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Abstract  

The main objective of the present work is to study the behavior of Nano-lubricated journal bearing 

considering elasticity and variable viscosity effects. A mathematical model for a journal bearing is employed 

using three-dimensional computational fluid dynamics. The study is implemented for a journal bearing with 

laminar flow and smooth surfaces lubricated with pure oil as well as lubricants containing different 

concentrations of Al2O3 Nano-particles. The dependence of the oil viscosity on the temperature is considered 

by using the modified Krieger Dougherty model. Pressure, temperature and elastic deformation in addition to 

the bearing load-carrying capacity of the bearing working under different eccentricity ratios (0.1-0.6) have been 

studied. The mathematical model is confirmed by comparing the results of the pressure and temperature 

distributions obtained in the current work with those obtained by Ferron et al.(1983)  for a bearing lubricated 

with pure oil. Also, the pressure obtained for the Nano-lubricated bearing of the present work is validated with 

that obtained by Solighar (2015). The results are found in good agreement with a maximum deviation not 

exceeding 5%. The obtained results show that the oil film pressure increases by about 17.9% with a slight 

decrease in oil film temperature and friction coefficient. 

 

Keywords: hydrodynamic journal bearings, computational fluid dynamics, thermo-hydrodynamic lubrication,  

nano-lubricant, elastic deformation.  

 

1. INTRODUCTION  

 

The safe and smooth operation of rotating 

machines is limited by the reliability of the bearings. 

Hydrodynamic bearings are extensively used due to 

their simplicity, improved damping properties, high 

precision and high loads. It can be used in marine 

propellers, turbo and electric generators and IC 

Engines. The increasing journal bearing operating 

speeds leads to a higher range of temperature 

distribution that adversely impact the viscosity of the 

lubricant and the performance of the bearing. 

Different works have been implemented considering 

the thermal performance of various types of 

hydrodynamic bearings. The effect of bearing 

misalignment on thermo-hydrodynamic 

performance of journal bearing was extensively 

studied by [1-3]. Numerical results indicated that the 

influence of journal axial motion on the performance 

of the bearing is maximum when the thermal effect 

is taken into account. Thermal performance of 

journal bearings with various number of axial 

grooves has been investigated by [4-6].It was found 

that the bearing with twin axial grooves deteriorate 

when the bearing working under high loads in 

comparison with the single groove one. The 

combined effect of oil film temperature and the 
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elastic deformation on its performance 

characteristics of the journal bearing was extensively 

studied by many workers [7-8]. The obtained results 

show an increase in maximum oil film pressure and 

load carrying capacity with sharp increase in oil film 

temperature due to journal misalignment when 

considering the elastic deformation of the bearing. 

The oil containing dispersed nano particles shows a 

higher viscosity in comparison with the base oil and 

hence influences the oil film temperature and the 

overall bearing performance. Different types of nano 

particles were used as an additives to the base oil 

such as  TiO2 [10-11], Si,SiO2, Al, Al2O3,Cu, and 

CuO[12], Al2O3 and ZnO[13], Al2O3 [14-15]. 

Different viscosity models were used to include the 

effect of the dispersed nano particles on the viscosity 

of the base lubricant. Krieger Dougherty is found to 

be the most accurate viscosity model used in such 

works. As the bearing is lubricated with nano 

lubricant, the load caried by the bearing increases.  

Few studies dealt with the combined impact of nano 

lubrication and thermal effects on journal bearing 

performance. In all of the work previously 

mentioned, the energy equation was solved 

simultaneously with the classical Reynolds equation. 

However, extensive work has been implemented 

using fluid structure interaction with computational 
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fluid dynamics to analyse the performance of the 

journal bearings considering elastic deformation [16-

22]. These works recommended using CFD-FSI 

technique for hydrodynamic and elasto-

hydrodynamic lubrication analysis of rotor bearings 

due its accuracy. It was found that the elastic 

deformation has a considerable effect on the 

performance of rotor-bearing system. However, 

these works deal mainly with the performance of 

journal bearings lubricated with pure oil.  

It can be concluded from the above presentation that 

the combined effects of oil film temperature and 

elastic deformation on the performance of nano 

lubricated cylindrical journal bearings is rarely 

studied which is the main purpose of the current 

work. So, the present work is an attempt to analyse 

the thermo-elastohydrodynamic performance of 

journal bearing lubricated with pure and  Al2O3 nano-

lubricant by using fluid structure interaction with 

CFD technique.   

 
2. MATHEMATICAL MODEL  

 

The perfectly aligned cylindrical journal bearing 

with the geometry and coordinates system shown in 

figure 1 is analysed in the current study. It consists 

of a rotating journal with radius R and fixed bearing 

with radius Rb with oil filled the gap and assumed to 

flow laminarly between smooth surfaces.  The 

external applied load 'W' affecting vertically and 

assumed to be constant which is balanced by the load 

induced by the oil film pressure generated. 

 

Fig. 1. Geometry of the Hydrodynamic journal 

bearing system [20] 

Pressure distribution in journal hydrodynamic 

bearings is controlled by solving the modified 

conservation equations with the following 

assumptions using ANSYS-FLUENT 2019 R3 

Software: compressible, laminar flow with 

negligible heat conduction, no-slip at the bearing 

surfaces, steady-state operating conditions, elastic 

bearing material and the oil viscosity is a function of 

temperature. 

2.1. Mass conservation equation [20]: 

 
∂ρ

∂𝑡
+ Δ(𝜌 ⋅ �⃗�) = 0  (1) 

where  

�⃑�   is the velocity vector of fluid, 𝜌 is the density of 

the nanofluid. 

 

2.2. Momentum conservation equation [20]: 

  
∂

∂𝑡
(𝜌 ⋅ �⃗�) + ∇(𝜌 ⋅ �⃗� ⋅ �⃗�) = −∇𝑃 + ∇(�̅�) + 𝜌 ⋅ �⃗� + 𝐹 ⃗⃗⃗⃗   (2) 

where:  

𝜏̅ is the stress tensor which could be written as: 

               �̅� = 𝜇 [(∇ ⋅ �⃗� + ∇ ⋅ �⃗�𝑇) −
2

3
∇ × �⃗� ⋅ 𝐼]            (3) 

where: 

𝜇 the viscosity of the fluid, which can be taken as a 

function of temperature. 

𝐼 unit tensor, and the dilation effect is on the right 

side of the second term. 

P the static pressure, �⃑�  and  𝜌. �⃑�  are the body and 

gravitational force vectors. 

The above equations can be used for steady state 

operation of journal bearing by switching off the 

𝜕/𝜕𝑡 terms. 

 

2.3. Energy equation [20] 

The distribution of the oil film temperature in the 

journal bearing can be attained by solving the 

following three-dimensional energy equation: 

ρCp (u ⋅
∂T

∂x
+ w ⋅

∂T

∂z
) =

∂

∂y
(K

∂T

∂y
) + μ [(

∂u

∂y
)

2
+ (

∂w

∂y
)

2
] 

(4) 

The energy transfer by convection represented by 

the left term of equation (4) while the conduction and 

viscous heat dissipation represented by the right-side 

term.  

 

2.4. Elasticity equation 

The following three- dimensional elasticity 

equation used to evaluate the elastic deformation of 

the bearing surface. 
 [𝑘]{𝑑} = {𝑓} (5) 

where 

{𝑑} vector of all nodal displacements. 

{𝑓} vector of nodal force.  

[𝑘]  stiffness matrix  

 

3. RHEOLOGICAL AND PHYSICAL 

PROPERTIES OF NANO-LUBRICANT 

 

The most important rheological properties of 

Nano-lubricant is the oil viscosity which can be 

modelled by using the following Krieger-Dougherty 

shear viscosity equation for particle dispersion as 

[24]: 

 μnf = μ [1 −
φ

φm
]

−[η]φm

  (6) 

where: 

ɳ is the intrinsic viscosity with standard value of 2.5 

for monodisperse, as defined by [ 24]; 

φm is the maximum fraction of particle packing, 

which is about 0.605 at elevated shear rates, as 

stated in[24]; 

 φ is the solid nanoparticles' volume fraction; 

µ is the viscosity of the base oil. 

By applying the values of ɳ and φm equation (6) 

can be rewritten as: 

 μnf = μ (1 −
𝜑𝑎

𝜑𝑚
)

−2.5𝜑𝑚

  (7) 

where: 
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 𝜑𝑎 = 𝜑 (
𝑎𝑎

𝑎
)

3−𝐷
  (8) 

D the fractal index for nanofluids with a standard 

value of 1.8. 

 
𝑎𝑎

𝑎
 represents the radii of aggregate to primary 

particle size ratio taken as 7.77. 

The effect of oil film temperature on the oil 

viscosity can be taken as: 
 μ = μ𝑛𝑓exp [−𝛽(𝑇 − 𝑇𝑖)] (9) 

where: 

𝛽 is the lubricant's viscosity-temperature index equal 

to 0.032.  

(𝜌𝑛𝑓) The density of the nano-lubricant which can be 

evaluated as[26]: 
 𝜌𝑛𝑓 = (1 − 𝜑)𝜌𝑓 + 𝜑𝜌𝑝  (10) 

By defining Cp,nf as the thermal power of the 

Nano-fluid, then [26] 

 𝜌𝑛𝑓𝐶𝑝,𝑛𝑓 = (1 − 𝜑)(𝜌𝐶𝑝)
𝑓

+ 𝜑(𝜌𝐶𝑝)
𝑝
  (11) 

Subscripts p,f, and nf refer to particle, the base 

fluid, and nanofluid, respectively. Furthermore, the 

nanofluid thermal conductivity can be determined by 

using the following Maxwell-Garnett’s model [26]: 

 𝑘𝑛𝑓 = 𝑘𝑓 [
(𝑘𝑝+2𝑘𝑓)−2𝜑(𝑘𝑓−𝑘𝑝)

(𝑘𝑝+2𝑘𝑓)+𝜑(𝑘𝑓−𝑘𝑝)
]  (12) 

 

4. BEARING PERFORMANCE 

PARAMETERS 

 

The following are the main performance 

parameters. 

4.1. Load-Carrying Capacity 

The bearing load components in vertical 

direction can be evaluated as: 

 (𝐹𝑝)
𝑦

= ∬  
𝐴𝑖

𝑃𝑗 ⋅ cos 𝜃 ⋅ (𝑑𝐴𝑗) = −𝑊  (13) 

And, the component of the load in horizontal 

direction can be evaluated as  : 
 (𝐹𝑝)

𝑥
= ∬  

𝐴𝑗
𝑃𝑗 ⋅ sin 𝜃. (𝑑𝐴𝑗) = 0   (14) 

The load carried by the bearing can be calculated 

as: 

 𝑊 = √(𝐹𝑝)𝑥
2 + (𝐹𝑝)𝑦

2    (15) 

The attitude angle can be evaluated as  : 

 𝜙 = tan−1 (
𝐹𝑝𝑦

𝐹𝑝𝑥
)   (16)  

4.2. Friction Force  

The friction force can be calculated as: 

 (𝐹𝑓𝑟) = ∬ 𝜏 ⋅ (𝑑𝐴) (17 ( 

The coefficient of friction can be expressed as: 

 𝑓 =
𝐹𝑓𝑟

𝑊
  (18) 

4.3.Side leakage of the flow 

The oil side leakage flow can be expressed as: 

 𝑄𝑠 = ∫
ℎ3

12𝜇

𝜕𝑃

𝜕𝑧
 𝑑𝜃           𝑎𝑡 𝑧 = 0 𝑎𝑛𝑑 𝐿

𝜃2

𝜃1
  (19) 

5. MODEL DESCRIPTION 

 

The current work deals with the steady-state 

thermal analyses of the Nano-lubricated circular 

journal bearing using  CFD approach. The problem 

is modeled using ANSYS FLUENT software which 

can be used to simulate different problems. The 

bearing structure and fluid film domain have been 

modeled in three dimensions as shown in figure 2 a 

,b. The fluid film was modeled by FLUENT using 

hexahedral elements while the bearing solid 

structure was modeled using the ANSYS with 

hexahedral elements. The numerical analysis is 

implemented for a bearing with grid size of  

100× 500 × 3 elements in the axial, circumferential, 

and radial directions, respectively with 150000 total 

number of elements.  Grid independence is ensured 

by extensive mesh testing for a bearing lubricated 

with pure oil. 

 
(a) Fluid domain 

 
(b) Solid domain 

Fig. 2. Mesh generation for fluid and solid domains of the 

bearing 

6. BOUNDARY CONDITIONS 

The following thermal boundary conditions are 

adopted: 

− Constant shaft temperature since the speed of 

the journal does not allow conduction heat 

transfer through the shaft material.  

𝑇𝑠 = 𝑇𝑖 

−  𝑇𝑓 = 𝑇𝑏 (Continuity of the temperature) 

− The heat transfer continuity for conduction at 

the interface of the bearing fluid. r=Rb   

𝑘𝑛𝑓

𝜕𝑇𝑓

𝜕𝑦
= 𝑘𝑏

𝜕𝑇𝑏

𝜕𝑦
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− The continuity of conduction and convection 

heat transfer at the outside of the bearing 

surface:  

𝑘𝑏

𝜕𝑇𝑏

𝜕𝑦
= −ℎ𝑐(𝑇𝑏 − 𝑇𝑎) 

− Atmospheric pressure at the ends of the bearing.  

− At the fluid solid interfaces, the displacement of 

fluid is equal to the displacement of the solid, 

i.e. 
𝑑𝑛𝑓 = 𝑑𝑠 

− At the fluid solid interfaces, the shear stress of 

fluid is equal to the shear stress  of the solid, i.e. 

                                  𝜏𝑛𝑓 = 𝜏𝑠  

 
7. RESULTS AND DISCUSSION 

 

The bearing with geometrical and physical 

properties shown in Table1. is analyzed in the 

present work. The bearing lubricating oil dispersed 

with different volume fractions of Al2O3 nano-

particles with the physical and thermal properties 

shown in Table 2. The numerical model is verified, 

by examining the oil film temperature distribution 

obtained in the current work for a cylindrical journal 

bearing lubricated with pure oil with that obtained by 

Ferron et al.[23], as can be seen in figure 3. This 

figure clearly shows that the findings are in 

reasonable agreement with an overall deviation not 

exceeding 5%.  

 
Fig. 3. Validation of temperature results with that 

obtained by Ferron et al. [23] 

 

A further validation is made by comparing the 

thermal pressure distribution of the bearing 

lubricated with Al2O3 Nano-lubricant studied in the 

current work with the data published by Solighar[25] 

as presented in figure 4. This figure clearly shows the 

closeness between the results with little deviation 

due to the different mathematical approaches used in 

both works. The finite difference approach was used 

by Solighar to solve the two dimensional  Reynolds 

and energy equations while CFD approach was used 

to solve three dimensional model in the present 

work.   

Figure 5 shows the effect of dispersing 5%by 

volume of Al2O3 nanoparticles in the base oil on the 

oil film pressure. This figure clearly indicates that 

the overall oil film bearing pressure rises by 17.9% 

when the bearing is lubricated with such nano-

lubricant compared to that lubricated with pure oil. 

This can be explained by the fact that the viscosity of 

the base oil becomes higher when it dispersed by the 

nano-particles in comparison with that of pure oil. It 

is well known that the oil viscosity is the most 

important physical property which responsible of the 

oil film pressure generation  This figure also shows 

that the maximum oil film pressure increases from 

7.8MPa. to 9.1 MPa when the bearing lubricated 

with the nano-lubricant. The increase in oil film 

pressure accompanied with   slight increase in the 

maximum oil film temperature as can be seen in 

figure 6. This can be attributed to the increase in the 

lubricant's thermal conductivity when Al2O3 

nanoparticles are applied to the base oil due to the 

higher surface area of such nanoparticles.  

 

 
Fig. 4.Validation of pressure with that published in [25] 

 

Table 1. Geometrical and operating parameters [28] 

Parameter Symbol Value 

Length/Diameter L/D 0.7 

Radius of the shaft Rs 50mm 

Bearing Inner radius   Ri 50.05mm 

bearing Outer radi-us  Ro 90mm 

eccentricity ratio 𝜀 0.1-0.9 

attitude angle 𝜙 77o 

Rotational speed  N 3000rpm 

Inlet oil temperature Ti 40oC 

Clearance C 0.05mm 

Viscosity at 40oC 𝜇𝑖 0.0192Pa.s 

Viscosity temperature 

index 
𝛽 0.032oC-1 

Oil density 𝜌𝑜𝑖𝑙 860kg/m3 

Oil specific heat Cpoil 1970kJ/kg.K 

Oil thermal 

conductivity 

koil 0.135W/m.o

C 

Bearing thermal 

conductivity 

kB 50W/m.oC 

Material heat trans-

fer coefficient  

hB 50W/m.oC 

 

Table 2.Thermal and physical properties(Al2O3) 

Parameter Symbol Value 

Specific heat Cp 765J/kg.oC 

Density ρ 3970kg/m3 

Thermal conductivity K 40W/M.oC 

 

The maximum temperature of the oil film at the 

mid plane of the bearing with the eccentricity ratio 

for Al2O3 nano-lubricated journal bearing with 

different concentrations of particles is presented in  
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Fig. 5. Circumferential pressure distribution for a bearing 

lubricated with pure oil and Nano-lubricant 

 
Fig. 6. Oil film temperature vs. angular position 

 

Figure 7. This figure illustrates that the maximum 

temperature of the oil film grows up as the bearing 

operates at greater eccentricity ratio. This can be 

demonstrated by the fact that, the distance between 

the journal and the bearing becomes smaller as the 

bearing works at higher eccentricity ratio, resulting 

in a higher shear rate and higher friction force which 

was converted to heat used to increase the oil film 

temperature.  It can also be seen from this figure that 

the overall oil film temperature of the bearing is 

slightly lower when the bearing is lubricated with 

nano-lubricant that has higher volume fraction of 

Al2O3 nano particles due to the higher thermal 

conductivity of the nano-lubricant. The decrease in 

maximum oil film temperature becomes higher in 

comparison with the pure oil when higher particle 

concentrations of such particles were dispersed in the 

base oil due to the higher surface area of such 

nanoparticles.  

Figure 9 demonstrates the variation of the 

bearing material elastic deformation with the 

eccentricity ratio when the bearing lubricated with an 

oil dispersed with Al2O3 nanoparticles with different  

concentrations. It was found that the bearing material 

deformation becomes higher when the bearing 

working at higher eccentricity ratio or lubricated 

with oil dispersed with nano-particles. This related 

to the higher oil film pressure generated when the 

bearing acts under this situation. However, a higher 

increase in elastic deformation can be noticed with 

more Al2O3 nanoparticles dispersed in the base oil 

for the same above discussed reasons.  

 

 
Fig. 7. Variation of Maximum oil film temperature with 

eccentricity ratio and nanoparticle concentration 

 

Figure 8 demonstrates the maximum bearing 

pressure for a bearing works at different eccentricity 

ratios lubricated with oil dispersed with different 

volume fractions of Al2O3.This figure clearly depicts 

that the maximum oil film pressure increases when 

the bearing works at higher eccentricity ratios due to 

the smaller oil film thickness in this case. The growth 

of the  maximum pressure becomes greater when the 

bearing lubricated with nano-lubricant has higher 

volume fraction of Al2O3 nanoparticles due to the 

increase of the oil viscosity.  

 
Fig. 8. Variation of Maximum oil film pressure with 

eccentricity ratio and nanoparticle concentration 

 

The effect of the nanoparticle volume fractions 

on the load carrying capacity of the bearing working 

at different eccentricity ratios is clarified in fig.10. It 

was observed that the bearing supports higher load 

when it works at higher eccentricity ratios and 

lubricated with nano-lubricant that has higher 

concentration of Al2O3 nano particles. This can be 
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revealed by the higher oil film pressure generated in 

this case as has been noticed in previous figures. 

 

 
Fig. 9. Variation of the bearing deformation with the 

eccentricity ratio and particle concentration of Al2O3. 

 

 
Fig. 10. Variation of load carrying  with an eccentricity 

and particle concentration ratio of Al2O3 

 

Figure11 depicts that the induced friction force 

grows up for the bearing with higher eccentricity 

ratio since the journal becomes closer to the bearing 

in this case resulting in higher shear rate. It becomes 

higher when the bearing lubricated with oil that has 

higher concentrations of nano- particles. This can be 

explained by understanding that the dispersion of 

nanoparticles in the base oil enhanced the oil 

viscosity which causes an increase in shear stress of 

the lubricant layers thus increases the friction force. 

However, figure 12 shows that the friction 

coefficient decreases as the bearing operates at the 

same above circumstances.  It was observed that the 

coefficient of friction was unaffected by the addition 

of the nano particles to the base oil since it represents 

the ratio between the friction force and the load 

carried by the bearing which increase simultaneously 

in this case. 

 
Fig. 11. Variation of friction force with eccentricity ratio 

and nanoparticle concentration 

 
Fig. 12. Variation of friction coefficient with eccentricity 

ratio and nanoparticle concentrations 

 

Figure 13 shows the contour plot of the bearing 

surface temperature when the bearing operates at two 

different eccentricity ratios (0.4 and 0.6) and 

lubricated with oil dispersed by 5% volume fraction 

of Al2O3 nanoparticles. This figure clearly depicts 

that there is a little effect on the bearing surface 

temperature when the bearing works in such 

circumstances. The maximum surface temperature 

increases from 53.296oC to 54.799oC when the 

eccentricity ratio increases from 0.4 to 0.6. 

8. CONCLUSIONS 

 

The performance of Thermo-Elasto-

Hydrodynamic lubrication of journal bearing 

lubricated with nano-lubricant dispersed with 

different volume fractions of AL2O3 nanoparticles 

was studied in the present work. The cavitation effect 

was considered and the results were compared with 

the bearing lubricated with pure oil. The study leads 

to the following conclusions: 

1. Using Al2O3 nano-lubricant with 5% of 

nanoparticles increases the oil film by 17.9% . 

2. The dispersion of the nanoparticles in the base oil 

slightly decreases the maximum oil film 

temperature. 
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(a) Eccentricity ratio 0.4 

 
(b) Eccentricity ratio 0.6 

Fig. 13. Contour map of the temperature in the solid 

domain with different eccentricity ratios and volume 

fraction  0f 5% 

 

3. The use of nano additives results in an increase 

in load carrying capacity of the bearing and a 

decrease in the friction coefficient. 

4. The elastic deformation of the bearing material 

slightly increases when using nano-lubricant. 

5. The surface temperature of the bearing slightly 

increase as the bearing works at higher 

eccentricity ratios and lubricated with nano-

lubricant. 
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