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Abstract 
This study aims to analyze the effect of 
magnetic fluid through a series of flowfactors, 
which is strongly dependent on the surface 
pattern parameter on the behavior of a 
longitudealy rough exponantial slider 
bearing. The roughness of the bearing 
surfaces is characterized by a stochastic 
random variable with non-zero mean 
variance and skewness. The associated 
Reynolds’ equation is stochastically averaged 
with respect to the random roughness 
parameter, and is solved with appropriate 
boundary conditions to obtain the pressure 
distribution. From this, the expression for 
load carrying capacity is derived. This results 
in the calculation of load carrying capacity 
presented in graphical forms suggest that the 
magnetization parameter increases the load 
carrying capacity while the load carrying 
capacity gets decreased due to the standard 
deviation. . It is seen that the negatively 
skewed roughness increases the load carrying 
capacity substantially especially, when the 
negative variance is involved. In addition, it is 
easily seen that the increment in the positivly 
skewed roughnees longitudinally causes the 
decrease in the load carrying capacity of the 
bearing. 
Keywords: Exponantial slider bearing, Flow 
factor, Longitudinal roughness, Magnetic 
fluid, Pressure, Load carrying capacity 
Friction. 

Introduction 
The slider bearing is the simplest and frequently 
encountered among the hydrodynamic bearings. 

The slider bearings are used in frictional devices 
such as clutch plates, automobile transmissions 
etc. Slider bearings have been studied for several 
film shapes [Lord Rayleigh (1), Pinkus and 
Sternlicht (2), Cameron (3)]. It is well known 
that the bearing surfaces after having some run-
in and wear develop roughness. Tzeng and Saibel 
(4) have introduced stochastic concepts to 
analyze a two dimensional inclined slider 
bearing with one-dimensional roughness in the 
direction transverse to the sliding direction. 
Christensen and Tonder (5-7) analyzed three 
different models of hydrodynamic lubrication of 
an inclined slider bearing with rough surfaces. 
The first model is associated with longitudinal 
one-dimensional roughness, the second is related 
to one-dimensional transverse roughness and the 
third deals with the case of uniform, isotropic 
roughness. This approach of Christensen and 
Tonder (5-7) was used to study the effect of 
surface roughness on the performance of bearing 
systems in a good number of investigations 
[Prakash and Tiwari (8), Guha (9) and Gupta and 
Deheri (10)). Patir and Cheng (11) modified the 
averaged Reynolds equation for rough surfaces. 
Infacts they defined pressure and shear flow 
factors, which were obtained independently by 
numerical flow simulation using randomly 
generated or measured surface roughness 
profiles.  
By now, it is well know that the magnetic fluid 
as a lubricant improves the performance of the 
bearing system as compared to the conventional 
lubricant. Agrawal (12) studied the performance 
of an inclined plane slider bearing with a 
ferrofluid lubricant and found that its 
performance was comparatively better than the 
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corresponding bearing system with a 
conventional lubricant. The study of Bhat and 
Patel (13) regarding the performance of an 
exponential slider bearing with a ferrofluid 
lubricant concluded that the magnetic fluid 
lubrication caused increased load carrying 
capacity slightly altering the friction on the 
slider. The analysis of Shah et al. (14) suggested 
the positive effect of magnetic fluid lubrication 
over the conventional fluids. Andharia et al.(15) 
and Deheri et al.(17)observed that in case of 
longitudinal roughness by suitably choosing of 
the magnetization parameter, the performance of 
the bearing could be improved. Shukla and 
Deheri (22) studied the performance of a rough 
exponential slider bearing under the presence of 
a magnetic fluid lubricant. It is established that 
the load carrying capacity in addition, to friction 
increase with increasing magnetization. The 
negatively skewed roughness induced to increase 
load carrying capacity goes a long way in 
mitigating the adverse effect of the standard 

deviation taking recourse to suitable values of 
magnetization parameter. Patel and Deheri [23] 
analyzed the comparison of various porous 
structures on the performance of a magnetic fluid 
based transversely rough short bearing. It was 
found that the magnetization affected the bearing 
system positively while the bearing suffered 
owing to the transverse roughness.  

 Deheri et al. (21) analyzed the influence of 
roughness parameters on the pressure and load 
carrying capacity in a rough finite plane slider 
bearing for longitudinally rough surfaces by 
taking account of the influence of surface 
roughness through a series of flow factors.  

Here, it has been sought to study and analyze the 
effect of magnetic fluid through a series of 
flowfactors, which is strongly dependent on the 
surface pattern parameter (γ>1) on the behavior 
of a longitudeally rough exponantial slider 
bearing

. 

Analysis 

 

The bearing configuration is presented in figure-
1. Assuming the slider moves with the uniform 
velocity U in the X direction. The length of the 
bearing is l and breath of bearing is b with l<<b 
while h0 and h1 minimum and maximum film 

thickness respectively. The bearing surfaces are 
assumed to be the longitudinally rough. The film 
thickness h is defined as  

݄ ൌ ݄଴		݁
ቀ೗షೣ

೗
ቁ																																																		(1) 

Following the investigations of Agrawal [25] the 
magnitude M of the magnetic field ܪഥ  is 
considered to be  

ଶܯ ൌ ሺ1ݔܭ െ  (2)																																															ሻݔ

K being a quantity chosen to suit the dimensions 
so as to manufacture a magnetic field of required 
strength.[Bhat(2003)] 
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Now, under the usual assumptions of the 
hydrodynamic lubrication, the modified 
Reynolds’ equation [Agrawal(12) , Bhat(18) , 
Bhat & Patel(19),Deheri(21) ]turns out to be 

ௗ

ௗ௫
ቂ߮௫

௛య

ଵଶఓ
	 ௗ
ௗ௫
൫݌ െ ଶ൯ቃܯ௙ߤ଴ߤ0.5 ൌ ௎

ଶ
	ௗ௛
ௗ௫
																								(3) 

where	߮௫ is pressure flow factor in x direction,  
 ଴ is magneticߤ  ,is the viscocity of the lubricunt ߤ
susceptibility, which is a dimensionless 
proportionality constant that includes the 
magnetization of a lubricant in response to an 
applied magnetic field.  ߤ௙  is free space 
permeability . The free space permeability 
(permeability in vacuum) of a material 
characterizes the response of that material to 
electric or magnetic field. In simplified models, 
it is often regarded to be constant ( ߨ4 ൈ
10ି଻	ܰ/ܣଶ) for a given material. 

Following the stochastic modeling of 
Christensen and Tonder (1969a, 1969b, 1970) 
the thickness ݄ሺݔሻ  of the lubricant film is 
considered as  
݄ሺݔሻ ൌ ത݄ሺݔሻ ൅  (4)																																																ߜ

where,	 ത݄ሺݔሻ is the mean film thickness and  	ߜ is 
the deviation from the mean film thickness 
characterizing the random roughness of the 
bearing surfaces. ߜ is assumed to be stochastic in 
nature and governed by the probability density 
function ƒ(ߜ), –c<	ߜ <c, where c is the maximum 
deviation from the mean film thickness. The 
mean α standard deviation σ and skewness ε, 
which is the measure of symmetry of the random 
variable ߜ, are determined by the relationships,  

ߙ ൌ   (5)																																																	ሻߜሺܧ

ଶߪ ൌ ߜሾሺܧ െ   ሻଶሿ                                             (6)ߙ

and  

ߝ ൌ ߜሾሺܧ െ  ሻଷሿ                                              (7)ߙ
where  E denotes the expected value defined by 
ሺܴሻܧ ൌ ׬ ܴ	݂ሺߜሻ݀ߜ																																														

௖
ି௖ (9) 

while  the probability density function is 
associated as  

݂ሺߜሻ ൌ ൝
ଷଶ

ଷହ௖
ቀ1 െ

ఋమ

௖మ
ቁ
ଷ
					െ ܿ ൑ ߜ ൑ ܿ

݁ݎ݄݁ݓ݁ݏ݈݁																																		0
																										(10) 

Following the averaging process discussed by 
Andharia et al. (16), equation (3) reduces to 

ௗ
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(11)                              

where    
    ܽሺ݄ሻ ൌ ݄ିଷሾ1 െ ଵି݄ߙ3 ൅ 6݄ିଶሺߪଶ ൅ ଶሻߙ െ

20݄ିଷሺߝ ൅ ߙଶߪ3 ൅              ଷሻሿ      (12)ߙ
and 

     ܾሺ݄ሻ ൌ ݄ିଵሾ1 െ ଵି݄ߙ ൅ ݄ିଶሺߪଶ ൅ ଶሻߙ െ
݄ିଷሺߝ ൅ ߙଶߪ3 ൅  ଷሻሿ                  (13)ߙ

Making use of equations (1) and (2) and 
dimensionless quantities:  

݄∗ ൌ
௛

௛బ
	, ܺ ൌ

௫

௟
	 , , ܲ ൌ

௛೘మ ௣

ఓ௎௟
, ∗ߤ ൌ

ఓబఓ೑௛೘మ ௟

ଶఓ௎
	, ଶܯ ൌ

ܺሺ1 െ ܺሻ             (14) 

ሺ݄∗ሻܣ ൌ ݄∗ିଷൣ1 െ ଵି∗݄∗ߙ3 ൅ 6݄∗ିଶ൫ߪ∗ଶ ൅ ଶ൯∗ߙ െ
20݄∗ିଷሺߝ∗ ൅ ∗ߙଶ∗ߪ3	 	൅	ߙ∗ଷሻ൧																		(15) 

and 
ሺ݄∗ሻܤ ൌ ݄∗ିଵൣ1 െ ଵି∗݄∗ߙ ൅ ݄∗ିଶ൫ߪ∗ଶ ൅
ଶ൯∗ߙ െ ݄∗ିଷሺߝ∗ ൅ ∗ߙଶ∗ߪ3 ൅  (16)					ଷሻ൧∗ߙ
equation (11) transforms to,  

ௗ

ௗ௑
ቂ߮௑	ܣሺ݄∗ሻିଵ 	

ௗ

ௗ௑
ሺܲ െ ሺ1ܺ∗ߤ െ ܺሻሻቃ ൌ

	6 ௗ

ௗ௑
ሾܤሺ݄∗ሻିଵሿ          (17)                    

An experimental relation for ߮௫  obtained by 
Patir (21) is as under, 

߮௫ ൌ 1 ൅ ߛ	ݎ݋݂	ሺ																			௥ିܪ	ܥ ൐ 1ሻ                    
(18)                    

∴ 					߮௑ ൌ 1 ൅ ߛ	ݎ݋݂	ሺ								௠ሻି௥ܪ∗ሺ݄	ܥ ൐ 1ሻ                    
(19)                    

where 

ܪ ൌ
௛

ఙ
௠ܪ			,	 ൌ

௛೘
ఙ
.                              (20) 

and the constants C and r are given as functions 
of  ߛ in following table, 

 ࡴ C r ࢽ

3 0.225 1.5 H > 0.5 

6 0.520 1.5 H > 0.5 

9 0.870 1.5 H > 0.5 

Table-1.  Relation between  , C , r and H 

Solving equation (7) under the boundary 
conditions:  

ܲ ൌ 0	, ܺ	ݐܽ ൌ 0																																										(21) 
ܲ ൌ 0	, ܺ	ݐܽ ൌ 1                                          (22) 
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one obtains the expression for non dimensional 
pressure distribution as:  
ܲሺܺሻ ൌ ሺ1ܺ∗ߤ െ ܺሻ ൅ ׬

ଵ

ఝ೉
	

ଵ
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Then, the non dimensional form of the load 
carrying capacity ܹ∗ is expressed as:  
ܹ∗ ൌ ௐ௛೘

మ

ఓ௎௟
ൌ ׬ ܲ	

ଵ
଴

݀ܺ                                     (25) 

 

Results and discussion 
It is easily seen from equation (23) that the 
pressure increases by   

ሺ1ܺ∗ߤ െ ܺሻ 
as compared to conventional lubricant based 
bearing system. therefore,  the load carrying 
capacity enhances. The variation of 
dimensionless load carrying capacity ܹ∗ with 

respect to magnetization parameter is presented 
in Figures (1 - 4) for various values of ߪ∗,  ∗ߝ
 respectively. It is seen that the load	ߛ and	∗ߙ	
carrying capacity increases sharply due to the 
magnetization parameter. It is noticed that for 
smaller values of ߪ∗ the effect of magnetization 
parameter on the variation of dimensionless load 
carrying capacity ܹ∗is marginal. (Figure-1) It is 
observed that skewness (+ve) decreases the load 
carrying capacity while (-ve) skewness increases 
the load carrying capacity. (Figure-2)  The 
variance follows the same trends of skewness. 
(Figure-3)   
The variation of the dimensionless load carrying 
capacity ܹ∗versus the standard deviation	ߪ∗ for 
different values of the ߝ∗ and 	ߙ∗ is presented in 
figures (5) and (6). The combined effect of 
variance and skewness is illustrated in figure (7). 
It is clear from these graphs that increased the 
load carrying capacity  due to ߪ∗, gets further 
increased owing to the negatively skewed 
roughness and variance(-ve). 

 

Fig.1. Variation of load carrying capacity with respect to μ* 

 

Fig.2. Variation of load carrying capacity with respect to μ* 
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Fig.3. Variation of load carrying capacity with respect to μ* 

 

Fig.4. Variation of load carrying capacity with respect to μ* 

 

          Fig.5. Variation of load carrying capacity with respect to σ* 
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         Fig.6. Variation of load carrying capacity with respect to σ* 

 

         Fig.6. Variation of load carrying capacity with respect to ߝ∗ 

Conclusion 
The investigation reveals that the magnetization 
may go a long way in overcoming the adverse 
effect of rougness. However, the study strongly 
indicates that the roughness aspest must be duly 
addressed while designing the bearing 
system,even if a suitable magnetic strenth is 
considered.  
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