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Abstract   The effect of surface roughness on the performance of a constant flow valve 
compensated misaligned hole-entry hybrid journal bearing system has been theoretically studied. 
The journal misalignment has been accounted by defining a pair of misalignment parameters ϕ  
and δ . The pressure and shear flow factors are used to modify the classical Reynolds equation for 
a rough surface journal bearing. The non-dimensional parameters Λ  (surface roughness parameter) 
and γ  (surface pattern parameter) have been defined to represent the magnitude of height 
distribution of surface roughness and their orientation respectively. The bearing performance has 
been studied for the isotropic surface patterns of the hole-entry hybrid journal bearing 
configuration. The study indicates that for prediction of realistic bearing characteristic data, the 
inclusion of surface roughness effects in the analysis is essential.  
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NOMENCLATURE 
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( )22
Js Rpct µτ = , Time 

( )2),(),( σσσ bjrbrj VV = , Variance ratios   
2
Jsoo RpWW = , External load 

( ) JRYX ,, =βα , Circumferential and axial  
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γ = , Surface pattern parameter 

  =yx,5.0λ 0.5 correlation lengths of the x and 
                 y profile 
  DL=λ , Aspect ratio  
   
  Subscript and Superscript 

  Non-dimensional parameter     
b    Bearing  
J    Journal 
o    Steady state condition 
s    Supply pressure 
 .    First derivatives w.r.t time 
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INTRODUCTION 
 

   The last few decades have witnessed rapid 
technological advancements and the operating 
conditions of machines are becoming stringent, exact 
and more demanding. Thus, it becomes imperative that 
the bearings should be more reliable and their design 
should be based on more realistic bearing characteristic 
data. The majority of available studies in the literature 
concerning hole-entry journal bearings assume that both 
journal and bearing axes are properly aligned and 
journal and bearing surfaces are perfectly smooth. 
However, in actual practice, they may not be properly 
aligned and perfectly smooth. As a result of improper 
assembly, non-central load and shaft deflection due to 
elastic and thermal distortions etc, the journal and 
bearing gets misaligned. Further, due to the 
characteristic of machining process and its 
accompanying defects, the imperfections do exists on 
any finished surface and these usually takes the form of 
a succession of hills and valleys. Therefore, the analyses 
based on the assumption of aligned journal as well as 
smooth surface of bearing and journal may not give 
realistic bearing characteristics data. Some 
theoretical/experimental studies related to the 
recessed/non-recessed hybrid journal bearing system 
have been reported in the literature [Bou Said and 
Nicolas, 1992; Jain et al, 1997; Markho et al, 1979; San 
Andres, 1993 and Sato and Ogiso, 1983]. The previous 
work by the authors [Jain et al, 1997] indicate that the 
static and dynamic performance of a hole-entry hybrid 
journal bearing is affected due to journal misalignment. 
 
   The effect of surface roughness in the area of journal 
bearing problems is becoming an important research 
activity over the last few years. San Andres (1990) 
analysed the pocketed hybrid journal bearing by 
considering effect of surface roughness along with fluid 
inertia effect. More recently, Fayolle and Childs (1999) 
experimentally investigated the static and dynamic 
performance characteristics of a hybrid journal bearing 
by providing round-hole-pattern roughness on the lands. 
Hashimoto (1997), Li et al (1996) and Ramesh et al 
(1997) studied the effect of surface roughness on the 
performance of hydrodynamic journal bearing using 
flow factor method proposed by Patir and Cheng 
(1978,1979). Guha (2000) studied the combined effects 
of isotropic roughness and journal misalignment on 
steady state characteristics of hydrodynamic journal 
bearing. 
 
   The available studies in the case of hydrodynamic 
[Guha, 2000; Hashimoto, 1997; Li et al, 1996 and 
Ramesh et al, 1997] and hydrostatic [Fayolle and 
Childs, 1990 and San Andres, 1990] bearings 
demonstrate that their performance is significantly 
affected due to inclusion of surface roughness effects in 
the analysis. Among the available theoretical studies 
concerning the study of misaligned hole-entry hybrid 
journal bearings, the surface roughness effects have 
been neglected. The present work is, therefore, aimed to 

analyze the effects of surface roughness on the 
performance of constant flow valve compensated 
misaligned hole-entry hybrid journal bearing system. 
The effect of surface roughness in the analysis is 
considered by defining a non-dimensional surface 
roughness parameter Λ  and a surface pattern parameter 
γ . The journal misalignment has been accounted by 
defining a pair of misalignment parameters ϕ  and δ . 
 
   The static performance characteristics of a misaligned 
hole-entry journal bearing has been presented for the 
generally used representative values of roughness 
parameter ( Λ ) and for a set of representative values of 
journal misalignment parameters ϕ  and δ  for isotropic 
surface pattern. The results presented in this paper are 
expected to be quite useful to the bearing designers and 
the academic community.  
 

ANALYSIS 
 

1. Average fluid-film thickness ( Th ) 
The geometry of the externally pressurized hole-entry 
journal bearing system along with rough surface and co-
ordinate system is shown in Fig.1. Assuming Gaussian 
distribution of surface heights, the non-dimensional 
form of average fluid-film thickness Th  is written as 
[Hashimoto, 1997 and Ramesh et al, 1997] 
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     .... (1) 

where h  is the nominal fluid-film thickness. It is same 
as the fluid-film thickness obtained for a smooth surface 
journal bearing. For misaligned journal bearing h is 
expressed as [Jain et al, 1997]  

αϕαδαα sincossincos1
c
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c

R
ZXh JJ
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         .... (2) 
  
2. Flow factors ( syx φφφ ,, ) 

The pressure flow factors yx φφ ,  are used to compare 
the average pressure flows (in axial and circumferential 
directions) in a rough journal bearing to that of smooth 
bearing and they are expressed in non-dimensional form 
as [Patir and Cheng, 1978] 

hr
x Ce Λ−−=1φ  For 1≤γ ; r

x hC −Λ+= )(1φ For 1>γ  

and )1,(),( γφγφ hh xy Λ=Λ              .... (3a) 
 
   Similarly, the shear flow factor sφ  is used to 
represent the additional flow transport of lubricant in 
circumferential direction due to sliding of rough surface 
journal. Assuming both journal and bearing surfaces 
having same surface pattern (i.e. bJ γγ = ), the shear 
flow factor in non-dimensional form is expressed as 
[Patir and Cheng, 1979]  

srjs V Φ−= )12(φ   Since 1=+ rbrj VV             .... (3b) 
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where sΦ is a positive function of ( h.Λ ) and the 
surface pattern parameter γ of a given surface and is 
given by 

2
321 )()(

1 )( hh
s ehA Λ+Λ−Λ=Φ ααα   For 5≤Λh ;  

)(25.0
2

h
s eA Λ−=Φ   For 5>Λh            .... (3c) 

where 32121  and ,,,,, αααAArC  appearing in Eqns. 3a 
and 3c are constants and γ  is the surface pattern 
parameter.  
 
3. The average Reynold’s equation 
The average Reynold's equation governing the laminar 
flow of lubricant in the clearance space between rough 
surfaces of journal and bearing in non-dimensional form 
is written [Patir and Cheng, 1978] as 
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4. Finite Element Formulation 
The lubricant flow field has been discretized using four-
noded quadrilateral isoparametric elements. Using the 
Galerkin’s techniques and orthogonality condition for 
Eqn. (4), the following system equations are derived 
[Sharma et al, 1993] 
[ ]{ } { } { } { } { }JJ ZJXJH RZRXRQpF !! ++Ω+=   .... (5) 
 
5. Restrictor Flow Equation 
The equation of flow through the constant flow valve 
restrictor in non-dimensional form is expressed [Sharma 
et al, 2000] as 

cR QQ = , A constant        .... (6) 
 

SOLUTION PROCEDURE 
 

   The following numerical procedure is adopted for the 
computation of performance characteristics of 
misaligned hole-entry hybrid journal bearing including 
surface roughness effects. Initially for a specified 
external load oW , assuming steady state condition (i.e. 

0== JJ ZX !! ), the value of nominal fluid-film 

thickness h , the average fluid-film thickness Th  and 
flow factors xφ , yφ  and sφ are computed for the 

tentative values of journal center position JX and JZ  
using Eqns.1-3 at all node points. The lubricant flow 
field system equation (Eqn.5), after adjustment for the 
flow through the constant flow valve restrictor (Eqn.6) 
and modification for proper boundary conditions is 
solved for the nodal fluid-film pressure distribution. 
Using the fluid-film pressure distribution, the journal 
center equilibrium position ( JJ ZX , ) for the given 

vertical external load ( oW ) is established using a 
suitable iterative scheme. Once the equilibrium journal 
center position is established, the static performance 
characteristics are computed utilizing the relations 
published elsewhere by the authors [Jain et al, 1997]. 
 

RESULTS AND DISCUSSION 
 

   The static performance characteristics of a hole-entry 
hybrid journal bearing system including the effect of 
surface roughness have been obtained using the analysis 
and solution algorithm described in the previous 
sections. It is assumed that the journal and bearing 
surfaces have the same surface pattern parameter 
( γγγ == bJ  ). The results are presented for isotropic 
roughness pattern ( 1=γ ) with surface roughness 
parameter 5 and 3=Λ  for various values of restrictor 
design parameter 07.003.0 −=cQ  and for the values of 
external load 25.1=oW . The representative values of 
misalignment parameters used in the present study are 

0000.0== δϕ  (for aligned bearing), 
0000.0 ,0002.0 == δϕ  (for vertically misaligned 

bearing), 0002.0 ,0000.0 == δϕ  (for horizontally 
misaligned bearing) and 0002.0 ,0002.0 == δϕ . 
 
   Fig.2 shows the variation of maximum fluid-film 
pressure maxp  with isotropic roughness and journal 

misalignment. At a constant external load ( oW ) and for 

a chosen value of restrictor design parameter ( cQ ), the 
value of maxp  is found to increase due to journal 
misalignment during both hydrostatic ( 0.0=Ω ) and 
hybrid ( 0.0≠Ω ) mode of operations. The value of 

maxp  is seen to increase further as surface roughness 
parameter Λ  reduces (i.e. as surface roughness 
increases) during both hydrostatic/hybrid modes of 
operations of a bearing, Fig.2a and 2b. It may be noted 
that as the value of Λ  decreases, the bearing surface 
becomes rougher.  
 
   Fig.3 shows the variation of nominal minimum fluid-
film thickness minh  with isotropic roughness and 
journal misalignment. At a constant external load ( oW ) 
and for a chosen value of restrictor design parameter 
( cQ ), the value of minh  reduces due to journal 
misalignment during both hydrostatic (Fig.3a) and 
hybrid (Fig.3b) modes of operation of bearing. 
However, the value of minh  increases as surface 
roughness increases (as the value of Λ  reduces) as 
compared to that of a corresponding smooth bearing 
with same type of misalignment. Further, the reduction 
in the value of minh  is seen to be more when the journal 
is misaligned about both horizontal and vertical axes 
(i.e. for 0002.0,0002.0 == δϕ ).  
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   Figs.4 and 5 show the variation of misaligning 
moment xM  (i.e. moment about X-axis) and zM  (i.e. 
moment about Z-axis) respectively with surface 
roughness parameter ( Λ ) and journal misalignment. 
From these figures it may be observed that the values of 

xM  is positive (Fig.4a and 4b) and that of zM  is 
negative (Fig.5a and 5b) during both hydrostatic/hybrid 
modes of operations. It may be noted that in hydrostatic 
mode of operation, the value of xM  and zM  is zero for 
 

 
CONCLUSIONS 

 
   On the basis of the results presented, the following 
conclusions have been drawn: 
 
1. Inclusion of journal misalignment and surface 

roughness effects in the analysis affects the static 
performance characteristics of a constant flow valve 
compensated hole-entry hybrid journal bearing 
system appreciably. The combined influence of 
journal misalignment and surface roughness is to 
increase the values of maximum pressure maxp  
and misalign moments zx MM  and .  

2. At a constant external load ( oW ) and for a selected 

value of restrictor design parameter cQ , the value 

of minimum fluid-film thickness minh  reduces due 
to journal misalignment. The inclusion of surface 
roughness in the misaligned hole-entry hybrid 
journal bearing enhances the value of minh  as 
compared to corresponding smooth misaligned 
bearing. 

 
3. The study undertaken in the present work amply 

demonstrates that, for a non-recessed hole-entry 
hydrostatic/hybrid journal bearing system, the 
inclusion of surface roughness effect in the analysis 
is more appropriate for a realistic prediction of 
bearing characteristics data. 
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Fig. 1 Hole-Entry Journal Bearing System 
 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Maximum fluid –film pressure ( p max) 
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Fig. 3 Nominal minimum fluid –film thickness ( h max) 

Fig. 4 Misaligning moment ( M max) 
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 Fig. 5 Misaligning moment ( M max) 
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