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Abstract 

This present study investigates the influence of micro textures and coupled fluid i.e. magneto hydrodynamic 

coupled stress fluid on the performances of EHL characteristics line contacts. Micro-textured of different shapes 

are provided on the contact surfaces operating with coupled fluid. The solution of Stokes micro-continuum for 

couple stress and modified Reynolds equation and magneto hydrodynamic fluid are combined to obtain 

mathematical model. The mathematical model has been solved with the finite element analysis technique. It has 

also been shown that a textured contact surface tends to lower the coefficient of friction. Providing micro textures 

on contact surfaces, remarkable enhance the performances of EHL characteristics line contacts. Couple fluid also 

significantly increases the contact surface's ability to support loads and inhibits the development of thin films, 

both of which could occur when surfaces are in contact with each other. Results show that the coupled stress and 

magnetic field effect, induced by micro dimples, has a remarkable influence on performances of EHL line contacts. 

Keywords: EHL, Line Contact, Couple Stress Fluid, Magnetic Micro Dimples, Hartman Number, FEA 

 
Nomenclature 

𝑏 = 4𝑅√
𝑊

2𝜋
       Half Hertzian contact width (m) 

𝐸′                     Effective elastic modulus of roller (Pa) 

h                                   film thickness(m) 

𝐻 = ℎ𝑅
𝑏2⁄                 Non- dimensional film thickness 

𝑢𝑎                                        Average rolling  speed (m/s) 

𝑉 Linear velocity 

𝑈 = 𝜂0𝑢 𝐸′𝑅⁄  Non- dimensional speed parameter 

𝛺 =
3𝑈𝜋2

4𝑊2      Speed factor 

𝑝                Pressure(Pa) 

𝜌 Density(kg/m3) 

𝑃 =
𝑝

𝑃ℎ
⁄      Non- dimensional pressure 

𝑃ℎ = 𝐸′𝑏
4𝑅⁄       Maximum Hertzian pressure(Pa) 

𝐺 = 𝛼𝐸′          Non-dimensional material parameter 
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𝐻 =
ℎ 𝑅

𝑏2
 Non-dimensional Fluid film thickness 

𝐻𝑚𝑖𝑛 Non-dimensional minimum fluid film 

thickness 

𝐻𝑐𝑒𝑛𝑡 Non-dimensional central fluid film thickness 

R Equivalent radius of contact(m) 

𝑤 Applied load per unit length  (N/m) 

𝑊 = 𝑤 𝐸′𝑅⁄  Non-dimensional load parameter 

𝑧 Roeland’s parameter 

𝑥 Abscissa along rolling direction(m) 

𝑋 = 𝑥 𝑏⁄  Non-dimensional abscissa 

𝛹(ℎ, 𝑙, H𝑚) Magneto hydrodynamic (MHD) couple stress 

function 

�̅� Dimensionless Viscosity 

w External load per unit width 

H0 Offset film thickness 

cof Coefficient of Friction 

h̅p Dimensionless  micro texture depth 

𝛿 Dimensionless radius of micro textures 

𝑟𝑝 Base radius of micro texture mm 

𝑤𝐿  Width of rectangle micro textures 

𝑥𝑙𝑖
 Input local co-ordinate of micro textures 

𝑋 Co-ordinates 

𝑋𝐿 Local co-ordinates 

𝐻𝑚𝑡  Micro textures 

𝐻𝑚𝑡𝑝𝑎𝑟𝑎 Parabolic micro textures  mm 

𝐻𝑚𝑡𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙  Triangle micro textures mm 

H𝑚 Hartmann number 

lc Couple stress parameter 

σ Electrical conductivity of the lubricant 

Ez Induced electric field in the z direction 

𝐽 Current density 

�⃗�𝑙 Lorentz force 

Bo External magnetic field 

Xin Inlet boundary condition 

Xo Outlet boundary condition 

W Weighted function 

Ki
e(X) kernel 

convp Pressure convergence 

convw Load convergence 

AMT Artificial produced micro textures 

sph Spherical 

rect Rectangle 

tri Triangle 

Greek symbols  

𝜂0 Inlet viscosity of the lubricant(pa-s) 

𝜂 =
𝜂

𝜂0

 Non-dimensional viscosity 
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𝜌 =
𝜌

𝜌0

 Non-dimensional density 

𝑞𝑥 Flow rate 

𝑉1 Velocity 

𝜈1 Micro-rotation velocity 

𝐻0 Central offset film thickness(m) 

Matrices  

[𝐹] Fluidity matrix 

{𝑅} Hydrodynamic term 

{𝑝} Nodal pressure vector 

|𝐽| Jacobian matrix 

 

1. INTRODUCTION 

Unprecedented advancements in technology over the last decade have led machines to work 

under increasingly stringent and rigorous working conditions. In order to create machines that 

are more accurate, efficient, and have a longer lifespan before failure, bearing designers are 

presented with a difficult problem. The effectiveness of the machine's bearings and the chosen 

lubricant are fully dependent on each other. Lubrication rheology technology has developed as 

a useful technique to enhance the characteristics of tribo-contacts with configurable dynamic 

properties for an upcoming generation of machines. Lubricants used in modern industrial 

applications frequently incorporate with polymeric additives.  Das [1] presented a theoretical 

examination of EHL line contact lubrication utilising couple stress fluids. The findings revealed 

that the central film thickness increased with the coupling stress fluid parameter in EHL 

contacts lubricated with complex fluids, such as synthetic and polymeric fluids. Effects of 

couple stresses and surface roughness was studied by Rao et al. [2] on the minimum film 

thickness of heavily loaded rollers. According to the study, the EHL minimum film thickness 

increases as the chain length of the additive molecules increases. Additionally, the EHL 

minimum film thickness increases for transverse orientation of roughness while decreasing for 

longitudinal orientation of roughness. Akbarzadeh et al.[3] and Liu et al. [4] studied the 

running-in features of an EHL line contact. There is change in asperity heights due to the plastic 

deformation (experiencing both elastic and plastic contact) during the running-in process. Xiao 

et al. [5] and Torabi et al. [6] investigated the rough friction in lubricated sliding of roller 

surfaces (made to approximate real gear surfaces).They concluded that electrochemically 

deburred surfaces, which are competitive to fine-ground surfaces in lubricated rolling/sliding 

contact, possessed a lower friction coefficient. The influence of couple stress fluid was 

investigated by Sarangi et al. [7] and Saini et al.[8] On the EHL finite line contact. The study 

presented significant increase in the value of overall film thickness with couple stress 

parameter, which reduces the chances of metal-to-metal contact and thus tends to produce less 

wear. Additionally, the analysis indicates that the coefficient of friction decreases as the couple-

stress parameter increases. In actual practice, the characteristics of the finishing processes 

controls the geometric shape of any engineering surfaces.   The surface texturing enabled the 

development of desired surface profiles in order to enhance the EHL performance. Menezes et 

al. [9] investigated the effect of surface roughness on transfer layer development and the 
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coefficient of friction in a tin-steel tribo-system. Surface texture and roughness have been 

proven to have a significant influence on the formation of a transfer layer, the coefficient of 

friction, and the presence of stick-slip motion. To avoid abrupt changes in lubricant viscosity 

at high temperatures, high thermal and electrical conductivity lubricants blended with polymer 

additives have been employed. MobilTM DTE 932 GT, widely available lubricant oil, has 

outstanding electrical conductivity [10], reduction in load carrying capacity caused by low 

viscosity can be mitigated by adding an external magnetic field. Magneto-fluid dynamics, 

magneto-hydrodynamics (MHD), or hydro-magnetics are the studies of electrically conducting 

fluids in the presence of a magnetic field. Furthermore, magnetic fields have several 

applications in research and industry, including crude oil purification, power generation, 

accelerators and propulsion. Numerous researchers [10, 11] have investigated the effect of a 

transverse magnetic field on the behaviour of an electrically conducting fluid in a fluid film 

bearing. In the literature, several theoretical and experimental research on the utilize MHD 

fluids in slider bearings [12], journal bearings [13, 14], and squeeze films [15, 16] have been 

published. However, the aforementioned investigations do not take into account lubricating 

surface deformation. According to a recent analysis, concentrated contacts work substantially 

better when the surface characteristics are clearly stated in terms of shape, size and orientation 

[17]. Micro dimples have been revealed to function as oil reservoirs in starved lubricated 

situations, which not only feed lubrication to the contact by smearing but also serve as wear 

particle traps [18]. The hydrodynamic lubrication of concentrated contacts can be influenced 

by the geometrical morphologies of dimples [19]. In terms of tribological behaviour, micro-

textures have been shown to substantially improvement in the contacting surfaces in motion. 

Theoretical and experimental results that have been reported in literatures [20–23] have 

indicated significant benefits of micro textures in a variety of practical applications. A through 

scan of available literatures combined effect of micro-textures with different shapes (parabolic 

and trapezoidal) and coupled fluid i.e. couple stress magneto hydrodynamic fluid has not yet 

been studied in EHL conjunction. The author believes that the detailed computational analysis 

of EHL line contacts using micro-texture patterns and lubricated with coupled fluid has not yet 

been studied. In order to assess the cumulative consequences of micro textures and coupling 

fluid on the performance EHL features of line contacts, this research intends to investigate 

these two factors separately. To identify the most optimal characteristics of two micro-dimple 

shapes, parabolic and trapezoidal, parametric research is used. 

 

2. MATHEMATICAL FORMULATION 

The following subsections discuss the governing equations, including the density-pressure 

relation, fluid film thickness equation , modified Reynolds equation, load balance equation, 

viscosity-pressure relation and finite element formulation.Fig.1 represents schematic of EHL 

line contacts in the presence of externally applied magnetic field and micro textures i.e.a) 

trapezoidal and b) parabolic shape. 
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Fig 1: schematic of EHL line contacts in the presence of externally applied magnetic 

field and micro textures a) trapezoidal and b) parabolic shape 

According to [24,10], the momentum equation and flow continuity  for an electrically 

conducting couple stress lubricant that experiences a magnetic field is as follows:  
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An electrically conducting lubricant experiences the Lorentz force lF  when a magnetic field 

( oB ) is present, as illustrated in Eq. 2. 

Lorentz force BJFl = is a type of body force that is expressed as: for steady flow 0=




t


;

( )BvEJ +=  is constant for incompressible fluids 0. = v  When body forces (excluding 

the Lorentz force), body couples and inertia forces are excluded, Eqs. (1) And (2) simplify as 
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The simplified form of the momentum equation (Eq. 4) is as follows:  
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Ez denotes the components of the induced electric field in the z direction.  It is usually 

considered that the contact surfaces are perfect insulators. With zero net current flow, the 

electric field in Eq. 5 as: 

( ) ;0
0

=+
h

oz dyuBE                                                                      

(7)  

The B.Cs. are stated as follows: 
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The fluid's velocity in the x direction can be determined by integrating Eq. (5) using the 

aforementioned boundary condition (Eq. 8). 
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Where the lubricant's couple stress additives' characteristic length, l, is indicated. Non-

dimensional constants include γ and δ. mH is the Hartmann number, which can be used to 

compare the strength of the electro-magnetic force to the viscous force ( ) 2/1
oom /hBH = , σ 

for the lubricant's electrical conductivity. The result is obtained by substituting the velocity 

from Equation 9 into Equation 3 for continuity. 
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 is MHD couple stress function (12)                              

 

Without accounting for the hydrodynamic term, the behaviour of an EHL line contact can be 

studied using Equation (11), a modified Reynolds equation that describes a couple-stress 

lubricant under the effect of an externally provided magnetic field (Bo). In limiting conditions, 

the magneto-fluid dynamics couple stress function (Eq. 12) simplifies to these criteria: 

Case A: As, 0→l  flow equation is reduced to electrically conducting lubricant[10]i.e.                          
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Case B: As, 0Hm → , couple stress lubricant is reduced by the flow equation[25] i.e.                                        
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Case C: As, both 0l,Hm → , Newtonian lubricant is used to simplify the flow equation. 
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The modified Reynolds equation is written in non-dimensional form as: 
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The non-dimensional 1D modified Reynolds equation (Eq. 17) has been solved using FEM. It 

is assumed that the fluid pressure at the input and outflow of the EHL conjunction is equal to 

the ambient pressure. Due to the following boundary conditions (B.C), As a result, the 

Reynolds equation for pressure is solved. 
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Inlet B.C. 

P = 0 at P = Xin (19) 

Outlet   B.C. 

P =
dP

dX
 at X = Xo 

(20) 

2.1 Fluid Film Thickness Equation 

To account for the artificial micro-textures (dents with parabolic and triangular shapes), the 

fluid film thickness in this study has been modified and is represented as follows: 

H = H0 +
X2

2
−

1

π
∫ ln|X − X′|P(X′)dX′

∞

−∞
+Hmt 

(16) 

Hence, for artificial micro-texture shape, Hmtstands for the fluid film thickness component. 

For the selected micro-textures (parabolic and trapezoidal) the term Hmt takes the form as, 

                       Hmtpara = ℎ̅𝑝 (1 − |
𝑋𝐿𝑖

−𝑋+𝑟𝑝

𝑟𝑝
|)

2

                     if 𝑋𝐿 ≤ 𝑟𝑝 (17) 

                            Hmtpara = 0                                                  if  𝑋𝐿 > 𝑟𝑝 (18) 

                           Hmttrap = 2 ∗ ℎ̅𝑝 (1 − |
𝑋𝐿𝑖

−𝑋+𝑟𝑝

𝑟𝑝
|)                     if 𝑋𝐿 ≤ 𝑟𝑝 (19) 

                        Hmttrap = 0                                  if  𝑋𝐿 > 𝑟𝑝 (20) 

2.2 Density-Pressure Relation 

The dimensionless form of the density-pressure relation is as follows: 

ρ̅ = (1 +
0.6 × 10−6P. Ph

1 + 1.7 × 10−9P. Ph
) 

 

(21) 

2.3 Viscosity-Pressure Relation  

The dimension form of the viscosity-pressure relation is expressed as 

η̅ = exp((lnη0 + 9.67){−1 + (1 + 5.1 × 10−9P. Ph)z}) (22) 

2.4 Load Balance Equation 

The load applied is supported by the pressure that has built up within the lubricant layer, thus 

the pressure derived from the Reynolds equation ought to satisfy the load balance condition. 

∫ pdx = w

xo

xi

 

(23) 
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Equation (25) is written in non-dimensional as:  

∫ PdX =
π

2

xo

xi

 

(24) 

2.5 Coefficient of Friction 

In order to determine the pressure distribution and film shape, the governing equations have to 

be solved. These results are used to determined the coefficient of friction, which is written as 

[7].     

µ = 
∫ τb

xo
xin

dx 

w
  = 

∫ −
h

2

xo
xin

(
dp

dx
)dx

w
 

 

(25) 

 The corresponding dimensionless form is 

µ = −√
8𝑊

𝜋3
∫ 𝐻 (

𝑑𝑃

𝑑𝑋
) 𝑑𝑋

𝑥𝑜

𝑥𝑖𝑛

 

 

(26) 

2.6 Finite Element Analysis  

As shown in Fig. 1, a roller/cylinder on a flat surface has been utilised to model the EHL line 

contact problem in this study. Fluid film thickness, the modified Reynold's equation, and the 

load balance equation have all been discretized utilizing the Galerkin technique. A one-

dimensional EHL line contact problem's fluid flow field was discretized using two noded linear 

isoparametric elements. In the lubricant flow field from the grid convergence investigation, the 

domain relevant to the study has been meshed from Xinlet = −5  to Xoutlet = 2.5 with uniform 

optimise grid size of 450 elements is presented in Fig. 2. The two noded linear isoparametric 

elements were interpolated using the Lagrangian interpolation function []. 

 

Fig 2: Mesh sensitivity test with total number of nodes (N) 
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The residue from equation (12) is expressed as:  

Re =
∂

∂x̅
[
ρ̅h̅3

η̅
𝛹(ℎ̅ 𝐻)

∂p̅

∂x̅
] − Ω

∂(ρ̅h̅)

∂x̅
 

 

(27) 

By multiplying the weighting function by its integral and equating it to zero, the 

Galerkin method is employed to reduce the residual. 

∫ WRi
edx = 0

Ωe

 

 

(28) 

∫ W
∂

∂x̅
[
ρ̅h̅3

η̅
𝛹(ℎ̅ 𝐻)

∂p̅

∂x̅
] dx − WΩ

∂(ρ̅ h̅)

∂x̅
dx = 0

Ωe

 
 

(29) 

Any two functions (f1, f2) can be differentiated. 

d(f1f2)

dx
= f1

df2

dx
+ f2

df1

dx
 

(30) 

Using equation (30), equation (29) is transformed to, 

∑ (
Wρ̅ h̅3

η̅
𝛹(ℎ̅ 𝐻)

∂p̅

∂x̅
) − ∫

ρh̅3

η̅
𝛹(ℎ̅ 𝐻)

∂p̅

∂x̅

∂W

∂x̅
dx̅ − Ω ∑ (Wρ̅ h̅) +ΓΩeΓ

Ω ∫
ρ̅ h̅ ∂(W)

∂x̅
dx̅

Ωe = 0  

(31) 

The shape function of the primary variable, i.e, Pressure, replaces the weighted function W in 

this method.  Therefore, an approximation of the solution is 

p = ∑ Nipj

𝑝𝑒+1

i=1

 

 

(32) 

N1(ξ) =
1−ξ

2
  and N2(ξ) =

1+ξ

2
 (33)                                                       

 

 

∑ [∫ [
ρ̅h̅3

12η̅
𝛹(ℎ̅ 𝐻)

∂Ni

∂x̅

∂Nj

∂x̅
dx] p̅jΩe ]2

j=1 =
Ω

2
∫ (ρ̅ h̅)

∂Ni

∂x̅
dx +

Ωe

∑
Wρ̅h̅3

12η̅
𝛹(ℎ̅ 𝐻)

∂Nj

∂x̅Γ p̅j −
Ω

2
∑ (Niρ̅ h̅)Γ                     (34) 

When pressure (p̅) over inter-element boundaries is taken into account as a boundary condition 

and a continuity condition equation (34) as: 

[Fij
e]{p̅j

e} = Ω{Ri
e} (35) 
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Where 

[Fij
e] = ∫ [

ρ̅h̅3

12η̅
𝛹(ℎ̅ 𝐻)

∂Ni

∂x̅

∂Nj

∂x̅
dx]

Ωe

 

Elemental matrix equations (Eq.35) have been developed for each element and 

assembled to form a global system of equations, which is stated in matrix form as. 

(36) 
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(38) 

By adding a new kernel [29, 30] for elastic deformation, the film thickness equation is obtained 

as. 

H(X) = H0 +
X2

2
−

1

π
∑ ∫ ln|X − X′| ∑ Nipi

(X′)

pe+1

i=1

dX′

N

e=1

 

(39) 

H(X) = H0 +
X2

2
−

1

π
∑ ∑ Ki

e(X)

pe+1

i=1

N

e=1

p
i

e
 

(40) 

Where Ki
e(X) is the kernel expressed as: 

Ki
e(X) = ∫ ln|X − X′|Ni

e(X′) dX′ 

=
he

2
∑(ln |X − X′(ξi)|

m

i=1

Ni
e(ξi))wi 

 

(41) 

When X is outside of e, Gaussian quadrature can be used to compute Ki
e(X) numerically. 

The discretization of the load balance equation is as follows [31, 32]:                

∑ ∑ pi
eNi

e(X)dX −
π

2

pe+1

i=1

N

e=1

= 0 

(42) 

The load balance equation using Gaussian quadrature is, 
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∑ ∑ pi
eNi

e|J|w −
π

2
= 0

pe+1

i=1

N

e=1

 

 

(43) 

The discretized coefficient of friction is 

µ = −√
8𝑊

𝜋3
∑ ∑ H𝑃𝑖

𝑒+1 𝑑𝑁𝑖
𝑒(𝑋)

𝑑𝑋
dX = 0

pe+1

i=1

N

e=1

 

(44) 

Gaussian quadrature is employed to express the coefficient of friction as 

µ = −√
8𝑊

𝜋3
∑ ∑ 𝐻𝑃𝑖

𝑒 𝑑𝑁𝑖
𝑒

𝑑𝑋

pe+1

i=1

N

e=1

|𝐽|𝑊 

(45) 

 

3. SOLUTION PROCEDURE 

Using the finite element method, fluid film thickness equation, load balance equation and 

modified Reynolds equation have been developed in the part preceding. The solution process 

used in the present instance is depicted in Fig. 2 EHL contact solution scheme, on the basis of 

the analysis and formulation presented in the preceding part. The primary steps taken to create 

a reliable and efficient numerical FEM solver are outlined below. 

1. The solution domain is discretized using two-noded linear isoparametric elements. 

2. Using the Hertzian pressure distribution, fluid film pressure is initialised. 

3. Using equations (21) and (22), density and viscosity are calculated (given a starting 

pressure i.e. Hertzian pressure). 

4. Calculating the thickness of a fluid film while taking into account elastic deformation and 

offset film thickness. 

5. Using the Gaussian quadrature numerical integration method, compute the matrices and 

vectors of the elemental fluidity. 

6. Consolidation of elemental fluidity matrices and vectors into global fluidity matrices.  

7. Using global fluidity matrices with boundary limitations. 

8. Linearized system of equations for lubricant layer pressure distribution computation 

utilising GMRES technique. 

9. Continue performing steps 3–8 until the pressure convergence condition is achieved. 

Pressure convergence 

   convp =
|[∑ pi]n+1−[∑ pi]n

[∑ pi]n

 ≤ 1.0 × 10−5     (40) 
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10. Calculating the central offset lubricant layer thickness and load balance equation's residual.   

11. Repeat steps 3–10 until the load balance convergence condition is satisfied. 

  Load convergence 

convw =
∑ Load−π

2⁄

∑ Loadn−∑ Loadn−1 ≤ 1.0 × 10−5     (41) 

12. Once the convergence conditions have been achieved, compute fluid film pressure fluid 

film distribution utilizing the formulas described in the preceding sections. 

Start

Calculate     using 
equation(26)

Read Input 
parameters

Assume initial guess for pressure 
distribution (using Hertzian contact) and 

central film thickness

Pressure 
convergence

?

Calculate fluid 
film thickness

Calculate              by 
using Eq. 23 and 24 

 
�̅� & �̅� 

Solve Reynold s equation 
by FEM technique

Update fluid film thickness, 
density and viscosity

 

�̅� 
Calculate     
using 
equation(16)  

�̅� 
Load

 convergence

?

Print Results End

Solve difference in 
pressure by GMRES 

algorithm

Yes

Yes

No

No

 

Fig 3: solution scheme of EHL contact 

 

4. NUMERICAL MODEL VALIDATION 

MATLAB R2013b software was used to create a computer program for computing elastic 

deformation and nodal fluid film pressure. For the solution of EHL line contact, the finite 

element analysis technique was successfully utilised. However, in order to rely on the 

accurateness of simulated results, the program has to be extensively validated. As a result, the 

�̅�𝑚𝑖𝑛 thickness values generated from the created code were compared and validated with 

results [33, 34]. Table 1 compares the results obtained from the current numerical model with 

those obtained from [33, 34].The little variance in results (1-5%) can be attributed to the two 

research' distinct solution schemes. It is allowed to compute the results notwithstanding the 

very minor deviation. As a result, it is possible to draw the conclusion that the model created 

for this study is valid based on the comparative assessment. 
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Table 1: Influence of dimensionless load, speed and material parameters on minimum 

fluid film thickness ( minH  ) of EHL line contact 

 
 

5. RESULT AND DISCUSSION 

The influence of each dimensionless design parameter, such as the dimensionless speed, load, 

and material parameter, as well as the artificial micro texture geometry (parabolic and 

trapezoidal) and the magneto hydrodynamic (MHD) fluid, on the EHL performance 

characteristics of line contacts has been investigated through a parametric investigation. The 

influence of externally served as magnetic fields on the properties of EHL line contact can be 

seen in the Hartmann number (𝐻𝑚) of MHD fluid. Eq. (9) becomes the classical Reynolds 

equation when 𝐻𝑚)approaches 0, resulting in the lubricant being considered as operating 

according to a Newtonian fluid (i.e., a non-conducting electrical lubricant). Table 2 shows the 

operating variables considered for this analysis from the existing literature [1, 8, 7, 35-37]. The 

coupled solution of film thickness equation (16), load balance equation (24) ,Reynolds equation 

(9) and fluid rheology equation (21,22) fulfilling the boundary conditions and utilising finite 

element analysis approach yields a steady state lubricant film pressure distribution. The 

influence of abovementioned parameters is presented on the non-dimensional performance 

indicators such as �̅�𝑐𝑒𝑛𝑡and �̅�𝑚𝑖𝑛 film thickness, fluid film thickness profile, pressure 

distribution profile and coefficient of fiction profile etc. in the succeeding sub sections. 

Table 2: Numerical data for present study 

a) Lubricant rheological properties[1,7,8,32-34] 

Physical quantity symbol Numerical Value of Physical quantity 

Lubricant viscosity 𝜂 1.55 mPa.s 

Applied magnetic field  𝐵0 0~2.25𝑊𝑏/𝑚2 

Couple stress parameter lc 2× 10−5 − 4 × 10−5 

Hartmann number (range) Hm 0-10 

Electrical conductivity( 𝜎 1.0710 × 106𝑚ℎ𝑜/𝑚 

b)  The ranges of dimensionless speed, load and material parameters used herein are specified in[1,32] 

Dimensionless load �̅� 2× 10−5 − 7 × 10−5 

Dimensionless speed 𝑈 2 × 10−11 − 7 × 10−11 

Material parameter G 5000 
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5.1 Effect of electrical conducting couple stress fluid parameters and micro dimples 

5.1.1 Fluid film and pressure distribution 

Figure 3 compares the fluid film and pressure distribution profile, of Newtonian fluid (lc=0; 

Hm=0) with ECSF at different parameter. Figure 4 indicates that the pressure spike eventually 

decreases and the fluid film rises when compared to Newtonian fluid.  This can be attributed 

that the pressure spike reduction caused by fluid film thickening. Fluid film thickness obtained 

using ECSF parameter is higher than that for Newtonian fluid (lc=0; Hm=0). Quantitatively, 

central (�̅�𝑐𝑒𝑛𝑡)and minimum(�̅�𝑚𝑖𝑛)fluid film thickness enhanced by a maximum of 36.45% 

and 35.35% by employing with  electrically conducting couple stress fluid parameter 

(lc=4× 10−5; Hm=4).Fig.3 depicts the fluid film and contact rippling pressure profile for micro 

dimples, electrically conducting couple stress fluid parameters and Newtonian fluid lubricated 

EHL contact. The results clearly show that micro dimples, ECSF characteristics have a 

beneficial effect on the fluid film and pressure distribution profile. The presence of applied 

magnetic field and long chain polymer additives and textures contact surfaces with trapezoidal 

shape (Hm=4; lc=4 × 10−5 ;Trape) bounds to increases �̅�𝑐𝑒𝑛𝑡 and �̅�𝑚𝑖𝑛 fluid film of 48.33%  

and 44.28% and reduce the pressure spike of 19.23 % compared to the Newtonian fluid(lc=0; 

Hm=0). The existence of the film thickness constriction as well as the resulting localised and 

abrupt change in the flow component's velocity, in both direction and magnitude, result in a 

pressure spike. Following a spike, pressure gradually reduces to ambient pressure, resulting in 

film break-up and cavitation. Finally, the minimum film thickness is influenced by the outflow 

zone and the characteristics of lubrication in that region. To be more specific, it affects the 

degree of variation between the  �̅�𝑐𝑒𝑛𝑡  and �̅�𝑚𝑖𝑛fluid film, which is the depth of the film 

thickness constriction. A comprehensive analysis of the fluid film thickness increase percentage 

for micro dimples (parabolic and trapezoidal) under various operating conditions is presented 

in Tables 3 and 4. 

Table 3: Percentage (%) variation in dimensionless minimum fluid film thickness 

((�̅�𝒎𝒊𝒏) of EHL line contacts due to electrically conducting lubricant blended with 

additives (ECL) and micro textures 
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%change = (
(H̅min)𝐸𝐶𝐿𝐶𝑆,𝑠𝑚𝑜𝑜𝑡ℎ,𝑡𝑒𝑥𝑡𝑢𝑟𝑒(�̅�,�̅�)−(H̅min)𝑁𝐶𝐿,𝑠𝑚𝑜𝑜𝑡ℎ(�̅�,�̅�)

(H̅min)𝑁𝐶𝐿,𝑠𝑚𝑜𝑜𝑡ℎ(�̅�,�̅�)

) 

Table 4: Percentage (%) variation in dimensionless central fluid film thickness ((�̅�𝐜𝐞𝐧𝐭) 

of EHLcontacts due to electrically conducting lubricant mixed additives (ECL) and 

micro textures 

 

Percentage change = (
(H̅cent)𝐸𝐶𝐿𝐶𝑆,𝑠𝑚𝑜𝑜𝑡ℎ,𝑡𝑒𝑥𝑡𝑢𝑟𝑒(�̅�,�̅�)−(H̅cent)𝑠𝑚𝑜𝑜𝑡ℎ(�̅�,�̅�))

(H̅cent)𝑠𝑚𝑜𝑜𝑡ℎ(�̅�,�̅�)

) 

 

Fig 3: Effect of electrically conducting couple stress fluid parameter on pressure and 

fluid film thickness profile at W=3× 𝟏𝟎−𝟓; U=2× 𝟏𝟎−𝟏𝟏; G=5000 
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Fig 4: Effect of ECSF parameter and different geometry of dimple on pressure and fluid 

film thickness profile at W=2× 𝟏𝟎−𝟓; U=3× 𝟏𝟎−𝟏𝟏; G=5000 

5.1.2 Minimum ( minH ) and central ( centH ) fluid film thickness 

Effect of electrical conducting couple stress fluid parameters and micro dimples shapes 

(parabolic and trapezoidal)  on  minH  and centH  fluid film thickness are illustrated through Fig.5 

and Fig 6.Minimum( minH ) and  central ( centH ) fluid film thickness rise with the electrical 

conducting couple stress fluid parameters (Hm=2;lc=2;para)and micro dimples shapes 

( trapezoidal)  among other micro dimple shape and Newtonian fluid 

(Hm=0;lc=0;parabolic).The percentage increment of minH  and  centH  fluid film thickness are 

54.33% and 58.65%. Moreover, the presence of textured contact surface provides higher value 

of minimum fluid film thickness than smooth surface for Newtonian lubricant and the value of 

minimum fluid thickness is pronounced for the lubrication with electrical conducting couple 

stress fluid parameters.  The reason behind such a behavior is that the textured surface provides 

lower value of maximum fluid pressure and the pronounced effect due to electrical conducting 

couple stress fluid parameters can be accredited to aligning nature of suspended magnetic 

particles under the application of externally applied magnetic field and along the long chain 

polymer additives. Tables 3 and 4 show comprehensive comparisons with percentage increase 

in fluid film thickness under varied operating conditions for micro dimples (parabolic and 

trapezoidal). 
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Fig 5: Effect of ECSF parameter and different geometry of dimple on minimum and 

central fluid film thickness at W=2× 𝟏𝟎−𝟓; U=3× 𝟏𝟎−𝟏𝟏; G=5000 

 

Fig 6: Effect of ECSF parameter and different geometry of dimple on (a) central and (b) 

minimum fluid film thickness; at W=2× 𝟏𝟎−𝟓; U=3× 𝟏𝟎−𝟏𝟏; G=5000 

5.1.3 Coefficient of friction ((�̅�) 

Effect of micro dimples, electrically conducting couple stress fluid parameters and Newtonian 

fluid on coefficient of friction ((�̅�) are presented in Fig.7. It can be observed from 3D plot that 

the friction coefficient ((�̅�)  decreases with increasing the ECSF parameters and micro dimple 

of trapezoidal shape at operating condition.  This can be attributed to the reduction in the values 

(16.23%) of coefficient of friction ((�̅�) , having more prominent externally applied magnetic 

field and long chain polymer additives effects and micro dimple of trapezoidal shape. An 

increase in fluid layer thickness tends to lessen the coefficient of friction as the area accessible 

for flow increases [38].The coefficient of friction reduces with an increase in the ECSF 

characteristics because the shear force depends on this pressure gradient. 



  
  
 
 

DOI 10.17605/OSF.IO/UN96P 

664 | V 1 8 . I 0 7  
 

 

Fig 7: Effect of ECSF parameter and different geometry of micro dimple on coefficient 

of friction at W=2× 𝟏𝟎−𝟓; U=3× 𝟏𝟎−𝟏𝟏; G=5000 

 

 

 

 

 

 

 

 

 

Fig 8: Effect of ECSF parameter and different geometry of micro dimple on coefficient 

of friction at W=2× 𝟏𝟎−𝟓; U=3× 𝟏𝟎−𝟏𝟏; G=5000; Hm=0-6 and 𝐥𝐜 = 𝟎 − 𝟔 × 𝟏𝟎−𝟓 

5.2 Effect of material parameter and electrical conducting couple stress fluid parameters 

with micro dimples 

Figure 9 and 10 shows the effect of material parameter and electrical conducting couple stress 

fluid parameters with micro dimples on minimum ( minH ) and central ( centH ) fluid film 

thickness. For a given set of operating conditions, as depicted in Figs. 5 and 6, the  minH  and 

centH   fluid film thickness increases with increase in material parameter. A function of α and E′ 

is the material parameter (G).A function of and E′ is the material parameter (G). In a physical 

system, as α increases, the viscosity elevates as well, resulting in a thicker film. It is also 

observed that using micro dimples with different shapes (parabolic and trapezoidal), minH  and 

centH  fluid film thickness increases significantly. Electrical conducting couple stress fluid 
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parameters (Hm=2; lc=2 × 10−5) and trapezoidal shape of micro textures gives higher fluid 

film thickness over non-conducting electric fluid (NCL). Providing micro dimples, generates 

additional hydrodynamic pressure in localized zone as well as cavitation area in the contact 

surfaces. As a result of this load carrying capacity of textured contact surfaces with trapezoidal 

micro dimple enhance significantly compared to untextured contact surfaces. Due to the usage 

of trapezoidal-shaped micro-dimples in EHL line contacts, minH  and centH  fluid film thickness 

have been shown to increase by a maximum of 52.36% and 59.59%, respectively. The 

application of an ECSF with a magnetic field and micro dimples to raise the minH  and centH

fluid film thickness 

 

Fig 9: variation minimum fluid film thickness with material parameter at W=2× 𝟏𝟎−𝟓; 

U=3× 𝟏𝟎−𝟏𝟏 

 

Fig 10: variation central fluid film thickness with material parameter at W=2× 𝟏𝟎−𝟓; 

U=3× 𝟏𝟎−𝟏𝟏 
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6. CONCLUSION 

On the EHL line contact, the synergistic effect of an electric conducting couple stress lubricants 

and micro-dimples are investigated. The computationally simulated outcomes of the present 

investigation are summarised as follows: 

1. Compared to the NCL case, the combined effects of micro dimples, electric conducting 

couple stress lubricants provide an increase in the performance of EHL line contacts. 

Moreover, these effects on the performances of EHL line contacts are more pronounced 

with Hartmann number, couple stress parameter and micro dimples.  

2. Use of applied magnetic field, additives and micro dimple with trapezoidal shape (Hm=4; 

lc=4 × 10−5;Trape) in conjunction results into maximum of 33.48% increase in fluid film 

thickness and reduce peak pressure of 22.38% compared to Newtonian lubricants. 

3. Friction coefficient can be reduced i.e.16.23 % by the use of electric conducting couple 

stress lubricants and micro dimples.  

4. Micro dimples produce pressure rippling in EHL conjunctions and this rippling may affect 

the life of the contacting surfaces.  

5. The current investigation shows that using electric conducting couple stress lubricants and 

micro dimples can significantly improve the overall performance of EHL line contacts. 

The rolling element's life could be increased and wear reduced as a result. 
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