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            Abstract

            
               
Objective: To examine the performance of double-layered porous Rayleigh step slider bearings lubricated with couple stress fluid and
                  to compare it with the performance of single layered porous Rayleigh step bearing. Methods: Based on the Stokes micro continuum theory of couple stress fluids, the modified Reynolds equation governing fluid film
                  pressure is derived. Its analytical solution is and the closed form expressions for the fluid film pressure, frictional force
                  and load carrying capacity are obtained. Findings: The numerical results for bearing characteristics such as pressure, load carrying capacity, frictional force are plotted
                  graphically to study the effect of double-layered porous facing. The effect of permeability of the porous layer is to decrease
                  the load carrying capacity as it gives an easy path for the lubricant to pass through. This adverse effect can be compensated
                  by introducing double layered porous facing with different permeabilities and the results presented here in this paper clearly
                  shows the increase in load carrying capacity and decrease in co-efficient of friction for the double layered porous bearings
                  as compared to that of single layered porous bearings. Novelty: Original research was conducted on double-layered porous Rayleigh step slider bearings with couple stress fluid by considering
                  the effects of lubricant additives in the porous region and the results are compared with that of single layered porous bearings.
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               Introduction

            Rayleigh step bearings are capable of carrying the highest load carrying capacity as compared to many other slider bearings.
               Due to this, the step bearings found extensive applications in industry to improve the performance of automotive machines.
               The first study on step bearing was conceived in 1918 by Lord Rayleigh  1  with an objective of  identifying the optimal shape with highest load capacity per unit width for a given film thickness
               and bearings length and now this configuration is named as Rayleigh step bearing. Since then several researchers analyzed
               this bearing configuration under various lubrication situations. To mention a few, the thermo-elasto-hydrodynamics lubrication
               simulation of Rayleigh step bearing using the progressive mesh densification method was analyzed by Kumar et.al 2. The effects of longitudinal surface Roughness on the performance of Rayleigh step bearing was studied by Andharia and Pandya
               3. Distribution of recirculation and pressure in a Rayleigh step bearing was studied by Feng et. al. 4. Naduvinamani and Patil 5 analyzed the problem of Magnetohydrodynamics effect on the static and dynamic characteristics of couple stress fluid lubricated
               Rayleigh step bearings. Rahul Kumar et.al. 6 made an attempt to analyze the effects of surface roughness on the performance of Rayleigh step bearing operating under thermo-elasto-hydrodynamic
               lubrication by considering the shear flow factor. 
            

             The use of different fluids with additives of high molecular weight polymers to improve the viscosity index of lubricants
               is considered. Mouda et.al 7 studied the effects of non-Newtonian magneto-elasto-hydrodynamics on the performance of slider-bearings. Viorel Badescu 8 analyzed the problem of two classes of sub-optimal shapes for one dimensional slider bearings with couple stress lubricants.
               Mouda et.al. 9 studied the effects of surface roughness on the non-Newtonian squeeze film characteristics between parallel plates. 
            

            Bujurke et.al. 10  analyzed the problem of porous Rayleigh step bearing lubricated with non-Newtonian second–order fluid by considering the
               Darcy’s equations for the flow of fluid in the porous region. Naduvinamani and Siddangouda 11 studied the problem of porous Rayleigh step bearing with couple stress fluids by modeling the flow of couple stress fluid
               in the porous region by modified Darcy’s law which takes in to account of microstructure additives in the lubricant. Bhattacharjee
               et.al 12 conducted the theoretical study on the single-layered porous short journal bearing with micropolar fluid. In all these studies
               it is observed that, the effect of single layer porous facing on the bearing surface is to reduce the load carrying capacity.
               Naduvinamani and Shridevi 13  studied the static and dynamic characteristics of porous plane inclined slider bearings lubricated with magneto-hydrodynamic
               couple stress fluid. Hanumagowda et.al. 14 Studied the effect of magneto-hydrodynamics and couple stresses on the steady and dynamic characteristics of porous exponential
               slider bearings. Rao and Agarwal 15 studied the problem of the effects of couple stresses on the performance of rough step slider bearings with assorted porous
               structure. The design of porous step bearing studied by Patel et.al 16 by considering different Ferro-fluid lubrication models. An excellent review of the design and optimization of large-scale
               hydrostatic bearing systems was given by Michal Michalec et.al 17. A bearing load carrying capacity can be increased by reducing the seepage in to the wall of the bearing. This can be accomplished
               by reducing the permeability of the porous wall.However, this is impractical because a reduction in the permeability is accompanied
               by a reduction in the porosity and thus by a reduction in the oil content within the bearing material.
            

            Uma Srinivasan 18 analyzed the problem of double-layered porous slider bearings and found that the effects of the presence of double-layered
               porous facing on the bearing surface is to increase the load capacity and the frictional force but to reduce the coefficient
               of friction as compared the conventional porous bearings. Characteristics of double-layered porous micropolar fluid lubricated
               journal bearing is studied by Bhattacharjee et. al, 19. The non-Newtonian effects of second– order fluids on double-layered porous Rayleigh-step bearings was studied by Naduvinamani
               20  and found that the for the optimal load carrying capacity the step height ratio and the bearing lengths are smaller for
               the double layered porous bearing as compared to that of conventional porous Rayleigh step bearings. The analysis of journal
               bearing with double-layered porous lubricant film by considering the effects of surface porous layer configuration was studied
               by Rao et.al. 21. In their study it is found that the load carrying capacity increases significantly for increasing values of non-dimensional
               porous layer thickness couple stress parameter. Singh and Sharma 22 studied the combined effects of wear and non-Newtonian behavior of lubricant in the double-layered porous journal bearings.
                   
            

            A double-layered porous facing would be useful as it would not only increase the load capacity of the bearing because of reduced
               oil seepage into its wall but would also help to bring oil between the surfaces, thereby improving the performance of the
               bearing when it is not completely saturated with oil. Hence in this paper an attempt has been made to analyze the double-layered
               porous step-slider bearing lubricated with couple stress fluid which has not been studied so far. Results are compared with
               that of single-layered porous step-slider bearing analyzed by Naduvinamani and Siddangouda 11. The numerical results are presented in the graphical form. The presented results show that the introduction of the double-layer
               porous facing increases the load carrying capacity and frictional force however decreases the co-efficient of friction which
               are the desired attributes of efficient lubrication system. This investigation bridges the gap of study between the single
               layered porous Rayleigh step bearing and double layered bearings. 
            

         

         
               Nomenclature      

             
                  
                     
                        
                           C
                           ¯
                        
                        f
                     
                      non-dimensional coefficient of friction.      
            

             
                  
                     
                        F
                        ¯
                     
                      non-dimensional frictional force
            

            h      film thickness

            h1       thickness of inlet film
            

            h2       thickness of outlet film
            

            k      porous matrix permeability

            L      bearing length (=L1+L2)
            

            L1, L2      Bearing lengths in the entry and exit regions respectively
            

             l      couple stress parameter =  
                  
                     
                        
                           
                              η
                              μ
                           
                        
                     
                  

             
                  
                     
                        l
                        ¯
                     
                       non-dimensionalcouple-stress parameter
            

            p       pressure in film region

             
                  
                     
                        p
                        1
                        *
                     
                     ,
                     
                        p
                        2
                        *
                     
                     fluid pressure in porous region-I and porous region-II
            

             
                  
                     P
                        Non-dimensional pressure =  
                  
                     
                        
                           
                              p
                              
                                 h
                                 2
                                 2
                              
                           
                           
                              μ
                              U
                              L
                           
                        
                     
                   
            

            P1, P2   Non-dimensional film pressure in the entry and exit region respectively.
            

            u* , v*      modified Darcy velocity in the x and y direction.
            

            w      load       

             
                  
                     
                        W
                        ¯
                     
                       dimensionless load carrying capacity  
                  
                     =
                     
                        
                           
                              w
                              
                                 h
                                 2
                                 2
                              
                           
                           
                              μ
                              U
                              
                                 L
                                 2
                              
                           
                        
                     
                   
            

            
                
                  
                     
                        β
                        
                           1
                           .
                        
                     
                     =
                     
                        
                           
                              η
                              μ
                           
                           /
                           
                              k
                              1
                           
                        
                     
                  
               
            

             
                  
                     
                        β
                        2
                     
                     =
                     
                        
                           
                              η
                              μ
                           
                           /
                           
                              k
                              2
                           
                        
                     
                   
            

             
                  
                     μ
                        lubricant viscosity 
            

             
                  
                     η
                        material constant for couple stresses
            

             
                  
                     ψ
                        permeability parameter =   
                  
                     
                        
                           
                              
                                 k
                                 1
                              
                              
                                 δ
                                 1
                              
                           
                           
                              h
                              2
                              3
                           
                        
                     
                  

             
                  
                     
                        δ
                        1
                     
                     ,
                      
                     
                        δ
                        2
                     
                        thicknesses of porous layer-1 and porous layer-2 respectively
            

            k1, k2      permeabilities in the layer-1 and porous layer-2 respectively 
            

            

            

            
                  
                  Figure 1

                  Double – layered porous Rayleigh step bearing
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               Mathematical formulation

            The governing equations for the Stokes couple stress fluid are given by 11

            

               
               
                     
                     
                        
                           ∂
                           u
                        
                        
                           ∂
                           x
                        
                     
                     +
                     
                        
                           ∂
                           v
                        
                        
                           ∂
                           y
                        
                     
                     =
                     0
                  
                     (1)

               

            

            

               
               
                     
                     μ
                     
                        
                           
                              ∂
                              2
                           
                           u
                        
                        
                           ∂
                           
                              y
                              2
                           
                        
                     
                     -
                     η
                     
                        
                           
                              ∂
                              4
                           
                           u
                        
                        
                           ∂
                           
                              y
                              4
                           
                        
                     
                     =
                     
                        
                           ∂
                           p
                        
                        
                           ∂
                           x
                        
                     
                  
                     (2)

               

            

            

               
               
                     
                     
                        
                           ∂
                           p
                        
                        
                           ∂
                           y
                        
                     
                     =
                     0
                  
                     (3)

               

            

            

            

            As shown in Figure  1 the surface profile for Rayleigh step bearing is determined by the mathematical function.
            

            
                
                  
                     h
                     (
                     x
                     )
                     =
                     
                        
                           
                              
                                 
                                    h
                                    1
                                 
                                  for 
                                 0
                                 <
                                 x
                                 <
                                 
                                    L
                                    
                                       1
                                       ,
                                    
                                 
                                 (
                                  Region 
                                 -
                                 I
                                 )
                              
                           
                           
                              
                                 
                                    h
                                    2
                                 
                                  for 
                                 
                                    L
                                    1
                                 
                                 <
                                 x
                                 <
                                 L
                                 (
                                  Region 
                                 -
                                 I
                                 I
                                 )
                              
                           
                        
                     
                  
               
            

            Bearing length (L) is equal to the sum of the lengths of entry and exit regions (=L1 +L2). The velocity boundary conditions are
            

            1.  at y = h 

            

               
               
                     
                     u
                     =
                     0
                     ,
                     
                        
                           
                              ∂
                              2
                           
                           u
                        
                        
                           ∂
                           
                              y
                              2
                           
                        
                     
                     =
                     0
                  
                     (4a)

               

            

            

               
               
                     
                     v
                     =
                     0
                  
                     (4b)

               

            

            

            2. at y = 0 (on the porous surface)
            

            

               
               
                     
                     u
                     =
                     U
                     ,
                     
                        
                           
                              ∂
                              2
                           
                           u
                        
                        
                           ∂
                           
                              y
                              2
                           
                        
                     
                     =
                     0
                  
                     (5a)

               

            

            

               
               
                     
                     v
                     =
                     -
                     
                        v
                        *
                     
                  
                     (5b)

               

            

            

            Assuming that v*is the Darcy’s velocity component carried along y axis in the porous region. Couple stress fluid flows within the porous region
               according to Darcy's modified law
            

               
               
                     
                     
                        u
                        *
                     
                     =
                     
                        
                           -
                           
                              k
                              1
                           
                        
                        
                           μ
                           
                              
                                 1
                                 -
                                 
                                    β
                                    1
                                 
                              
                           
                        
                     
                     
                        
                           ∂
                           
                              p
                              *
                           
                        
                        
                           ∂
                           x
                        
                     
                  
                     (6)

               

            

            

               
               
                     
                     
                        v
                        *
                     
                     =
                     
                        
                           -
                           
                              k
                              1
                           
                        
                        
                           μ
                           
                              
                                 1
                                 -
                                 
                                    β
                                    1
                                 
                              
                           
                        
                     
                     
                        
                           ∂
                           
                              p
                              *
                           
                        
                        
                           ∂
                           x
                        
                     
                     ,
                  
                     (7)

               

            

            

            where k1, k2 are the permeability parameters of porous layer-1 and layer-2 respectively  
                  
                     
                        β
                        1
                     
                     =
                     
                        
                           
                              η
                              μ
                           
                           /
                           
                              k
                              1
                           
                        
                     
                    and   
                  
                     
                        β
                        2
                     
                     =
                     
                        
                           
                              η
                              μ
                           
                           /
                           
                              k
                              2
                           
                        
                     
                   are the ratio of microstructure size to the pore size. If  
                  
                     
                        
                           
                              η
                              μ
                           
                        
                        
                           1
                           2
                        
                     
                     ≈
                     
                        
                           k
                           1
                        
                     
                     ,
                      i.e. 
                     
                        β
                        1
                     
                     ≈
                     1
                   .
            

            Due to continuity of fluid flow in the porous regions, the pressure  
                  
                     
                        p
                        1
                        *
                     
                   in the porous layer-1 and  
                  
                     
                        p
                        2
                        *
                     
                   in the porous layer-2 are governed by the following equations 18  

            

               
               
                     
                     
                        
                           
                              ∂
                              2
                           
                           
                              p
                              1
                              *
                           
                        
                        
                           ∂
                           
                              x
                              2
                           
                        
                     
                     +
                     
                        
                           
                              ∂
                              2
                           
                           
                              p
                              1
                              *
                           
                        
                        
                           ∂
                           
                              y
                              2
                           
                        
                     
                     =
                     0
                  
                     (8a)

               

            

            

               
               
                     
                     
                        
                           
                              ∂
                              2
                           
                           
                              p
                              2
                              *
                           
                        
                        
                           ∂
                           
                              x
                              2
                           
                        
                     
                     +
                     
                        
                           
                              ∂
                              2
                           
                           
                              p
                              2
                              *
                           
                        
                        
                           ∂
                           
                              y
                              2
                           
                        
                     
                     =
                     0
                  
                     (8b)

               

            

            

            

            The related pressure boundary conditions are

            

               
               
                     
                     
                        p
                        1
                        *
                     
                     =
                     0
                      at 
                     x
                     =
                     0
                      and 
                     x
                     =
                     L
                  
                     (9)

               

            

            

               
               
                     
                     p
                     (
                     x
                     ,
                     0
                     )
                     =
                     
                        p
                        1
                        *
                     
                     (
                     x
                     ,
                     0
                     )
                     ,
                  
                     (10)

               

            

            

               
               
                     
                     
                        p
                        1
                        *
                     
                     
                        
                           x
                           ,
                           -
                           
                              δ
                              1
                           
                        
                     
                     =
                     
                        p
                        2
                        *
                     
                     
                        
                           x
                           ,
                           -
                           
                              δ
                              1
                           
                        
                     
                     ,
                  
                     (11)

               

            

            

               
               
                     
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    2
                                    *
                                 
                              
                              
                                 ∂
                                 y
                              
                           
                        
                        
                           y
                           =
                           -
                           
                              
                                 
                                    δ
                                    1
                                 
                                 +
                                 
                                    δ
                                    2
                                 
                              
                           
                        
                     
                     =
                     0
                  
                     (12)

               

            

            

            

               
               
                     
                     
                        
                           k
                           1
                        
                        
                           μ
                           
                              
                                 1
                                 -
                                 
                                    β
                                    1
                                 
                              
                           
                        
                     
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    1
                                    *
                                 
                              
                              
                                 ∂
                                 y
                              
                           
                        
                        
                           y
                           =
                           -
                           
                              δ
                              1
                           
                        
                     
                     =
                     
                        
                           k
                           2
                        
                        
                           μ
                           
                              
                                 1
                                 -
                                 
                                    β
                                    2
                                 
                              
                           
                        
                     
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    2
                                    *
                                 
                              
                              
                                 ∂
                                 y
                              
                           
                        
                        
                           y
                           =
                           -
                           
                              δ
                              1
                           
                        
                     
                  
                     (13)

               

            

            

             Integrating Eq. (8a) with respect to y over the wall thickness

            

               
               
                     
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    1
                                    *
                                 
                              
                              
                                 ∂
                                 x
                              
                           
                        
                        
                           y
                           =
                           0
                        
                     
                     =
                     -
                     
                        ∫
                        
                           -
                           
                              δ
                              1
                           
                        
                        0
                     
                     
                        
                           ∂
                           
                              p
                              1
                              *
                           
                        
                        
                           ∂
                           
                              x
                              2
                           
                        
                     
                     d
                     y
                     +
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    1
                                    *
                                 
                              
                              
                                 ∂
                                 y
                              
                           
                        
                        
                           y
                           =
                           -
                           
                              δ
                              1
                           
                        
                     
                  
                     (14)

               

            

             

            Integrating Eq. (8b) with respect to y over the wall thicknessuse of Eq. (13) gives

            

               
               
                     
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    1
                                    *
                                 
                              
                              
                                 ∂
                                 y
                              
                           
                        
                        
                           y
                           =
                           0
                        
                     
                     =
                     -
                     
                        ∫
                        
                           -
                           
                              δ
                              1
                           
                        
                        0
                     
                     
                        
                           ∂
                           
                              p
                              1
                              *
                           
                        
                        
                           ∂
                           
                              x
                              2
                           
                        
                     
                     d
                     y
                     -
                     
                        
                           
                              k
                              2
                           
                           
                              
                                 1
                                 -
                                 
                                    β
                                    1
                                 
                              
                           
                        
                        
                           
                              k
                              1
                           
                           
                              
                                 1
                                 -
                                 
                                    β
                                    2
                                 
                              
                           
                        
                     
                     
                        ∫
                        
                           -
                           
                              
                                 
                                    δ
                                    1
                                 
                                 +
                                 
                                    δ
                                    2
                                 
                              
                           
                        
                        
                           -
                           δ
                        
                     
                     
                        
                           
                              ∂
                              2
                           
                           
                              p
                              2
                              *
                           
                        
                        
                           ∂
                           
                              x
                              2
                           
                        
                     
                     d
                     y
                  
                     (15)

               

            

            

            The wall thicknesses  
                  
                     
                        δ
                        1
                     
                      
                     a
                     n
                     d
                      
                     
                        δ
                        2
                     
                    to be small Eq.(15) reduces to 
            

            

               
               
                     
                     
                        
                           
                              
                                 ∂
                                 
                                    p
                                    1
                                    *
                                 
                              
                              
                                 ∂
                                 y
                              
                           
                        
                        
                           y
                           =
                           0
                        
                     
                     =
                     -
                     
                        
                           
                              δ
                              1
                           
                           +
                           
                              
                                 
                                    k
                                    2
                                 
                                 
                                    
                                       1
                                       -
                                       
                                          β
                                          1
                                       
                                    
                                 
                              
                              
                                 
                                    k
                                    1
                                 
                                 
                                    
                                       1
                                       -
                                       
                                          β
                                          2
                                       
                                    
                                 
                              
                           
                           
                              δ
                              2
                           
                        
                     
                     
                        
                           
                              ∂
                              2
                           
                           
                              p
                              *
                           
                        
                        
                           ∂
                           
                              x
                              2
                           
                        
                     
                     ,
                  
                     (16)

               

            

            

         

         
               Solution of the problem

            Equation (3) indicates that the pressure p in the film region is independent of y. Solving Eqn.(2) with relevant boundary
               conditions for u  in equations (4a), (4b) and (5a), (5b), the fluid velocity in the film region is obtained in the form
            

            

               
               
                     
                     u
                     =
                     U
                     
                        
                           1
                           -
                           
                              y
                              h
                           
                        
                     
                     +
                     
                        1
                        
                           2
                           μ
                        
                     
                     
                        
                           d
                           p
                        
                        
                           d
                           x
                        
                     
                     
                        
                           
                              y
                              2
                           
                           -
                           y
                           h
                           +
                           2
                           
                              l
                              2
                           
                           
                              
                                 1
                                 -
                                 
                                    
                                       cosh
                                       
                                          
                                             
                                                2
                                                y
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                                                h
                                             
                                             
                                                2
                                                l
                                             
                                          
                                       
                                    
                                    
                                       cosh
                                       
                                          
                                             h
                                             
                                                2
                                                l
                                             
                                          
                                       
                                    
                                 
                              
                           
                        
                     
                  
                     (17)

               

            

            

            where  
                  
                     l
                     =
                     
                        
                           η
                           μ
                        
                     
                       couplestress parameter
            

            Using the expression for u given in Eq. (17) into the continuity equation (1) and integrating over the film thickness and
               using boundary conditions (4a), (4b) and (5a), (5b), we get the modified Reynolds equation
            

            

               
               
                     
                     
                        d
                        
                           d
                           x
                        
                     
                     
                        
                           
                              
                                 
                                    
                                       f
                                       1
                                    
                                    (
                                    h
                                    ,
                                    l
                                    )
                                    
                                       
                                          d
                                          p
                                       
                                       
                                          d
                                          x
                                       
                                    
                                 
                              
                              =
                              6
                              μ
                              U
                              
                                 
                                    d
                                    h
                                 
                                 
                                    d
                                    x
                                 
                              
                              -
                              
                                 
                                    12
                                    
                                       k
                                       1
                                    
                                 
                                 
                                    
                                       1
                                       -
                                       
                                          β
                                          1
                                       
                                    
                                 
                              
                              
                                 
                                    ∂
                                    
                                       p
                                       1
                                    
                                    
                                       
                                       *
                                    
                                 
                                 
                                    ∂
                                    y
                                 
                              
                           
                        
                        
                           y
                           =
                           0
                        
                     
                  
                     (18)

               

            

             

            where 

            
                
                  
                     
                        f
                        1
                     
                     (
                     h
                     ,
                     l
                     )
                     =
                     
                        h
                        3
                     
                     -
                     12
                     
                        l
                        2
                     
                     h
                     +
                     24
                     
                        l
                        3
                     
                     tanh
                     (
                     h
                     /
                     2
                     l
                     )
                  
               
            

            Assuming that the double layered porous thickness to be very small, the Morgan-Cameron approximation gives
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                              1
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                                          1
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                                    1
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                                       -
                                       
                                          β
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                              2
                           
                        
                     
                     
                        
                           
                              ∂
                              2
                           
                           p
                        
                        
                           ∂
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                              2
                           
                        
                     
                  
                     (19)

               

            

            

            Put Equation (19) in Eq.(18). Then the modified Reynolds –type equation is acquired in the form of
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            Introducing the following non- dimensional quantities 
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            Eq.(20) takes the form given below 
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            where   
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            The fluid film pressure boundary conditions are
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            Here  
                  
                     
                        p
                        c
                     
                   is the non–dimensional pressure at the step. Integrate Eq. (22) twice with respect  
                  
                     
                        x
                        ¯
                     
                   tousing boundary conditions (24) the fluid film pressure is obtained in the form 
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             From Equations (25) and (26), we get  
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            Now the pressure for the entry region (0 
                  
                     ≤
                     
                        x
                        -
                     
                     ≤
                     
                        
                           L
                           1
                        
                        ¯
                     
                   ) is
            

            

               
               
                     
                     
                        P
                        1
                     
                     =
                     6
                     
                        
                           
                              
                                 
                                    L
                                    ¯
                                 
                                 2
                              
                              
                                 
                                    
                                       
                                          h
                                          ¯
                                       
                                       1
                                    
                                    -
                                    1
                                 
                              
                           
                           
                              
                                 
                                    L
                                    2
                                 
                                 ¯
                              
                              
                                 
                                    F
                                    
                                       
                                          
                                             
                                                h
                                                1
                                             
                                             ¯
                                          
                                          ,
                                          
                                             l
                                             ¯
                                          
                                       
                                    
                                 
                              
                              -
                              
                                 
                                    12
                                    ψ
                                 
                                 
                                    1
                                    -
                                    
                                       β
                                       1
                                    
                                 
                              
                              
                                 
                                    1
                                    +
                                    (
                                    K
                                    R
                                    )
                                    
                                       B
                                       1
                                    
                                 
                              
                              +
                              
                                 
                                    L
                                    ¯
                                 
                                 1
                              
                              
                                 
                                    F
                                    
                                       
                                          
                                             
                                                h
                                                1
                                             
                                             ,
                                             l
                                          
                                          ¯
                                       
                                    
                                 
                              
                              -
                              
                                 
                                    12
                                    ψ
                                 
                                 
                                    1
                                    -
                                    
                                       β
                                       1
                                    
                                 
                              
                              
                                 
                                    1
                                    +
                                    (
                                    K
                                    R
                                    )
                                    
                                       B
                                       1
                                    
                                 
                              
                           
                        
                     
                     
                        x
                        ¯
                     
                  
                     (28)

               

            

            
                
                  
                     
                        P
                        1
                     
                     =
                     6
                     
                        
                           
                              -
                              
                                 L
                                 2
                              
                              
                                 
                                    
                                       
                                          h
                                          1
                                       
                                       ¯
                                    
                                    -
                                    1
                                 
                              
                           
                           
                              
                                 
                                    L
                                    2
                                 
                                 ¯
                              
                              
                                 
                                    F
                                    
                                       
                                          
                                             
                                                h
                                                1
                                             
                                             ,
                                             l
                                          
                                          ¯
                                       
                                    
                                 
                              
                              -
                              
                                 
                                    12
                                    ψ
                                 
                                 
                                    1
                                    -
                                    
                                       β
                                       1
                                    
                                 
                              
                              
                                 
                                    1
                                    +
                                    (
                                    K
                                    R
                                    )
                                    
                                       B
                                       1
                                    
                                 
                              
                              +
                              
                                 
                                    L
                                    1
                                 
                                 ¯
                              
                              
                                 
                                    F
                                    
                                       
                                          
                                             
                                                
                                                   
                                                      
                                                         h
                                                         1
                                                      
                                                      ,
                                                      l
                                                   
                                                
                                             
                                             -
                                             
                                                
                                                   12
                                                   ψ
                                                
                                                
                                                   1
                                                   -
                                                   
                                                      β
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   1
                                                   +
                                                   (
                                                   K
                                                   R
                                                   )
                                                   
                                                      B
                                                      1
                                                   
                                                
                                             
                                          
                                          ¯
                                       
                                    
                                 
                              
                           
                        
                     
                  
               
            

            For the exit region ( 
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             Using Eqs.(28) and (29) we get the non-dimensional load carrying capacity.
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            The frictional force f per unit width on the bearing surface y = 0 is defined by
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            Put Eq. (18) into Eq.(33) and substituting it in Eq.(32) gives dimensionless frictional force 
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                  , in the form
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            where,

            
                [TeX:] \begin{aligned}
                     &A=F\left(\bar{h}_{1}, \bar{l}\right)-\frac{12 \psi}{1-\beta_{1}}\left(1+(K R) B_{1}\right) \\
                     &B=F(1, \bar{l})-\frac{12 \psi}{1-\beta_{1}}\left(1+(K R) B_{1}\right)
                     \end{aligned}
               
            

            The Coefficient of friction is computed as follows   

            

               
               
                     [TeX:] \;{\overline C}_f\;=\;\frac{\overline F}{\overline W}   (35)

               

            

            

         

         
               Figures

            
                  
                  Figure 2

                  Variations of  [TeX:] \overline W with  [TeX:] \overline{h_1} for different values of   [TeX:] \overline l with fixed values of  [TeX:] \psi=0.001,\;{\overline L}_1=0.7,\;\beta_1=0.3,\;\beta_2=0.6,\;\mathrm{KR}=0.5,\;\delta_1=200,\;\delta_2=200
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                  Figure 3

                  Variations of  [TeX:] \overline W with  [TeX:] \overline{h_1} for different values of   [TeX:] {\overline L}_1 with fixed values of  [TeX:] \psi=0.001,\;\overline l=0.2,\;\beta_1=0.3,\;\beta_2=0.6,\;\mathrm{KR}=0.5,\;\delta_1=200,\;\delta_2=200
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                  Figure 4

                  Variations of  [TeX:] \overline F with  [TeX:] \overline{h_1} for different values of   [TeX:] \overline l with fixed values of   [TeX:] \psi=0.001,\;{\overline L}_1=0.7,\;\beta_1=0.3,\;\beta_2=0.6,\;\mathrm{KR}=0.5,\;\delta_1=200,\;\delta_2=200
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                  Figure 5

                  Variations of  [TeX:] \overline F with  [TeX:] \overline{h_1} for different values of   [TeX:] {\overline L}_1 with fixed values of   [TeX:] \psi=0.001,\;\overline l=0.2,\;\beta_1=0.3,\;\beta_2=0.6,\;\mathrm{KR}=0.5,\;\delta_1=200,\;\delta_2=200
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                  Figure 6

                  Variations of  [TeX:] \overline{C_f} with  [TeX:] \overline{h_1} for different values of   [TeX:] \overline l with fixed values of  [TeX:] \psi=0.001,{\overline L}_1=0.7,\beta_1=0.3,\beta_2=0.6,\mathrm{KR}=0.5,\quad\delta_1=200,\delta_2=200
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                  Figure 7

                  Variations of  [TeX:] \overline{C_f} with  [TeX:] \overline{h_1} for different values of   [TeX:] \overline l with fixed values of  [TeX:] \psi=0.001,\;\overline l=0.2,\;\beta_1=0.3,\;\beta_2=0.6,\;\mathrm{KR}=0.5,\;\delta_1=200,\;\delta_2=200
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               Results and Discussions

            
                  Load carrying capacity

               Figure  2 shows the variance of non-dimensional load  [TeX:] \overline W different values of the couple stress parameter  [TeX:] \overline l for the constant values of ψ = 0.001,  [TeX:] \overline L=0.7, β1= 0.3, β2= 0.6, KR=0.5, δ1=200, δ2=200. It is observed that, non-dimensional load carrying capacity increases for increasing the value of couple stress parameter
                   [TeX:] \overline l. Further, it is evident that  [TeX:] \overline W increases for the double-layeredporous step-slider bearings as compared to that of single layered Rayleigh-step slider bearings.
                  The most important aspect of the step bearing is to fix the step position for the optimum load carrying capacity. Hence in
                  the Figure  3 variation of   [TeX:] \overline Wwith   [TeX:] {\overline h}_1for the different combinations of  [TeX:] {\overset-L}_1 and [TeX:] {\overset-L}_2  it is observed that the maximum  [TeX:] \overline W with attained for  [TeX:] {\overset-L}_1=0.8\;and\;{\overset-L}_2=0.2 for both the cases.
               

               The variation of non-dimensional frictional force  [TeX:] \overset-F with  [TeX:] {\overset-h}_1 for different values of  [TeX:] {\overset-l}_{} and  [TeX:] {\overset-L}_1 is depicted in the Figure  4, Figure  5  respectively. It is observed the frictional force increases for the  [TeX:] \overset-l and decreases for the increasing values of  [TeX:] {\overset-L}_1 Further, this increase in   [TeX:] \overset-F is more accentuated for the double-layered porous bearings.
               

               The key parameter to assess the performance of slider bearings is the coefficient of friction. The variation of the coefficient
                  of friction  [TeX:] {\overset-C}_f with  [TeX:] {\overset-h}_1 is plotted in the Figure  6, Figure  7 for various values of  [TeX:] \overset-l and  [TeX:] {\overset-{\;L}}_1. It is observed that, the coefficient of friction decreases for the increasing values of  [TeX:] \overset-l. It is observed that the coefficient of friction decreases with increasing values of  [TeX:] {\overset-L}_1 up to certain values of [TeX:] \;{\overset-h}_1 and after that it increases.
               

            

         

         
               Conclusions

             The double-layered porous Rayleigh step-slider bearings lubricated with couplestress fluid is analyzed on the basis of Stokes
               couplestress fluid theory. Following conclusions are drawn on the basis of the numerical results presented in the above section:
            

            1. The enhanced load carrying capacity of the double-layered porous Rayleigh step –slider bearing is observed as compared
               to that of single-layered porous bearings.
            

            2. Even though the non-dimensional frictional force increases for the double layered porous Rayleigh step slider bearings,
               the coefficient of friction decreases.
            

            3. The adverse effect of reduced load carrying capacity of the single layered porous Rayleigh step-slider bearing can be well
               compensated by the presence of double-layered porous facing with appropriable permeabilities.
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