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 A B S T R A C T 

Performance of short hydrodynamic journal bearing lubricated with 
Copper oxide (CuO) nanoparticle suspensions in base oil (nanolubricants) 
is investigated numerically. Dimensionless pressure, load carrying capacity 
and friction parameter are calculated by numerical solution of the 
modified Reynolds equation by means of finite difference method. The 
particular values of couple stress parameter for nanolubricants are 
evaluated and used for finding pressure distribution. Modified Krieger 
Dougherty equation is used to predict the viscosity of nanolubricant. Two 
short bearing configurations with aspect ratio 0.25 and 0.5 are analyzed 
by evaluating the pressure profile, load carrying capacity and friction 
parameter. The comparative results between plain lubricants and 
nanolubricants are presented. The results reveal improved pressure and 
load carrying capacity accompanied by decrease in friction parameter of 
short bearing. The shorter bearing configuration with aspect ratio of 0.25 
shows better results than the others. 
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1. INTRODUCTION  
 
The demand for sophisticated machinery capable 
of performing exceptionally well and efficiently in 
diverse operating conditions has led to the 
research towards reducing the friction and 
stabilizing high speed machine components. 
Bearings are key machine elements which account 
for smoother and efficient operation of machinery. 
Hydrodynamic journal bearings found their place 
in particular applications where higher reliability 
and continuous operation is the major 
requirement. A carefully designed bearing 
supports the rotating shaft by formation of 
hydrodynamic lubricant film in the clearance 

space and thus prevents metal to metal contact. 
The challenging task of improving the 
performance of journal bearing has been 
undertaken by many researchers and optimum 
values of clearance, bearing dimensions and 
geometry, operating speeds are already identified.  
 
One of the ways to enhance the performance of 
journal bearings further is by altering the 
properties of lubricating oils. One of the methods 
to improve properties like viscosity, friction and 
wear performance of lubricant is addition of 
nanoparticles in lubricant. Nanolubricants are the 
suspensions obtained when base lubricants are 
suspended with small fractions of nanoparticles. 
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Many researchers [1-3] have revealed that 
addition of ultrafine particles in lubricants can lead 
to better performance of hydrodynamic journal 
bearing. In recent times, metal oxide nanoparticles 
like zinc oxide (ZnO), silicon dioxide (SiO2), 
aluminum oxide (Al2O3), titanium dioxide (TiO2), 
Copper oxide (CuO) are preferred to be used as 
additives, because of their chemically neutral 
behavior towards lubricating oil and as a result 
they can provide a stable colloidal suspension of 
nanolubricant [4]. For preparing nanolubricants, 
Tarasov et al. [5] added copper oxide 
nanoparticles in commercially available SAE 30 
motor oil. The friction and wear performance tests 
were conducted on the prepared nanolubricant 
suspensions. They reported prominent reduction 
in friction at operating conditions involving higher 
values of speeds and loads. Wu et al. [6] performed 
experiments for assessment of rheology of 
nanolubricants prepared by suspending nano-
diamond, TiO2 and CuO nanoparticles in engine oil 
and CuO is found to have preeminent anti wear 
and anti friction characteristics amongst other 
additives. Ingole et al. [7] conducted friction and 
wear tests on TiO2 based nanolubricants where 
mineral oil is used as base lubricant. They found 
reduced coefficient of friction and wear because of 
abrasive action. Many studies reported improved 
performance of journal bearings which are 
operating with nanolubricants. Binu et al. [8] and 
Suryawanshi and Pattiwar [9] examined the static 
characteristics of journal bearing lubricated with 
TiO2 nanolubricant and revealed significant rise in 
load carrying capacity of journal bearing. Solghar 
[10] reported higher load carrying capacity and 
friction coefficient of journal bearings using Al2O3 
based nanolubricants. Mahdi et al. [11] used the 
couple stress fluid model for studying cavitation 
effects in bearing. Sadabadi and Nezhad [12] 
simulated the journal bearing used in heavy 
machinery which is lubricated with Tungsten 
disulfide (WS2) based nanolubricants and reported 
a maximum of 20% rise in load carrying capacity. 
Dang et al. [13] assessed the thermal performance 
of elliptical journal bearing which is lubricated 
with TiO2 and CuO nanoparticle based 
nanolubricants. 
   
Majority of these studies are concerned with finite 
journal bearings and square bearings. When the 
aspect ratio 𝜆 ≪ 1, the bearings are identified as 
short journal bearings. For general practical 
applications, the aspect ratio λ of short bearing 
ranges from 0.2 to 0.8. The short bearings 

consume less space and further the misalignment 
effects are lower. The short bearings are preferred 
in crucial applications like internal combustion 
engines, aerospace applications, rocker arms etc. 
because of their superior heat dissipation ability as 
compared to long bearing. There are very few 
studies on performance of short bearings 
operating on nanolubricants. Further, majority of 
the studies are based on application of modified 
viscosity of nanolubricants. These studies have not 
considered the interaction of nanoparticles with 
each other and walls of bearing and shaft. These 
interactions can be included in the analysis by 
using the couple stress approach. In view of this, 
further analysis of short journal bearing lubricated 
with nanolubricants is essentially required. 
 
The present study attempts to evaluate the 
performance of short bearing configurations with 
reference to the non dimensional values of 
pressure, load carrying capacity and friction 
parameter. The short bearing configurations under 
consideration are lubricated with nanolubricants. 
Although short bearing approximation is preferred 
for performance evaluation of short journal 
bearing, this study uses the two dimensional form 
of modified Reynolds equation, which does not 
neglect circumferential pressure gradient. Stokes 
couple stress theory [14] provides the model for 
anticipating the flow of fluids containing particles, 
which is used for predicting the flow of 
nanolubricants in the journal bearing. The couple 
stress parameter for nanolubricant suspensions is 
calculated for different aggregate sizes of CuO 
nanoparticles in the base oil. The dimensionless 
pressure distribution and load carrying capacity in 
case of short bearing configuration is evaluated by 
using the calculated couple stress parameter 
values of nanolubricants. 
 
 
2. THEORY 
 
Hydrodynamic journal bearings are broadly 
classified as long bearings, square bearings and 
short bearings, they work on the hydrodynamic 
lubrication principle. The load carrying capacity 
is developed by eccentrically rotating the 
journal, which pumps the lubricating fluid in the 
wedge shaped region between bearing and 
journal. The schematic diagram of a typical short 
journal bearing is shown in Fig. 1. In this 
diagram x, y and z represents Cartesian 
coordinates while R, θ represents polar 
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coordinates. The classical Reynolds equation is 
presented in generalized form by Dowson [15]. 
For a steady state, finite journal bearing using 
incompressible fluid as lubricant the equation is 
given by (1) 

 
∂

∂𝑥
(h3 ∂p

∂𝑥
) +

∂

∂𝑧
(h3 ∂p

∂𝑧
) = 6μU

∂h

∂𝑥
 (1)  

The equation (1) is in the two dimensional form 
where change in pressure along the y direction 
that is, along film thickness is neglected. In 
equation (1), p is the pressure developed in the 
oil film, h is the film thickness, μ is the dynamic 
viscosity of the lubricant and U is the linear 
velocity of journal. 
 

 
Fig. 1. Schematic of hydrodynamic journal bearing. 

 
For short bearing application, the equation (1) 
is modified and solved by Dubois and Ocvirk 
[16] by assuming the circumferential pressure 

gradient as negligible i.e. 
∂p

∂𝑥
= 0, which gives 

the final form of equation for a short journal 
bearing as  

 
∂

∂z
(h3 ∂p

∂z
) = 6μU

∂h

∂x
 (2) 

The pressure distribution is obtained by solving 
equation (2), which is given by the expression 

 p =  
3μU

RC2 (
L2

4
− z2)

ε sin θ

(1+ε cos θ)3 (3) 

In equation (3), the length of bearing is given by 
L, the distance from center plane of the bearing 
is z, radius of journal is R, eccentricity ratio is ε 
and the radial clearance between bearing and 
journal is represented by C. From pressure 
distribution equation, the overall load carrying 
capacity in terms of radial and tangential force 
components is calculated by integrating the 
pressure values over the area of bearing 
considering the positive pressure values. The 
vector addition of radial and tangential force 
components gives the load capacity of the 
bearing W and attitude angle ϕ which are given 
in equation (4) and (5). 

 W =
μUL3

4C2

ε

(1−ε2)2 
√[π2(1 − ε2) + 16ε2] (4)     

 ϕ = tan−1 [
π

4

√1−ε2

ε
] (5) 

This bearing theory developed by Dubois and 
Ocvirk is suitable only for short bearing 
applications. In present work, modified two 
dimensional form of Reynolds equation is used 
which considers the variation of pressure in 
circumferential direction. The dimensionless load 
capacity obtained by short bearing theory and 
modified two dimensional Reynolds equation is 
compared for validation purpose in section 5.3. 
 
 
3. VISCOSITY OF NANOLUBRICANT 
 
The viscosity of lubricant is one of the key 
parameters for pressure generation in case of 
hydrodynamic journal bearing. Majority of 
conventional lubricants are Newtonian but 
numerous studies reveal non-Newtonian 
behavior of nanolubricants [17]. Thus 
conventional approach of analyzing Newtonian 
lubricant needs to be modified for solving the 
Reynolds equation. There are multiple theories 
for addressing the viscosity of fluid containing 
ultrafine particles. Modified Krieger-Dougherty 
model proposed by Chen et al. [18] is used by 
many researchers [11,13,19] for predicting the 
viscosity of nanolubricants. The viscosity model 
presented by Selvakumar et al. [20] is developed 
by particle size distribution and it is used for 
predicting the effective viscosity of nanoparticle 
suspensions. This model simulates the viscosity 
of suspension by aggregation and interfacial 
layer formation characteristics. The current 
work also employs modified Krieger- Dougherty 
model given by Chen et al. [18] for relative 
viscosity μ̅ of nanofluids, described as  

 μ̅ =
μn

μb

= (1 −
ϕ

ϕm

(
aa

a
)

3−D
)

−ηϕm

 (6)  

The equation (6) is valid for the suspension 
where volume fraction of nano sized particles is 
between 0.001 and 0.05 in the base fluid, which 
is termed as semi dilute suspension. In equation 
(6), D is fractal index, which denotes the degree 
to which the packing percentage varies from the 
centre to the edge of the aggregates. Fractal 
index of nanoparticles is determined by two 
dimensional imaging of nanoparticles using 
techniques like dynamic light scattering or 
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electron microscopy. In the present work, typical 
value of fractal index is taken as 1.8, which is 
reported by [17-19,21]. Intrinsic viscosity η is a 
dimensionless value representing the capability 
of an additive to enhance the viscosity of fluid. 
For nanofluid with hard spherical suspended 
particles, this value is 2.5. At high shear rates,the 
maximum value of particle packing fraction 𝜙𝑚 
is 0.605 [22]. After inserting the values of fractal 
index, intrinsic viscosity and particle packing 
fraction in the equation (6), the modified Krieger 
Dogherty equation takes the following form 

 μ̅ =
μn

μb

= (1 −
∅

0.605
(

aa

a
)

1.2

)
−1.5125

 (7)  

The equation (7) is used in present analysis for 
estimating the relative viscosity μ̅ of 
nanolubricants. Change in the viscosity of 
nanolubricants due to aggregation effect in the 
case of CuO nanoparticles is addressed by Kole 
and Dey [23]. They reported the dimension of 
average aggregate particle as around 7.15 times 
the size of primary nanoparticle using dynamic 
light scattering analysis. This value is adopted in 
current research as the cluster of aggregates of 
CuO nanoparticles remains unchanged after 
application of shear stress [23].  
 

 
Fig. 2. Relative viscosity of nanolubricant containing 
CuO nanoparticles. 

 
The average particle size (APS) and average size of 
the aggregates of particular nanoparticles plays a 
crucial role in deciding the effective viscosity of 
nanofluids. Fig. 2 depicts the values of relative 
viscosities for average particle size range of 20 to 
200 nm at different volume fraction of CuO 
nanoparticles. The dimensionless relative viscosity 
values are estimated for volume fraction of 0.005, 

0.01, 0.015, 0.02 and 0.025 using equation (7) 
which is based on modified Krieger- Dougherty 
approach. The commercially available CuO 
nanoparticle sizes vary from 20 nm to 200 nm. 
Majority of the researchers have reported the 
average particle size ranging between 40 to 80 nm. 
 

 
Fig. 3. APS of commercially available CuO nanoparticles. 

 
In Fig. 3 average particle size of CuO nanoparticles 
is presented for three different commercially 
available samples. The CuO nanoparticles having 
an average particle size of 40 nm and 80 nm is 
chosen for the study in this research. 
 
 
4. COUPLE STRESS MODEL 
 
The modified Krieger-Dougherty model predicts 
effective viscosity based on volume fraction and 
dimensions of aggregates. Although the accuracy 
of the model is good, this model cannot be used 
directly for hydrodynamic bearing application. 
In addition, mutual collision of nanoparticles 
and collision with the walls of bearing and shaft 
must be considered. Stokes couple stress theory 
can be utilized effectively to address this issue. 
According to stokes theory, couple stress 
parameter 𝑙 is defined as [14] 

 𝑙 = √
η0

μb
 (8) 

Here η0 is material constant and μb is viscosity of 
base fluid. The dimensionless form of the couple 
stress parameter is expressed by using the bearing 
clearance value C [19]. The dimensionless couple 
stress parameter is defined as 

 𝑙 ̅ =
l

C
 (9) 
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For CuO nanoparticles having average aggregate 
size of 500, 570 and 775 nm, dimensionless 
couple stress parameter 𝑙  ̅ is calculated by using 
equation (9), as 0.025, 0.0285 and 0.039 
respectively. These values are adopted in 
present analysis for including the effect of CuO 
nanoparticles in lubricating oils. The selected 
values provide more realistic approach as they 
are based on experimental data [19,22,23].  
 
 
5. NUMERICAL PROCEDURE 
 
Many researchers have [1,19,24-26], reported 
finite difference method (FDM) as suitable 
method for solving the two dimensional 
Reynolds equation because of its accuracy, 
simplicity and faster convergence. Therefore, 
FDM is adopted for numerical solution of 
Reynolds equation modified for couple stress 
flow of lubricant containing copper oxide nano 
particles. In the following section, modified 
Reynolds equation and its non dimensional 
form are presented which are governing 
equations for hydrodynamic journal bearing.  
 
5.1 Governing equations 
 
The Reynolds equation for fluids containing 
ultrafine particles is expressed as the modified 
form of equation (1) provided by Lin [27] 

 
∂

∂𝑥
(f(h, 𝑙)

∂p

∂𝑥
) +

∂

∂z
(f(h, 𝑙)

∂p

∂𝑧
) = 6μU

∂h

∂𝑥
 (10)  

Here, f(h, 𝑙) is a function of film thickness h and 
couple stress parameter l, given by  

 f(h, l) = h3 − 12l2 {h − 2l tanh (
h

2l
)} (11) 

The equation (10) is used for both plain 
lubricant and nanolubricants by adopting 
specific values of the couple stress parameter 
l. For plain lubricant, 𝑙 = 0, which implies no 
additives in the base lubricant, all other terms 
in the equation (11) will become zero except 
h3 thus giving the classical Reynolds equation 
for plain lubricants. 
 
In the first step of solution, modified Reynolds 
equation is brought to non-dimensional form by 
using the following dimensionless variables [27] 

θ =
x

R
, z̅ =

z

L
, λ =

L

D
 , ε =

e

C
 , 

  p̅ =
pC2

μUR
 ,   h̅ =

h

C
 , l̅ =

l

C
  (12) 

Here 𝜃 and 𝑧̅ are dimensionless bearing 
coordinates, dimensionless value of pressure is 
given by �̅�, the dimensionless film thickness is ℎ̅. 
After introducing these dimensionless terms in 
equation (10), we get modified Reynolds 
equation in non dimensional form 

 
∂

∂θ
(f ̅(h̅, l)̅

∂p̅

∂θ
) +

1

4λ2

∂

∂z̅
(f ̅(h̅, l)̅

∂p̅

∂z̅
) = 6

dh̅

dθ
 (13) 

Equation (13) is solved numerically for getting 
the dimensionless pressure of short 
hydrodynamic bearing. The particular 
advantage of using this modified 
dimensionless form of Reynolds equation is, 
the same equation can be used for plain 
lubricant and nanolubricants by adopting 
various specific calculated values of the couple 
stress parameter 𝑙 .̅ Further, load carrying 
capacity of the bearing, expressed as W̅, is 
calculated by integrating pressure term. For 
this pressure values which are acting on shaft 
are considered. The two components of W̅ are 
calculated, equation (14) and (15) represents 
the radial W̅Rand tangential W̅T components. 

 W̅R = W̅ cos ψ =  − ∫ ∫ p̅ cos θ
θc

0

1

0
dθ dz̅ (14) 

 W̅T = W̅ sin ψ =  ∫ ∫ p̅
θc

0

1

0
sin θ dθ dz̅  (15) 

The total dimensionless load carrying capacity 
W̅ is calculated by the adding two components 
W̅R and W̅T and attitude angle ϕ is given by 
equation (16) and (17) respectively. 

 W̅ = √(W̅R)2 + (W̅T)2 (16) 

 ϕ = tan−1 (
W̅̅̅T

W̅̅̅R
) (17) 

The friction force Ff is evaluated by integrating 
the shear stress about the circumferential area 
of journal. Equation (18) gives non dimensional 
values of friction force [19]. 

 F̅f = ∫ ∫ [
μ̅

h̅
+

h̅

2

∂p̅

∂θ
− l̅ 

∂p̅

∂θ
tanh (

h̅

2l
)̅]

2π

0

1

0
dθ dz̅(18) 

Friction can be conveniently expressed in the 
form of dimensionless friction parameter f ̅
which is normalized coefficient of friction and 
generally used in the design tables of journal 
bearing and is given in equation (19) 

 𝑓̅ =
F̅f

W̅̅̅
 (19) 
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For solving modified Reynolds equation (10), 
the following boundary conditions for pressure 
and pressure gradient are defined 

 p̅ = 0 at z̅ = 0 and 1 (20a) 

 p̅ = 0 at θ = 0 (20b) 

 
∂p̅

∂θ
= 0 at θ = θc (20c) 

 p̅ = 0 at θc ≤ θ ≤ 2π (20d) 

Equations (20a) and (20b) represent the pressure 
boundary conditions for the finite journal bearing 
operating on incompressible lubricant. Equations 
(20c) and (20d) are used for addressing the 
cavitation in journal bearing. Using these 
conditions, negative pressures are set to zero, as 
per the algorithm provided by Christopherson 
[28], thus neglecting the cavitation effect. 
  

5.2 Solution methodology 
 

The two dimensional Reynolds equation can have 
exact solution by using either long bearing 
assumption or short bearing assumption. In long 
bearing assumption, bearing is considered as 
infinitely long and in short bearing assumption, it 
refers to infinitely short. The numerical methods 
are an efficient way for solving the Reynolds 
equation, where long or short bearing assumption 
is not required. In recent times, with advanced 
computational facilities, faster and more accurate 
solutions are possible. The dimensionless form of 
the modified Reynolds equation (13) is discretized 
by means of central difference scheme in this 
research. A MATLAB code is prepared to solve the 
equation using Gauss-Seidel successive over 
relaxation scheme. The lubricant film domain is 
divided into a mesh grid of 𝑚 × 𝑛 points along 𝜃 
and 𝑧̅ respectively. Fig. 4 shows the grid mesh used.  
 

 

Fig. 4. Schematic of mesh grid adopted for oil film. 

The values of 𝑚 = 90 and 𝑛 = 48 are used by 
considering the number of iterations and grid 
independency. The values of m and n are optimum 
for solution accuracy and minimum number of 
iterations, and decided by conducting exhaustive 
calculations for a standard case by using different 
combinations of m, n and over relaxation factor. 
The iterations are performed until the predefined 
convergence condition of 0.00001 is satisfied. The 
pressure distribution obtained is integrated to 
calculate the dimensionless value of load capacity 
W̅ and attitude angle ϕ. 
 

The pressure distribution and load capacity is 
calculated by considering 𝑙 ̅ as zero for plain 
lubricant, whereas 𝑙 ̅ is taken as 0.025, 0.0285 and 
0.039 for calculating couple stress parameter in 
nanolubricants as described in section 4. 
 

5.3 Validation 

 
The finite difference algorithm is used for 
solution of modified Reynolds equation. A 
provision is made to include couple stress effect 
in the form of dimensionless couple stress 
parameter in the modified Reynolds equation. 
  

 
Fig. 5. Dimensionless load carrying capacity of 
various lubricants for λ=0.25. 
 

The computed results are validated by 
comparing with the results depicted by Dubois 
and Ocvirk [16] for Newtonian lubricants and 
with Lin [27] for couple stress fluid. The 
dimensionless values of pressure profile and 
load carrying capacity are plotted in Fig. 5 which 
represents bearing configuration with aspect 
ratio as 0.25. The results obtained by numerical 
solution of modified Reynolds equation are 
compared with literature results and they are in 
good agreement, hence the validity of the 
solution of the modified equation is justified. 
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6. RESULTS AND DISCUSSION 
 
For different concentration of CuO 
nanoparticles, the couple stress parameter is 
calculated by considering the aggregate sizes as 
500, 570 and 775 nm and clearance of bearing as 
20 microns [24]. Three dimensionless couple 
stress values of 0.025, 0.0285 and 0.039 are 
used for analysis. The pressure distribution for 
short bearing configuration λ = 0.25 and λ = 0.5 
is calculated by using the MATLAB program 
developed in this research. The dimensionless 
pressure is integrated for obtaining the value of 
non dimensional load carrying capacity. The 
dimensionless load carrying capacity and 
friction parameter f ̅ of bearing lubricated with 

nanolubricants, at various eccentricity ratios is 
evaluated and compared with the values of 
bearing operating on plain oil. Calculated values 
of dimensionless load carrying capacity and 
friction parameter are shown in Table 1 and 
Table 2. It is observed that variation in load 
carrying capacity is more significant at higher 
eccentricity ratios because the smaller wedge 
shaped region at higher eccentricity ratios 
results in higher interaction of nanoparticles, 
whereas highest dimensionless load carrying 
capacity is observed for 𝑙=̅ 0.039 which 
represents the proportional relationship 
between couple stress parameter and pressure 
development due to improved viscosity. 

 
Table 1. Dimensionless load carrying capacity W̅ and friction parameter 𝑓 ̅for λ= 0.5. 

Eccentricity Ratio (ε) 

Dimensionless Parameters 

𝑙=̅ 0.0 (Plain Oil) 𝑙=̅ 0.025 𝑙=̅0.0285 𝑙=̅ 0.039 

W̅ f ̅ W̅ f ̅ W̅ f ̅ W̅ f ̅

0.2 0.167 38.25 0.176 36.411 0.176 36.326 0.178 36.012 

0.3 0.279 23.508 0.292 22.396 0.293 22.335 0.296 22.113 

0.4 0.432 15.704 0.452 14.982 0.454 14.932 0.46 14.751 

0.5 0.666 10.685 0.694 10.245 0.697 10.201 0.709 10.041 

0.6 1.05 7.256 1.074 7.085 1.081 7.042 1.105 6.884 

0.7 1.81 4.632 1.83 4.58 1.848 4.535 1.913 4.374 

0.8 3.686 2.624 3.902 2.471 3.972 2.425 4.231 2.268 

0.9 10.791 1.156 13.124 0.931 13.727 0.886 15.978 0.752 

 
Table 2. Dimensionless load carrying capacity �̅� and friction parameter 𝑓 ̅for λ=0.25. 

Eccentricity Ratio (ε) 

Dimensionless Parameters 

𝑙=̅ 0.0 (Plain Oil) 𝑙=̅ 0.025 𝑙=̅ 0.0285 𝑙=̅ 0.039 

W̅ f ̅ W̅ f ̅ W̅ f ̅ W̅ f ̅

0.2 0.045 141.944 0.047 134.737 0.0478 134.42 0.048 133.251 

0.3 0.076 86.661 0.08 82.366 0.08 82.141 0.081 81.309 

0.4 0.12 56.893 0.127 53.968 0.127 53.784 0.129 53.11 

0.5 0.19 37.927 0.201 35.982 0.201 35.819 0.205 35.225 

0.6 0.316 24.649 0.334 23.321 0.336 23.168 0.344 22.617 

0.7 0.577 15.017 0.605 14.316 0.612 14.163 0.636 13.621 

0.8 1.294 7.884 1.416 7.193 1.446 7.042 1.557 6.53 

0.9 4.66 2.927 6.038 2.235 6.401 2.104 7.743 1.728 

 
Increase in couple stress parameter 𝑙 ̅ results 
in reduction of dimensionless friction 
parameter f.̅ At lower eccentricity ratios, both 
friction parameter and load carrying capacity 
are changed by insignificant amount. At 
higher eccentricity ratios, boost in load 

carrying capacity is observed while friction 
parameter is decreased. At higher eccentricity 
ratio wedge shaped region is smaller and 
there is more interaction between the 
nanoparticles which results in increased 
pressure and load capacity.   
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For the bearing, working at eccentricity ratio of 
0.7, the dimensionless pressure profile at centre 
plane of the short bearing against the bearing 
angle θ is shown in Fig. 6 (a) and (b). The peak 
value of dimensionless pressure is obtained 
when 𝑙 ̅ is at 0.039. The attitude angle ϕ is also 
changing with change in couple stress 
parameter, but the difference is very small and 
insignificant in present case.  
 

 
(a) 

 
(b) 

Fig. 6. Dimensionless pressure at centre plane of 
bearing for eccentricity ratio 0.7 a) λ =0.25; b) λ=0.5. 

 
Fig. 7 (a) and (b) shows the gradual rise in 
dimensionless load carrying capacity of short 
bearing in consequence of increased couple stress 
parameter. The variation effect in load carrying 
capacity is very small at low eccentricity ratio and 
it is more dominant at higher eccentricity ratio. 
For quantitative investigation and performance 
comparison of plain oil with nanolubricants, the 
percentage rise in the dimensionless load 
carrying capacity of short bearing operating on 
nanolubricants over plain lubricant is plotted for 
various eccentricity ratios. 

 

(a) 

 

(b) 

Fig. 7. Dimensionless load capacity at various 
eccentricity ratios (a) λ =0.25; (b) λ=0.5. 

 
Fig. 8 (a) and (b) shows percentage rise in the 
dimensionless load carrying capacity of bearings 
for aspect ratio 0.25 and 0.5 respectively. 
 

 

(a) 
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(b) 

Fig. 8. Percentage rise in the load carrying capacity as 
compared to plain oil for various eccentricity ratios 
(a) λ =0.25; (b) λ=0.5. 

 

 
(a) 

 
(b) 

Fig. 9. Dimensionless friction parameter at various 
eccentricity ratios. 
 
Both the configurations shows exponential rise 
in the load carrying capacity with increased 
eccentricity ratio. For the Bearing with aspect 

ratio λ = 0.5, maximum rise of 46.5% and for 
λ = 0.25 maximum rise of 61.33% in 
dimensionless load capacity is found. This 
variation is attributed to improved viscosity of 
nanolubricants in comparison with plain oil. 
 
Dimensionless value of the friction parameter 
against eccentricity ratio is plotted for various 
lubricants for both bearing configurations λ =
0.25 and λ = 0.5. 
 

 
(a) 

 
(b) 

Fig. 10. Percentage decrease in friction parameter as 
compared to plain oil for various eccentricity ratios. 

 
As shown in Fig. 9 (a) and (b), for both bearing 
configurations, dimensionless friction parameter 
decreases with increase in eccentricity ratio and 
couple stress parameter. The variation effect is 
distinct at higher eccentricity ratio. Fig. 10 (a) 
and (b) shows the graph for percentage decrease 
in dimensionless friction parameter at specific 
values of the couple stress parameter with 
respect to the plain lubricant. Maximum 
decrement of 39% for λ = 0.25 and 33.91% for 
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λ = 0.5 is obtained for dimensionless friction 
parameter. As a result of introduction of couple 
stress parameter for short journal bearing, load 
carrying capacity is increased and friction is 
reduced for both the configurations. The effects 
are small and insignificant at low eccentricity 
ratio, but significant when bearing is operating 
at higher eccentricity ratio. Further, in case of 
load capacity and friction parameter, the 
configuration λ = 0.25 gives better results 
than λ = 0.5. 
 
 
7. CONCLUSION 
 
The numerical investigation of short journal 
bearing lubricated with nanolubricants is carried 
out by considering Reynolds 2D equation instead 
of short bearing approximation. The couple 
stress parameter is introduced to get the 
modified form of Reynolds equation. This couple 
stress parameter accounts for nanoparticle 
addition in the base lubricant. The specific values 
of the couple stress parameter are evaluated 
from the average particle size of commercially 
available CuO nanoparticles. A MATLAB program 
for the finite difference solution of the modified 
Reynolds equation is written. The dimensionless 
values of pressure, load carrying capacity and 
friction parameter are calculated for two short 
bearing configurations having aspect ratio of 
0.25 and 0.5. 
 
The numerical investigation shows a significant 
rise in the load carrying capacity of short 
bearing when operating on nanolubricants in 
comparison to a case where plain lubricant is 
used. There is rise in non-dimensional oil film 
pressure which results in increased load 
carrying capacity which ranges between 2% to 
61.3 %. The dimensionless friction parameter 
has significant reduction in case of 
nanolubricants with maximum reduction in 
friction as 39% for λ = 0.25. The improvement 
in load carrying capacity is because of improved 
viscosity of lubricant which is enhanced by 
added nanoparticles and reduced friction is 
because of rolling action of nanoparticles in the 
small wedge shaped region of bearing. The CuO 
nanoparticle suspensions in the base oil 
(nanolubricants) show a superior load carrying 
capacity than plain oil and can be considered as 
potential substitutes for plain oils. The 
improvement in both friction parameter and 

load carrying capacity is better for smaller 
aspect ratios. In order to get more insights in 
this research, other characteristics like 
temperature -viscosity and pressure- viscosity 
relationship, thermal capacity of nanolubricants, 
needs to be addressed during the analysis. 
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NOMENCLATURE 

 

x, y, z 

 

Bearing coordinates in circumferential, 

radial and axial directions (m) 

�̅�, �̅�, 𝑧̅ Non dimensional bearing coordinates 

μn Viscosity of nanolubricant (Pa-S) 

μb Viscosity of base lubricant (Pa-S) 

μ̅ Relative viscosity = (μn μb
⁄ ) 

∅ Nanoparticle volume fraction 

aa Average size of aggregates (nm) 

a Size of nanoparticles (nm) 

R Radius of journal (m) 

L Length of bearing (m) 

λ Aspect ratio = (L 2R⁄ ) 

C Radial clearance (m) 

h Film thickness (m) 

h̅ Dimensionless film thickness = (h C⁄ ) 

U Velocity of journal (m/s) 

𝑓 ̅ Dimensionless Friction parameter (R/C)f 

d Characteristic dimension of additive (m)  

= √η0 μb
⁄  

η
0

  Material constant for couple stress 

property (N-s) 

𝑙  ̅ Dimensionless couple stress parameter = 

(d C⁄ ) 

e Eccentricity (m) 

ε Eccentricity ratio = (e C⁄ ) 

p Film pressure (N/m2) 

p̅ Dimensionless film pressure  

𝜃 Cylindrical coordinate (rad) 

𝜃𝑐  Angle at which cavitation starts (rad) 

�̅�𝑅  Dimensionless radial component of load 

carrying capacity 

�̅�𝑇 Dimensionless tangential component of 

load carrying capacity 

W̅ Dimensionless load carrying capacity 

ϕ Attitude angle (rad) 

F̅f Dimensionless Friction force 

  

  

 


