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Abstract: In this paper we present a numerical simulation of a porous journal bearing considering the fluid 

film – poroelastic matrix interaction and the non-Newtonian rheological behavior of nanolubricant consisting of 

base fluid and nanoparticles (NPs). The flow of nanolubricant in the bearing clearance space is described by the 

Vijay Kumar Stokes micro-continuum theory which considers the characteristic size of nanoparticles such as 

fullerenes dispersed in a base oil. The flow of the nanolubricant in the porous medium is modeled by the 

modified Darcy’s law where the Beavers–Joseph slip conditions are applied at the fluid film-porous matrix 

interface. The deformation of the fluid-film porous matrix interface due to hydrodynamic pressure is calculated 

by using a simplified analytical thin elastic liner model. The hydrodynamic behavior of lubricating film is 

governed by the modified Reynolds equation obtained from the momentum, moment of momentum, and mass 

conservation laws using the classical Reynolds derivation process. The bearing porosity is introduced into the 

governing modified Reynolds equation by means of the Morgan-Cameron approximation. The steady-state 

analysis shows that for an imposed operating eccentricity, the load capacity increases with the characteristic size 

and the concentration of NPs while the attitude angle, the leakage flow rate, and the coefficient of friction 

decrease. On the other hand, the permeability decreases the hydrodynamic pressure, the load capacity, and the 

leakage flow rate, and increases the attitude angle and the coefficient of friction. 

 

Keywords: Poro-elasto-hydrodynamic lubrication, Porous bearings, Nanoparticle, Non-Newtonian fluid. 

 

 

Introduction 

 

The plain journal bearings are widely used as machine elements in both rotating and reciprocating machinery. 

The porous journal bearing is a specific cost-efficient and eco-friendly type of plain journal bearing which 

comprises a pervious bush that is filled with lubricant giving it self-lubricating properties. Thus, no additional 

lubrication circuit is necessary to supply the bearing because the saturated porous matrix plays the role of 

lubricant reservoir.  

 

As in any fluid bearing, the shaft axis is eccentric with respect to the bearing axis under the effect of the applied 

load, thereby creating a convergent-divergent film geometry. The rotation of the shaft causes an increase of 

pressure in the convergent region, and a decrease in the divergent part, up to a limit value of cavitation or 

saturation vapor pressure (Figure 1).  

 

Increasingly, the use of porous bearings is extended to severe operating conditions such as higher applied loads 

often with changing direction, and higher rotor speeds. Instead of numerous steady-state analyses that are often 
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proposed in technical literature, accurate static and dynamical models are required to investigate the bearing’s 

behavior under such operating conditions. They are widely used in different areas: computers, electric motors, 

automobiles (motor starters), and so on. Porous or self-lubricating bearings have been the subject of numerous 

research works since the early work from (Morgan & Cameron, 1957). Given the huge number of theoretical 

and experimental investigations carried out on both liquid and gas-lubricated porous bearings, we can cite the 

recent non exhaustive list of papers Morgan and Cameron (1957), Rouleau et al. (1974), Krieger and Dougherty 

(1959), Elsharkawy et al. (2001), Naduvinamani et al. (2002), Kaneko et al. (1994), Prakash et al. (1974). 

 

Porous bush

Clearance

Journal

Fluid film

Flow direction
 

Figure 1  Schematic representation of a porous plain bearing with visualization of the streamlines of the 

lubricant flow. 

 

Many theoretical studies have used the traditional Darcy’s model (Darcy, 1856; Mokhtar et al., 1984) to 

describe the linear viscous (Newtonian) fluid flow in the porous bearing. The fluid model used does not consider 

the effects of the viscous forces of the lubricant infiltrating through the porous layer, which are at the origin of 

the generation of boundary layers. (Beavers and Joseph, 1967) experimentally showed that fluid slip can occur 

at the fluid film-porous layer interface (figure 2). They suggested replacing the boundary layer effect with 

appropriate slip conditions. According to the technical literature, several authors have applied such conditions to 

study non-deformable porous bearings lubricated by fluids with Newtonian rheological behavior (Lin, 

1993,1994; Trachsel, 2017). 

  

Impermeable wall

Fluid 
layer

Permeable 
interface

Porous 
medium

 
Figure 2. Typical velocity profiles of a unidirectional flow in the fluid film and the saturated porous medium. 

 

Nowadays, with the progress of modern industry, the use of a non-Newtonian lubricant is becoming more and 

more interesting. Experimental studies Oliver (1988) and Scott et al. (1995) have shown that a base oil mixed 

with molecular additives or nanoparticles significantly improves the lubrication properties and thus reduces 

friction and wear, especially during the start-up and shutdown phases of machines.  

 

Accordingly, the flow cannot be described by the classical continuum theory based on the classical Newtonian 

Navier-Stokes equations which neglects the size of the particles present in the doped oils. Several theoretical 

models to describe the flow of such complex fluids include the Vijay Kumar Stokes model Stokes (1965), 

Stokes (1984), Ariman et al. (1974) based on the micro-polar theory have been proposed in literature. The Vijay 
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Kumar Stokes fluid model, inspired from the theoretical work of Cosserat brothers (Cosserat E. & Cosserat F., 

(1909) for polar elastic media, considers polar effects in the form of couple stresses and body couples in 

addition to the surface and body forces. So, the flow of fluids with surface forces and couple-stresses is 

described by the theory of polar media which considers the effects of micrometric or nanometric size of the 

nano-additives or the agglomerates of nano-particles suspended in the base lubricant. In addition to the non-

Newtonian rheological behavior of the fluid film, it is necessary to consider the deformation of the porous 

material, due to the high pressures generated in the film. Studies have already been carried out on rigid porous 

bearings lubricated by non-Newtonian couple stress fluid with a porous bearing containing a Newtonian fluid 

Bujurke et al. (1991), Naduvinamani (2001), and on deformable porous bearings lubricated by Newtonian fluid 

(Mak, 1977), Lin et al. (1996), (Elsharkawy, 2001). 

 

The thrust of this paper is to investigate the combined effects of the characteristic size and concentration of 

nanoparticles or their aggregates such as inorganic fullerene (IF-WS2 NPs) or (IF-MoS2 NPs) on the steady-

state performance characteristics of a porous journal bearing using nanofluids as lubricants. It is assumed that 

the journal (crankshaft) currently made of a forged steel is rigid and the bearing consists of a thin poro-elastic 

liner fixed in a stiff housing. The simplified thin elastic liner model (TELM), derived from an analytical elastic 

approach based on the use of complex Kolosov and Muskhelishvili potentials and Fourier series expansions  

(Lahmar, 1991, Lahmar, 2005).  

 

The Reynolds’ equation is derived in transient conditions and modified to account for the size of nanoparticles 

dispersed in the base lubricant, and the bearing-liner permeability property. This material property is introduced 

by means of the Morgan-Cameron approximation. In the proposed PEHD model, the normalized steady-state 

Reynolds equation is spatially discretized by the finite differences method using a nine point calculation 

molecule. 

 

 

Bearing Description 
 

Figure 3 shows the cross section of a porous plain bearing with the geometrical details. The plain bearing 

consists of two mechanical elements: the shaft and the bearing. The surfaces are assumed to be smooth. The 

shaft of radius R rotates around its axis with a peripheral or tangential constant speed U=ΩR with respect to the 

poroelastic matrix of thickness H,  permeability k, Young’s elasticity modulus E and Poisson's ratio υ. The shaft 

and the porous bearing are assumed to be aligned and separated by a non-Newtonian fluid film of thickness h. 

 

Film 

region

Porous 

bearing

Solid 

housing

Line of centers
 

Figure 3. Geometric configuration of a porous journal bearing. 

 

 

Basic Equations  
 

The nanolubricant is modeled as a non-Newtonian couple stress fluid. In the absence of body couples and body 

forces, the V. K. Stokes couple stress fluid motion equation is written as follows: 
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(1) 

where   is a characteristic size of nanoparticles or agglomerates of NPs. 

 

The dimensional analysis of the above equation (1) in the context of the viscous thin films theory significantly 

simplifies this equation which becomes:  

 
(2) 

 
(3) 

 
(4) 

 

We use the following kinematic boundary conditions:  

• On the surface of the shaft  

 

 
(5-a) 

 

 
 

(5-b) 

 

 
 

(5-c) 

 

 
 

(5-d) 

 

 

(5-e) 

 

 

The conditions (5-d) and (5-e) express the nullity of the couple stresses on the surface of the shaft; i. e. 

 

 

 

• At the bush fluid film-porous interface  

 

(6-a) 

 

 

 
 

(6-b) 

 

 
 

(6-c) 
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(6-d) 

 

 
 

(6-e) 

 
 

 

(6-f) 

 

 
 

(6-g) 

 

where  and  are respectively the Beavers-Joseph sliding velocities at the fluid film-porous interface along 

the  and  directions. 

 

 is the dimensionless Beavers slip coefficient and  being the permeability of the isotropic porous layer’s 

material in . 

 

The conditions (6-f) and (6-g) reflect the nullity of the couple stresses at the interface due to the absence of 

rotation of the particles at the solid wall level, i.e.  

 

 

Equations (6-a), (6-b), (6-d), and (6-e) represent the Beavers-Joseph slip conditions and equation (6-c) explain 

the condition of continuity of the velocity along the normal to the fluid film-porous layer interface. , ,  

are respectively the components of the velocity vector of the fluid with particles along the , , and  directions 

at the interface. These velocities are calculated by the following modified Darcy’s law: 

 

 
 

(7-a) 

 

 
 

(7-b) 

 

 
 

(7-c) 

or in more condensed form:  

where   is the percolation (or penetration) parameter of the particles in the porous matrix and  is the 

pressure in the porous medium obtained from the solution of Laplace’s equation (8) : 

 

 
(8) 

with:  ;   ;    . 

The boundary conditions associated to the Laplace equation (8) are: 
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In the middle section of the bearing assumed to be aligned ( ), the pressure is maximum (axial symmetry of 

the pressure profile) : 

 

 
(9-a) 

On the edges (ends) of the porous bearing , the absolute pressure of the fluid in the porous matrix 

is taken equal to the atmospheric pressure: 

 

 (9-b) 

In the case where the edges of the bearing are sealed, condition (9-b) will be replaced by the following 

condition: 

 
 (9-c) 

Pressure periodicity condition: 

                                    (9-d)  

 

 being the circumferential coordinate of the bearing . 

 

On the outer surface of the porous coating, , the impermeability condition is written:  

 
 

At the fluid film-porous layer interface, , the pressure continuity condition is applied: 

 

 (9-e) 

Given the appropriate boundary conditions (5), (6) one can obtain: 

 

 

(10) 

 

(11) 

 

The Beavers-Joseph slip velocities  and  are obtained by inserting the analytical expressions of  and  

(Eq. 10) and (Eq. 11) respectively in the equations (6-b) and ( 6-e) : 

 

 

 

(12-a) 
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(12-b) 

with     ,   , . 

 

The velocities  and  of the flow can also be expressed in the following form:   

           

 

(13) 

and  

 

 

(14) 

With      and    

 

Substituting the analytical expressions of  and  in the continuity equation then integrating 

across the film thickness gives:  

 

 
(15) 

with    

 

From the Morgan-Cameron approximation for a very thin, porous layer   we can express  at 

the fluid film-porous layer interface  as follows: 

 

 

(16) 

Finally, we obtain the following modified Reynolds equation : 

 

 

(17) 

The modified Reynolds equation (17) is a nonlinear partial differential equation whose the main unknown is the 

hydrodynamic pressure . This equation is coupled to the film geometric equation: 
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 (18) 

where  is the bearing radial clearance,  is the relative operating eccentricity,  is the 

bearing angle, and is the compliance operator. The parameters appearing in the expression of  

are the Young's elasticity modulus , the Poisson’s ratio , and the thickness of the poroelastic layer . 

 

 

Boundary Conditions  
 

The pressure field in the lubricating film must satisfy the modified Reynolds equation (17) and the following 

boundary conditions: 

 

In the middle section of the aligned bearing , the pressure being maximum, i.e.:   

On the two free edges of the bearing , the absolute pressure in the fluid film is assumed to be equal 

to atmospheric pressure, i. e. :    

 

The pressure field is assumed to be periodic in the circumferential direction, i.e.:  

In addition to the aforementioned conditions, the Swift-Stieber conditions related to the flow of the fluid in the 

bearing are considered:  

 

where   is the break abscissa of the film (cavitation) which is an additional unknown of the problem. 

 

Equation (17) can be rewritten in dimensionless form for the numerical treatment. For this, we use for the spatial 

coordinates : ,  ; for the velocity components : , , for the the 

fluid film pressure: ; for the film thickness :  ; for the fluid dynamic viscosity :  

 with   the reference viscosity, and finally for the characteristic size of the nanoparticles .  

 

This change of variables leads to the normalized stationary modified Reynolds equation (19): 

 

 
(19) 

where  is the relative viscosity of the nanolubricant considered as a suspension according to 

the Krieger-Dougherty model, and  

 

 
 

   and are the dimensionless permeability and the relative thickness of the porous coating, 

respectively.  Equation (18) can be written in its normalized form as  

 

     where        

 

(20) 
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Figure 4 shows a typical variation of the relative viscosity  as a function of the volume fraction  

calculated by the Krieger-Dougherty viscosity model.  

 

 
Figure 4. Graphical representation of the Krieger-Dougherty viscosity model for a range of volume fraction and 

 

 

 

     

Figure 5. Comparison of dimensionless load capacity with experimental data for two values of   . 
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Validation  
 

The coupled equations (19) and (20) with the associated boundary conditions are solved numerically using finite 

differences method and a numerical iterative scheme with under-relaxation coefficient. To validate the model, 

we compare the obtained results with the experimental data of Mokhtar et al. For this, the following data were 

considered: 

 

, ,  and , ,   and 

.
  

 

Figure 5 depicts the evolution of the dimensionless carrying capacity against eccentricity ratio . 

 

This figure shows that the numerical predictions are in perfect agreement with the experimental data. However, 

a deviation can be observed for large relative eccentricities especially in the case of high permeability. This 

discrepancy can be attributed to thermal effects which are neglected in the present study. To further validate the 

model, we compare, in Table 1, our obtained results with those published by Rouleau et al. for different values 

of the operating eccentricity ratios and the dimensionless permeability of the porous layer.  

 

Calculations are performed for the case of a finite length bearing with a longitudinal feeding groove using the 

Morgan-Cameron approximation as well as cavitation Reynolds boundary conditions. On the other hand, the 

slip phenomenon occurring at the interface is not considered in these calculations. According to the results 

presented in this table, we can conclude that the Morgan-Cameron approximation used in the proposed 

numerical model gives good results especially for a thin porous layer and this for the different simulated cases. 

We recall: 

 

  where  ,  are the load components along the direction of the applied load  

( axis) and the normal to the latter ( axis) 

 

  and    .The attitude angle is given by :  

  

. The friction force is:   with   

 

  and  are the friction force components  

of   in  and -axis direction, respectively. In these relationships, the wall shear stresses express as 

 

  and               

 

The friction coefficient and friction number are given by the following relationships: 

 

   and       
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Table 1. Comparison of the theoretical results obtained by the developed computer code with those published by 

Rouleau et al. for :  ;  ;  

   
 

 Note 

 

 

0.80 

 

 

0.001 
6.9215 1.7465 35.7342 Rouleau et al. 

6.7472 1.7337 37.1612   Present study 

0.0251 0.0073 0.0399 Relative discrepancy (%) 

 

1.000 

0.5296 20.1582 73.4712 Rouleau et al. 

0.5536 19.3003 73.1705 Present study 

0.0453 0.0426 0.0041 Relative discrepancy (%) 

 

10.000 

0.0658 --- 84.4858 1 

0.0794 132.3135 82.8903 Present study 

0.2066 --- 0.0188 Relative discrepancy (%) 

 

 

0.60 

 

 

 

0.001 

2.6126 3.2355 49.8640 Rouleau et al. 

2.6041 3.2482 50.7268 Present study 

0.0032 0.0039 0.0173 Relative discrepancy (%) 

 

1.000 

0.4080 19.5417 75.8843 Rouleau et al. 

0.4271 18.6807 75.5757 Present study 

0.0468 0.0441 0.0041 Relative discrepancy (%) 

 

10.000 

0.0499 --- 84.9922 Rouleau et al. 

0.0602 130.7896 83.4594 Present study 

0.2064 --- 0.0180 Relative discrepancy (%) 

 

 

0.20 

 

 

 

0.001 

0.4984 12.9634 73.5610 Rouleau et al. 

0.5025 12.8589 73.8830 Present study 

0.0082 0.0080 0.0043 Relative discrepancy (%) 

 

1.000 

0.1395 46.0617 81.8352 1 

0.1464 43.9127 81.5428 2 

0.0501 0.0467 0.0035 Relative discrepancy (%) 

 

10.000 

0.0168 --- 85.8865 1 

0.0203 315.8283 84.4840 2 

0.2083 --- 0.0118 Relative discrepancy (%) 

 

 

Parametric Study  
 

In the following, the relevant calculation results are obtained using the geometric data and the operating 

conditions reported in Table 2 below. We analyze the effects of key design parameters on the steady-state 

performance characteristics of a finite length porous journal bearing, namely: the hydrodynamic pressure profile 

in the middle section of the bearing , the load capacity , the leakage flow rate , the coefficient of friction 

, and the attitude angle . These key parameters are: the size of  NPs (or agglomerates of NPs) 

characterized by the normalized couple stress parameter , the non-dimensional parameters of 

permeability and elasticity and  of the poroelastic matrix, the concentration of NPs in the base 

fluid , and the Joseph-Beavers slip coefficient . 

 

 

Effects of the Characteristic Size of NPs or Agglomerates of NPs 

  

Figure 6 represents the circumferential variation of the dimensionless pressure   calculated in the middle 

section of the bearing, , for different values of the characteristic diameter  of the NPs (fullerenes IF WS2 

or IF MoS2) dispersed in the base lubricant, ,  , and . It is 

observed that the use of a nano-lubricant (base fluid + nano-additives) whose behavior is naturally non-

Newtonian leads to a greater increase in the pressure peak compared to the case of the lubricant without 

additives. Nano-additives or agglomerates of NPs, mixed with the lubricant, oppose the movement of the fluid 

and thus further improve the pressure in the fluid film. 
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Table 2. Bearing geometric characteristics and operating conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Calculated pressure profiles in the mid-section  for different values of the characteristic 

diameter of NPs, ; ;  ; and  

 

Figure 7 depicts the evolution of the dimensionless load capacity   as a function of the eccentricity ratio for 

different values of the characteristic diameter of the NPs  for , and . 

As in the case of the hydrodynamic pressure, the size of the NPs increases significantly the hydrodynamic lift, 

, of the journal bearing system. This is due to the flow resistance generated by the additives mixed into the 

lubricant. As expected, a large increase in is observed for high values of the operating eccentricity ratio . 

 

Figure 8 shows the variation of the bearing attitude angle, , versus the operating eccentricity ratio  for 

different values of the characteristic diameter of the NPs ,  , and . 

Bearing length, (m)   
Shaft radius, (m)   
Radial clearance, (m)    

Shaft rotation velocity, (rpm)  870. 

Porous thickness coating, (m)   
Porous coating permeability, (m

2
)  0.,   

Sliding parameter (dimensionless)  0.1 

Penetration (percolation) coefficient  0.0 

Young’s modulus, (GPa) 

Bronze porous (Hamrock, 2004)  60. 

Poisson’s ratio (-) 

  Bronze porous (Hamrock, 2004)  0.22 

Kinematic viscosity of the base oil  

40 °C, (cSt or mm
2
/s)    106.6 

Lubricant density   20 °C, (kg/m
3
)    888. 

Relative characteristic diameter of NPs (-)  0., 0.1, 0.4 

Volume fraction of NPs, (-)  0., 25 % 
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For a same value of eccentricity ratio, the increase in  leads to a significant decrease in the attitude angle, 

especially when the nano-lubricant contains large NPs or agglomerates of NPs. It can be concluded that the 

presence of large NPs plays a positive role with respect to the dynamic stability of the bearing. This can be 

confirmed through a more complete linear dynamic study based on the calculation of the stiffness and damping 

coefficients of the bearing. 

 

 
Figure 7. Evolution of the dimensionless load capacity    as a function of the eccentricity for different values of 

the characteristic size of the NPs, ; ;   and  

 

 
Figure 8. Variation of the attitude angle as a function of the eccentricity for different values of the characteristic 

size of the NPs,  ;  and  

 

Figure 9 gives the variation of the coefficient of friction, as a function of the eccentricity for different values of 

the characteristic diameter of the NPs  for , and . It is shown that 

the coefficient of friction decreases with the operating eccentricity. For a given value of eccentricity, the 

coefficient of friction calculated in the case of large NPs is clearly lower than that obtained in the case of NPs of 

small relative size. It should be noted that the frictional force acting on the surface of the shaft is calculated in 

excess assuming that the entire bearing surface is drained with lubricant. 
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Figure 9. Evolution of the coefficient of friction  for different values of the characteristic size of NPs,  

;  ;  

 

Figure 10 shows the variation of the calculated dimensionless leakage flow at the free edges of the bearing,  , 

as a function of the eccentricity ratio  for different values of the characteristic diameter of the NPs  for 

, and . The flow is calculated by integrating the average velocities 

  of the flow at the two ends of the bearing . This figure clearly shows 

that the more the size of the NPs, , increases, the more the leakage rate decreases, especially for high operating 

eccentricities, i.e. when the bearing is moderately or heavily loaded. 

 

 
Figure 10. Variation of the leakage flow rate for different values of the characteristic size of the 

NPs,  ; ;  ; and  
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Effects of Porous Layer Permeability 

  

The calculated circumferential pressure distribution for different dimensionless permeability parameters  of 

the porous matrix, , , , and  is shown in Figure 11. The pressure in the 

fluid film decreases significantly with the permeability parameter. This is explained by the fact that for large 

values of  i.e. for a larger number of pores, part of the lubricating fluid infiltrates more easily inside the porous 

matrix through the fluid-bearing film interface. Thus, the amount of fluid in the space between the shaft and 

bearing surfaces decreases which causes the pressure drop and hence the load capacity of the bearing   which 

corresponds to the area delimited by the pressure curve. 

 

 

Figure 11. Pressure profile calculated at  for different permeability parameters ,  ;  ; 

 ;  and  

           

Figure 12. Effects of the permeability  of the porous layer on the hydrodynamic performance of the bearing 

(carrying load capacity and attitude angle) for  ;  ; ;  ; 

and  
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Figure 13. Effects of the layer’s permeability  on the hydrodynamic performance of the bearing (friction 

coefficient and side leakage flow) for  ;  ; ;  ; and  

 

Figures 12 and 13 give the effects of the permeability  of the porous matrix on the hydrodynamic performance 

of the porous journal bearing for eccentricity ratios varying from 0.1 to 0.90. For the same operating eccentricity 

, we observe: an increase in the attitude angle  and the coefficient of friction  with ; a decrease in 

bearing load capacity with . On the other hand, the leakage flow rate is not significantly affected by the 

permeability even for high eccentricities. 

 

Effects of the volume fraction  of the NPs, the elasticity factor , the slip coefficient  and the 

penetration coefficient  on the pressure  

 

Figures 14 to 16 represent the hydrodynamic pressure profiles determined for different values of the volume 

fraction , of the elasticity factor , and the Beavers-Joseph slip coefficient . 

 

 
Figure 14. Pressure profiles calculated at  for different volume fractions ,  ;  ; 

 ;  ;  ; and  
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The influence of these parameters on the pressure can be summarized as follows: 

 

 The pressure in the film increases with the volume fraction of the NPs since the viscosity of the 

nanolubricant is an increasing function of the concentration according to the Krieger-Dougherty 

viscosity model as depicted in Figure 14. 

 Consideration of the elasticity of the fluid film-porous layer interface leads to a substantial drop in 

pressure due to an increase in film thickness accompanied by an extension of the active area of the 

bearing as shown in Figure 15. 

 The effect of the slip velocity at the fluid film-porous layer interface on the pressure cannot be 

neglected, especially for low values of the Beavers-Joseph slip coefficient  (Figure 16). 

 

             

Figure 15. Pressure profiles of and thickness of the film calculated at  for different values of the elasticity 

factor ,   ;  ;  ;  ; and . 

 

 

Figure 16. Pressure profiles calculated at  for different values of the Beavers-Joseph slip coefficient , 

 ;  ;  ;  ;  ; and  
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Conclusions 
 

The main objective of this research work was to rigorously analyze the elastohydrodynamic behavior of finite 

length porous journal bearings operating in isothermal regime and involving laminar flows of rheologically 

complex nanolubricants modeled as non-Newtonian polar fluids with couple-stresses effects. The aim was to set 

up efficient numerical simulation codes to aid in the design of porous bearings. The choice of this fluid model 

makes possible to take into consideration the characteristic size of the nanoparticles (NPs) added to the base 

lubricant.  In this paper, we have studied the influence of some key parameters, namely: the characteristic size 

and the concentration of NPs on the steady-state performance characteristics of a finite length compliant porous 

plain bearing by solving the direct PEHD lubrication problem; i.e. the case of the bearing operating at an 

imposed eccentricity ratio ε. The non-Newtonian behavior of the nanolubricant was considered by adopting the 

V. K. Stokes micro-continuum theory. The modified Reynolds equation, considering the elastic deformation of 

the porous bearing  and the Beavers–Joseph slip conditions at the fluid film–poroelastic bearing interface was 

derived within the context of thin fluid films lubrication theory. 

 

The permeability of the porous medium was successfully introduced into the modified Reynolds equation using 

the Morgan-Cameron approximation in the case of a very thin porous layer (H/R≪1). This further simplified the 

numerical solution of the direct PEHD problem and thus avoided making the coupling between the modified 

Reynolds equation and the modified Darcy’s equation governing the flow of the polar nanolubricant in the 

porous medium using an iterative procedure. 

 

The elastic deformation of the fluid film-porous layer interface was predicted by the simplified analytical thin 

elastic layer model. The modified Reynolds equation was normalized then discretized and solved by the finite 

difference technique using a nine point calculation stencil (molecule). 

 

The developed model based on the Cameron-Morgan approximation was successfully validated by comparing 

the theoretical results with the experimental measurements carried out by Mokhtar et al. in the case of a 

Newtonian lubricant and a porous bearing (89% copper, 10% Tin, 1% Graphite) obtained by sintering (powder 

technology). A second validation was made by comparing the results obtained by the developed computer code 

with the theoretical results published by Rouleau et al.(1974). 

 

The parametric study highlighted the non-negligible effects of certain key parameters related to the formulation 

of modern nanolubricants, namely the characteristic size and the concentration of NPs (fullerenes) or 

agglomerates of NPs. The results from the various numerical simulations carried out are summarized as follows: 

 

• For an imposed operating eccentricity, the size and concentration of NPs increase the pressure and 

therefore the load capacity of the journal bearing system, while the attitude angle, the leakage flow rate, 

and the coefficient of friction decrease. The combined effects of the size and the concentration of the 

NPs are more significant as the operating eccentricity is high. 

• The pressure in the fluid film, the carrying capacity, and the leakage rate decrease with the permeability 

of the porous layer. However, the attitude angle and the coefficient of friction increase. 

• The deformation of the porous layer due to pressure significantly affects the pressure distribution and 

the geometry of the film, especially for large operating eccentricities and low values of Young's 

elasticity modulus. 

•  

The results obtained provide interesting information for the designers of porous bearings as well as the 

manufacturers of lubricants. 
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