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Introduction 
The slider bearing is the simplest and most often encountered bearing. These 
bearings are frequently associated with reciprocating motion. In cross section, 
they may be flat, convex, concave. The use of squeeze film slider bearings in 
clutch plates, automobile, transmission and domestic appliances are well known. 
Jenkins [1] used a simple continuum model for a paramagnetic fluid to analyze a 
simple shearing flow and parallel flow through a pipe and examined the possibility 
of maintaining a steady circular flow in a circular cylinder by rotating a magnetic 
field, Verma and Singh [2] analyzed the interaction between magnetic and 
mechanical forces in the case of flow of an incompressible paramagnetic fluid 
through a porous annulus subjected to the external magnetic field. Shah and Bhat 
[3] investigated the behavior of a porous exponential slider bearing with a Ferro-
fluid lubricant whose flow was governed by Jenkins model taking velocity slip into 
account. It was observed that the load carrying capacity as well as the friction 
decreased when the slip parameter increased. However, increase in the material 
parameter caused decreased load carrying capacity and increased friction. The 
position of centre of pressure was not affected significantly by the slip parameter 
but the position of centre of pressure shifted towards the bearing inlet for large 
values of material parameter. Performance of a slider bearing with its stator having 
circular convex pad surface was subjected to studied by Shah and Bhat [4] under 
the presence of Ferro-fluid lubrication when Jenkins model described the flow. It 
was found that the load carrying capacity increased with the increasing values of 
the film thickness ratio and decreasing value of the material parameter. The 
friction force on the slider decreased with increasing film thickness ratio while the 
position of centre of pressure shifted towards the outlet. Chaves et al. [5] derived 
direct measurements of the bulk flow of a ferro-fluid in a uniform rotating magnetic 
field using the ultrasonic velocity profile method. Zakaria et al. [6] proved the static 
and dynamic performance characteristics of finite journal bearing lubricated with a 
non Newtonian Ferro-fluid in the presence of an external magnetic field using the

 
spectral method technique. Here it was shown that the magnetic parameter played 
an important role in administrating the stability behavior.  
Slider bearings mainly, are designed for supporting the transverse load in 
engineering systems. The performance characteristic of a bearing system has 
been analyzed taking various film shapes into consideration [7-10]. Lin [11] 
discussed the couple stress effect on the steady state performance of a wide 
parabolic shaped slider bearing and found that the couple stress effect resulted in 
an improvement in the steady state performance. 
Fluids with strong magnetic properties have drawn considerable attentions in 
recent years. For lubricating the bearing system in technical applications in the 
domain of nano scale science and technology, significant progress has been 
made. Therefore, the use of magnetic fluid lubrication adds an additional 
importance from nano science point of view. Agrawal [8] studied the performance 
of a Ferro-fluid lubricated plane inclined slider bearing and analyzed that the 
performance was relatively better than the corresponding bearing system with a 
conventional lubricant. Bhat and Patel [12] analyzed the exponential slider bearing 
with a Ferro-fluid lubricant suggested that the magnetic fluid lubricant caused 
increased load carrying capacity while the friction remained almost unchanged. 
The discussion of Bhat and Deheri [13] revealed that the magnetic fluid sharply 
increased the load carrying capacity for a squeeze film performance between 
porous annular disks. The contribution of Bhat and Deheri [14] confirmed the 
positive impact of magnetic fluid lubrication on the steady state performance of a 
porous composite slider bearing.  
It is well known that the roughness of the bearing surfaces retards the motion of 
the lubricant thereby affecting adversely the bearing system. Tzeng and Saibel 
[15] observed the random character of the roughness and adopted a stochastic 
approach to study the effect of surface roughness. This modeling of Tzeng and 
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Abstract- This investigation deals with the Ferro-fluid lubrication of a rough, porous convex pad slider bearing considering slip velocity. The magnetic fluid flow is 
governed by Jenkins model. The roughness has been characterized by a random variable with non zero mean, variance and skewness.  The associated stochastically 
averaged Reynolds type equation is solved to obtain the pressure distribution, which gives the load carrying capacity. Furthe r, the friction is evaluated. The graphical 
results suggest that the magnetization may not go a long way for reducing the adverse effect of roughness, even if the slip parameter is minimum, Howeve r the 
situations improves when negatively skewed roughness occurs. Besides, the magnetization fails to have any impact on friction . 
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Saibel [15] was modified by Christensen and Tonder [16-18] to deal with the effect 
of surface roughness in general, on the performance of the bearing system. This 
method was adopted by many investigators [19-23]. Patel et. al. [24] studied that 
the performance of an idealized rough porous hydrodynamic plane slider bearing, 
It was proved  that the transverse surface roughness induced an adverse effect on 
the performance of bearing due to the negative effect of porosity. However, the 
situation was relatively better in the case of negatively skewed roughness The 
magnetic fluid lubrication of a transversely rough slider bearing was analyzed by 
Deheri et al. [25] by taking various film shapes in to consideration. The effect of 
transverse surface roughness was adverse in general while magnetic fluid 
lubricant increased the load carrying capacity. This squeeze film performance in 
the case of longitudinal surface roughness was observed to be relatively better 
than the corresponding one with transverse surface roughness as established by 
Deheri et al. [26].The hydrodynamic lubrication of rough slider bearings was 
discussed  by Nanduvinamani et al. [27] taking couple stress effect in to account. 
Patel and Deheri [28] studied the Ferro-fluid lubrication of a rough, porous inclined 
slider bearing with slip velocity The flow of the Ferro-fluid was based on Jenkins 
model. Sukla and Deheri [29] discussed regarding the performance of a 
transversely rough porous circular convex pad slider bearing in the presence of a 
magnetic fluid lubricant using Jenkins model. Deheri et al. [30] obtained  the 
performance characteristics of a Shliomis model based Ferro-fluid lubrication of a 
rough porous convex pad slider bearing and proved that  the adverse effect of 
surface roughness could be reduced to certain extent by the positive effect of 
Shliomis model based Ferro-fluid lubrication. It was shown that the magnetization 
could reduce the adverse effect of surface roughness up to some extent when 
suitable values of slip parameter were in place.  
Here, it has been sought to study the hydrodynamic Ferro-fluid lubrication of a 
rough, porous, convex pad slider bearing with slip velocity.  
 
Analysis  
The geometry and configuration of the Ferro-fluid lubricant based a rough, porous 
convex pad slider bearing is presented below in [Fig-1]. 
 

 
Fig-1 Configuration of bearing system 

 
Following the stochastic modelling of surface roughness by Christensen and 

Tonder [16-18] the thickness  h x
 is considered as:  
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where c  is the maximum deviation from the mean film thickness. The mean             
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Following Bhat (2003), 
for a convex pad  slider bearing, The film thickness is taken as  
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Thus, incorporating the effects of porosity and slip, the associated Reynolds type      
equation turns out to be 
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Taking  22 sinH KA X  and introducing the dimensionless quantities  
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[Eq-4] yields on integration, 
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Solving [Eq-6] under the boundary conditions 
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The load capacity W, frictional force F and Position of centre of pressure Y are 
respectively expressed in dimensionless form as 
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Result and Discussion: 
It is easily seen that the pressure distribution is determined from the [Eq-8] while 
the [Eq-10] gives the load caring capacity. Further. From [Eq-8] and [Eq-10] it is 
observed that the dimensionless pressure increases by 

 1
sin

2
*μ πX

 
While the non-dimensional load carrying capacity gets enhanced by  

2 *μ

π  
as compared to the case of conventional lubricant based  bearing system. For a 
smooth bearing system. This investigation reduces to the discussion of Patel and 
Deheri [28]. 
It is well known fact that magnetization accelerated the viscosity of the lubricant 
accordingly pressure gets increased and hence the load increase. These can be 
seen from [Fig-2 to 3]. 
 

 

Fig-2 Variation of load carrying capacity with respect to *μ and   

 

 

     Fig-3 Variation of load carrying capacity with respect to *μ and   

 
The fact that the slip effect induces adverse effect on the performance of the 
bearing system by reducing the load carrying capacity. These can be a observed 
from the [Fig-4-7]. 
 

 
Fig-4 Variation of load carrying capacity with respect to s ̄ and ε̄ 

 

 
        Fig-5 Variation of load carrying capacity with respect to s ̄ and   

 

 
              Fig-6 Variation of load carrying capacity with respect to s  and   
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       Fig-7 Variation of load carrying capacity with respect to s̄ and   

 
[Fig-8-10] describe the effect of variance on the performance characteristic it is 
seen that the load carrying capacity is a decrease, with increasing variance (+ve), 
while variances (-ve) causes increases load carrying capacity.  
 

 
       Fig-8 Variation of load carrying capacity with respect to ᾱ and ψ̄ 

 

 
       Fig-9 Variation of load carrying capacity with respect to ᾱ and ε̄ 

 

 
Fig-10 Variation of load carrying capacity with respect to ᾱ and 

 
 
Considerable load reduction occurs, when the standard deviation increase, which 
can be observed from the [Fig-11-12]. 

 
            Fig-11 Variation of load carrying capacity with respect to σ̄ and ε̄ 
 

 
        Fig-12 Variation of load carrying capacity with respect to σ̄ and ψ̄ 

 
It is clearly observed from [Fig-13-14]. that the skewness follows the path of 
variance so far as the trends of load carrying capacity is concerned 
 

 
           Fig-13 Variation of load carrying capacity with respect to ε̄ and   

 

 
 Fig-14 Variation of load carrying capacity with respect to ε ̄ and   
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The material constant parameter decreases the load carrying capacity and this 
effect gets compounded when porosity is increased. Porosity mostly induces a 
reduction in load. It can be seen in [Fig-15]. 
 

 
        Fig-15 Variation of load carrying capacity with respect to  and ψ̄ 

 
It is appealing to not that the magnetization fails to induce a change in the friction, 
this can be observed from the [Eq-11] 
The profit a friction presented in [Fig-16- 24] makes it clear that either the friction is 
reduced or marginally increased some of the graphs presented here suggest that 
the combined positive effect of negatively skewed roughness and variance(-ve)  
may be channelized to improve the bearing performance. Closed scrutiny of the 
result found here indicates that as compare to Neuringer–Rosensweig model, the 
load carrying capacity is found to be more for Jenkins model. 
 

 
Fig-16 Variation of friction with respect to s ̄ and ε̄ 

 

 
Fig-17 Variation of friction with respect to s ̄ and ψ̄ 

 
Fig-18 Variation of friction with respect to s ̄ and 

  

 
Fig-19 Variation of friction with respect to ᾱ and ψ̄ 

 

 
Fig-20 Variation of friction with respect to ᾱ and   

 

 
Fig- 21 Variation of friction with respect to σ̄ and ε̄ 
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Fig-22 Variation of friction with respect to σ̄ and ψ̄ 

 

 
Fig-23 Variation of friction with respect to ε̄ and   

 

 
Fig-24 Variation of friction with respect to  and ψ̄ 

 
Conclusion 
The magnetization has a limited option for neutralizing the adverse effect of 
roughness, even if the slip parameter is minimum. However, the situation remains 
better in case of negatively skewed roughness. Undoubtedly, our investigations 
established that Jenkins model is more suitable as compared to Neuringer 
Rosensweig model for improving the bearing performance. Hence, while 
designing the bearing system one needs to accord priority to roughness aspects.  
 
References 
[1] Jenkins J.T. (1971) Le Journal De Physique, 32, 931. 
[2] Verma P.D.S. and Singh M. (1981) International journal of Non-Linear 

Mechanics, 16, 371-378. 
[3] Shah R.C. and Bhat M. V. (2003) Journal of the Braz. Soc. of Mech. Sci. & 

Eng, 3, 265. 
[4] Shah R.C. and Bhat M. V. (2004) Journal of the National Science 

Foundation, 32(3-4), 139-148. 
[5] Chaves A.S., Rinaldi F. V. C., Elborai S., He X. W. and Zahn M. (2006) 

Physics Rev. Letter., 96, 4. 
[6] Kadry Zakaria, Magdy A. Sirwah and Fakharany M. (2011) Journal of 

Tribology, 133(2), 18. 
[7] Cameron A. (1966) Longmans Green and Co. Ltd., London.  
[8] Agrawal V.K. (1986) Wear, 107(2), 133-139.  
[9] Ajwalia M.  (1984) Ph.D thesis submitted to   S.P. University, India. 
[10] Andharia P.I., Gupta J.L. and Deheri G.M. (1998) Proceedings of the 

National Academy of Sciences, India Section A68,249-256. 
[11] Ramanaiah G.  (1979)  Wear, 54, 315-320. 
[12] Lin J.R. and Lu Y.M. (2004) Journal of Marine Science and Technology, 

12(4), 239-246. 
[13] Bhat M.V. and Patel R.M. (1991) Journal of Eng. and Tech. S.P. University, 

6, 19-21. 
[14] Bhat M.V. and Deheri G.M. (1991) Wear, 151, 123-128. 
[15] Bhat M.V. and Deheri G.M. (1991) Japanese Journal of Applied Physics, 

30, 2513-2514. 
[16] Tzeng S.T. and Saibel E.A. (1967) Journal of Lubrication Technology, 10, 

334-338. 
[17] Christensen H. and Tonder K.C. (1969) SINTEF Report No. 10/69-18. 
[18] Christensen H. and Tonder K.C. (1969) SINTEF Report No. 22/69-18. 
[19] Christensen H. and Tonder K.C. (1970) ASME-ASLE lubrication 

conference. Paper No. 70. Lub.-7. 
[20] Gupta J.L. and Deheri G.M. (1996) Tribology Transiction, 39(1), 99-102. 
[21] Deheri G.M. and Patel J.R. (2011) Annals of Faculty Engineering 

Hunedoara– International Journal of Engineering, 9(3), 443-448. 
[22] Patel N.D. and Deheri G.M. (2012) Journal of mechanical engineering and 

technology, 4(1),15-44. 
[23] Patel J.R. and Deheri G.M. (2013) Tribology in industry, 35(3),177-189. 
[24] Patel P.A., Deheri G.M. and Patel A.R. (2012) International Joint Tribology 

Conference, ASME/STLE. 167-169 
[25] Patel P. A., Deheri G.M. and Patel A.R. (2015) International Journal of 

Applied Mathematical Sciences, 8(3),187-196. 
[26] Deheri G.M, Andharia P.I. and Patel R.M. (2005) International Journal of 

Applied Mechanics and Engineering, 10(1),53-76. 
[27] Deheri G.M, Andharia P.I. and Patel R.M (2004) Industrial Lubrication and 

Tribology., 56(3), 177-187. 
[28] Naduvinamani N.B., Syeda Tasneem Fathima and Hiremath P.S. (2003) 

Tribology International, 36(12), 949-959. 
[29] Patel N.D. and Deheri G.M.(2012) Journal of mechanical engineering and 

technology, 4(1), 15-44. 
[30] Shukla S.D. and Deheri G.M. (2014) Proceedings of International 

Conference on Advances in Tribology and Engineering Systems, Springer 
Publisher, India. 85-95 

[31] Deheri G.M., Patel J.R. and Patel N.D (2016) Tribology in Industry, 38(1), 
57-65. 

[32] Bhat M.V. (2003) Lubrication with a magnetic fluid. Team Spirit (India) Pvt. 
Ltd. 

[33] Basu S.K., Sengupta S.N. and Ahuja B.B. (2005) Fundamentals of 
Tribology, Prentice-Hall of Indian Private Limited, New Delhi. 

 

http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&possible1=Sirwah%2C+Magdy+A.&possible1zone=author&maxdisp=25&smode=strresults&pjournals=AMREAD%2CJAMCAV%2CJBENDY%2CJCNDDM%2CJCISB6%2CJDSMAA%2CJEPAE4%2CJERTD2%2CJETPEZ%2CJEMTA8%2CJFEGA4%2CJFCSAU%2CJHTRAO%2CJMSEFK%2CJMDEDB%2CJMDOA4%2CJMOEEX%2CJPVTAS%2CJSEEDO%2CJOTRE9%2CJOTUEI%2CJVACEK%2CJTSEBV&aqs=true
https://www.researchgate.net/journal/0369-8203_Proceedings_of_the_National_Academy_of_Sciences_India-Section_A
https://www.researchgate.net/journal/0369-8203_Proceedings_of_the_National_Academy_of_Sciences_India-Section_A

