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I. Introduction 
Journal bearing is integral part of rotating machinery in 

order to support load of components and provide proper 

alignment to machinery. Failure of bearing is evident 

because of metal to metal contact under certain 

operating conditions. However, bearing are provided 

with flexible liners in order to reduce cost of failure. 

This leads to deformation of liner during operation of 

machinery. Performance characteristics are influenced 

due to this deformation of bearing liner. 

 

Hinggison [1] was pioneer researcher to have worked 

on calculation for effect of changing liner material on 

performance characteristics of journal bearing. 

Researchers [1-5] have worked in this relevant area 

taking basic assumption of fluid as Newtonian. The 

results produced have significant effect in building 

equations for these calculations. Behavior of real life 

lubricants is predicted more accurately by considering 

assumptions based on theory of micropolar fluids as 

suggested by Eringen [6]. Allen and Kline [7] presented 

the application of micropolar fluid model to theory of 

lubrication taking practical aspects in to picture.  

 

Prakash and Sinha [8] and further Singh and Sinha [9] 

contributed for development 3-D modified Reynolds 

equation for journal bearing under micropolar 

lubrication.  Various researchers [10-21] have studied 

several configurations of bearing during their studies.  

 

Present scope of work presents the effect of Poisson’s 

ratio (ν) for Liner Material on steady state 

characteristics of Hydrodynamic Journal Bearing (HJB) 

taking micropolar lubrication. To best of our knowledge 

no work has yet discussed this aspect of Journal 

Bearing. Result presented in present study are useful to 

designer involved in optimization of Journal Bearing 

and researchers working in this field. 

 

 

II. Analysis 

Journal bearing of radius R and length L is assumed in 

present work which is presented schematically in Fig. 1.  

 
Fig 1 Schematic diagram of Journal Bearing  

 

A. Governing equation 

Modified Reynolds equation [9] assuming lubricant as 

micropolar fluids is as follows:  
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Eq. 1 in non-dimensional form: 
2

0 0 0

0 0

1
( , , ) ( , , )

2
m m

p p hD
g l N h g l N h

L z z

       
     

        

 (2) 

substitutions 

   

 

where 

3 2

0 0 0 0
( , , ) c o th

0 21 2 2 2

 
    

 
 

h h N h N l hm
g l N hm

ll mm

 

Expanding Eq. 2  
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Boundary Conditions 

Relevant boundary conditions: 

1. Steady state pressures at ends Zero.   
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2. Symmetry pressure distribution.                 
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3. Cavitation conditions.                                     
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4. Periodic boundary conditions.  
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Film thickness for flexible bearing.  
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δ is steady state radial deformation of bearing liner 

surface. Values of δ are calculated as per procedure 

provided in Bansal [19]. 

 

III. Results and Discussion 

Effect of Poisson's Ratio for liner material is studied in 

terms of steady state performance characteristics of HJB 

taking micropolar lubrication regime. 

Simulated results of computer program are checked by 

comparing results of current program with already 

prevalent results. Comparison is made with   Majumdar et 

al. [5]. 

 
Fig. 2 Comparison with Mazumdar et al. [5].  

Mazumdar et al. [5] have predicted results for effect of 

liner material considering Newtonian fluids. Present 

results are generated considering Newtonian fluid and 

compared with already published results. Comparison 

of results show agreement which authenticates 

program. 

Figs 3-6 present result for effect of Poisson's Ratio for 

liner material on steady state characteristics. 

 
Fig 3 Load Factor Vs Deformation factor for various 

Poisson's Ratio. 

Effect of Poisson’s ratio on Load Carrying Capacity 

Variation of load parameter w.r.t. deformation factor 

for various Poisson’s ratio at 𝜀0 = 0.8,
𝐿

𝐷
= 1.0, 𝑁2 =

0.5, 𝑙𝑚 = 40.0,
𝐻

𝑅
= 0.3 is as per figure 3. From graph it 

can be observed that load decreases with increase in 

Poisson’s ratio of material of bearing liner.  
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Fig 4 Attitude Angle Vs Deformation factor for various 

Poisson's Ratio 

 

Effect of Poisson’s ratio Attitude Angle 

Effect of Poisson’s ratio on attitude angle considering 

deformation of liner in micropolar regime is shown in 

figure 4. Scrutiny of figure reveals that attitude angle 

increases with increase in Poisson’s ratio. It is also 

observed that attitude angle increases with increase in 

deformation factor.   

 
Fig 5 Friction Parameter Vs Deformation factor for 

various Poisson's Ratio 

 

Effect of Poisson’s ratio Friction Parameter 

Friction parameter versus deformation factor for change 

in Poisson’s ratio is shown in figure 5. Nature of graph 

predicts that friction parameter shows better results at 

higher Poisson’s ratio. Friction parameter increases 

with increase in deformation factor. It is also evident 

that increase in friction parameter is sharp as F is 

increased beyond 0.2.    

 
Fig 6 End Flow Vs Deformation factor for various 

Poisson's Ratio 

 

Effect of Poisson’s ratio End Flow 

𝑄̅𝑍 Vs F for change in Poisson’s ratio is shown in fig.6 

for 𝜀0 = 0.8,
𝐿

𝐷
= 1.0, 𝑁2 = 0.5, 𝑙𝑚 = 40.0,

𝐻

𝑅
= 0.3. 

While analyzing graph it can be observed that value of 

𝑄̅𝑍 decreases with increase in Poisson’s ratio. Non-

dimensional end flow increases with increase in 

deformation factor.     

 

IV. Conclusion 

The paper shows simulated results for change in 

Poisson's ratio of liner material Performance 

characteristics of HJB taking lubricant as micropolar 

fluid. Conclusions from results presented: 

a) Load carrying capacity under steady state 

conditions decreases with increase in Poisson’s 

ratio of bearing liner material. This leads to 

conclusion that to get higher value of load 

parameter we should select material of liner for 

which Poisson’s ratio is less. 

b) Higher Attitude angle is observed when Poisson’s 

ratio increases.  

c) Friction parameter value decreases with increase in 

Poisson’s ratio. 

d) End flow increases with decrease in Poisson’s 

ratio.    
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