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ABSTRACT – Step slider bearings play a critical role in tribological applications, particularly 
within high-precision mechanical systems, where their operational efficiency is significantly 
influenced by the nature of the lubricant and its rheological response to external field 
variations. This theoretical investigation examines the behavior of a step slider bearing, taking 
into account the effects of couple stress and magnetic fluid as a lubricant. A sinusoidal model 
is employed to modulate the magnetic field's intensity, aiming to optimize bearing 
performance. The Reynolds equation governing the step slider bearing is adapted to 
incorporate the Neuringer and Rosensweig theory for magnetic fluid flow and the Stokes 
micro-continuum principle for couple stress effects. Through the solution of the modified 
Reynolds equation under appropriate boundary conditions, parameters such as pressure, load 
carrying capacity (LCC), center of pressure, and frictional force are quantified. Visual displays 
are used to present the study's results. The outcomes indicate a significant increase in load 
compared to systems without magnetic fluid. In addition, the increase in this couple stress and 
the parameters of magnetization will increase the load capacity and friction force. On the other 
hand, a decrease in the coefficient of friction is observed. The effect of magnetic fluid 
lubrication is found to increase the LCC by at least 28.48% with the inclusion of couple stress. 
In precision bearing systems used in aerospace, robotics, and micro-mechanical devices, 
enhanced load-carrying capacity and friction regulation can be achieved by utilizing ferrofluids 
subjected to well-tuned magnetic fields. 
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1. INTRODUCTION 

The difficulties related to slider bearings have been widely studied recently, as they are well-suited to the mathematical 

analysis of a simple problem. The slider bearing is a common type of bearing used in various machines, including engines, 

compressors, turbines, electric motors, and generators. These bearings are structural components used to provide 

transverse loads within an engineering arrangement. Ramanaiah and Sarkar [1] investigated the effects of couple stress 

and found that the coefficient of friction was lower than that of Newtonian fluids, the load-carrying capacity showed an 

increase, and the frictional force also increased. Magnetic fluid lubrication in porous step bearings was investigated by 

Shah and Patel [2], including the influence of random porosity and the strength of a variable magnetic field. Rao and 

Agrawal [3] explored the effects of surface roughness, demonstrating that LCC increases with morphological parameters 

in porous structures. Naduvinamani et al. [4] analyzed Rayleigh step slider bearings with Rabinowitch fluid, finding that 

dilatant fluids enhance the LCC, while pseudoplastic fluids exhibit the opposite trend. Similarly, Naduvinamani and 

Siddangouda [5] reported that couple-stress lubricants improve LCC and reduce friction compared to Newtonian cases. 

Andharia and Pandya [6] investigated the impacts of surface roughness, showing that LCC increases with standard 

deviation but decreases with aspect ratio and variance. Maiti [7] examined micropolar fluid lubrication, concluding that 

these fluids enhance load capacity, particularly in composite slider bearings. Deheri et al. [8] analyzed the performance 

of characteristics of a Shlimois model-based ferrofluid (FF) lubrication of a rough porous convex pad slider bearing, 

finding that the LCC decreased due to porosity. Hanumagowda et al. [9] discussed the effect of couple stress and magneto-

hydrodynamics (MHD) on a secant slider bearing. It was concluded that the bearing characteristics, both steady and 

dynamic, would show an increasing trend in their values when the magnetic field was applied to the bearing structure and 

when fluids with couple stress were used as lubricants. Nada [10] studied the performance of a finite hydrodynamic slider 

bearing lubricated by ferrofluid, finding that the magnetic effect of the ferro-lubricant has a significant improving impact 

on the overall static characteristics of the slider bearing. Anthony and Elamparithi [11]  examined the performance of the 

rough porous Rayleigh step slider bearing lubricated with couple stress fluids with the effect of magneto-hydrodynamics. 

It was observed that the workload and frictional force increase when compared with the plate without roughness, and 

decrease for the coefficient of friction.  
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With advancements in bearing technology, the incorporation of magnetic fluids, also known as ferrofluids, has opened 

new avenues for sealing, lubrication, cooling, and vibration reduction in mechanical systFerrofluidsluids, consisting of 

stable colloidal suspensions with dispersed ferromagnetic particles in a liquid base, exhibit distinctive responses to 

magnetic fields, enabling their application across various domains such as biomedical engineering and industrial 

operations. Recently, numerous theoretical investigations [12-15] have been conducted on the ferrofluid lubricated 

bearing design system due to its various advantages, including long life, silent operation, and reduced wear. Deheri and 

Patel  [16] investigated magnetic fluid-based squeeze films in porous parallel plate slider bearings, showing that 

negatively skewed roughness, particularly with negative variance, enhances performance when optimizing magnetization 

and aspect ratio. Patel and Deheri [17] further examined transversely rough porous bearings with slip velocity, finding 

that magnetic fluid lubrication significantly improves performance, with negatively skewed roughness boosting LCC. 

Shukla and Deheri [18] analyzed porous rough step bearings with slip velocity, concluding that while transverse roughness 

negatively affects performance, magnetization can partially offset these effects, especially when minimizing slip in cases 

of negatively skewed roughness. Shimpi and Deheri [19] analyzed the performance of a magnetic fluid-based squeeze 

film between infinitely long, porous, and rough rectangular plates. It was revealed that the adverse effects of standard 

deviation and porosity can be partially compensated for by the impactful effects of magnetization parameters in the case 

of negatively skewed roughness, through adjusting the aspect ratio. Shimpi and Deheri [20] investigated the magnetic 

fluid-based squeeze film behavior between a curved, rough, porous circular plate and a flat, rough, porous circular plate. 

It was observed that magnetic fluid lubrication enhances the performance of bearings with an optimum curvature and 

negative variance, providing intensity in the LCC as well. The combined effect of longitudinal surface roughness and 

deformation has been presented by Patel et al. [21] in the behavioral view of a ferrofluid-based squeeze film in conical 

plates, revealing that the use of magnetization can enhance performance. Still, the depth of deformation of the bearing 

should be carefully considered, as the strength of the magnetic field can provide one more control over the design. 

The notion of couple stress plays a central role in studying mechanical behavior, particularly in structures with 

complex geometries or with small features. Couple stress refers to the tensions within a substance due to microscopic 

instants or pairs, which influence its mechanical properties and habit of deformation. The framework offers an in-depth 

understanding of material responses, particularly in the context of analyzing microstructure, biological materials, and 

small-scale mechanical systems. Couple stress fluids are of paramount importance in improving the performance of slider 

bearings, especially in magnetic and slip conditions [22-26]. Lin et al. [27] studied the effect of non-Newtonian couple 

stresses on Rayleigh step slider bearings, stating that the impact on LCC, dynamic stiffness, and damping coefficients 

was improved. Naduvinamani and Angadi [28] have discovered that the LCC and dynamic properties can be enhanced 

by using surface roughness in couple-stress-lubricated Rayleigh step bearings. A double-layered porous Rayleigh step 

slider bearing, presented by Naduvinamani and Ganachari [29], demonstrated better efficiency in lubrication due to an 

increase in LCC and a minimization of friction. Naduvinamani et al. [30] and Naduvinamani and Siddangouda [31] 

analyzed the effect of surface unevenness and found that negatively skewed roughness had a positive impact, resulting in 

increased load and reduced friction. Due to the importance of Magnetic fields in engineering, Barik et al. [32] have shown 

that a sinusoidal magnetic field augments load capacity by 38.3 percent. According to Patel and Deheri [33], 

magnetization enhances thin-film lubrication in slider bearings with rough and porous surfaces. Patel et al. [34] have 

described how the optimization of the step size enhances the load-bearing capability in magnetic fluid-lubricated porous 

step bearings.  

Slider bearings play a significant role in reducing friction and loading activities in machinery; hence, optimizing the 

performance of the bearings is crucial in various types of mechanical and industrial applications. Conventional lubrication 

systems often encounter challenges in achieving high load capacity and low friction. Recent improvements have made it 

possible to incorporate ferrofluids and consider the couple stress effect to counteract these shortcomings. Ferrofluids, 

with their peculiar properties —i.e., responsiveness to magnetic fields —have been observed to enhance the performance 

of bearings. Additionally, the concept of couple stress is believed to aid in mitigating internal stresses within the material, 

particularly in materials with microstructures. Earlier studies have demonstrated that the application of magnetic fluids 

may improve bearing performance. Nonetheless, a thorough examination is required to combine the magnetic fluid 

lubrication effects with couple stress. Through this integration, it may be possible to bring considerable changes to LCC 

and reduce frictional forces, consequently increasing efficacies and extending the life of the machinery systems. 

    The present work was a necessary study because very few publications exist in the literature on magnetic fluid 

lubrication in the presence of couple stress. Therefore, considering this background, the current work examines the 

movement of a step slider bearing taking into account the magnitude of ferrofluid and couple stress lubrication. The 

sinusoidal model of the magnetic field and the adoption of the Reynolds equation by the theory of Neuringer-Rosensweig 

(NR) to describe magnetic fluid flow, along with the Stokes micro-continuum model that describes couple stress, can be 

used to model the effect of these factors on bearing performance in great detail, as current research suggests. The study 

will focus on the most crucial performance parameters, including pressure distribution, load-carrying capacity, center of 

pressure, and frictional force. The results should provide useful information and design rules to develop and optimize 

high-performance bearing systems, and will ultimately lead to the realization of more efficient mechanical components. 
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2. MATERIALS AND METHODS 

2.1  Mathematical Formulation  

Various theories have been developed to elucidate the anomalous behaviour of fluids with substructure, such as 

polymeric fluids [35, 36]. The micro-continuum theory extends classical fluid dynamics to include polar phenomena, 

accounting for couple stress, body couples, and asymmetric stress tensors as proposed by Stokes [37-39]. In this study, 

we employ an analytical method to solve the mathematical equations governing pressure, load-carrying capacity, center 

of pressure, and frictional force, thereby observing the performance of step slider bearings. The fundamental equations 

governing the motion of fluids with couple stress, expressed in Cartesian tensor notation, are as follows: 

�̇� + 𝜌𝑣𝑘,𝑘 = 0 (1) 
  

𝜌𝑣�̇� = 𝜌𝑏𝑖 + 𝑇𝑗𝑖,𝑗  (2) 
  

𝜌𝑔𝑖 + 𝑒𝑖𝑗𝑘𝑇𝑗𝑘 + 𝑀𝑗𝑖,𝑗 = 0 (3) 

The superscript dot indicates a material time derivative, and a subscript followed by a comma indicates partial 

differentiation. 

The constitutive equations governing the stress tensor and the couple stress tensor are provided as follows: 

𝑇𝑖𝑗 = (−𝑝 + 𝜆𝑣𝑘,𝑘)𝛿𝑖𝑗 + 𝜇(𝑣𝑖,𝑗 + 𝑣𝑗,𝑖) −
𝜌

2
𝑒𝑖𝑗𝑘𝑔𝑘 + 𝜂∇2(𝑣𝑖,𝑗 − 𝑣𝑗,𝑖) (4) 

  

𝑀𝑖𝑗 = 2𝜂𝑒𝑗𝛼𝛽𝑣𝛽,𝛼𝑖 + 2𝜂′𝑒𝑖𝛼𝛽𝑣𝛽,𝛼𝑗 (5) 

Substituting 𝑇𝑖𝑗  and 𝑀𝑖𝑗  from Eqs. (4) and (5) into Eq. (3) is true for all values of the variable involved. Eq. (2) yields the 

field equation for velocity: 

𝜌𝑣𝑖 ̇ =  −𝑝,𝑖 + (𝜆 + 𝜇 + 𝜂∇2)𝑣𝑘,𝑘𝑖 + (𝜇 − 𝜂∇2)𝑣𝑖,𝑗𝑗 + 𝜌𝑏𝑖 +
1

2
𝑒𝑖𝑗𝑘(𝜌𝑔𝑘),𝑗 (6) 

Building on the foundational work by Ramanaiah and Sarkar [1], this study focuses on evaluating the performance of 

slider bearings lubricated by magnetic fluids exhibiting couple stress properties. The geometry of the two-dimensional 

slider bearings, depicted in Figure 1, comprises two closely spaced rigid surfaces undergoing relative motion. The 

lubricant filling the gap is modelled as an incompressible fluid with couple stress, assuming no body forces and body 

couples. Figure 2 shows the configuration of the step slider bearing.  

 

Figure 1. The geometry of the slider bearing 

 

 

Figure 2. Configuration of the Step slider bearing 

B 
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Under these conditions, and with the velocity vector (𝑢, 𝑣, 0), the fundamental Eqs. (1) and (6) simplify to:  

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0 (7) 

  

𝜇
𝜕2𝑢

𝜕𝑦2
−  𝜂

𝜕4𝑢

𝜕𝑦4
=  

𝑑𝑝

𝑑𝑥
 (8) 

The relevant components of the stress tensor and the couple stress tensor are derived as: 

𝑇21 =  𝜇
𝜕𝑢

𝜕𝑦
− 𝜂

𝜕3𝑢

𝜕𝑦3
 (9) 

  

𝑀23 = −2𝜂
𝜕2𝑢

𝜕𝑦2
 (10) 

2.2  Boundary Conditions   

Boundary conditions for Eqs. (7) and (8) include standard no-slip conditions and no-couple stress conditions, 

respectively: 

𝑢(𝑦 = 0) = 𝑢0; 𝑢(𝑦 = ℎ) = 0 (11) 

  

𝜕2𝑢

𝜕𝑦2
(𝑦 = 0 ) = 0; 

𝜕2𝑢

𝜕𝑦2
(𝑦 = ℎ) = 0 (12) 

Solving Eq. (8) with these boundary conditions, the velocity profile, 𝑢 is determined as (shown in the Appendix): 

𝑢 =  
1

2𝜇

𝑑𝑝

𝑑𝑥
(𝑦2 − ℎ𝑦 + 2𝑙2 [1 −  

cosh {(2𝑦 − ℎ)/2𝑙}

cosh (ℎ/2𝑙)
]) + 𝑢0(1 −

𝑦

ℎ
) (13) 

where, 𝑙 = (𝜂/𝜇)1/2.    

The volume flow rate 𝑞 is determined as :   

𝑞 =  ∫ 𝑢 𝑑𝑦 
ℎ

0

=
𝑢0ℎ

2
−

1

12𝜇
 
𝑑𝑝

𝑑𝑥
 

1

𝑠(𝑙, ℎ)
 (14) 

where 𝑠(𝑙, ℎ) = {ℎ3 − 12𝑙2ℎ + 24𝑙3𝑡𝑎𝑛ℎ (
ℎ

2𝑙
)}

−1

 

Integrating Eq. (7) across the fluid film with Eq. (14) and boundary conditions: 

𝑣(𝑦 = 0 ) = 0;  𝑣( 𝑦 = ℎ) = 0 (15) 

One can obtain the Reynolds equation for the bearings as: 

𝑑

𝑑𝑥
{

1

𝑠(𝑙, ℎ)

𝑑𝑝

𝑑𝑥
} =  6𝜇𝑢0

𝑑ℎ

𝑑𝑥
 (16) 

Combining Eqs. (9) and (13) provide, 

𝑇21 = (𝑦 −
ℎ

2
)

𝑑𝑝

𝑑𝑥
− 

𝜇𝑢0

ℎ
 (17) 

The friction force on the bearing surface (𝑦 = 0)  is expressed as: 

𝑓 =  − ∫ 𝑇21𝑑𝑥
𝑏

0

=  ∫ (
ℎ

2

𝑑𝑝

𝑑𝑥
+  

𝜇𝑢0

ℎ
) 𝑑𝑥

𝑏

0

 (18) 

Step bearings have garnered significant attention in tribology due to their superior LCC compared to other bearing 

geometries. This study extends the theoretical framework proposed by Ramanaiah and Sarkar [1] and Cameron [40]  to 

investigate step bearings, modeling the non-dimensional film thickness, 𝐻(𝑋), as defined by: 

𝐻 (
𝑥

𝐵
) = 𝐻 =  

ℎ

ℎ0

= {
𝐴 > 1;  when 0 <

𝑥

𝐵
< 1

1;     when 1 <
𝑥

𝐵
<

1

𝐵

 (19) 

A simplified steady flow model for ferrofluid subjected to sinusoidally varying external magnetic fields, as proposed by 

Neuringer and Rosensweig [41], is employed. The model's equations contain: 

𝜌(�̅�𝛻)�̅� = −𝛻𝑝 + 𝜇𝛻2�̅� + 𝜇0(�̅�𝛻)𝐻 (20) 
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𝛻�̅� = 0 (21) 
  

𝛻 × 𝐻 = 0 (22) 
  

�̅� = �̅�𝐻 (23) 
  

𝛻(𝐻 + �̅�) = 0 (24) 

Utilizing Eqs. (21) - (24), Eq. (20) transforms to: 

𝜌(�̅�𝛻)�̅� = −𝛻 (𝑝 −
𝜇0�̅�

2
𝑀2) + 𝜇𝛻2�̅�. (25) 

The lubricant within the step slider bearing is treated as an isoviscous and incompressible fluid, exhibiting laminar flow 

characteristics. To model the film pressure in such a system, we use a modified Reynolds-type equation, which accounts 

for the effects of a magnetic field discussed in Prajapati [42] and Bhat [43]: 

𝑑

𝑑𝑥
{

1

𝑠(𝑙, ℎ)

𝑑

𝑑𝑥
(p −

𝜇0�̅�

2
M2)} =  6𝜇𝑢0

𝑑ℎ

𝑑𝑥
 (26) 

where 𝑀2  = 𝑘𝑠𝑖𝑛 ((
𝑥

𝐵
) − (

𝑥

𝐵
)

2

), where, 𝑘 is a constant adjusted for dimensional consistency.  

2.3  Non-Dimensionlization 

Dimensionless quantities are introduced: 

𝑋 =  
𝑥

𝐵
;  𝐿 =  

2𝑙

ℎ0

;  𝑄 =  
2𝑞

𝑢0ℎ0

;  𝑃 =  
𝑝ℎ0

2

6𝜇𝑢0𝐵
;  𝐹 =  

𝑓ℎ0

6𝜇𝑢0𝐵
; 𝜇∗ =

𝜇0�̅�𝑘𝐵ℎ0
2

6𝜇𝑢0

 (27) 

  

𝑆(𝐿, 𝐻) = [𝐻3 − 3𝐿2𝐻 + 3𝐿3𝑡𝑎𝑛ℎ (
𝐻

𝐿
)]

−1

 
(28) 

where, ℎ0 is the minimum film thickness.  

The boundary conditions for the dimensionless pressure distribution within the lubrication film are: 

P(𝑋 = 0) = 0; P(𝑋 = 1) = 0  (29) 

with the help of Eqs. (27) - (28) and the boundary conditions Eq. (29), the dimensionless pressure, 𝑃, load capacity, 𝑊, 

the center of pressure, �̅�  and dimensionless frictional force, 𝐹 are found as: 

𝑃 =
𝜇∗𝑠𝑖𝑛(𝑋 − 𝑋2)

2
+ ∫ [(𝐻 − 𝑄)𝑆(𝐿, 𝐻)]𝑑𝑋

𝑋

0

 (30) 

where,  

𝑄 =  
∫ 𝐻𝑆(𝐿, 𝐻)𝑑𝑋

1

0

∫ 𝑆(𝐿, 𝐻)𝑑𝑋
1

0

 (31) 

  

𝑊 =  ∫ 𝑃𝑑𝑋
1

0

=
𝜇∗

2
× 0.165479 + ∫ [𝑋(𝑄 − 𝐻)𝑆(𝐿, 𝐻)]𝑑𝑋

1

0

 
(32) 

  

�̅� =  
1

𝑊
∫ 𝑋𝑃𝑑𝑋

1

0

=
𝜇∗

2𝑊
× 0.0827396 +

1

2𝑊
∫ [𝑋2(𝑄 − 𝐻)𝑆(𝐿, 𝐻)]𝑑𝑋

1

0

 
(33) 

and,  

𝐹 =  
1

6
∫ [3𝐻(𝐻 − 𝑄)𝑆(𝐿, 𝐻) +

1

𝐻
] 𝑑𝑋

1

0

 (34) 

The basic characteristics of the slider bearing, 𝑊, �̅� , 𝐹 and 𝐶 are obtained by evaluating the integrals Eqs. (32)-(34) 

provided the function, 𝐻(𝑋) is given by   

 𝑊 =
𝜇∗

2
 × 0.165479 +

1

2
𝐵(1 − 𝐵)(𝐴 − 1) 

× [𝐵 {1 − 3𝐿3 (
1

𝐿
− tanh

1

𝐿
)} + (1 − 𝐵) {𝐴3 − 3𝐿3 (

𝐴

𝐿
− tanh

𝐴

𝐿
)}]

−1

 

(35) 

  

�̅� =  
1 + 𝐵

3
+

𝜇∗

2𝑊
(0.0827396 −

0.165479

3
(1 + 𝐵)) 

(36) 
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𝐹 = (𝐴 − 1) (𝑊 −
𝜇∗

2
× 0.165479) +

1

6
(
𝐵

𝐴
+ 1 − 𝐵) 

(37) 

  

𝐶 =
𝐹

𝑊
 

(38) 

where, pressure, 𝑃 denotes the hydrodynamic force generated within the lubricant film, affecting the bearing's capacity 

to support loads. The LCC (𝑊) represents the total force the bearing can endure due to the pressure distribution in the 

lubricant. The frictional coefficient, 𝐶 indicates the resistance to motion between bearing surfaces, with a lower value 

signifying improved lubrication and efficiency. 

3. RESULTS AND DISCUSSION 

Step slider bearings, utilized in precision machinery, enhance load capacity, reduce friction, and improve stability in 

high-performance applications.The combined impact of couple stress and ferrofluid as lubricant on the step slider 

bearing's performance is analysed in this comparative study. The length of the coupling stress molecules is a characteristic 

of the additives in non-Newtonian lubricants. By setting 𝑙 → 0 with 𝜇∗ → 0, the current study transitions to the 

dimensionless form of the Reynolds equation for a conventional fluid-based step bearing system. When varying 𝑙 with 

𝜇∗ = 0, this study aligns with the findings of Ramanaiah and Sarkar [1], discussing a step bearing system without 

magnetization effects. The current work expands that discussion to remarkable effect in the bearing performance by taking 

into account change of both 𝑙 and 𝜇∗. Specifically, the load-carrying capacity increases by: 

0.165479𝜇∗

2
 (39) 

while the frictional force increases  by: 
0.165479(𝐴 − 1)𝜇∗

2
 (40) 

due to the presence of couple stress and ferrofluid. These effects are not observed in the studies by Ramanaiah and Sarkar 

[1] or in conventional fluid-based bearing systems. The theoretical message from Eq. (35) is that 𝑊 increases with 

increasing 𝜇∗ because the expression involved in Eq. (35) is mathematically linear with respect to 𝜇∗. 

The step height ratio, 𝐴, defines the proportion of the step height to the overall bearing film thickness, which impacts 

pressure distribution and load-bearing efficiency. The magnetic fluid parameter, 𝜇∗ measures the effect of an external 

magnetic field on ferrofluid lubricants, enhancing LCC and minimizing wear. The couple stress parameter, 𝐿 accounts 

for microstructural effects in lubricants, contributing to increased load support, lower friction, and improved lubrication 

film stability. The graphical analysis of parameters, such as magnetic fluid, couple stress aspect ratio effect on LCC, 

friction coefficient, and center of pressure, is presented. Figures 3 to 6 illustrate the LCC and frictional coefficient 

concerning various values of couple stress and magnetic fluid parameters. 

 

Figure 3. 𝑊 versus 𝜇∗ and 𝐿 for the step height ratio (𝐴 = 2) 

Figures 3 and 4 depict the variation of LCC (𝑊), as a function of ferrofluid parameter, 𝜇∗ for different values of the 

couple stress parameter, 𝐿. The results indicate that 𝑊 follows distinct trends in bearings lubricated with Newtonian fluids 

and those incorporating increased 𝑊 due to couple stress and ferrofluid lubrication. Notably, for aspect step height ratios 

𝐴 = 2 and 𝐴 = 3, the presence of couple stress and magnetic fluid parameters enhances LCC. Additionally, the load-

carrying capacity is higher for 𝐴 = 2 compared to 𝐴 = 3. It is observed that the LCC decreases as the step height ratio 
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increases. The effect of couple stress is to say the least, nominal for lower values of 𝐿(0 < 𝐿 < 2) which becomes more 

manifest when the step height ratio decreses. The effect of 𝜇∗ On LCC, the effect is more pronounced as the step height 

ratio decreases. 

 

Figure 4. 𝑊 versus 𝜇∗ and 𝐿 for the step height ratio (𝐴 = 3) 

 

Figure 5. 𝐶 versus 𝜇∗ and 𝐿 for the step height ratio (𝐴 = 2) 

 

Figure 6. 𝐶 versus 𝜇∗ and 𝐿 for the step height ratio (𝐴 = 3) 

Figures 5 and 6 present the variation of the frictional coefficient, 𝐶, with respect to 𝜇∗ for the influence of 𝐿 and 

follows distinct trends in Newtonian and ferrofluid-lubricated bearings. The results indicate that for  𝐴 = 2 and 𝐴 = 3, 
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the presence of couple stress and magnetic fluid parameters leads to a reduction in 𝐶. Furthermore, the frictional 

coefficient is lower when compared to 𝐴 = 2 compared to 𝐴 = 3. One can very well see that 𝐶 increses with increasing 

step height ratio. The couple stress effect is not significant for lower values, but it becomes more visible as the step height 

ratio decreases. The impact of 𝜇∗ On 𝐶, 𝑖𝑡 gets increased with an increasing step height ratio. 

Figure 7 illustrates the LCC concerning the step height ratio 𝐴 under different conditions: (i) 𝐿 = 0, 𝜇∗ = 0 

representing the conventional fluid-based step bearing; (ii) 𝐿 = 0.1, 𝜇∗ = 0 indicating the presence of only a couple stress; 

(iii) 𝐿 = 0 , 𝜇∗ = 0.1 representing solely magnetic fluid; and (iv) 𝐿 = 0.1, 𝜇∗ = 0.1 denoting the combined effect of 

couple stress and magnetic fluid. Upon meticulous examination of Figure 7, it becomes apparent that 𝑊 exhibits similar 

trends across all cases. However, cases (iii) and (iv) notably augment the load-carrying capacity of the step-bearing 

system. Moreover, minimal deviation in 𝑊 is observed for higher values of 𝐴 across all scenarios, although Case (iv) 

demonstrates a higher load due to the concurrent presence of couple stress and ferrofluid. Accordingly, the LCC 

experiences an increase with the augmentation of couple stress and magnetic fluid parameters compared to scenarios 

without magnetic fluid and couple stress. Considerable load reduction is caused when 𝐴 moves up. However, the situation 

remains better due to the combined effect of 𝜇∗ and 𝐿.  

 

Figure 7. 𝑊 and step height ratio for different 𝐿 and 𝜇∗ 

4. CONCLUSIONS 

Based on the investigation into the impact of a sinusoidal magnitude of magnetic field on a step slider bearing with 

couple stress and ferrofluid lubrication, the following scientific conclusions are drawn. A sinusoidal magnitude of 

magnetic field induces an increase in the LCC by a factor (1 − 𝑠𝑖𝑛 (1))
𝜇∗

2
, while for a magnetic field whose magnitude 

is determined by a linear expression, it is 
𝜇∗

2
. Here, the LCC is reduced but remains closer to the linear case. The load-

carrying capacity demonstrates an increase corresponding to the augmentation of the couple stress parameters across 

various magnetic field parameters. The positive effect of 𝜇∗ is relatively more as compared to the impact of 𝐿. An increase 

in the step height ratio contributes to the performance of the bearing system. Throughout the study, the friction force 

maintains consistency with the rising couple stress parameter. The friction coefficient exhibits a decline with the 

augmentation of a couple stress parameters. In comparison to systems devoid of magnetic fluid, our findings indicate an 

enhancement in load-carrying capacity. Additionally, the load capacity increases, and the frictional coefficient decreases 

as the couple's stress and magnetization parameters increase. A future direction of research could be analyzing the impact 

of couple stress and magnetic fluid on the performance of a step-porous, rough slider bearing. Even if the flow is absent, 

a significant amount of load is supported by the bearing system which is unlikely in the case of traditional lubrication. If 

properly designed, this piece of work could be employable in the industry. These conclusions contribute to a deeper 

understanding of the intricate interplay between magnetic fields, couple stress, and lubrication in slider-bearing systems, 

offering insights into optimizing their performance in various engineering applications. 
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NOMENCLATURE 

𝑣𝑖 Velocity vector �̅� Magnetic susceptibility of the ferrofluid 

𝑏𝑖 Body force per unit mass 𝜇0 Free Space Permeability  

𝑏 Width of the bearing ℎ Film Thickness 

𝑔𝑖  Body couple per unit mass ℎ0 Dimensionless Pressure  

𝑇𝑖𝑗  Stress Tensor 𝑊 Dimensionless load-carrying capacity  

𝑀𝑖𝑗  Couple stress Tensor �̅� Dimensionless centre of pressure  

𝑝 Pressure 𝐹 Dimensionless frictional force 

𝜆, 𝜇 Classical viscosity coefficient 𝐴 Step height ratio 

𝜂, 𝜂′ New material constants specific to the fluid 𝐵 Step riser location 

𝑞 Volume flow rate 𝐶 Frictional coefficient 

𝑙 Couple stress parameter 𝜌 Density  

𝑓 Friction force 𝛿𝑖,𝑗 Kronekar Delta  

�̅� Fluid velocity 𝑒𝑖𝑗𝑘 Permutation tensor 

𝐻 External magnetic field   

       

APPENDICES 

Eq. (8) can be solved using:  

𝜇
𝜕2𝑢

𝜕𝑦2
−  𝜂

𝜕4𝑢

𝜕𝑦4
=  

𝑑𝑝

𝑑𝑥
 

(A.1) 

where,  

𝑢 =  𝐴0 + 𝐴1𝑦 +
1

2𝜇

𝑑𝑝

𝑑𝑥
𝑦2 + 𝐵1 cos ℎ (

𝑦

𝑙
) + 𝐵2 sin ℎ (

𝑦

𝑙
) (A.2) 

 

Using boundary conditions, 

𝑢(𝑦 = 0) = 𝑢0; 𝑢(𝑦 = ℎ) = 0 (A.3) 
  

𝜕2𝑢

𝜕𝑦2
(𝑦 = 0 ) = 0; 

𝜕2𝑢

𝜕𝑦2
(𝑦 = ℎ) = 0 

(A.4) 

From Eq. (A.2), one can find 𝐴0, 𝐴1, 𝐵1 and 𝐵2 as follows:  

𝐴0 =  𝑢0 +
𝑙2

𝜇

𝑑𝑝

𝑑𝑥
 

𝐴1 =
1

ℎ
[−𝑢0 −

ℎ2

2𝜇

𝑑𝑝

𝑑𝑥
] 

𝐵1 = −
𝑙2

𝜇

𝑑𝑝

𝑑𝑥
 

𝐵2 =
𝑙2

𝜇

𝑑𝑝

𝑑𝑥
[
−1 + cos ℎ (

ℎ
𝑙

)

sin ℎ (
ℎ
𝑙

)
] 

(A.5) 

Substituting all the above values in Eq. (A.2), Eq. (A.6) is obtained:  

𝑢 =  
1

2𝜇

𝑑𝑝

𝑑𝑥
(𝑦2 − ℎ𝑦 + 2𝑙2 [1 −  
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𝑦

ℎ
) (A.6) 

 


