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Abstract  
This paper presents a numerical investigation of 

lubricating slider bearings with conducting couple stress 

fluids using externally applied magnetics fields. The 

modified two-dimensional magnetohydrodynamic couple 

stress Reynolds-type equation is obtained. This 

governing equation is resolved numerically by using 

finite difference scheme, which involves the Gauss–

Seidel method to compute the bearing characteristics. 

Numerical results using different considered values of 

the couple stress and Hartman number are presented. 

These results demonstrate that the transverse magnetic 

field and couple stress effects are significant. 
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1.  Introduction  
In recent years, the study of magneto-hydrodynamic 

(MHD) lubrication of bearings has attracted the attention 

of several researchers from various fields, particularly 

researchers from the field of nuclear and space 

engineering. The MHD bearings with conducting fluids 

possess numerous advantages over the conventional 

bearings. Having an appreciably increased load capacity 

due to the MHD effects, it is also able to function under 

high temperature. Many authors have investigated the 

magneto-hydrodynamic (MHD) performance of slider 

bearings1-6. In this paper, a numerical investigation of the 

electric conducting behaviour of non-Newtonian 

lubricants confined in slider bearings is presented. The 

non-Newtonian behaviour of the lubricant is described 

using the micro-continuum Stokes theory7. The 

governing partial differential equations are discretized by 

finite differences. The resulting algebraic equations are 

solved using Gauss Seidel method. Numerical results of 

the load capacity are presented and commented. 

 

2. Governing equations and numerical resolution  

This numerical study concerns the viscous flow of an 

electrically conducting fluid confined between two plane 

surfaces. The lower surface, coinciding with the plane     

z = 0, is moving with a constant sliding velocity U in the 

x-direction. The upper surface is inclined, fixed. The 

lubricant is taken to be an isothermal, incompressible, 

electrically conducting, and non-Newtonian couple stress 

fluid of constant properties. It is assumed that the body 

forces and body couples are negligible except for the 

Lorentz force. The induced magnetic field is neglected 

compared with the imposed magnetic field 
0B


, which is 

uniform and oriented in the z-direction. Based upon the 

assumption of thin film, the dimensionless governing 

equations for laminar steady viscous flow in the presence 

of a stationary magnetic field can be written as: 
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where *p  is the film pressure, o
* hl




  is the 

couple stress parameter, M  represents the Hartmann 

number defined by hBM 0 , ho is the outlet film 

thickness,   is the electrical conductivity of the fluid, 

is the dynamic viscosity coefficient and is the material 

constant of couple stress fluids.  

 

For plane inclined slider bearings, the dimensionless film 

thickness is: 

 

 ** x11h                                                             (2) 

where a is the profile parameter, 
o

oi

h

hh 
 , here hi  is 

the inlet film thickness. 

 

Equation 1 is discretised by finite difference method 

using the second-order centred scheme. The algebraic 
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equations obtained are iteratively resolved by the 

technique of successive over-relaxation. The 

convergence of the numerical scheme is obtained when 

the relative criterion 6
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satisfied. Once the convergence is achieved, both friction 

force and load capacity are evaluated using rectangular 

method and Trapeze’s rule, respectively. 

 

3. Results  

 

The characteristics of magnetohydrodynamic slider 

bearings using couple stress lubricants and transverse 

magnetic fields are analysed based on three 

dimensionless parameters, namely, the Hartmann number 

and the parameter of couple stress. For both slider 

bearings types (finite and infinite). It is shown that the 

couple stress effect increases load capacity (see Fig. 1) 

but decreases the friction coefficient because the 

additives will resist and thus oppose the lubricant fluid 

motion and as consequence enhance the film pressure.  

 
Figure 1. Dimensionless load capacity W* in infinite slider bearing 
varying with profile parameter α for different l* with M = 4. 

 

In addition, the using magnetic field increases both load 

capacity and friction coefficient (see Fig. 2). Moreover, 

the maximum load capacity and the maximum friction 

coefficient augment when the bearing is wide. These 

findings can be useful to provide information for 

engineers in designing slider bearings. 

 

 

4. Conclusion 

 

This numerical study focuses of MHD plane inclined 

slider bearings including non-Newtonian couple stress 

effects. It’s shown that the combined influence of MHD,  

 

 
Figure 2. Dimensionless load capacity W* in finite slider bearing 
varying with profile parameter α for different M with l*=0.1. 

 

couple stress on the slider bearing performance are 

significant and cannot be overlooked. 
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