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Abstract: An effort has been made to study and analyze the performance of a finite hydrodynamic slider bearing 

lubricated by Ferro fluid. The modified Reynolds’ equation, pressure differential equation, that contains the magnetic 

effect of the ferro-lubricant is derived and solved numerically and the results of the overall static characteristics namely; 

pressures, load-carrying capacity, pressure center, friction force and friction coefficient are determined and presented in 

this study. Also, the flow rates in the bearing are evaluated. The study indicates that the wedge parameter has an 

optimum value (about 1.25) which gives higher load capacity, lower friction force and lower friction coefficient. Also, 

the width to length ratio has an important role in the performance of finite bearings until value equal 4, while the wider 

bearing has non-significant effect on the performance. It is also shown that the magnetic effect of the ferro-lubricant has 

significant improving effect on the overall static characteristics of the slider bearing.  
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LIST OF SYMBOLS 

𝑎  difference between the inlet and outlet film 
thickness, m 

𝐵 bearing width, m 

𝐵𝑚  magnetic field density vector, T=Wb/m2 

𝐸𝑜 relative difference required for stopping the 

iteration process = 10−12  

𝐹𝑚 magnetic force vector per unit volume, N/m3  

𝐹𝑚𝑥 magnetic force component in x direction, N/m3 

𝐹𝑚𝑧 magnetic force component in z direction, N/m3 

𝐹 friction force at the slider surface, N 

𝐹∗ non-dimensional friction force 𝐹∗ =
𝐹ℎ𝑜

𝜇𝑈𝐿𝐵
 

ℎ film thickness, m 

ℎ𝑖 film thickness at the bearing inlet, m 

ℎ𝑜 film thickness at the bearing outlet, m 

ℎ∗ non-dimensional film thickness  ℎ∗ = ℎ/ℎ𝑜

  

𝐻𝑚 magnetic field vector, A/m 

ℎ𝑚 magnetic field intensity, A/m 

ℎ𝑚𝑐  characteristic value of the magnetic field intensity 

= 𝐼/2𝜋𝐿, A/m 

ℎ𝑚
∗  non-dimensional magnetic field intensity 

 

ℎ𝑚
∗ =

ℎ𝑚

ℎ𝑚𝑐
=

ℎ𝑚

𝐼/2𝜋𝐿
 

𝑘  normal distance from the wire to the bearing 

surface, m 

𝑘∗  non-dimensional distance from the wire to the 

bearing surface  𝑘∗ = 𝑘/𝐿 

𝐿   bearing length, m 

𝐼 current intensity passing through the wire, A 

𝑀  magnetization of the ferrofluid, A/m 

𝑝   lubricant pressure, pa 

𝑝𝑖 inlet pressure to the bearing, pa 

𝑝𝑜 outlet pressure from the bearing, pa 

𝑝∗ non-dimensional pressure 𝑝∗ =
𝑝ℎ𝑜

2

𝜇𝑈𝐿
 

𝑄𝑥 flow rate in x direction, m3/s 
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𝑄𝑥
∗  non-dimensional flow rate in x direction  𝑄𝑥

∗ =

2𝑄𝑥

𝐵𝑈ℎ𝑜
 

𝑄𝑥𝑜
∗  non-dimensional flow rate in 𝑥 direction at the 

bearing outlet (at 𝑥∗=1), m3/s 

𝑄𝑧 flow rate in z direction, m3/s 

𝑄𝑧
∗ non-dimensional flow rate in z direction 𝑄𝑧

∗ =

2𝑄𝑧

𝐵𝑈ℎ𝑜
 

𝑄𝑧𝑜
∗  non-dimensional flow rate in 𝑧 direction at one end 

of the bearing (at 𝑧∗ = 0 or 𝑧∗ = 1) 

𝑟 distance from the wire to any point on the bearing, 

m 

𝑈 sliding velocity, m/s 

𝑉 velocity vector, m/s 

𝑢, 𝑣, 𝑤velocity component in x, y, and z directions, m/s 

𝑊 load carrying capacity, N 

𝑊∗ non-dimensional load carrying capacity 

𝑋𝑚 susceptibility of the ferro-fluid, dimensionless 

𝑥, 𝑦, 𝑧 Cartesian coordinates 

𝑥∗ non-dimensional coordinate in x direction 𝑥∗ =

𝑥/𝐿 

𝛥𝑥∗ non-dimensional increment in x* direction   

𝑥𝑝
∗  non-dimensional pressure center coordinate in x 

direction 

𝑧∗ non-dimensional coordinate in z direction 𝑧∗ =

𝑧/𝐵 

𝛥𝑧∗ non-dimensional increment in 𝑧∗ direction 

𝑧𝑝
∗  non-dimensional pressure center coordinate in z 

direction 

∝ wedge parameter  𝛼 =
𝑎

ℎ𝑜
, dimensionless  

𝛽 width to length ratio 𝛽 = 𝐵/𝐿, dimensionless 

𝛾 magnetic force coefficient 𝛾 =
𝜇𝑜𝑋𝑚ℎ𝑚𝑐

2 ℎ𝑜
2

𝜇𝑈𝐿
, 

dimensionless 

𝜌 fluid density, kg/m3 

𝜇 fluid viscosity coefficient pa. s 

𝜇𝑜 permeability of free space = 4𝜋 × 10−7 𝑁/𝐴2 

 sheer stress, pa 

 

 

1. INTRODUCTION 

The most important property of magnetic fluids is 

that they can be made to adhere to any desired surface with 

the aid of magnets. When a magnetic field is applied, each 

particle experiences magnetic body force which causes it to 

move.  When all the particles start moving, they cause the 

colloidal homogeneous suspension to move en masse, one 

of the novel ferrofluid lubricant is superparamagnetic nano-

lubricants [1]. Owing to these features, ferro-fluids are 

useful in many applications [2-3].   In the field of 

lubrication, Chang et al [4], Zhang [5] and Urreta et al [6] 

made studies of the characteristics of magnetized journal 

bearing lubricated with ferrofluid. Their results indicated 

that high bearing performance was obtained compared with 

the ordinary fluid lubrication. A novel ferrofluid bearing 

with controllable damping effect is designed by Liu et al 

[7]. Their results show that this type of bearing with 

variable damping is useful in a wide range of control 

systems.  

In slider bearings: Das [8] presented a theoretical 

study of slider bearings in the presence of a uniform 

magnetic field. Ochon´ski [9] presented some new designs 

of sliding bearings lubricated with ferrofluids. These 

designs gave advantages over conventional ball bearings. 

Patel et al [10] made study and analysis about the 

performance of a magnetic fluid based infinitely short slider 

bearing. Expression of the load-carrying capacity for 

infinitely wide bearing was introduced under thermal effects 

by Singh et al [11]. Shah and Patel [12] performed a study 

of magnetic fluid lubrication of porous pivoted slider 

bearing with slip and squeeze velocity.  Patel et al made 

studies on the performance of a ferrofluid lubrication of 

rough porous slider bearings with different configurations 

[13-16]. They found that the magnetization decreases the 

negative effects caused by the roughness or slip velocity. 

The same results were obtained by Shukla and Deheri [17]. 

Patel and Dehere [18] made an investigation of thin film 

lubrication at nanoscale for a ferrofluid infinitely long slider 

bearing. 
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These researches used assumption of infinitely 

short or infinitely long bearing (one-dimensional bearing). 

Also, they applied theoretical magnetic field models in 

dealing with the ferrofluid lubrication. In this work, more 

realistic magnetic field model was applied on finite slider 

bearing (two-dimensional) with wide range of width to 

length ratios. In this model, the magnetic field is produced 

by carrying-current infinitely long wire. The magnetic field 

strength and then the obtained magnetic force can be easily 

controlled by changing the position of the wire with respect 

to the bearing and also by changing the intensity of the 

electric current passing through it. This model was used 

previously in the study of the hydrodynamic journal 

bearings [19]. This work studies its effect on the slider 

bearings. 

 

2.ANALYSIS 

The configuration of the slider bearing is displayed in  

Fig. 1. The expression for the film thickness h between the 

slider and the bearing is given by: 

 
Fig 1.  Geometry of a slider 

 

ℎ = ℎ𝑜 + a (1 -𝑥/𝐿)                   (1) 

In dimensionless form:  

       ℎ∗ = 1+ ∝ (1- 𝑥∗)                    (2) 

Where:   ∝= 𝑎/ℎ𝑜 (wedge parameter of the bearing)   

The equations of motion and continuity of the fluid 

lubricant will be: 

𝜌
𝑑𝑉

𝑑𝑡
= −𝛻𝑝+ 𝜇𝛻2𝑉 + 𝐹𝑚                  (3) 

    𝛻. 𝑉 = 0                                 (4)                      

By neglecting the inertia force term 𝜌
𝑑𝑉

𝑑𝑡
and using the usual 

assumptions of hydrodynamic lubrication applicable to thin 

films [20], the equations in Cartesian coordinates are 

reduced to: 

𝜕𝑝

𝜕𝑥
= 𝜇

𝜕2𝑢

𝜕𝑦2
+ 𝐹𝑚𝑥              (5) 

𝜕𝑝

𝜕𝑧
= 𝜇

𝜕2𝑤

𝜕𝑦2
+ 𝐹𝑚𝑧            (6) 

𝜕𝑝

𝜕𝑦
= 0     (7) 

𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑦
+
𝜕𝑤

𝜕𝑧
= 0    (8) 

 The boundary conditions are: 𝑢 = 𝑈, 𝑤 = 0 (at y = 0) and 

𝑢 = 0, 𝑤 = 0 (at y = h). Integrations of Equation (5) then 

Equation (6) using the above boundary conditions, the 

velocities in x and z directions are obtained. 

𝑢 = (1 − 𝑦/ℎ)𝑈 +
1

2𝜇
(
𝜕𝑝

𝜕𝑥
− 𝐹𝑚𝑥). (𝑦

2 − 𝑦ℎ)   (9) 

𝑤 =
1

2𝜇
(
𝜕𝑝

𝜕𝑧
− 𝐹𝑚𝑧). (𝑦

2 − 𝑦ℎ)                    (10) 

Substituting about these velocities in Equation (8) and 

integration across the film thickness, the modified 

Reynolds’ equation is obtained. 
𝜕

𝜕𝑥
(ℎ3

𝜕𝑝

𝜕𝑥
) +

𝜕

𝜕𝑧
(ℎ3

𝜕𝑝

𝜕𝑧
) = 6𝜇𝑈(

𝜕ℎ

𝜕𝑥
) +

𝜕

𝜕𝑥
(ℎ3𝐹𝑚𝑥) +

𝜕

𝜕𝑧
(ℎ3𝐹𝑚𝑧)           (11) 

The magnetic force is calculated by [21]: 

𝐹𝑚 = 𝑐𝑢𝑟𝑙 𝐻𝑚 × 𝐵𝑚 + 𝜇𝑜𝑀 ⋅ 𝑔𝑟𝑎𝑑 𝐻𝑚                     (12) 

For non-conductive fluid, the induced free current 

(𝑐𝑢𝑟𝑙 𝐻𝑚) equals zero and the magnetic force 𝐹𝑚 and its 

components in x and z direction become:  

𝐹𝑚 = 𝜇𝑜𝑀 𝛻𝐻𝑚 = 𝜇𝑜𝑋𝑚ℎ𝑚  𝛻𝐻𝑚, and  

 𝐹𝑚𝑥 = 𝜇𝑜𝑋𝑚ℎ𝑚 (𝜕ℎ𝑚/𝜕𝑥)  (13) 

𝐹𝑚𝑧 = 𝜇𝑜𝑋𝑚ℎ𝑚 (𝜕ℎ𝑚/𝜕𝑧)             (14) 

Substituting about these magnetic force components into 

Equation (11), the modified Reynolds’ becomes: 
𝜕

𝜕𝑥
(ℎ3

𝜕𝑝

𝜕𝑥
) +

𝜕

𝜕𝑧
(ℎ3

𝜕𝑝

𝜕𝑧
) = 6𝜇𝑈 (

𝜕ℎ

𝜕𝑥
) +

𝜇𝑜𝑋𝑚
𝜕

𝜕𝑥
(ℎ3ℎ𝑚

𝜕ℎ𝑚

𝜕𝑥
) + 𝜇𝑜𝑋𝑚

𝜕

𝜕𝑧
(ℎ3ℎ𝑚

𝜕ℎ𝑚

𝜕𝑧
)  (15) 

in dimensionless form: 
𝜕

𝜕𝑥∗
(ℎ∗3

𝜕𝑝∗

𝜕𝑥∗
) +

1

𝛽2

𝜕

𝜕𝑧∗
(ℎ∗3

𝜕𝑝∗

𝜕𝑧∗
) = 6

𝜕ℎ∗

𝜕𝑥∗
+

𝛾
𝜕

𝜕𝑥∗
(ℎ∗3ℎ𝑚

∗ 𝜕ℎ𝑚
∗

𝜕𝑥∗
) +

𝛾

𝛽2

𝜕

𝜕𝑧∗
(ℎ∗3ℎ𝑚

∗ 𝜕ℎ𝑚
∗

𝜕𝑧∗
)   (16) 

The used magnetic field model, Fig. 2., is 

produced by infinitely long carrying-current wire. The wire 

is placed at the middle (at 𝑥 = 𝐿/2) parallel to the bearing 

width and at a distance 𝑘 from the bearing surface. The 

magnetic field distribution around the wire are concentric 

circles of radius r with center lies on the wire. The magnetic 

field intensity is then given by: 
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FIG 2.  The magnetic field model, concentric infinitely long 

carrying-current wire displaced distance k from the bearing surface 

ℎ𝑚 = 𝐼/2𝜋𝑟 = 𝐼/2𝜋(𝑘
2 + (𝑥 − 𝐿/2)2)1/2 

  (17) 

In dimensionless form: 

ℎ𝑚
∗ = 1/(𝑘∗2 + (𝑥∗ − 0.5)2)

1/2
   (18) 

Where: 𝑘∗ = 𝑘/𝐿, 𝑘∗ was chosen to be 0.25. This magnetic 

field has no gradient       

in z direction, then, equation (16) is 

reduced to:

 

𝜕

𝜕𝑥∗
(ℎ∗3

𝜕𝑝∗

𝜕𝑥∗
) +

1

𝛽2
𝜕

𝜕𝑧∗
(ℎ∗3

𝜕𝑝∗

𝜕𝑧∗
) = 6

𝜕ℎ∗

𝜕𝑥∗
+ 𝛾

𝜕

𝜕𝑥∗
(ℎ∗3ℎ𝑚

∗ 𝜕ℎ𝑚
∗

𝜕𝑥∗
)

                                                                             (19) 

 

3.NUMERICAL CALCULATIONS 

Equation (19) is solved numerically by finite 

difference technique using boundary conditions for the film 

pressure as: 

𝑝∗ = 0 at 0* x , 𝑧∗ = 0 (zero inlet atmospheric pressure 

pi) and 0* p  at 1* x , 𝑧∗ = 1 (zero outlet atmospheric 

pressure po). By Applying the central difference 

approximation for derivatives, equation (19) can be written 

as: 

𝐴𝑜𝑝𝑖,𝑗
∗ = 𝐴1𝑝𝑖−1,𝑗

∗ +𝐴2𝑝𝑖+1,𝑗
∗ +𝐴3𝑝𝑖,𝑗−1

∗ + 𝐴4𝑝𝑖,𝑗+1
∗ + 𝐴5

                                                                (20) 

Where: 

𝐴1(𝑖, 𝑗) =
ℎ𝑖,𝑗
∗3

𝛥𝑥∗2
− 3ℎ𝑖,𝑗

∗2(
ℎ𝑖+1,𝑗
∗ −ℎ𝑖−1,𝑗

∗

4𝛥𝑥∗2
)         𝐴2(𝑖, 𝑗) =

ℎ𝑖,𝑗
∗3

𝛥𝑥∗2
+

3ℎ𝑖,𝑗
∗2(

ℎ𝑖+1,𝑗
∗ −ℎ𝑖−1,𝑗

∗

4𝛥𝑥∗2
)  

𝐴3(𝑖, 𝑗) =
ℎ𝑖,𝑗
∗3

𝛽2𝛥𝑧∗2
− 3ℎ𝑖,𝑗

∗2(
ℎ𝑖,𝑗+1
∗ −ℎ𝑖,𝑗−1

∗

4𝛽2𝛥𝑧∗2
)               

𝐴4(𝑖, 𝑗) =
ℎ𝑖,𝑗
∗3

𝛽2𝛥𝑧∗2
+ 3ℎ𝑖,𝑗

∗2(
ℎ𝑖,𝑗+1
∗ −ℎ𝑖,𝑗−1

∗

4𝛽2𝛥𝑧∗2
)

 
𝐴𝑜(𝑖, 𝑗) = 2ℎ𝑖,𝑗

∗3(
1

𝛥𝑥∗2
+

1

𝛽2𝛥𝑧∗2
)  

𝐴5(𝑖, 𝑗) = −6
ℎ𝑖+1,𝑗
∗ −ℎ𝑖−1,𝑗

∗

2𝛥𝑥∗
−

𝛾ℎ𝑖,𝑗
∗3

(

 
ℎ𝑚𝑖,𝑗
∗ (

ℎ𝑚𝑖+1,𝑗
∗ −2ℎ𝑚𝑖,𝑗

∗ +ℎ𝑚𝑖−1,𝑗
∗

𝛥𝑥∗2
) + (

ℎ𝑖+1,𝑗
∗ −ℎ𝑖−1,𝑗

∗

2𝛥𝑥∗
)
2

+

ℎ𝑚𝑖,𝑗
∗ (

ℎ𝑚𝑖,𝑗+1
∗ −2ℎ𝑚𝑖,𝑗

∗ +ℎ𝑚𝑗−1
∗

𝛽2𝛥𝑧∗2
) + (

ℎ𝑚𝑖,𝑗+1
∗ −ℎ𝑚𝑗−1

∗

2𝛽𝛥𝑧∗
)
2

)

  

−3𝛾ℎ𝑖,𝑗
∗2  ℎ𝑚𝑖,𝑗

∗ (
ℎ𝑖+1,𝑗
∗ −ℎ𝑖−1,𝑗

∗

2𝛥𝑥∗
) (

ℎ𝑚𝑖+1,𝑗
∗ −ℎ𝑚𝑖−1,𝑗

∗

2𝛥𝑥∗
)3𝛾ℎ𝑖,𝑗

∗2 ℎ𝑚𝑖,𝑗
∗  

(
ℎ𝑖,𝑗+1
∗ −ℎ𝑖,𝑗−1

∗

2𝛽𝛥𝑧∗
) (

ℎ𝑚𝑖,𝑗+1
∗ −ℎ𝑚𝑖,𝑗−1

∗

2𝛽𝛥𝑧∗
)  

The field of solution is divided into 51 sections in 

the x∗ direction and 51 sections in the z∗ direction (𝛥𝑧∗ =

𝛥𝑥∗ = 0.02). This is after some trials to choose the grid size 

which doesn’t affect on the accuracy of results. By Guass-

Siedel iteration process: 

𝑝𝑖,𝑗
∗𝑛 = (𝐴1𝑝𝑖−1,𝑗

∗𝑛 + 𝐴2𝑝𝑖+1,𝑗
∗𝑛−1 +𝐴3𝑝𝑖,𝑗−1

∗𝑛 +𝐴4𝑝𝑖,𝑗+1
∗𝑛−1 +𝐴5)/𝐴𝑜      

                                                                             (21) 

Where n is the iteration number. By assuming initial 

pressure distribution and using Eq. (21), the new pressure 

distribution is yielded. The iterative procedure will continue 

and the results converge until it finally stops when the 

relative difference in pressure distribution between two 

successive iterations falls below 𝐸𝑜 = 10
−12,   

 𝐸𝑜 = 

 

∑ |𝑝𝑖,𝑗
∗𝑛−𝑝𝑖,𝑗

∗𝑛−1|
𝑖=𝑁,𝑗=𝑀
𝑖=1,𝑗=1

∑ |𝑝𝑖,𝑗
∗𝑛|

𝑖=𝑁,𝑗=𝑀
𝑖=1,𝑗=1

. From the obtained pressure 

distribution, the bearing characteristics will be determined 

as follow: 

- The load carrying capacity is given by: 

 

𝑊∗ =𝑊(
ℎ𝑜
2

𝜇𝑈𝐿2𝐵
) = ∫ ∫ 𝑝∗𝑑𝑥∗𝑑𝑧∗ =

𝑧∗=1

𝑧∗=0

𝑥∗=1

𝑥∗=0

∑ ∑ 𝑝𝑖,𝑗
∗ 𝛥𝑥∗𝛥

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝐼=1 𝑧∗   (22) 

- The pressure center or the point of action of 𝑊∗ is 

given by: 

𝑥𝑝
∗ =

𝑥𝑝

𝐿
=
∫ ∫ 𝑝∗𝑥∗𝑑𝑥∗𝑑𝑧∗

𝑧∗=1
𝑧∗=0

𝑥∗=1
𝑥∗=0

∫ ∫ 𝑝∗𝑑𝑥∗𝑑𝑧∗
𝑧∗=1
𝑧∗=0

𝑥∗=1
𝑥∗=0

=
∑ ∑ 𝑝𝑖,𝑗

∗ 𝑥𝑖,𝑗
∗ 𝛥𝑥∗𝛥

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝐼=1 𝑧∗

∑ ∑ 𝑝𝑖,𝑗
∗ 𝛥𝑥∗𝛥

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝐼=1 𝑧∗

         

                                                                       (23) 
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𝑧𝑝
∗ =

𝑧𝑝

𝐿
=
∫ ∫ 𝑝∗𝑧∗𝑑𝑥∗𝑑𝑧∗

𝑧∗=1
𝑧∗=0

𝑥∗=1
𝑥∗=0

∫ ∫ 𝑝∗𝑑𝑥∗𝑑𝑧∗
𝑧∗=1
𝑧∗=0

𝑥∗=1
𝑥∗=0

=
∑ ∑ 𝑝𝑖,𝑗

∗ 𝑧𝑖,𝑗
∗ 𝛥𝑥∗𝛥

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝐼=1 𝑧∗

∑ ∑ 𝑝𝑖,𝑗
∗ 𝛥𝑥∗𝛥

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝐼=1 𝑧∗

       

                                                                (24) 

- The friction force at the slider surface is given by: 

𝐹 = ∫ ∫ [𝜏]
𝑧=𝐵

𝑧=0

𝑥=𝐿

𝑥=0 𝑦=0
𝑑𝑥𝑑𝑧 = ∫ ∫ [𝜇

𝜕𝑢

𝜕𝑦
]

𝑧=𝐵

𝑧=0

𝑥=𝐿

𝑥=0
𝑦=0

𝑑𝑥𝑑𝑧

                                          (25) 

Using equation (9) to determine 
𝜕𝑢

𝜕𝑦
 , the friction force can be 

written as: 

𝐹 = ∫ ∫ [(
𝜕𝑝

𝜕𝑥
− 𝐹𝑚𝑥)(𝑦 − ℎ/2) − 𝜇𝑈/ℎ]

𝑧=𝐵

𝑧=0

𝑥=𝐿

𝑥=0 𝑦=0
𝑑𝑥𝑑𝑧

  (26) 

Substituting about Fmx from equation (13),  

𝐹 = ∫ ∫ [(
𝜕𝑝

𝜕𝑥
− 𝜇𝑜𝑋𝑚ℎ𝑚

𝜕ℎ𝑚

𝜕𝑥
)(𝑦 − ℎ/2) −

𝑧=𝐵

𝑧=0

𝑥=𝐿

𝑥=0

𝜇𝑈/ℎ]
𝑦=0

𝑑𝑥𝑑𝑧    (27) 

In dimensionless form, the friction force at the slider (at 

y=0) is given by: 

𝐹∗ =
𝐹ℎ𝑜

𝜇𝑈𝐿𝐵
= ∫ ∫ [

ℎ∗

2
(
𝜕𝑝∗

𝜕𝑥∗
− 𝛾ℎ𝑚

∗ 𝜕ℎ𝑚
∗

𝜕𝑥∗
) +

𝑧∗=1

𝑧∗=0

𝑥∗=0

𝑥∗=0

1

ℎ∗
] 𝑑𝑥∗𝑑𝑧∗ = ∑ ∑ [

ℎ𝑖,𝑗
∗

2
(
𝑝𝑖+1,𝑗
∗ −𝑝𝑖−1,𝑗

∗

2𝛥𝑥∗
) −

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝑖=1

𝛾ℎ𝑚𝑖,𝑗
∗ (

ℎ𝑚𝑖+1,𝑗
∗ −ℎ𝑚𝑖−1,𝑗

∗

2𝛥𝑥∗
) +

1

ℎ𝑖,𝑗
∗ ] 𝛥𝑥

∗𝛥𝑧∗  (28) 

- The friction coefficient is given by  
𝐹

𝑊
= (

ℎ𝑜

𝐿
) 
𝐹∗

𝑊∗ , then 

the modified friction coefficient is given by:  

𝑓 =
𝐹∗

𝑊∗ = (
𝐿

ℎ𝑜
)
𝐹

𝑊
    (29) 

- The flow rate in x direction is given by:  

𝑄𝑥 = ∫ ∫ 𝑢 𝑑𝑦𝑑𝑧
𝑦=ℎ

𝑦=0

𝑧=𝐵

𝑧=0
   (30) 

Using equation (9) then equation (13) and by integrating 

across the film thickness: 

𝑄𝑥 = ∫ [−
ℎ3

6
⋅
1

2𝜇
(
𝜕𝑝

𝜕𝑥
− 𝜇𝑜𝑋𝑚ℎ𝑚

𝜕ℎ𝑚

𝜕𝑥
) +

𝑈ℎ

2
]

𝑧=𝐵

𝑧=0
𝑑𝑧 (31) 

In dimensionless form: 

𝑄𝑥
∗ =

2𝑄𝑥

𝐵𝑈ℎ𝑜
= ∫ [−

ℎ∗3

6
(
𝜕𝑝∗

𝜕𝑥∗
− 𝛾ℎ𝑚

∗ 𝜕ℎ𝑚
∗

𝜕𝑥∗
) + ℎ∗]

𝑧∗=1

𝑧∗=0
𝑑𝑧∗ =

∑ [−
ℎ𝑖,𝑗
∗3

6
(
𝑝𝑖+1,𝑗
∗ −𝑝𝑖−,𝑗

∗

2𝛥𝑥∗
) − 𝛾ℎ𝑚𝑖,𝑗

∗ (
ℎ𝑚𝑖+1,𝑗
∗ −ℎ𝑚𝑖−1,𝑗

∗

2𝛥𝑥∗
) + ℎ𝑖,𝑗

∗ ]𝑗=𝑀
𝑗=1 𝛥𝑧∗

                                                           (32) 

- The flow rate in z direction is given by: 

𝑄𝑧 = ∫ ∫ 𝑤 𝑑𝑦𝑑𝑥
𝑦=ℎ

𝑦=0

𝑥=𝐿

𝑥=0
   (33) 

Using equation (10) then equation (14) and by integrating 

across the film thickness: 

𝑄𝑧 = ∫ [−
ℎ3

6

1

2𝜇
(
𝜕𝑝

𝜕𝑧
− 𝜇𝑜𝑋𝑚ℎ𝑚

𝜕ℎ𝑚

𝜕𝑧
)]

𝑥=𝐿

𝑥=0
𝑑𝑥     (34) 

In dimensionless form: 

𝑄𝑧
∗ =

2𝑄𝑧

𝐵𝑈ℎ𝑜
= ∫ [−

ℎ∗3

6𝛽2
(
𝜕𝑝∗

𝜕𝑧∗
− 𝛾ℎ𝑚

∗ 𝜕ℎ𝑚
∗

𝜕𝑧∗
)]

𝑥∗=1

𝑥∗=0
𝑑𝑥∗  (35) 

The magnetic field has 
𝜕ℎ𝑚

∗

𝜕𝑧∗
= 0, then 

𝑄𝑧
∗ = ∫ [−

ℎ∗3

6𝛽2
(
𝜕𝑝∗

𝜕𝑧∗
)]

𝑥∗=1

𝑥∗=0
𝑑𝑥∗ = ∑ [−

ℎ𝑖,𝑗
∗3

6𝛽2
(
𝑝𝑖,𝑗+1
∗ −𝑝𝑖,𝑗−1

∗

2𝛥𝑧∗
)]𝑖=𝑁

𝑖=1 𝛥𝑥∗

                                                                       (36) 

4.RESULTS AND DISCUSSION 

The accuracy of the present model is firstly 

verified by comparing the obtained pressure distribution, for 

=0, and also the load capacity with the results in the 

literature [20]. The comparison indicates that there is 

agreement between them. The modified Reynolds equation, 

equation (19), indicates that the slider bearing performance 

depends on geometrical parameters (wedge parameter ∝ and 

width to length ratio 𝛽) and magnetic parameter (magnetic 

force coefficient 𝛾). This equation was solved numerically 

using the following values: 

- Wedge parameter ∝ from 0.25 up to 3, these values 

cover wide range of the wedge effect. 

- Width to length ratio 𝛽 from 0.5 (short bearing) to 10 

(very wide bearing). 

- Magnetic force coefficient 𝛾 = 0 (no magnetic 

effect), 0.05 (moderate magnetic effect) and 0.1 (high 

magnetic effect), [19]. 

Effect of the above parameters on the bearing performance 

is discussed.  

Figure 3 shows the pressure distribution, at the 

middle section of the bearing, versus the distance x* along 

the bearing length. As shown, the pressure increases with 

the increase of magnetic force coefficient 𝛾. The maximum 

pressure is doubled when 𝛾 = 0.05 and becomes very high at 

𝛾 = 0.1 with shifting its position to x*=0.5 where the 

carrying-current wire is placed. The magnetic effect at this 

region is very intense.  

 

 
Fig3.  Variation of the pressure p* at the middle section of the 

bearing, with the distance x* with respect to magnetic force 

coefficient 𝛾, 𝛽 = 1, ∝= 1 
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The results of the pressure distributions are reflected 

on the static characteristics of the bearing. The results of the 

load-carrying capacity are shown in Figs. 4-5. The load 

capacity increases with the increase of ∝ up to nearly 

1.25), Fig. 4. With further increase of ∝, the load capacity 

becomes unchanged and some decrease occurs at the higher 

values. These results are attributed to the increase of the 

pressure as a result of increase of the wedge action with the 

increase of ∝, while at high values of it there is a 

corresponding increase of the film thickness which leads to 

the decrease of the pressure. Figure 5 shows that the load 

capacity  

increases with high rates by the increase of 𝛽 up to value 

equals 4. For the wider bearings, there is a little or neglected 

increase. The magnetic effect is obviously shown in the two 

figures where there is large increase of the load capacity 

with 

the increase of the magnetic force coefficient 𝛾. 

 

Fig 4.  Variation of 𝑊∗ with respect to ∝ and 𝛾,  𝛽=1

 

 
Fig 5.  Variation of 𝑊∗ with respect to 𝛽 and 𝛾,  ∝=1 

 

The bearing and the magnetic field are symmetric 

about middle of the bearing width. The results of the 

pressure center confirm this symmetry where 𝑧𝑝
∗ = 0.5.  As 

shown, for non-magnetic fluid, Table 1, the position of the 

pressure center is shifted towards the bearing outlet 

(increase of x*
p) with the increase of ∝, where the film 

thickness is small and the hydrodynamic effect is high. For 

magnetic lubricant, Table 2, the pressure center become 

nearer to the middle of the bearing (𝑥𝑝
∗ ≅ 0.5) where the 

carrying-current wire is positioned and the magnetic effect 

is very high. Effect of width to length ratio 𝛽 on the 

pressure center is also shown. 

 

TABLE 1. The pressure center, x*
p

, z*
p for different values of the wedge parameter ∝ and width to length ratio 𝛽 for non-

magnetic bearing,  𝛾 = 0.0 

 

 

 

 

 

𝛾 = 0 

𝛽 = 1 ∝= 1 

∝ 𝑥𝑝
∗  𝑧𝑝

∗  𝛽 𝑥𝑝
∗  𝑧𝑝

∗  

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 
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TABLE 2. The pressure center, x*
p

, z*
p for different values of the wedge parameter ∝ and width to length ratio 𝛽 for 

magnetic bearing with  𝛾 = 0.1 

 

 

 

 

𝛾 = 0.1 

𝛽 = 1 ∝= 1

∝ 𝑥𝑝
∗  𝑧𝑝

∗  𝛽 𝑥𝑝
∗ 𝑧𝑝

∗  

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

  0.5   0.5 

 

 

Figure 6 shows inverse effect of the wedge 

parameter ∝ on the friction force. Also, there is a 

pronounced reduction of the friction force with the increase 

of the magnetic force coefficient 𝛾. Equation (28) shows 

how the magnetic effect causes decrease of the shear stress 

and then the friction force at the slider surface. Figure 7 

certifies the decreasing effect of the magnetic force 

coefficient on the friction force. It also shows how the 

increase of the width to length ratio causes increase of the 

friction force until 𝛽 reaches nearly 4. Then, the wider 

bearings have not significant effect on the friction force. 

 

Fig 6.  Variation of 𝐹∗ with respect to ∝ and 𝛾,  𝛽=1 

 
Fig 7.  Variation of 𝐹∗ with respect to 𝛽 and 𝛾,  ∝=1 

 

The results of the friction coefficient are shown in Figs. 

8-9. There is large decrease of the friction coefficient with 

the increase of ∝ for its low and moderate values, and 

some little decrease for the higher values. Increase of 𝛽 

causes decrease of the friction coefficient until it nearly 

equals 4. For the wider bearings, the friction coefficient is 

nearly unchanged. The two figures show the decrease of 

the friction coefficient with the increase of the magnetic 

effect. 
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Fig 8.  Variation of 𝑓 with respect  to ∝ and 𝛾,  𝛽=1 

 
Fig 9.  Variation of 𝑓 with respect to 𝛽 and 𝛾,  ∝=1 

 

Figures 10-11 show the effect of wedge parameter and 

width to length ratio on the flow rate in 𝑥 direction at the 

bearing outlet. There is some increase of the flow rate with 

the increase of ∝ or 𝛽. The increase becomes insignificant 

for the wide bearing. The two figures show that the 

magnetic field has some sealing effect where the flow rate 

decreases with the increase of the magnetic force 

coefficient 𝛾. Equation (32) indicates how the sealing 

effect is obtained by the magnetic field that has a gradient 

in x direction 

 
 

Fig 10.  variation of 𝑄𝑥𝑜
∗  with respect  to ∝ and 𝛾,  𝛽=1 

 

 
Fig 11.  Variation of 𝑄𝑥𝑜

∗  with respect to 𝛽 and 𝛾,  ∝=1 
 

Figure 12 shows the effect of ∝ on the side flow 

at one end of the bearing (at 𝑧∗ = 0 or 𝑧∗ = 1). The flow 

rate in 𝑧 direction increases with the increase of wedge 

parameter ∝. Increase of ∝ causes increase of the film 

thickness for the same value of ℎ𝑜. These result in increase 

of the area the lubricant flow through it. The used magnetic 

field model has no field gradient in 𝑧 direction. So, the 

magnetic effect has no sealing effect on the side flow. 

Effect of width to length ratio 𝛽 on the side flow is shown 

in Fig. 13. Increasing of 𝛽 causes decrease of the side flow. 

Increasing of the bearing width, results in decrease of the 

pressure gradient along the bearing width.  Infinitely wide 

bearing means 𝜕𝑝∗/𝜕𝑧∗ = 0  and nearly zero leakage was 

obtained, equation (36).  

The used magnetic field model is the field produced by 

a carrying-current wire displaced distance 𝑘 from the 

bearing surface, Fig. 2. Effect of the non-dimensional 

distance 𝑘∗ on the bearing performance is given in Fig. 14. 

Increasing the distance of the wire from the bearing surface 

causes decrease of the magnetic field intensity that reaches 

the bearing. The decrease of the magnetic effect results in 

decrease of the load-carrying capacity, increasing of the 

friction force and friction coefficient. At high values of 𝑘∗ 

(more than 1), the magnetic effect becomes insignificant 

and the change in the bearing performance is neglected. 

The presented results were obtained with 𝑘∗ = 0.25 

 
Fig 12.  Variation of 𝑄𝑧𝑜

∗  with respect  to ∝ and 𝛾,  𝛽=1 
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Fig 13.  Variation of 𝑄𝑧𝑜

∗  with respect  to 𝛽 and 𝛾,  ∝=1 

 

 
Fig 14.  Effect of the distance of the wire from the bearing 

surface 𝑘∗ on the load capacity 𝑊∗, friction force 𝐹∗ and friction 

coefficient 𝑓, ∝=1, 𝛽=1 and 𝛾=0.1 

  

 5 CONCLUSION 

The Slider bearing characteristics; namely, the 

load-carrying capacity, the friction force, the friction 

coefficient and the flow rates depend on the wedge 

parameter for both magnetic and non-magnetic lubricant. 

The optimum value of the wedge parameter that gives 

maximum load capacity is about 1.25.  

The width to length ratio plays an important role 

on the slider bearing performance even there are magnetic 

effects or not. Increasing the width to length ratio gives 

high load capacity, it increases 3 times for wide bearing 

compared with short bearing for non-magnetic bearing and 

increases 5 times for magnetic bearing. Also, it causes high 

frictional force but with low friction coefficient. The flow 

rate 𝑄𝑥 is increased while the side flow 𝑄𝑧 is highly 

decreased (It becomes ¼ for wide bearing compared to its 

value for short bearing). These effects are for aspect ratio 

up to 4. The wider bearing has non-significant effect. 

The magnetic force coefficient has improving 

significant effect on the performance of the slider bearing 

for all values of its geometrical parameters. Increasing the 

magnetic force coefficient leads to increase of the load-

carrying capacity (It increases nearly 3 times compared 

with non-magnetic bearing) with pressure center becomes 

nearer to the middle of the bearing, decrease of the friction 

force and decrease of the friction coefficient (it becomes 

nearly ¼ of its value for non-magnetic bearing). The used 

magnetic field model has some sealing effect for the flow 

in 𝑥 direction. As the magnetic coefficient, 𝛾 =
𝜇𝑜𝑋𝑚ℎ𝑚𝑐

2 ℎ𝑜
2

𝜇𝑈𝐿
, 

changes inversely with the velocity U and directly with the 

square film thickness ho, the ferrofluid lubricant is more 

suitable for low and moderate velocities and also at large 

film thickness. 
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