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This study presents an analysis of the effects exerted by a ferro-couple stress fluid on 

the dynamics of squeeze films formed between an infinitely long rectangular plate under 

the influence of an applied magnetic field. Squeeze films, which are thin fluid layers 

established between closely juxtaposed surfaces, find extensive applications in 

engineering and microfluidics. The Shliomis ferrohydrodynamic model, coupled with 

the couple stress fluid model, is employed to investigate these effects. The research 

specifically focuses on three pivotal parameters: volume concentration, couple stress, 

and the Langevin parameter. These factors are instrumental in shaping various 

characteristics of the squeeze film, such as pressure, workload, and response time. It 

was observed that the presence of a ferro-couple stress fluid in an applied magnetic field 

enhanced the performance metrics of the squeeze film, including pressure, workload, 

and response time. This observation suggests promising avenues for advancements in 

engineering and lubrication systems, where optimizing the behavior of squeeze films is 

of paramount importance for efficient functionality. 
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1. INTRODUCTION

Squeeze film technology, characterized by its broad 

applicability across industries, notably power plants utilizing 

turbomachines, disc clutches, and rotating devices, is 

underscored in this study. The unique traits of squeeze films 

between infinitely extended rectangular plates hold significant 

relevance in numerous engineering and industrial scenarios, 

particularly where relative motion between closely juxtaposed 

surfaces is integral to machine design and operation. 

The field of magnetohydrodynamics (MHD), probing the 

interplay between conducting fluids and electromagnetic 

phenomena, is of particular fascination. It illuminates the 

influence of magnetic fields on tribological properties, 

especially in bearings utilizing conducting fluids. Distinctive 

features such as high thermal and electrical conductivity set 

these bearings apart from their conventional counterparts, 

making MHD an enlightening lens through which to 

investigate the intriguing relationship between fluid dynamics 

and electromagnetism. Fatima and Said [1] analyzed the 

application of MHD. They concluded that the magnetic and 

electrical fields exert a strong influence on blood velocity in 

the MHD micropump. 

Couple-stress fluid, serving as a non-Newtonian lubricant, 

has been demonstrated to enhance the lubrication 

characteristics of bearings, particularly due to its length-

dependent nature, an aspect unaddressed by classical non-

polar theories. A surge in theoretical and experimental studies 

aiming at augmenting the effectiveness of bearing design 

systems, materials, and lubricants has been observed in recent 

years. A study conducted by Ramanaiah [2] concluded that 

couple stress indeed boosts the response time of squeeze film 

behavior between finite plates. 

The advent of ferrofluids, magnetic fluids comprising small 

magnetic particles suspended in a carrier fluid like oil or water, 

marks a notable progression in lubricant technology. The 

alignment of magnetic particles along field lines under an 

applied magnetic field results in complex rheological behavior. 

In squeeze film applications, the formation of chain-like 

structures by the magnetic particles in the direction of the 

pressure gradient enhances stress transmission compared to 

conventional fluids, leading to improved damping, lubrication, 

and sealing properties [3, 4]. The distinctive properties of 

ferrofluids, including high magnetization and low viscosity, 

render them suitable for diverse engineering systems. Their 

use in squeeze film applications promises performance 

enhancement and wear reduction in such systems. 

Recent studies have focused on ferro-couple stress fluid, 

which differs from ferrofluids in terms of rheological behavior. 

While ferrofluids exhibit complex behavior due to the 

alignment of magnetic particles under the influence of a 

magnetic field, ferro-couple stress fluids display non-

Newtonian behavior caused by the alignment of magnetic 

particles along field lines. To optimize technology and tackle 

associated challenges, researchers have ventured into 

exploring ferrofluids with magnetic field-based couple stress 

properties. Research conducted by Daliri and Javani [5] along 

with the work of Toloian et al. [6, 7] demonstrated that the use 
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of a couple stress ferrofluid lubricant, coupled with a magnetic 

field, improves the performance of the squeeze film. 

Furthermore, analysis by Lin et al. [8] involving ferro-couple 

stress fluid in circular disk geometry revealed that the non-

Newtonian lubricant enhances workload and extends squeeze 

film time. These findings herald promising implications for the 

design of advanced lubrication systems leveraging these 

principles.  

Daliri [9] carried out an investigation on the geometry of a 

lubrication film between parallel circular discs with rough 

surfaces, taking into consideration the impact of rotational 

inertia, and utilizing ferrofluid couple stress as the lubricant. 

The study revealed enhanced properties of the squeeze film 

when employing ferro-couple stress fluids. However, as 

rotational inertia escalates, a decrease in the squeeze film's 

performance was observed. Infinitely extended rectangular 

plates find utility as fins in heat transfer applications, where 

their primary function is to augment heat transfer between a 

fluid and a solid surface by increasing the available surface 

area for heat transfer. These fins find extensive application 

across a spectrum of engineering fields, including heat 

exchangers, cooling systems for electronics, and HVAC 

systems. Recently, K. Panduranga and Koley [10] published a 

study focusing on rectangular porous structures subjected to 

different wave conditions. 

Further, Daliri et al. [11] explored the properties of a 

squeezed film on parallel rectangular plates using an 

incompressible couple stress fluid in the presence of a 

magnetic field. The findings suggested that MHD couple stress 

fluids demonstrate superior efficacy in steady load conditions 

as opposed to transient load conditions. The influence of 

electrically conducting fluid on the squeeze film between 

finite rectangular plates was analyzed by Lin [12], concluding 

that the MHD effect enhances the workload and time of 

approach in comparison to non-MHD cases. Sangeetha and 

Kesavan [13] delved into the surface roughness in the presence 

of MHD between infinitely extended rectangular plates. Their 

study concluded that magnetic effects result in an enhanced 

squeeze film performance compared to the Newtonian case. 

Rao and Rahul [14] studied the geometry of wide porous 

rectangular plates using Rabinowitsch fluid. Their results 

indicated that variations in viscosity of non-Newtonian fluids, 

as well as the presence of porosity, contribute to decreased 

workload and time of approach, respectively. Kesavan et al. 

[15] analyzed finite porous rectangular plates lubricated with 

magnetic fluid, with findings indicating a significant increase 

in the workload performance of skewed surfaces for both 

positive and negative values. 

While past researchers have scrutinized the impact of ferro-

couple stress fluid with varying plate shapes such as elliptical 

and triangular, no such analysis for infinitely long rectangular 

plates has been conducted. Thus, the present study aims to 

explore the impact of squeezing of ferro-couple stress fluid 

between infinitely long rectangular plates under the influence 

of a uniform magnetic field. Compared to other geometries 

like elliptical and triangular plates, the infinitely long 

rectangular plates find more frequent application in 

engineering works, thereby reinforcing the significance of the 

present research. The impact of ferro-couple stress lubricant is 

analyzed for its parameters such as the volumetric 

concentration of the suspended magnetic particles in the 

lubricant (ϕ), the Langevin parameter (ξ), and the couple stress 

parameter (l⋆). The latter is influenced by the size of the fluid 

molecules, which are added to a non-polar lubricant to render 

it a polar additive, thus making it non-Newtonian in nature. 

 

 

2. MATHEMATICAL FORMULATION 

 

Figure 1 illustrates the geometry of infinitely long 

rectangular plates that are lubricated using ferro-couple stress 

fluid, with the external magnetic field’s presence.  

 

 
 

Figure 1. Geometry of the plates 

 

The two plates move towards each other at a relative 

velocity of 
𝑑𝐻

𝑑𝑡
, with the upper plate moving downwards. Given 

the geometry and dimensions of the system, it is appropriate 

to apply the principles of thin-film lubrication theory. The 

hydrodynamic models for ferro and couple stress fluid as 

proposed by Shliomis [16, 17] and Stokes [18] are considered 

together to model the current study. In order to derive the 

velocity’s in x and z directions components, respectively, the 

continuity and momentum equations can be expressed as 

follows: These equations model the flow of the fluid particle 

between the chosen surface. 

 

𝜂
𝜕2𝑢

𝜕𝑦2 − 𝜂𝑐
𝜕4𝑢

𝜕𝑦4 + 𝜂𝛾
𝜕2𝑢

𝜕𝑦2 −
𝜕𝑝

𝜕𝑥
= 0  (1) 

 

𝜂
𝜕2𝑤

𝜕𝑦2 − 𝜂𝑐
𝜕4𝑤

𝜕𝑦4 + 𝜂𝛾
𝜕2𝑤

𝜕𝑦2 −
𝜕𝑝

𝜕𝑧
= 0  (2) 

 
𝜕𝑝

𝜕𝑦
= 0  (3) 

 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0  (4) 

 

where, 𝛾 =
3

2
𝜙

𝜉−𝑡𝑎𝑛ℎ𝜉

𝜉+𝑡𝑎𝑛ℎ𝜉
. 

Here, the rotational viscosity is denoted by γ, the suspension 

viscosity is represented by η, and ηc is a constant associated 

with the property of the couple stress fluid. The suspension 

viscosity can be estimated as follows: η=η0 (1+2.5ϕ). 

Boundary conditions at the lower surface y=0. 

 

𝑢 = 𝑣 = 𝑤 = 0,
𝜕2𝑢

𝜕𝑦2 =
𝜕2𝑣

𝜕𝑦2 = 0  (5) 

 

and at the upper surface y=H. 

 

𝑢 = 𝑤 = 0, 𝑣 =
𝑑ℎ

𝑑𝑡
,

𝜕2𝑢

𝜕𝑦2 =
𝜕2𝑣

𝜕𝑦2 = 0  (6) 
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With the boundary conditions given in Eqs. (5) and (6), Eqs. 

(1) and (2) will result in the velocity profile of u and w as 

follows: 

 

𝑢 =
1

2𝜂0𝑅2

𝜕𝑝

𝜕𝑥
{(𝑦2 − 𝐻𝑦) +

2𝑙�̅�
2

𝑅2 [1 −

𝑐𝑜𝑠ℎ(((2𝑦−𝐻)𝑅)/2𝑙�̅�)

𝑐𝑜𝑠ℎ((𝐻𝑅)/2𝑙�̅�)
]}  

(7) 

 

𝑤 =
1

2𝜂0𝑅2

𝜕𝑝

𝜕𝑧
{(𝑦2 − 𝐻𝑦) +

2𝑙�̅�
2

𝑅2 [1 −

𝑐𝑜𝑠ℎ(((2𝐻−ℎ)𝑅)/2𝑙�̅�)

𝑐𝑜𝑠ℎ((𝐻𝑅)/2𝑙�̅�)
]}  

(8) 

 

where, 𝑅 = √(1 + 𝛾)(1 + 2.5𝜙). 

In a dynamic system the length scale plays a vital role. Since 

the characteristic length is the maximum value, the quantity 

can possess. For the case of the characteristic length of the 

couple stress fluid (𝑙�̅�)  the ratio of the complexity of the 

couple stress fluid additives to that of the compactness as 𝑙�̅� =
𝜂𝑐

𝜂0
, where, ηc is the couple stress fluid index, η0 is the viscosity 

of main liquid. 

The modified Reynolds equation is obtained by integrating 

the continuity equation across the thickness of the lubricant 

film: 

 
𝜕2𝑝

𝜕𝑥2 +
𝜕2𝑝

𝜕𝑧2 =
−2𝜂0𝑅2(𝑑𝐻/𝑑𝑡)

𝑔(𝜙,𝐻,𝛾,𝑙�̅�)
  (9) 

 

where, 

𝑔(𝜙, 𝐻, 𝛾, 𝑙�̅�) = − (
𝐻3

6
) + (

2𝑙�̅�
2

𝑅2 ) [𝐻 − (
2𝑙�̅�

𝑅
) 𝑡𝑎𝑛ℎ (

𝑅𝐻

2𝑙�̅�
)]. 

To derive the non-dimensional film pressure, the pressure 

equation can be solved by imposing the conditions p=0 and 

𝑧 = ±𝑎. The non-dimensional modified lubrication equation 

is then integrated with respect to z, taking into account the 

pressure boundary conditions 𝑝(±1) = 0 and 
𝑑𝑝

𝑑𝑧
= 0 at 𝑧 = 0. 

This approach yields a solution for the non-dimensional film 

pressure, which satisfies the pressure boundary condition at 

𝑝(±1) = 0. 

Integrating the Eq. (9) twice with respect to z. 

 

𝑃 = −
2𝜂𝑅2(

𝑑𝐻

𝑑𝑡
)

𝑔⋆(𝑙⋆,𝛾,𝜙,𝐻⋆)
(𝑧2/2) + 𝑐1𝑥 + 𝑐2  

 

Using the pressure boundary conditions to obtain the two 

constants as given by: 

 

𝑐1 = 0, 𝑐2 =
𝜂𝑅2(

𝑑𝐻

𝑑𝑡
)

𝑔⋆(𝑙⋆,𝛾,𝜙,𝐻⋆)
  

 

Solving the above expressions, pressure equation is 

obtained as follows: 

 

𝑃 =
𝜂0𝑅2(1−𝑧2)(𝑑𝐻/𝑑𝑡)

𝑔(𝑙�̅�,𝛾,𝜙,𝐻)
  (10) 

 

The dimensionless form of the pressure expression is 

obtained as: 

 

𝑃⋆ =
𝑃𝐻0

3

𝜂0(𝑑𝐻/𝑑𝑡)
=

𝑅2(1−𝑧⋆2)

𝑔⋆(𝑙⋆,𝛾,𝜙,𝐻⋆)
  (11) 

 

where, 𝑙⋆ =
𝑙�̅�

𝐻0
, 𝑧⋆ =

𝑧

𝑏
, 𝐻⋆ =

𝐻

𝐻0
, 𝑔⋆(𝑙⋆, 𝛾, 𝜙, 𝐻⋆) =

𝑔(𝜙,𝐻,𝛾,𝑙�̅�)

𝐻0
3 , 

𝑔⋆(𝑙⋆, 𝛾, 𝜙, 𝐻⋆) = − (
𝐻3⋆

6
) + (

2𝑙⋆2

𝑅2 ) [𝐻⋆ − (
2𝑙⋆

𝑅
) 𝑡𝑎𝑛ℎ (

𝑅𝐻⋆

2𝑙⋆ )]. 

The expression per unit length the work load can be 

obtained as: 

 
𝑊

𝑎
= ∫

𝑏

−𝑏
𝑃𝑑𝑧  

 

The expression of work load in the dimensionless form 

given as: 

 

𝑊⋆ = −
4𝑅2

3 𝑔⋆(𝑙⋆,𝛾,𝜙,𝐻⋆)
  (12) 

 

Introducing the non-dimensional time of approach: 

 

𝑊⋆ =
𝑊𝐻0

2𝑡

𝜂0𝑏2   

 

The dimensionless expression of the time-height relation 

may be derived, as shown below: 

 
𝑑𝐻⋆

𝑑𝑡⋆ =
1

𝑊⋆  (13) 

 

Because Eq. (13) is a nonlinear ODE, the 4th order Runge-

Kutta approach may be used to get an accurate result, using the 

subsequent initial conditions: H⋆=1 at t⋆=0. 

 

 

3. RESULTS AND DISCUSSIONS 

 

In the study above, three parameters the Langevin parameter 

ξ, the non-Newtonian couple stress variable l⋆, as well as the 

volume particle concentration ϕ are used to characterize the 

squeeze film performances lubricated with ferro-couple stress 

fluid. The study examines the effects of ferro-couple stress 

fluid between two infinitely long rectangular plates.  

The process of using infinitely long rectangular plate is 

novel and comparative study with existing literature is not 

feasible. Hence the presence and absence of the parameter is 

brought out in each of these graphs which brings out the 

efficiency of the parameter for the considered situation. 

 

3.1 Squeeze film pressure 

 

The fluid film pressure distribution for varied values of ϕ 

and ξ, respectively, the impact of the magnetic particle 

suspended in the ferro fluid during squeezing is brought out in 

Figure 2. According to the graph, as the volumetric 

concentration of the magnetic particle ϕ increases, this causes 

rapid increase in the random motion of the fluid particles thus 

increasing the value of ξ. The combined increase in these two 

parameters create a dense medium causes a rise in pressure. 

The impact of the couple stress l⋆ on squeeze of the lubricant 

between the plates is brought out in Figure 3, the couple stress 

of a lubricant is strongly influenced by the presence of 

additives, specifically their size and the thickness of the 

lubricating film. Moreover, the size of polar additives in the 

lubricant plays a crucial role in determining the couple stress. 

An increase in the size of these additives leads to a rise in the 

couple stress, which enhances the viscosity of the lubricant. 

This increase in viscosity, in turn, results in an elevation of the 

squeeze film pressure. 
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Figure 2. Plot of pressure P⋆ and z⋆ for distinct values of ϕ 

with l⋆=0.3, H⋆=0.5 
 

 
 

Figure 3. Plot of pressure P⋆ and z⋆ for distinct values of l⋆ 

with ϕ=0.04, ξ=5, H⋆=0.5 

 

 
 

Figure 4. Plot of dimensionless workload W⋆ and ξ for 

diverse values of ϕ with l⋆=0.3, H⋆=0.5 

 

3.2 Work load 
 

Figures 4 and 5 bring out the effect of ferro particles on the 

balancing of the work load by the rectangular plate. The study 

analyzes the relationship between the dimensionless workload 

(W⋆) and volumetric concentration (ϕ), as illustrated in Figure 

6. The data presented in the graph shows that there is an 

increase in the workload as the volumetric concentration 

increases.  

The graph represented in Figure 4 depicts the variation of 

the dimensionless work load W⋆ against the Langevin 

parameter (ξ). The data presented in the graph clearly shows 

that as the Langevin parameter takes increasing values, the 

work load also increases proportionally. 

 

 
 

Figure 5. Plot of dimensionless workload W⋆ and l⋆ for 

distinct values of H⋆ with ϕ=0.04, ξ=5 
 

 
 

Figure 6. Dimensionless workload W⋆ verses ϕ for diverse 

parameters of ξ with H⋆=0.5, l⋆=0.3 
 

A plot of work load and non-Newtonian couple stress 

parameter (l⋆) is plotted in Figure 5. The results indicate that l⋆ 

lead to a higher film pressure. An increase in the size of these 

additives leads to a rise in the couple stress, which enhances 

the viscosity of the lubricant. This increase in viscosity, in turn, 

results in an elevation of the squeeze film pressure, leading to 

an increase in the load-bearing capacity of the lubricating film. 

Therefore, a higher squeeze film pressure can effectively 

support a larger work load, making it a key factor in 

determining the performance of the lubricant. It should be 

noted that the work load in a Newtonian fluid is lower than the 

work load in non-Newtonian fluids. The Work load can be 

considered a function of ϕ, ξ, H⋆ and l⋆, as shown in Figures 4-

6. 

From the data presented in Table 1, it can be observed that 
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the work load increases for different values of l⋆, ϕ and ξ. 

Notably, the work load is significantly enhanced when 

compared to the non-magnetic Newtonian case. Table 2 

illustrates the variation of work load for various values of ϕ, 

and ξ. The data reveals a notable trend: as these parameters 

increase, the work load experiences enhancement. But it is 

visible that with the parameter H⋆ the trend reverses to show 

that less the value of H⋆ more is the work load W⋆. Table 3 

shows the relative percentage increase in workload which is 

estimated using the formula 𝑅𝑊∗ =

((
𝑊𝑀𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑁𝑜𝑛−𝑁𝑒𝑤𝑡𝑜𝑛𝑖𝑎𝑛

∗ −𝑊𝑁𝑜𝑛−𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑁𝑒𝑤𝑡𝑜𝑛𝑖𝑎𝑛
∗

𝑊𝑁𝑜𝑛−𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑁𝑒𝑤𝑡𝑜𝑛𝑖𝑎𝑛
∗ ) × 100) 

for different values of l*, ϕ, ξ. 

 

Table 1. Variation of work load with height for different 

values of l*, 𝜙, ξ 

 

Parameters l*=0 l*=0.2 l*=0.3 l*=0.4 

𝜙=0.0, ξ=0 

64.000 167.118 295.142 474.350 
48.084 112.199 191.698 302.975 
37.037 78.594 130.054 202.077 

29.131 57.024 91.515 139.786 

23.324 42.611 66.426 99.752 

𝜙=0.02, ξ=2 

67.905 171.063 299.090 478.300 

51.018 115.163 194.665 305.943 

39.297 80.877 132.338 204.363 

30.908 58.819 93.312 141.583 

24.747 44.048 67.865 101.191 

𝜙=0.04, ξ=5 

73.216 176.430 304.461 483.673 

55.008 119.194 198.700 309.979 

42.370 83.981 135.446 207.471 

33.325 61.259 95.756 144.028 

26.682 46.001 69.821 103.148 

𝜙=0.06, ξ=10 

79.020 182.294 310.329 489.543 

59.369 123.598 203.108 314.389 

45.729 87.372 138.841 210.868 

35.967 63.926 98.426 146.699 

28.797 48.136 71.958 105.286 

 

Table 2. Variation of work load W* for different values of 𝜙, 

ξ, H* with l⋆=0.3 

 
Parameter H=0.6 H=0.5 H=0.4 

𝜙=0.02, ξ=2 

39.296 67.904 132.626 

42.066 74.714 153.121 

49.927 94.147 212.105 

62.846 126.229 309.877 

80.876 171.063 446.641 

𝜙=0.04, ξ=5 

42.370 73.216 143.000 

45.146 80.042 163.541 

53.020 99.498 222.569 

65.946 131.591 320.357 

83.980 176.430 457.128 

𝜙=0.06, ξ=10 

45.728 79.019 154.335 

48.512 85.862 174.924 

56.399 105.344 234.001 

69.333 137.448 331.807 

87.372 182.293 468.587 

 

Table 3. Variation of relative percentage of work load (𝑅𝑊∗) 

for different values of l*, 𝜙, ξ with H*=1.2 

 
Parameters l*=0.1 l*=0.2 l*=0.3 

𝜙=0.02, ξ=2 13.5 34.8 69.6 

𝜙=0.04, ξ=5 21.9 43.1 78 

𝜙=0.06, ξ=10 31 52.2 87.2 

 

3.3 Squeeze time of response 

 

The relation between the dimensionless film thickness 𝐻⋆ 

and the dimensionless response time (t⋆) for various couple 

stress parameter (l⋆) is depicted in Figure 7. According to the 

result, an increase in the couple stress parameter leads to an 

increase in response time.  

Variation of time vs. H⋆ for distinct values of ϕ, ξ is depicted 

in Figure 8. It is observed from the graph that as ϕ, ξ increase, 

the time of approach increases there by allowing the lubricant 

to remain between the infinitely long rectangular plate for a 

prolonged amount of time. This provides cushioning effect 

between the surfaces and there by reduces friction, wear and 

tear of the bearing faces. 

 

 
 

Figure 7. Variation of dimensionless time of response t⋆ and 

H⋆ for diverse values of l⋆ with ϕ=0.04, ξ=5 

 

 
 

Figure 8. Variation of dimensionless time of response t⋆ and 

H⋆ for diverse values of ϕ, ξ with l⋆=0.3 

 

4. CONCLUSIONS 

 

The present study investigates the impact of a magnetic 

field on squeeze film performance by using ferro-couple stress 

fluid. Infinitely long rectangular plates are taken up as the 

geometry and both Shliomis ferro-fluid and Stokes couple-

stress fluid models are employed. To determine the pressure 

distribution and work load, the Reynolds equation is solved 
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and the pressure is integrated across the lubricating film. The 

nonlinear differential equation governing the relationship 

between the thickness of the lubricating film and time is solved 

using the 4th-order RK method. The results reveal that the use 

of ferro-couple stress fluid as lubricants significantly increases 

the squeeze film’s work load, pressure distribution, and time 

of approach. With an increase in the volumetric concentration 

of magnetic particles (ϕ), there is a noticeable acceleration in 

the random motion of fluid particles, resulting in a 

corresponding rise in the Langevin parameter ξ. The 

simultaneous increases in these two parameters create a dense 

medium, which subsequently leads to an increase in pressure 

within the system which causes increase in workload and delay 

in time of approach. Additives in the lubricant, particularly 

their size and polar nature, strongly influence the couple stress 

(l*). Larger additives increase the couple stress, elevating the 

lubricant's viscosity and squeeze film pressure. Table 2 reveals 

that the relative percentage increase in workload (W*) is 87.2% 

when compared to the non-magnetic Newtonian case. The 

findings of this research showcase the promising capabilities 

of ferro-couple stress fluids combined with applied magnetic 

fields to enhance squeeze film performance in various 

engineering systems. These results offer valuable insights to 

both researchers and industrial designers, empowering them to 

harness this potential for optimizing lubrication and overall 

efficiency in their respective applications. The outcomes of 

this study are highly useful for engineering applications, 

particularly bearing design. These results have the potential to 

significantly enhance bearing performance and efficiency. 

Continuous working of these bearing system leads to wear and 

tear of the bearings making the surface rough. Though for 

practicality purpose the surfaces are assumed to be smooth, the 

effect caused due to the roughness and the friction produced 

cannot be ignored. Hence a future work which takes into 

account the effect of surface roughness can be considered as 

an extension for this article. 
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a Length of the plates 

b Width of the plate  
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B0 Applied magnetic field  

H0 Initial lubricant film thickness  

H, H⋆ Film thickness, H/Ho(dimensionless)  

KB The Boltzmann constant 

𝑙�̅�  Characteristic length of the additives, (
𝜂𝑐

𝜂0
) 

l⋆ The couple stress parameter, 
𝑙�̅�

𝐻0
 

m Magnetic moment of a particle  

T The absolute temperature  

u, v, w Velocity component in the Cartesian 

coordinate system along x, y, z directions  

 

Greek symbols 

 

γ Rotational viscosity parameter 

η Viscosity of the suspension 

η0 Viscosity of main liquid 

ηc Couple stress fluid index 

μp The free space permeability 

ϕ  The volume concentration of magnetic 

particles  

ξ The Langevin parameter, 𝜉=
𝜇𝑝𝑚𝐵0

𝐾𝐵𝑇
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