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In many cases, journal vibrations in the radial direction have been observed in the various rotating 
machinery using journal bearing. In this investigation the effects of forced oscillation of a journal on the 
hydrodynamic pressure profile of a two dimensional plain journal bearing are evaluated. Gambit and 
ANSYS- Fluent software are used to produce mesh and simulate the flow field respectively. Fluid is 
Newtonian and viscosity is constant. Also, flow is laminar, isothermal, and heat transfer is neglected. It 
is assumed that there is no phase change and cavitation does not exist. A user defined function is written 
in C language and compiled by Fluent to apply the oscillation motion to the journal. Results are 
obtained for three non-dimensional vibration frequencies of journal (0.001, 0.1 and 1), and two 
eccentricity ratios (0.54 and 0.8). Results show that the hydrodynamic pressure profile is significantly 
dependent on the oscillation frequency of journal. It can be observed that the pressure distribution 
variations are independent of frequency when oscillation frequency is low. However, the pressure 
distribution is considerably affected by increasing oscillation frequency which leads to appearance of 
different hydrodynamic pressure distribution. These influences become more and more intense by rising 
non-dimensional vibration frequency ratios, especially when it is 1. 

Keywords:
Journal bearing 
reduced frequency 
vibration 
hydrodynamics pressure profile 

  

1 -   
          

            
         

             
      .         

            . 

              
   1  .  

        
   .    ]1 [  2005    

      2       
           

1 Tilting pad 
2 CFX-TASC 



    

    

1395165  349  

  .   ]2 [  2005   
           . 
            
.     - 

          
  .    ]3 [  2008  

            
1            

      .   2    
    .        

           .
        3   

           
  4         
       .   ]4 [ 

 2008          
          . 

          
      .  

            
             .

           
     .   ]5 [  2011   
      .      
              

     .       
            .

  ]6 [  2011       
           

   .           
         .  

      .     
          5  

  .         
       .       

           
                 

]7 .[            
      .     

          
             
      .   ]8 [  
2012            

1 Bingham 
2 dynamic mesh technique 
3 relative eccentricity 
4 Sommerfeld 
5 SIMPLE 

           
            

    .   ]9 [  2012   
              

   .         
     .     

             
      .    
             

    . ]10 [  2014   
            

      .         
             

    .     0.8     
rpm 2500  rpm 5000        

         
           .  

                
     .   ]11 [  

2014             
          .    

             
  .           
          

 .           
        .   

]12 [  2014             
         

     .        
             

             .
 

 ] 13 [2014

  ] 14 [2015 
] 15 [2015   

             
           
        

    .    
          

       
          .   
             

           
    .  



    

    

  

350  1395165  

2 -   
       -     

         . 
    ]16 .[     

  -         
  .   )1 ( )2 (   . 

+ ( ) = 0 )1(  

+ = +  )2(  

   v     t  p   . 
              

               
           .   

             
              

   .             
            .

        )3 (     

12
=

( )
+ ( ) )3(  

   H      U     
   U   )4 (  . 

=
+
2

 )4(  

          . 
             

      .          
       .      

         .     
   )5 (   .  

+  

= 6 ( + ) + 2  )5(  

 )5 (       )6 (
   ]17.[  

(1 + cos ) + (1 + cos )  

= 6 ( ) sin 2 cos  )6(  

       z        
R        .    
   ) 7 (  .  

=  )7(  

   e        C      
  . 

            

  .          .
            

)8 ( .  

L           . 
              
     .        

    .           
           .   

            )6 (   .
         .

1 
)  6 .  (

   ) )6 ((    
 )9 ( ]17.[  

( ) = + 6
(2 + cos )sin

(2 + )(1 + cos )
 )9(  

  P( )         .  
           

  -          
 .          .
               
           .  
       . 

                
     .  2       

  .           . 
      3      

     .       .
              

       .      
 ]18 [  .  

2-1 -   
             

  4        .
       ]17 [    

 .            
 1    .       

      1     .
      1000      
            .

1 Stationary 
2 SIMPLEC 
3 QUICK 
4 Computational Fluid Dynamics 

( , 0) = ( , ) =  
 

)8 -   

(0, ) = (2 , ) =  )8 -   



    

    

1395165  351  

    2     . 2  
            .  
      )10 (   .  

=  )10(  

    P    P       
       . 

 2         
    .         

             
 3     .        
          .    

             
             .  

  
Fig. 1 Geometry and physics of flow 

1  

1   
Table 1 Bearings properties 

      

   3 (mm) 

 )   17.5 × 10 (m) 

   9.5 × 10 (m) 

=    0.54 , 0.8 

   240000 (rpm) 

   850 (
kg
m

) 

   0.0413 (
kg
m

) 

   0 

  
  
  
  

2   
Table 2 Evaluated grids in grid independency study 

      

1  5  1000  

2  10  1000  

3  15  1000  

4  20  1000  

  
3     

Table 3 Maximum difference of each grid with fourth grid 
    

1  7.1%  

2  1.5%  

3  0.4%  
  

  
Fig. 2 Grid independency study = 0.54) 

2 = 0.54)  

2-2 -   

 .
1 2 

)  .9 (
  

( )     .  
3 ) 11 (

 .
 .

 

3 -    
 
 1  . -

 .  

1 skewness 

)11(  ( ) =
( )

= + 6
(2 + cos )sin

(2 + )(1 + cos )
 



    

    

  

352  1395165  
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Fig. 5 Dimensionless pressure profile = 0.001 = 0.54),  

a) 0.125 < T 0.500, b) 0.625 < T 1 
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Fig. 6 Dimensionless pressure profile = 0.001 = 0.8),  

a) 0.125 < T 0.500, b) 0.625 < T 1 
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Fig. 7 Dimensionless pressure profile = 0.1 = 0.54), 

a) 0.125 < T 0.500, b) 0.625 < T 1 
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Fig. 8 Dimensionless pressure profile = 0.1 = 0.8), 

a) 0.125 < T 0.500, b) 0.625 < T 1 
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Fig. 9 Dimensionless pressure profile = 1 = 0.54), 

a) 0.125 < T 0.500, b) 0.625 < T 1 
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Fig. 10 Dimensionless pressure profile = 1 = 0.8), 

a) 0.125 < T 0.500, b) 0.625 < T 1 
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