa); 
υ : Kinematic viscosity of the fluid (m2 / s); 
F : Electromagnetic force (N / m3); 
ρ : Fluid density (kg/m3). 

 

1. Introduction 

Annular linear induction pumps (ALIP) are used for the propulsion of the 
fluids. The pumping action is obtained by Lorentz force produced by the 
interaction of induced current in the liquid metal and their associated magnetic 
field. Even though the efficiency of the ALIP is very low compared to 
conventional mechanical pumps, it is very useful due to the absence of moving 
parts, low noise and vibration level, simplicity of flow rate regulation and 
maintenance, and high temperature operation capability [1]. 

Linear induction machines use a traveling magnetic field wave created by 
polyphase currents. The most well-known device working on this principle is the 
Linear Induction Motor (LIM) such as developed for ground transportation. There 
is also another type of linear inductor whose application belongs to the field of 
magnetohydrodynamics (MHD) [2] and [3]. 

The magnetohydrodynamic (MHD) is the theory of the interaction of 
electrically conducting fluids and electromagnetic fields. Application arises in 
astronomy and geophysics as well as in connection with numerous engineering 
problems, such as liquid metal cooling of nuclear reactors, electromagnetic 
casting of metals, MHD power generation and propulsion [4], [5] and [6]. 

In the previous work [7] we studied the 2D electromagnetic phenomena in 
a MHD pump by the finite volume method in harmonic mode. Different 
characteristics of the MHD pump (vector potential, magnetic induction, currents 
density and the electromagnetic force) were obtained.  

In this work we study the coupling electromagnetic - hydrodynamic 
equations of an annular induction MHD pump using the finite volume method and 
the stream vorticity formulation ξ, ψ. The proposed pump produces an axial flow. 
As a consequence, electromagnetic force can be obtained before calculating the 
velocity profiles in the channel. 
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2. Mathematical models and equations 
 

An electromagnetic pump for a liquid metal is considered. A schematic 
view of the pump is shown in Fig.1. The liquid metal flows along a channel with a 
cylindrical geometry of annular cross section. A ferromagnetic core is placed on 
the inner and the outer side of the channel, [2]. 

The principle of the MHD pump (Fig.1) is similar to that of the 
asynchronous motor; the supply of the inductor creates a magnetic field B sliding 
with the velocity of synchronism, where electric currents are induced in the liquid 
metal by means of a magnetic field, producing an electromagnetic force F with 
the instantaneous field ensuring the flows of the fluid, [8]. 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
The MHD pump dimensions and the properties of the mercury are given 

respectively in tables 1 and 2. 
Table 1 

Dimensions of the MHD pump  
Parameters Values 

Channel’s length 40 cm 
Channel’s width 2 cm 
Inductor width 20 cm
Inductor length 40 cm
Air-gap width 4 mm 

 
 
 

Fig.1. Schematic view of the MHD pump  
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Table 2 
The properties of the mercury 

Parameters Values 
Density ρ 13.6*103 (kg/m3) 

Electric conductivity σ 1.06*106 (Ω. m)-1 
Viscosity µ 0.11*10-6 (m2/s) 

 
The Maxwell’s equations used; where to magnetic vector potential A has 

only one component  are characterized by:  
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The magnetic induction and the electromagnetic force are given by: 
                      

ArotB =
                (2) 
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After developments of the equation (1) in cylindrical coordinates we 

obtain:  
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The equations describing the pumping process in the channel are presented 

as: 
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where V is the velocity, p the pressure, ρ  the density of the liquid, υ  the 
kinematic viscosity and F  the Lorentz force which is given by (3). 

 The difficulty is that in the previous equations there are two unknown: the 
pressure and the velocity. The elimination of pressure from the equations leads to 
a vorticity-stream function which is one of the most popular methods for solving 
the 2-D incompressible Navier-Stokes equations [12]: 
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Using these new dependent variables, the two momentum equations can be 

combined to give: 
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 An additional equation involving the new dependent variables ξ and ψ can 

be obtained by substituting (10) into (7) which give: 
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3. Numerical method and results  
 

The method consists of discretising differential equations by integration on 
finite volumes surrounding the nodes of the grid. 

In this method, each principal node P is surrounded by four nodes N, S, E 
and W located respectively at North, South, East and West (Fig.2) [11]. 
 

 
 
 

 

 

 

 
 Fig.2. Discretization in finite volume method 
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We integrate the electromagnetic and Navier Stokes equation using the 
finite volume method on the domain delimited by the surfaces E, W, N and S. 
Finally we obtain the algebraic equation which is written as: 

 
PzssNnSSNNWwEEPP dVaaaaaaa +−−+++= )( '' ξξξξξξξ                     (11)   

 
After the solving of the equation (11) we obtain the following system of 

equations: 
 

[ ] [ ] [ ]DM =ξ                                            (12)                 
 
where:  
 

[ ]M : Coefficients matrix, 

[ ]ξ  : Vorticity vector matrix, 

[ ]D : Vector source matrix (dp). 

      
  The same method is used for the electromagnetic equation (4). After 
integration using the finite volume method we obtain the following system: 
 

[N+j L][A] = [Jex]                                           (13)  
 
where:  
 

[ ]jLN +  : Coefficients matrix, 

[ ]Α : Vector Potential matrix, 

 [Jex]: Vector source matrix.  
 

The solution is ensured by applying boundary conditions, on the domain 
frontiers, as shown in Fig. 4. The Flowchart of the computation algorithm is 
presented in Fig. 3. 
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Fig.3- Computation algorithm Flowchart 
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Figs 4 and 5 represent respectively the annular MHD pump in the plane (r, 
z) with the boundary conditions and the equipotential lines of the MHD pump. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
 

 
 The distribution of the vector potential A and the magnetic induction B of 

the MHD pump are shown in fig 6 and 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5. Equipotential lines in the MHD pump 

Fig.4. Geometry of the annular MHD pump 

Fig.6. Distribution of the magnetic vector potential in the MHD pump 
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Fig 8 is representing the variation of the velocity in the channel of the 

MHD pump. We note that the velocity of the fluid passes through a transitional 
period and then stabilizes as all the electrical machines. The velocity increases as 
we advance in the channel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       

 

Fig 9 is representing the variation of the velocity in channel of the MHD 
pump for different frequencies values. We note that when the frequency increases, 
the velocity increases.  

 

Fig.7. the magnetic induction in the MHD pump 

Fig.8. Variation of the velocity at the entrance, medium point and 
output of the channel 
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        The variation of the velocity in the channel of the MHD pump channel is 
shown in Fig 10. 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

4. Conclusion 
 

The flow characteristics of the liquid metal are obtained by coupling the 
electromagnetic and the hydrodynamic equations. In this paper, the flow 

Fig.10. Velocity in the MHD pump 

Fig.9. Velocity for different frequencies in the channel of the MHD pump 
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characteristics of the liquid metal are analyzed under various conditions and the 
simulation results are investigated. 

The variations of the velocity in the channel of the MHD pump for 
different positions and for different frequencies are obtained. 

There is a need for an electromagnetic pump that works without any 
moving parts and produces large thrust.  

The obtained results of the velocity are in perfect agreement with those 
presented in [5] and [8]. 
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