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ABSTRACT

Global economic development has resulted in a big way, the progress of transportation system,

alternately, accelerated growth in automotive products (cycle, two wheelers, four wheelers and

luggage carriers). The adverse effect of this in automotive sectors is higher import of fossil fuel

which has effected decrease in rupee versus dollar. Research is required to identify the area of

fossil fuel conservation through high efficient design of product with minimum losses of power

generated in vehicle.

Tribology includes all the aspects related to lubrication, friction, and wear. Its aim is to solve the

practical problems related to interacting surfaces in living systems, in machines and to clarify the

static and dynamic aspects of contacts example, in the following fields: all joints of the human body,

components and interacting surfaces used in satellites, in transportation systems, in almost every

stage of manufacturing production, in agriculture and food industries, etc..

The current thesis study analyzed effect of magnetic fluid lubrication on the squeeze film

performance on various type of rough bearing systems (Transverse or Longitudinal) and also

Hydromagnetic squeeze film between conducting longitudinally rough circular plates was done

in the last part of study.

The Stochastic model of Christensen and Tonder has been used to evaluate surface roughness.

After that the associated stochastically averaged Reynolds’ type equation was obtained to get

pressure distribution. Using it load carrying capacity was obtained for the concerned system.
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CHAPTER 1 

 

GENERAL INTRODUCTION 

   

1.1  Introduction 

The word tribology is defined as "The science and technology of interacting surfaces in 

relative motion”. Tribology word comes from the Greek word "Tribos" which means 

rubbing or sliding and the suffix "Ology" means "the study of’. It deals with phenomena 

related to friction, wear and lubrication. In everyday life we come across surfaces in 

contact and in relative motion against each other. 

We know that a positive pressure can be generated in a fluid film entrapped 

between two surfaces when the surfaces are moving towards each other. This is called the 

squeeze effect and the fluid film is called the squeeze film. 

Magnetic fluids or Ferrofluids are stable colloidal suspensions of magnetic metal 

nano particles in a carrier liquid such as hydrocarbon, diester, water and mercury. 

There are two types of surface characteristics in lubricant flow 

1. Both surfaces are rough and moving relatively. 

2. One surface is rough and stationary while the other one is smooth  

and moving. 

1.2    Summary of the thesis 

The work has been summaries in the form of various chapters. The thesis consists of six 

chapters. The first chapter introductory in nature and contains motivation for the study. 

Chapter 2 represents the brief discussion on the basis need for lubrication theory and 

tribology. It includes properties of the fluid, classification of fluids and derivation of basic 

governing equations.  
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In chapter 3, we analyze the behaviour of a magnetic fluid based squeeze film 

between infinitely long, porous and transversely rough rectangular plates by considering an 

unusual form of the magnitude of the magnetic field. In this chapter results presented in 

graphical form establish that magnetization offers help to a limited extent in order to 

minimize the adverse effect of roughness. But, this investigation establishes that by 

considering a suitable form of magnitude of the magnetic field the situation can be made 

better.  

In chapter 4, we studied the combined effects of roughness and velocity slip on the 

magnetic fluid based squeeze film in porous circular plates considering viscosity variation. 

This investigation confirms that ever in the absence of flow this type of bearing system 

supports a good amount of load, in spite of the fact that slip velocity, porosity and 

roughness turn in adverse effect.  

In chapter 5, we analyze the Ferro fluid lubricated squeeze film performance in 

rough, porous parallel surface bearing of infinite width. Two different forms of the 

magnitude of magnetic field have been considered. The results suggest that the 

magnetization offers a limited help in reducing the adverse effect of roughness and 

porosity. However, the situation remains better when the trigonometric form of the 

magnitude is employed. 

In chapter 6, we investigate to discuss a hydro magnetic squeeze film in a 

longitudinally rough parallel surface bearing considering two different forms of the 

magnitude of the magnetic field. A comparison of performance for both the forms of the 

magnitude informs that the trigonometric form of the magnitude presents a better picture to 

be used in the industry. 

 

1.3    Brief description on the state of the art of the research topic 

Owing to analytical aspects of tribology, many investigations, both in terms of analysis and 

research to developments of bearings have taken place from last 100 years and nowadays 

the branch of tribology has gained a well-known independent status. Hamrock (1994) dealt 

with the theory of fundamentals of fluid film lubrication in tribology. Many examples were 

discussed directly related to design cases, which were often encountered by engineers. 

Hamrock et al. (2004) gave an account of the theory of fundamentals of fluid film 

lubrication including the numerical analysis of some problems and extending the 
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techniques prior to that, by giving number of examples. Basu et al. (2005) wrote a book on 

the fundamental aspects of tribology. This book gave a glimpse into the basic theories 

underlying the subject and direct influences on the design, manufacturing and maintenance 

of machinery. Majumdar (2008) discussed the theory of the introduction to tribology of 

bearing. He presented some discussions of a computer aided design procedure, bearing 

materials, whirl and stability.  

 The roughness appears to be random in character which was recognized by several 

investigators who adopted a stochastic approach to mathematically model the roughness of 

the bearing surfaces. Christensen and Tonder’s work [1969a, 1969b, 1970] which was 

based upon the concept of viewing the film thickness as a stochastic process, resulted in a 

averaged Reynolds’ type equation. Christensen and Tonder [1969a, 1969b, 1970] 

presented a comprehensive general analysis for both versions of surface roughness namely, 

transverse and longitudinal. Later on, this approach of Christensen and Tonder [1969a, 

1969b, 1970] formed the basis of the analysis to analyze the effect of surface roughness on 

the performance of the bearing system in a number of investigations [1993, 1996]. 

Andharia, Gupta and Deheri [1999] dealt with the analysis of the effect of surface 

roughness on the performance of a squeeze film bearing using the general stochastic 

analysis (without making use of a specific probability distribution) for describing the 

random roughness. Verma [1986] and Agrawal [1986] investigated the application of 

magnetic fluid as a lubricant. While Verma [1986] considered tangential slip velocity at the 

porous matrix lubricant interface, Agrawal [1986] discussed no slip condition. Patel et. al. 

[2014] considered the performance characteristics of a magnetic fluid based squeeze film 

between infinitely long rough porous rectangle plates. 

 Patel et. al. (2011) conducted a study on the performance of a ferro fluid based 

short journal bearing. It was found that load carrying capacity increased nominally while 

the coefficient of friction decreased significantly. Hsu et. al. (2013) considered the 

lubrication performance of short journal bearing considering the effect of surface 

roughness and magnetic field. The combined influence reduced the modified friction 

coefficient. Patel and Deheri (2013) analysed the effect of slip velocity on the performance 

of a short bearing lubricated with a ferrofluid. For any type of improvement the slip was 

required to be kept at minimum level. Shukla and Deheri (2016) studied the effects of slip 

velocity on the performance of a magnetic fluid based transversely rough porous narrow 

journal bearings. The combined effect of slip and transverse roughness decreased the load 

carrying capacity heavily.  
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 The effect of longitudinal roughness has been analysed for slider bearing (Andharia 

et. al. (1997)) and for spherical bearing (Andharia et. al. (2001)). These investigations 

confirmed that the longitudinal roughness was a little better than transverse roughness 

pattern in terms of bearing design. The fact that the longitudinal roughness pattern 

improved the load carrying capacity of a hydrodynamic short journal bearing in the 

presence of a couple stress fluid was assorted by Hsu et. al. (2003). Andharia and Deheri 

(2010, 2011) discussed longitudinal roughness effect on ferrofluid squeeze film between 

conical plates and truncated conical plates. These two discussions also submitted that the 

longitudinal roughness was of more help as compared to transverse roughness pattern.  

Andharia and Deheri (2013) considered the ferrofluid lubrication of a squeeze film 

in longitudinal rough elliptical plates. Panchal et. al. (2016) studied the influence of 

ferrofluid through a series of flow factors on the performance of a longitudinal rough finite 

slider bearing. Shimpi and Deheri (2016) discussed the bearing deformation effect on the 

performance of a ferrofluid based squeeze film when longitudinal roughness occurred. 

Here, velocity slip affect was also investigated for truncated conical plates. 

 The ferrofluid has been fund to be extremely useful in many tribological problems 

occurring in bearing industry. Different properties and several flow models for ferrofluid 

has been discussed in Bhat (2003). The friction was found to be lowering at the moving 

plate of an infinitely long bearing as discussed by Patel et. al. (2010) when a ferrofluid was 

employed for lubrication. 

 

     1.4    Objective and Scope of the work 

 

Number of ways and means has been discussed to improve the performance of a 

bearing system. One of them is the use of magnetic fluid as a lubricant. Efforts were made 

to study and analyze effect of surface roughness on the performance of magnetic fluid 

based rough bearings. 

Bearings after having some run-in and wear develop roughness. Various methods 

have been proposed to study the effect of surface roughness on the performance of a 

bearing system. It is well known that roughness in general, has an adverse impact on the 

performance of the bearing system. However, recently the research is carried out in the 

case of longitudinally rough bearings; one of the parameters characterizing the roughness 

affects the bearing system positively. So we tried to check the behavior of longitudinally 

rough bearings in particular and rough bearings (various shapes) in general. Efforts made 
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to analyze the optimum performance of the bearing system, from this roughness point of 

view.  Here the attention was paid to study rough bearings working with magnetic fluid in 

general and magnetic fluid based longitudinally rough and transversely rough bearings, 

which basically concentrate to investigate the following. How far the use of magnetic fluid 

as a lubricant compensates the adverse effect of roughness in general? Can there be 

considerably improved performance in the case of magnetic fluid based rough bearings? 

It is well established that introduction of magnetic fluid is costly affair but it will be 

worth using if it goes a long way in mitigating the adverse effect of roughness. Let us 

remember that these investigations are highly essential from the industry point of view.  In 

industry we come across bearing system wherein the plate (or plates) remains rotating. So 

we will explore the possibility of analyzing the performance of such magnetic fluid based 

rough bearing system. 

It is always desirable that we must have an effective bearing system with  a good 

life period. This requires the in-depth of the following: 

(1) Physical and chemical properties of the lubricant used. 

(2) A mathematical modeling of the whole system. 

(3) Different components of the bearing. 

This concept of relevance of the present research to various branches of 

engineering sciences in general, mechanical engineering in particular; material sciences, 

physics and of course mathematical modeling of the fluid flow. In fact, the magnetic fluid 

has got to do something with material sciences and physics. 

   

   1.5     Original contribution by the thesis 

 The thesis establishes that the adverse effect of roughness can be countered to a 

considerable extent by the ferrofluid lubrication even if there is absence of flow the 

bearing support some amount of load in spite of the presence of surface roughness. 

 

    1.6     Methodology of Research, Results / Comparisons 

 The stochastic averaging model of Christensen and Tonder regarding the transverse 

and longitudinal surface roughness characterization has been adopted here, which is 

used to obtained mean , the standard deviation  and the measure of symmetry 
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parameter  Modified Reynolds’ type equation has been considered to obtain the 

pressure distribution, which helps to get the load carrying capacity. 

 In 1964 Neuringer and Rosensweig proposed a simple model to describe the steady 

flow of magnetic fluids in the presence of slowly changing external magnetic fields. 

The model consist of the following equations.  

 

   2
0q  q = - p +   q +  M  H            (1.1) 

  H + M  = 0          (1.2) 

 q = 0           (1.3) 

  H = 0           (1.4) 

M =  H           (1.5) 

Where  is the fluid density, is the fluid velocity in the film region, 

 p is the film pressure, is the fluid viscosity,  is the permeability  

of free space,  is the magnetization vector,  is the external magnetic  

field and  Is the magnetic susceptibility of the magnetic particles.  

  Using equations (1.4) and (1.5) equation (1) becomes  

  2 20  
 q  q = -  -  H  +   q

2

  
       

 
 .  

 Thus the modified Reynolds equation is  

   3 * 2 3 * 2
0 0

h

1 1
h  + 12 k H p -   H  + h  + 12 k H p -   H  = 

x x 2 y y 2

h
6 U  + 12  W                                                                                            

x

         
        

         


 


         (1.6)

 

           

The modified equation for solid surface is obtained by setting H* = 0  

in equation (1.6) as 

3 2 3 2
0 0

h

1 1
h p -   H  + h p -   H  =

x x 2 y y 2

h
 6 U  + 12  W                                                                                               (1.7)

x
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  1.7    Achievements with respect to objectives  

 

This Study approves that effect of surface roughness is negative but it can be 

reduced in the case of magnetic fluid. Also it was proved that in the case of 

Trigonometric form of magnetic field we got better results than the algebraic form of 

magnetic field. In the case of longitudinal roughness standard deviation helps load 

carrying capacity.  
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   CHAPTER 2 

Basic Concepts 

2.1  Introduction 

In this chapter several definitions, which are essential for the consequent study, are 

deliberated. It is also contains basic equations of fluid dynamics and derivation of 

modified Reynolds equation for different bearing geometry, so it will offer a base for 

the subsequent chapter of the thesis. 

 

2.1.1 Fluid  

A substance that has no fixed shape and yields easily to external pressure; a gas or 

(especially) a liquid. 

2.1.2 Density 

Density is defined as the ratio of mass to volume of a fluid. It is represented by a 

symbolρ . The SI unit of density is Kg/meter3.  

Mathematically, density is stated as ρ =
Mass of fluid

Volume of fluid
 

 

2.1.3 Viscosity 

The property of the fluid which resists the movement of one layer of the fluid over an 

alternative adjacent layer of the fluid is known as viscosity.  
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The shear stress is cause among the layers of fluid due to the viscosity and relative 

velocity. This shear stress is proportional to the rate of change of u (velocity) with 

regard to y. Symbolically it is represented by  .  

The above statement can be express mathematically as,  

   
du

  
dy

   

   
du

 =  
dy

         (2.1) 

Where the proportionality constant   is known as the coefficient of dynamic viscosity 

or viscosity.  

From (2.1) we have 

    = 
du

dy




 
 
 

 

Equation (2.1) is also familiar as Newton’s law of viscosity.  

 

2.1.4  Newtonian fluid 

A real fluid obeys the relation (2.1) is identified as the Newtonian fluid.  

 

2.1.5  Non-Newtonian fluid 

A real fluid that does not obey the relation (2.1) is identified as non-Newtonian fluid 

 

2.1.6 Couple stress fluid 

When we blend additive in the fluid, the forces which are existing in the fluid resists the 

forces of additive. This obstruction builds a couple force and so couple stress is maid in 

the fluid. This kind of fluid is recognized as a couple stress fluid. The growing use of 

fluids having microstructure such as additives, granular matter or long-chained polymer 



Ch-2 Basic Concepts 

10 
 

suspensions has been accentuated owing to the growth of the current machine apparatus. 

The traditional Newtonian theory will not precisely define the rheological behaviour of 

lubricants mixed with several additives. A numeral of micro continuum theories has 

been projected by (Stokes, 1966).  

 

2.1.7 Porosity 

Porosity determines the measure of void spaces in a porous material. It is the fraction of 

the volume of void spaces to the total volume of material.  

 

2.1.8  Permeability 

It determines the measure of the flow conductivity in the porous material. The SI unit of 

permeability is m2. A practical unit of permeability is Darcy.  

 

2.1.9  Darcy’s law 

In the year 1856 Darcy has introduced the first governing equation for the flow of fluid 

in a porous medium. Accordingly, the law is described by the equation 

   V = - p




   

Where V is known as Darcy velocity,  represents porous facing’s permeability.   is 

described as the coefficients of viscosity and the pressure is represented by p  

 

2.2 Magnetic Parameters 

The magnetic property of materials is subject to the degree of magnetization. The 

magnetic materials are described by parameters like magnetization, magnetic 

susceptibility, and magnetic permeability. The essential magnetic parameters which are 

utilized to describe the magnetic materials are as follows.  
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2.2.1 Magnetic field  

A magnetic field is an area around a magnet where its magnetic effect is experienced.  

 

2.2.2  Magnetic field strength 

Magnetic field strength H is the force employed by the magnetic field at a given point in 

the field. It is measured in amperes per meter (A/m) 

 

2.2.3 Magnetization :( Intensity of Magnetization) 

It is the extent to which a specimen is magnetized when placed in a magnetizing field. 

The unit of magnetization is Am-1 

 

2.2.4 Magnetic Susceptibility 

It is denoted by the symbol  . It is the ratio of the magnetization M to the applied 

magnetic field strength H. 

Mathematically, it is expressed as  

  
M

 = 
H

  

2.2.5  Permeability of free space 

The free space permeability is a physical constant. It is denoted by the symbol 0 .  

Its value is -7
0  = 4   10  N/A    

2.3 Concept of Ferrofluid 

The ferrofluid is a suspension of solid magnetic particles of subdomain size in a liquid 

carrier. Ferrofluids are prepared by using different type of base fluids, surfactants, and 

particles. For example, a ferric oxide particle coated with surfactant antimony and 

suspended in a base fluid diester. The mean diameter of the particle is varying between 
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3 to 15nm. Ferrofluid is a liquid that turns into intensely magnetized in the existence of 

the external magnetic field.  

 

2.3.1 Fundamental equations of Neuringer-Rosenweig model for 

Ferrofluids Lubrication 

Neuringer-Rosenswein (1964) intended a model to define the stable flow of Ferrofluids 

in the presence of gradually varying magnetic fields. The model involves the following 

equations:   

     2
0q  q = - p +   q +  M  H           (2.2)  

   . q = 0         (2.3) 

    H = 0          (2.4) 

  M =  H         (2.5) 

    . H + M  = 0       (2.6) 

Using (2.5) 

     0 0M  H =  H  H          

By using the vector identity 

       
1

H  H = H H  - H    H
2

         (2.7) 

and supposing the displacement current for electrically non-conducting fluid is 

insignificant, therefore   H = 0  , we get 

    2 20p q  q = - p - H  + q
2

  
   

 
    (2.8) 

Equation (2.8) represents that extra pressure 2
0

1
 H

2
  present into the equation of 

motion when ferrofluid is considered as lubricant.  
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2.4 Surface roughness 

No hard surface is completely smooth on microscopic measure. In other words, all hard 

surface are rough to some level. In the study of science and technology of tribology, 

surface roughness plays a considerable role. Christensen & Tonder (1969a, 1969b, 

1970) have established the stochastic approach for the hydrodynamic lubrication of 

rough surface. The film thickness is observed as a randomly varying quantity. So the 

surface roughness is calculated by using the height distribution function. Gaussian 

distribution is approximated by a polynomial probability distribution function. In the 

context of Christensen & Tonder polynomial probability distribution function is defined 

as   

    
 

3
2 2

s s7
s

35
c  h ,  -c  h   c

f h  = 32c

0                             elsewhere 


  





    (2.9) 

Additionally, a different form of this kind of polynomial distribution from (Prajapati, 

1995) is 

    
 

3
2 2

s s5
s

15
c  h ,  -c  h   c

f h  = 16c

0                             elsewhere 


  





   (2.10) 

Where c represents the maximum deviation from the mean level. The deviation from the 

mean level sh is stochastic in nature and described the roughness parameters the non 

zero mean ( ), standard deviation ( ), skewness (  ). These roughness parameters are 

demarcated by the following relations 

    s = E h  

    
22

s = E h     
 

 

    
3

s = E h     
 

 

Here   can assume only positive values while   and   can assume both negative and 

positive values.  
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On the basis of stochastic theory (Christensen & Tonder, 1969a, 1969b, 1970a) the 

study is generally performed for two kinds of roughness designs(viz, transverse and 

longitudinal) as follows. 

 

2.4.1  Transverse roughness design 

In this design, the roughness is supposed to have the form of long, narrow ridges and 

furrows running in a direction perpendicular to the direction of sliding.  

 

2.4.2 Longitudinal roughness design 

In this design, the roughness is assumed to have the form of long, narrow, ridges and 

valleys running in the directions of sliding. The film thickness is therefore described by 

a function of the form.  

2.5 Basic equations from fluid Dynamics 

2.5.1 Equation of Continuity 

The continuity equation derived on the principle of conservation of mass. The law of 

conservation of mass is stated as “Mass can be neither created nor destroyed”. 

The most general form of continuity equation in Cartesian coordinate is  

         + u  + v  + w = 0
t x y z

   
  

   
     (2.11)

  

Equation (2.11) is valid for steady and unsteady flow, uniform and non-uniform flow as 

well as compressible and incompressible fluids.  

For the steady flow 
t




becomes zero and hence (2.11) turns into  

        u  + v  + w  = 0
x y z

  
  

  
 

Density remains constant for incompressible fluid hence (2.12) turn into  
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u v w

 +  +  = 0
x y z

  

  
  

2.5.2 Equation of continuity in vector form 

  +   q  = 0
t


  


  

Where,           q = u i + v j + w k    

2.5.3  Equation of continuity in the cylindrical form 

    
1 1 v w

ru  +   +  = 0
r r r z

  

  
 

The above equation is valid for incompressible study flow.  

2.5.4  Navier-Stokes Equation 

It is established on the basis of conservation of momentum. It can be express in the 

following form 

Du p u 2 u v w u v w u
 = X -  + 2  -  +  +  +  + 

dt x x x 3 x y z y y x z x z

                       
                                     

 

Dv p v 2 u v w v w u v
 = Y -  + 2  -  +  +  +  + 

dt y y y 3 x y z z z y x y x

                       
                 

                       

 

Dw p w 2 u v w w u y w
 = Z -  + 2  -  +  +  +  + 

dt z z z 3 x y z x x z y z y

                       
                                    

 

In the above equations, the velocity components in x, y, z directions are characterized 

by u, v, w whereas p indicates the fluid film pressure. 
Du Dv Dw

,  ,  
dt dt dt

 are the 

components of the acceleration of the fluid. In the expanded form it can be written as  

  
Du u u u u

 = u  + v  + w  + 
dt x y z t
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The component 
Dv

dt
and 

Dw

dt
can also be written in a similar way.  

In the Navier-Stokes Equation left-hand side term characterize inertia term and right 

side are the body forces, pressure gradient and viscous term.  

2.5.5  Generalized Reynolds equation 

Generally, the Reynolds equation leading the fluid film pressure is a second-order 

nonlinear partial differential equation, which is formed by using the theory of 

hydrodynamic lubrication in equations of motion and continuity as an extension of 

Navier-Stokes equations.  The development of Reynolds equation for further general 

cases like rough bearing, porous bearing or bearing with hydromagnetic lubrication or 

bearing working with non-Newtonian or Ferro fluid lubrication, etc. is entitled as 

modified Reynolds equation or generalized Reynolds equation. This equation is 

recognized as the fundamental leading differential equation for the problems of 

hydrodynamic lubrication.  

     3 3
a b a bu  + u h w  + w h hh h

 +  =  +  + 
x 12 x z 12 z x 2 z 2 t

                 
       

              

            (2.12) 

In (2.12) left side two terms to define the net flow rates owing to pressure gradients, the 

first two terms of the right-hand side of equation define the flow rates due to surface 

velocities. These terms are known as Poiseuille and Couette terms respectively.  

2.5.6   Derivation of Generalized Reynolds type equation 

The equation of motion under the assumptions stated above, takes the form 

2

2

p u
 +  = 0

x z

 
 
 

        (2.13) 

2

2

p v
 +  = 0

y z

 
 
 

        (2.14) 

 

and  

 
p

 = 0
z





         (2.15) 

From equations (2.13) and (2.14) one can find that  
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2

2

u p
 = 

xz

 



         (2.16) 

2

2

v p
 = 

yz

 



         (2.17) 

and from equation (2.15) it is clear that  

 
p

 = 0  p = p x, y
z





       (2.18) 

The no-slip boundary conditions are  

1 1 1u = U ,  v = V ,  w = W  at z = 0  

2 2 2u = U , v = V , w = W  at z = h   

By integrating equation (2.16) twice with the above boundary conditions we have,  

 
u 1 p

 =   z + A
z x

 

  
 

and so 

 
21 p z

u =    + Az + B
x 2



 
        

and similarly from equation (2.17) we have, 

 
2

1 1

1 p z
v =    + A  z + B

y 2



 
       (2.19) 

We now make use of the continuity equation (2.18) with no source or sinks present and 

with the state of the lubricant independent of time, the continuity equation reads as, 

 
     u v w

 +  +  = 0
x y z

     

  
      (2.20) 

The equation for homogeneous incompressible fluid takes the form 

  . q = 0  

Equivalently, 

 
u v w

 +  +  = 0
x y z

  

  
        (2.21) 

 

Solution of equations (2.19) with related to the boundary conditions are  
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  2
2 1 1

1 p z
u =   z  + U U  + U

2 x h




 
 

  2
2 1 1

1 p z
v =   z  + V V  + V

2 y h




 
      (2.22) 

Substituting values of u and v in equation (2.21), one can see that  

    2 2
2 1 1 2 1 1

w 1 p z 1 p z
 = - z U U U   z  + V V  + V

z x 2 x h y 2 y h

      
      

         
 

By integrating across the film thickness i.e. from z = 0 to z = h , we get 

    
3 3

2 1 2 1 2 1

h p h h p h
W W  =  - U U  + V V

x 12 x x 2 y 12 y y 2

           
                      

 

which can be written by rearranging the terms as 

 

     3 3
2 1 2 1 2 1

p p h h
 h  + h  = 12 U U V V W W

x x y y x 2 y 2

             
                         

           

           (2.23) 

This equation is known as Generalized Reynolds equation which holds for 

incompressible fluid. 

 In most applications we consider the upper surface as non-porous and moving 

with a uniform velocity  in the x-direction together with a normal velocity W2 

and the lower surface is stationary and has a porous facing of thickness H*. Due to 

continuity of velocities at the interfaces, 

 1 2
1 2

z = 0 z = h

k p k p
W  =  and W  = 

z z

    
   

      
 and  

Substituting these values of W1 and W2  in equation (2.23) we obtain the modified 

Reynolds equation for porous bearing as follows. 

 

   3 3
1 2 1 2

2 1

z = h z = 0

p p h h
 h  + h  = 12 U U W W  

x x y y x 2 y 2

p p
12 k 

z z

             
                         

     
    

     

 

          (2.24) 
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In most of the application of bearing systems we consider one of the surfaces as non-

porous and moving with uniform velocity U  in the x- direction together with a normal 

velocity Wh. Particularly let us consider lower surface is stationary and has a porous 

facing thickness *H . 

So, 2
1 2 1 2 1 1 2 h

z = h

p
U  = 0, U  = U, V  = V  = 0, W  = 0, P  = P, W  = W  and  = 0

z

 
 
 

 

Therefore the equation (2.24) reduces to  

 3 3
h

z = 0

p p h p
h  + h  = 12  U  + 12 W  + 12 k 

x x y y x z

         
              

  (2.25) 

where the pressure P in the porous region satisfies the Laplace equation 

 
2 2 2

2 2 2

p p p
 +  +  = 0

x y z

  

  
       (2.26) 

Using the Morgan-Cameron approximation (1957) that when H*is small, the pressure in 

the porous region can be replaced by the average pressure with respect to the bearing-

wall thickness and which was extensively used by Prakash and Vij (1973), it is 

uncoupled by substituting 

  
2 2

*

2 2
z = 0

p p p
 = -H  + 

z x y

    
  

     
                 (2.27) 

Thus, the modified equation is  

    3 * 3 *
h

p p h
h 12k H  + h 12k H  = 12 U  + 12 W

x x y y x

      
            

 

           (2.28) 

Hence the problem of the film pressure is reduced to the solution of equation (2.28) 

with appropriate boundary conditions. However, the modified Reynolds equation for 

bearing in cylindrical polar coordinates (Bhat (2003)) we have  

 

   3 * * 2 2 2 2 3
0 u r r l l

1 p 3 1 d
h 12kH r  = 12 h  + 24 kH r h

r r r 10 r dr

    
               

           (2.29) 

where,  and  are angular velocities of upper and lower surfaces respectively and 

. 
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 Neuringer-Rosenweig (1964) is received to show the relentless progression of attractive 

liquids in nearness of gradually evolving outside attractive fields. The equations of 

model are as following: 

    2
0q q = - p +   q + M . H            (2.30) 

   . H + M  = 0         (2.31) 

  . q = 0          (2.32) 

   H = 0           (2.33) 

 M =  H          (2.34) 

where is the density of fluid,  is the viscosity of fluid,  q = u, v, w is fluid velocity 

in the film region, p  is the film pressure, 0  is the permeability of free space, M is the 

magnetization vector, H is the external magnetic field and  is the magnetic 

susceptibility of the magnetic particles. 

Using equations (2.32)- (2.34) in equation (2.30) it becomes 

    2 20  
q  q = - p - H  +  q

2

  
      

 
  

 This shows that extra pressure  is introduced into the Navier-Stocks 

equations when magnetic fluid is used as a lubricant, which leads us to modified 

Reynolds’ equation as 

          

 

   3 * 2 3 * 2
0 0

h

1 1
h 12k H p H  + h 12k H p H  = 

x x 2 y y 2

h
6 U  + 12 W

x

         
            

         


 


           (2.35) 
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CHAPTER 3 

 

Ferro Fluid Squeeze Film in Infinitely Long Porous 

Rough Rectangular Plates 

 

3.1 Introduction: 

 This chapter analyse the behaviour of a magnetic fluid based squeeze film between 

infinitely long, porous and transversely rough rectangular plates by considering an unusual 

form of the magnitude of the magnetic field. The stochastic method of Christensen and 

Tonder has been employed to evaluate the effect of surface roughness. The concerned 

stochastically averaged Reynolds’ type equation is solved with appropriate boundary 

conditions. The results presented in graphical form establish that magnetization offers help 

to a limited extent in order to minimize the adverse effect of roughness. But, this 

investigation establishes that by considering a suitable form of magnitude of the magnetic 

field the situation can be made better.   

 By now it is well known that the roughness of the bearing surface has a significant 

effect on the performance characteristics of a squeeze film bearing system.   

 The roughness appears to be random in character which was recognized by several 

investigators who adopted a stochastic approach to mathematically model the roughness of 

the bearing surfaces. Christensen and Tonder’s work [1969a, 1969b, 1970] which was 

based upon the concept of viewing the film thickness as a stochastic process, resulted in a 

averaged Reynolds’ type equation. Christensen and Tonder [1969a, 1969b, 1970] 

presented a comprehensive general analysis for both versions of surface roughness namely, 
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transverse and longitudinal. Later on, this approach of Christensen and Tonder [1969a, 

1969b, 1970] formed the basis of the analysis to analyze the effect of surface roughness on 

the performance of the bearing system in a number of investigations [1993, 1996]. 

Andharia, Gupta and Deheri [1999] dealt with the analysis of the effect of surface 

roughness on the performance of a squeeze film bearing using the general stochastic 

analysis (without making use of a specific probability distribution) for describing the 

random roughness. Verma [1986] and Agrawal [1986] investigated the application of 

magnetic fluid as a lubricant. While Verma [1986] considered tangential slip velocity at the 

porous matrix lubricant interface, Agrawal [1986] discussed no slip condition. Patel et. al. 

[2014] considered the performance characteristics of a magnetic fluid based squeeze film 

between infinitely long rough porous rectangle plates. This study offered the enhanced 

performance of the bearing system by picking up a suitable combination of magnetization 

parameter and aspect ratio in the case of negatively skewed roughness.  

 Shukla and Deheri [2014] investigated the effect of slip velocity on the 

performance of a magnetic fluid based squeeze film in porous rough infinitely long parallel 

plates. This article suggested that for a better performance of the bearing system the slip 

velocity deserved to be kept at minimum, even if the magnetic strength was chosen 

suitably. 

 Shah and Bhatt [2003] analyzed the porous exponentially slider bearing lubricated 

with a ferrofluid considering slip velocity. Increase in the slip parameter did not 

significantly affect the position of centre of pressure although it increased the load carrying 

capacity. 

 Patel et. al. [2014] studied the effect of non-uniform thickness on the magnetic 

fluid based squeeze film in rough porous long plates. It was observed that the variable film 

thickness offered assistance to the magnetization in minimizing the adverse effect of 

porosity and roughness.   

 Here, it has been deemed proper to analyse the behaviour of a ferrofluid squeeze 

film in infinitely long porous rough rectangle plates resorting to a different form of 

magnitude of the magnetic field.  
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3.2 Analysis:  

 

Figure – 3.1 Configuration of the bearing 

Figure – 3.1 shows the configuration of the bearing system consisting of geometrical 

structure of the rectangular plates. The upper plate moves normally towards the lower plate 

with uniform velocity 
dh

h =
dt



 both the plates are considered to have transversely rough 

surfaces.  

Following the discussions of Christensen and Tonder [1969a, 1969b, 1970] the geometry 

of local film thickness is considered as  

 s Xh(x)  h(x)  h 
        …(3.1) 

where h(x) is the mean film thickness and  s Xh is the deviation from the mean film 

thickness characterizing the random roughness of the bearing surfaces.  s Xh is stochastic in 

nature and  described by a probability density function  s sf h ,  c  h   c    where c is the 

maximum deviation from the mean film thickness.  

The details regarding the probability density function, the mean α, the standard deviation 

  and the measure of symmetry ε  can be had from Christensen and Tonder [1969a, 

1969b, 1970].  

 Assuming axially symmetry flow of the magnetic fluid between the rectangular 

plates under an oblique magnetic field H , whose magnitude H is a function of z vanishing 

at 
b

2
 , the modified Reynolds’ equation governing the film pressure p turns out to be 
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      … (3.2) 

where 

  3 2 2 2 2 3g h  = h  + 3 h + 3h  + 3h  + 3   + ε          … (3.3) 

and 

  
2 2 3 z 3 3 z 

H  = kb +  cos -  
2 4 2 4

      
      
   

     … (3.4) 

while k1 is a suitable chosen constant to produce a magnetic field of required strength.  is 

the viscosity, 0 is the permeability of the free space,   is the magnetic susceptibility, σ is 

the standard deviation, α is the variance and ε is the measure of the skewness.  

Integrating the above equation with respect to the boundary conditions 
b

p  = 0
2

 
 
 

leads to 

the expression for the distribution.  

 

2 2
2

0 2

0

6 b z 1
p = 0.5  H  +  - 

g h  12 H 4b

h
 





 
 

  
     … (3.5) 

Introducing the non-dimensional quantities   

z
z = 

b
,      0

3

H
ψ = 

h


,   = 

h


  ,  = 

h


  , 

3

ε
ε  = 

h

   ,  
0

h
h = 

h
,  1

1

0

h
h  = 

h
,   2

2

0

h
h  =  

h
, 

3h p
p = -

  a bh


 ,
3

2 2

h  w
w = -

μ  a  bh


 

the non-dimensional pressure distribution turns outs to be 

*
2

1
1

6kμ 3πz 3π 3πz π 1
p = k +  cos - + z  - 

2 2 4 2 4 4g(h)+12ψ

     
             

     … (3.6) 

where  

 
2 2 2 3

g h  = 1 + 3  + 3  + 3  + 3  +  + ε                   … (3.7) 

The load carrying capacity of the bearing in non dimensional form can be expressed as  
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*

1 1

1.2122 μ 1
w =  + 

2k k g h  12 ψ
       … (3.8) 

Lastly the response time t taken by the upper plate to reach a film thickness 
2h  from an 

initial film thickness 
1h can be determined in non-dimensional form as 

2

1

h

3 2 2 2 2 3

-h

dh
t  =  -w 

h 3 h 3h +3h 3 12ψ      


     
  

3.3 Results and discussion: 

 It is clear from equation (3.8) that the non-dimensional load carrying capacity 

enhances by 
  *

1

1.212 μ

k
, as compared to the case of a conventional lubricant based bearing 

system. In the absence of magnetization this study reduces to the investigation of Prakash 

and Vij [1973] for smooth bearing systems.  

The results presented in graphical forms (figures (3.2)-(3.6)) make it clear that the 

load carrying capacity increases sharply owing to the magnetization. 

Figure: 3.2 Variation of load carrying capacity with respect to * and σ* 
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Table: 3.1 Variation of load carrying capacity with respect to * and σ* 

 0 0.05 0.1 0.15 0.2 

0.0000 2.21898620 2.19985701 2.14439843 2.05793075 1.94796499 

0.0001 2.21909640 2.19996721 2.14450863 2.05804095 1.94807519 

0.0010 2.22008820 2.20095901 2.14550043 2.05903275 1.94906699 

0.0100 2.23000620 2.21087701 2.15541843 2.06895075 1.95898499 

0.1000 2.32918620 2.31005701 2.25459843 2.16813075 2.05816499 

 

Figure: 3.3 Variation of load carrying capacity with respect to * and α* 

 

Table: 3.2 Variation of load carrying capacity with respect to * and α* 

 -0.1 -0.05 0 0.05 0.1 

0.0000 2.60577831 2.19985701 1.87538094 1.61257811 1.39725788 

0.0001 2.60588851 2.19996721 1.87549114 1.61268831 1.39736808 

0.0010 2.60688031 2.20095901 1.87648294 1.61368011 1.39835988 

0.0100 2.61679831 2.21087701 1.88640094 1.62359811 1.40827788 

0.1000 2.71597831 2.31005701 1.98558094 1.72277811 1.50745788 
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Figure: 3.4 Variation of load carrying capacity with respect to * and ε* 

 

Table: 3.3 Variation of load carrying capacity with respect to * and ε* 

 -0.1 -0.05 0 0.05 0.1 

0.0000 2.34150910 2.19985701 2.07436602 1.96241966 1.86193735 

0.0001 2.34161930 2.19996721 2.07447622 1.96252986 1.86204755 

0.0010 2.34261110 2.20095901 2.07546802 1.96352166 1.86303935 

0.0100 2.35252910 2.21087701 2.08538602 1.97343966 1.87295735 

0.1000 2.45170910 2.31005701 2.18456602 2.07261966 1.97213735 

 

Figure: 3.5 Variation of load carrying capacity with respect to * and  
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Table: 3.4 Variation of load carrying capacity with respect to * and  

 0 0.0001 0.001 0.01 0.1 

0.0000 2.23226743 2.22898347 2.19985701 1.94561992 0.90254744 

0.0001 2.23237763 2.22909367 2.19996721 1.94573012 0.90265764 

0.0010 2.23336943 2.23008547 2.20095901 1.94672192 0.90364944 

0.0100 2.24328743 2.24000347 2.21087701 1.95663992 0.91356744 

0.1000 2.34246743 2.33918347 2.31005701 2.05581992 1.01274744 

 

Figure: 3.6 Variation of load carrying capacity with respect to *  and k1 

 

Table: 3.5 Variation of load carrying capacity with respect to *  and k1 

k 0.35 0.45 0.55 0.65 0.75 

0.0000 3.45691816 2.68871412 2.19985701 1.86141747 1.61322847 

0.0001 3.45709133 2.68884881 2.19996721 1.86151072 1.61330929 

0.0010 3.45864987 2.69006101 2.20095901 1.86234993 1.61403661 

0.0100 3.47423530 2.70218301 2.21087701 1.87074208 1.62130981 

0.1000 3.63008959 2.82340301 2.31005701 1.95466362 1.69404181 

 

 The variation of load carrying capacity with respect to σ* presented in figures 

(3.7)-(3.10) establish that the standard deviation brings down the load carrying capacity. 

Further, the combined effect of porosity and standard deviation adversely affect the 
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performance characteristics. Besides, the effect of porosity on the variation of load 

carrying capacity with respect to the standard deviation is almost marginal up to the 

porosity value ψ = 0.001.  

Figure: 3.7 Variation of load carrying capacity with respect to σ* and α* 

 

Table: 3.6 Variation of load carrying capacity with respect to σ* and α* 

 -0.1 -0.05 0 0.05 0.1 

0.00 2.63233473 2.22008820 1.89110389 1.62502235 1.40727510 

0.05 2.60688031 2.20095901 1.87648294 1.61368011 1.39835988 

0.10 2.53338865 2.14550043 1.83394657 1.58058452 1.37227984 

0.15 2.41970103 2.05903275 1.76718439 1.52834418 1.33091134 

0.20 2.27667374 1.94906699 1.68149185 1.46075624 1.27701907 

Figure: 3.8 Variation of load carrying capacity with respect to σ* and * 

 



Ch-3 Ferro fluid squeeze film in infinitely long porous rough rectangular plates 

 

30 
 

Table: 3.7 Variation of load carrying capacity with respect to σ* and * 

 -0.1 -0.05 0 0.05 0.1 

0.00 2.36429526 2.22008820 2.09246858 1.97873008 1.87672477 

0.05 2.34261110 2.20095901 2.07546802 1.96352166 1.86303935 

0.10 2.27988228 2.14550043 2.02608523 1.91926823 1.82315568 

0.15 2.18248391 2.05903275 1.94880614 1.84978712 1.76034904 

0.20 2.05932395 1.94906699 1.85002212 1.76056185 1.67935913 

 

Figure: 3.9 Variation of load carrying capacity with respect to σ* and  

 

Table: 3.8 Variation of load carrying capacity with respect to σ* and  

 0 0.0001 0.001 0.01 0.1 

0.00 2.25306895 2.24972683 2.22008820 1.96167007 0.90685295 

0.05 2.23336943 2.23008547 2.20095901 1.94672192 0.90364944 

0.10 2.17628587 2.17316761 2.14550043 1.90321453 0.89417344 

0.15 2.08736915 2.08450044 2.05903275 1.83487085 0.87881468 

0.20 1.97443731 1.97187058 1.94906699 1.74704541 0.85817905 
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Figure: 3.10 Variation of load carrying capacity with respect to σ* and k1 

 

Table: 3.9 Variation of load carrying capacity with respect to σ* and k1 

k 0.35 0.45 0.55 0.65 0.75 

0.00 3.48871003 2.71344113 2.22008820 1.87853617 1.62806468 

0.05 3.45864987 2.69006101 2.20095901 1.86234993 1.61403661 

0.10 3.37150067 2.62227830 2.14550043 1.81542344 1.57336698 

0.15 3.23562289 2.51659558 2.05903275 1.74225848 1.50995735 

0.20 3.06281955 2.38219298 1.94906699 1.64921053 1.42931579 

The fact that positive variance decreases the load carrying capacity while, the load 

carrying capacity increases owing to variance (-ve), is manifest in figures (3.11) – (3.13). 

Here also, the effect of porosity is almost negligible up to the porosity value ψ = 0.001. 

Figure: 3.11 Variation of load carrying capacity with respect to * and * 
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Table:3.10 Variation of load carrying capacity with respect to * and * 

 -0.1 -0.05 0 0.05 0.1 

-0.10 2.80802106 2.60688031 2.43263904 2.28023935 2.14581662 

-0.05 2.34261110 2.20095901 2.07546802 1.96352166 1.86303935 

0.00 1.97846124 1.87648294 1.78450741 1.70113175 1.62520367 

0.05 1.68850972 1.61368011 1.54520545 1.48230918 1.42433630 

0.10 1.45419436 1.39835988 1.34665746 1.29864478 1.25394046 

 

Figure: 3.12 Variation of load carrying capacity with respect to * and  

 

Table: 3.11 Variation of load carrying capacity with respect to * and  

 0 0.0001 0.001 0.01 0.1 

-0.10 2.65247906 2.64784750 2.60688031 2.25761062 0.96527107 

-0.05 2.23336943 2.23008547 2.20095901 1.94672192 0.90364944 

0.00 1.89998641 1.89760958 1.87648294 1.68850972 0.84382822 

0.05 1.63102743 1.62927592 1.61368011 1.47271820 0.78632412 

0.10 1.41136519 1.41005378 1.39835988 1.29127892 0.73151551 
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Figure: 3.13 Variation of load carrying capacity with respect to * and k1 

 

Table: 3.12 Variation of load carrying capacity with respect to * and k1 

 

 0.35 0.45 0.55 0.65 0.75 

-0.10 4.09652621 3.18618705 2.60688031 2.20582180 1.91171223 

-0.05 3.45864987 2.69006101 2.20095901 1.86234993 1.61403661 

0.00 2.94875890 2.29347914 1.87648294 1.58779325 1.37608749 

0.05 2.53578303 1.97227569 1.61368011 1.36542163 1.18336541 

0.10 2.19742267 1.70910652 1.39835988 1.18322759 1.02546391 

 

Figures (3.14)-(3.15) testify that skewness follows the path of variance so far as the 

distribution of load carrying capacity is concerned. In other words the negatively skewed 

roughness further increases the already increased load carrying capacity due to variance(-

ve)  
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Figure: 3.14 Variation of load carrying capacity with respect to * and  

 

Table: 3.13 Variation of load carrying capacity with respect to * and  

 0 0.0001 0.001 0.01 0.1 

-0.10 2.37936468 2.37563748 2.34261110 2.05670609 0.92662087 

-0.05 2.23336943 2.23008547 2.20095901 1.94672192 0.90364944 

0.00 2.10426200 2.10134668 2.07546802 1.84790933 0.88179070 

0.05 1.98927239 1.98666694 1.96352166 1.75864847 0.86096571 

0.10 1.88620497 1.88386250 1.86303935 1.67761820 0.84110284 

 

 

Figure: 3.15 Variation of load carrying capacity with respect to * and k1 
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Table: 3.14 Variation of load carrying capacity with respect to * and k1 

 0.35 0.45 0.55 0.65 0.75 

-0.10 3.68124602 2.86319135 2.34261110 1.98220939 1.71791481 

-0.05 3.45864987 2.69006101 2.20095901 1.86234993 1.61403661 

0.00 3.26144975 2.53668314 2.07546802 1.75616525 1.52200988 

0.05 3.08553404 2.39985981 1.96352166 1.66144141 1.43991589 

0.10 2.92763326 2.27704809 1.86303935 1.57641791 1.36622885 

 

 It is revealed that in this type of bearing system the combined effect of porosity and 

aspect ratio may play a crucial role in bearing design. (Figure (3.16)) 

Figure: 3.16 Variation of load carrying capacity with respect to   and k1  

 

Table: 3.15 Variation of load carrying capacity with respect to   and k1  

k 0.35 0.45 0.55 0.65 0.75 

0.0000 3.50958053 2.72967374 2.23336943 1.88977413 1.63780425 

0.0001 3.50442003 2.72566002 2.23008547 1.88699540 1.63539601 

0.0010 3.45864987 2.69006101 2.20095901 1.86234993 1.61403661 

0.0100 3.05913445 2.37932679 1.94672192 1.64722624 1.42759608 

0.1000 1.42002055 1.10446043 0.90364944 0.76462645 0.66267626 

 

 However, the negative effect induced by porosity and standard deviation can be 

neutralized to a significant extent by the positive effect of magnetization at least in the case 
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of negatively skewed roughness. This effect further enhances when variance (-ve) is in 

place.  

 The results presented in graphical forms make it clear that the ferrofluid lubrication 

goes a long way in reducing the adverse effect of surface roughness (Figure-(3)) by 

suitably choosing the aspect ratio (Figure (4)) in the case of negatively skewed roughness.  

3.4 Conclusion:  

 This chapter makes it clear that roughness must be given priority while designing 

this type of bearing systems, even if a suitable form of the magnitude of the magnetic field 

has been considered. Besides, this type of bearing system supports a good amount of load 

even when there is no flow, which is very much unlikely in the case of conventional 

lubricant based bearing system. Besides, this study provides an additional degree of 

freedom through the form of the magnitude of the magnetic field.  
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CHAPTER 4 

 

Ferro Fluid Squeeze Film in Rough Porous Circular 

Plates Considering the Effect of Viscosity Variation and 

Velocity Slip 

 

4.1 Introduction: 

 An attempt has been made to study the combined effects of roughness and velocity 

slip on the magnetic fluid based squeeze film in porous circular plates considering 

viscosity variation. The velocity slip model of Beavers and Joseph [1967] has been 

deployed to evaluate the effect of slip velocity. To calculate the effect of transverse surface 

roughness the stochastic model of Christensen and Tonder [1969a, 1969b, 1970] has been 

used. The associated stochastically averaged generalized Reynolds’ type equation is solved 

with proper boundary conditions to get the pressure distributions, leading to the calculation 

of load carrying capacity. It is found that the magnetization has a limited option in 

reducing the adverse effect of roughness, porosity and velocity slip. However, the situation 

remains better owing to negatively skewed roughness. But for any type of improvement in 

the bearing performance the slip is required to be kept at nominal level.  

It is well-known that the effects of thermal compressibility, viscosity variation, slip 

at the surfaces, inertia and surface roughness were neglected while deriving the famous 

classical equation of Reynolds’ in (1986). It was Cope (1949) who modified this Reynolds’ 

equation including viscosity and density variation across the fluid firm. The viscosity 

variation was discussed by Zienkiewicz (1957) and Cameron (1958). Here it was pointed 

out that viscosity variation and temperature could not be ignored.  

  



Ch-4 Ferro Fluid Squeeze Film in Rough Porous Circular plates considering the 

effect of viscosity variation and velocity Slip 

38 
 

Sinha et. al. (1983) dealt with viscosity variation considering cavitation in a bearing 

under the presence of a lubricant containing additives. Rao and Prasad (2002) investigated 

the combined effects of velocity slip and viscosity variation in rolling and normal motion. 

Patel and Deheri (2003) studied the magnetic fluid based squeeze film be and analyzed the 

effect of roughness and rotation in porous circular plates with a concentric circular pocket. 

Deheri et. al. (2007) dealt with the ferro fluid squeeze film in porous circular plates with 

the consideration of porous matrix of variable thickness. Hydro-magnetic squeeze film 

between two conducting rough porous circular plates was subjected to investigation by 

Vadher et. al. (2008). Patel et. al. (2011) analyzed the effect of transverse surface 

roughness on the performance of a magnetic fluid based squeeze film behaviour between 

rotating porous circular plates with concentric circular pocket considering slip velocity. 

Shimpi and Deheri (2010) discussed the combined effect of surface roughness and 

deformation on a magnetic squeeze film between rotating porous circular plates with 

concentric circular pockets. The analysis incorporated in this paper was modified and 

developed by Shimpi and Deheri (2012) to include the effect of curvature of the surfaces.  

 Here it has been proposed to study and analyze the combined effect of velocity slip 

and viscosity variation for ferro fluid squeeze film in transverse rough circular plates.  

4.2 Analysis: 

The squeeze film lubrication between parallel plates are shown in figure 4.1.  

 

 

 

Figure: 4.1 Configuration of rough porous circular plates 
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The governing squeeze film equation of the flow for the lubricant is given by  
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H is the film thickness of the lubricant between two plates, V is squeeze velocity, a is 

thickness of the layer, k is a ratio of viscosity,  is a viscosity of the middle layer and  is 

the sleep parameter. Introducing the dimensionless quantities 
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The flux flow Q of the lubricant for equation number (4.1) is written as  

4

dp
Q = 2b F

dx

 
 
 

         …(4.3)  

where b is width of the bearing. For the circular plates perimeter b = 2r    

The flux Q obtained by using continuity equation as  

Q = 4r2V             … (4.4) 

From equation (4.3) and (4.4) modified Reynolds’ equation governing the film pressure P 

is obtained as  

 
4

2

0
F

Vr
-  Hμ0.5μ-p

dr

d
          … (4.5) 

 Where 

  R r  0  ,r-Rr k   H2    
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K being suitable chosen constant from dimensionless point of view, 0 is permeability of 

free space, μ  is magnetic susceptibility,  permeability of porous matrix. H0 is a thickness 

of porous facing. 

Now the integration of equation (4.5) with use of boundary conditions 

p = 0 at r = R          … (4.6) 

leads to expression for pressure distribution as  

   r - Rkr μμ 0.5 - r R
F 2

v
  p 0

22

4

          … (4.7) 

The load carrying capacity w  is found to be  

R

0

44
0

4

4

0

4

w  2π P r dr

πμ μkRπ v R
    =  - 

F 2 12

πR 6v
    =  - πμ μ k   

12 F



 
 
 



        …(4.8)

 

In view of equation (4.8) the non-dimensional load carrying capacity is obtained as  
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4.3 Result and Discussion:  

 It is clearly observed that the less persevered distribution while equation (4.9) 

represented the variation of load carrying capacity in non-dimensional form. It is not 

difficult to the load carrying capacity enhances by  
2

* *
s

π
P μ

12
 

As compared to the case of conventional lubricant based bearing systems. This is because 

of the fact that the magnetization increases the viscosity of the lubricant, causing increased 

presence and hence increased load carrying capacity. However the effect of initial values 

of porosity on the variation of load carrying capacity with respect to * remains nominal.            

(Figures (4.2)-(4.8)).  

Figure: 4.2 Variation of load carrying capacity with respect to * and 

 

Table: 4.1 Variation of load carrying capacity with respect to * and 

 0 0.05 0.1 0.15 0.2 

0.0000 1.61493969 1.57380458 1.45839056 1.28962446 1.09404836 

0.0001 1.61494331 1.57380820 1.45839418 1.28962808 1.09405198 

0.0010 1.61497588 1.57384077 1.45842675 1.28966065 1.09408455 

0.0100 1.61530158 1.57416646 1.45875245 1.28998635 1.09441024 

0.1000 1.61855855 1.57742343 1.46200942 1.29324332 1.09766721 
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Figure: 4.3 Variation of load carrying capacity with respect to * and 

 

Table: 4.2 Variation of load carrying capacity with respect to * and 

 -0.1 -0.05 0 0.05 0.1 

0.0000 2.60023040 1.57380458 0.97622012 0.61963467 0.40181090 

0.0001 2.60023402 1.57380820 0.97622374 0.61963828 0.40181452 

0.0010 2.60026659 1.57384077 0.97625631 0.61967085 0.40184709 

0.0100 2.60059229 1.57416646 0.97658201 0.61999655 0.40217278 

0.1000 2.60384926 1.57742343 0.97983898 0.62325352 0.40542975 

 

Figure 4.4 Variation of load carrying capacity with respect to * and 
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Table 4.3 Variation of load carrying capacity with respect to * and 

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.89490829 1.57380458 1.32067034 1.11856813 0.95535216 

0.0001 1.89491191 1.57380820 1.32067395 1.11857175 0.95535578 

0.0010 1.89494448 1.57384077 1.32070652 1.11860432 0.95538835 

0.0100 1.89527018 1.57416646 1.32103222 1.11893001 0.95571405 

0.1000 1.89852715 1.57742343 1.32428919 1.12218698 0.95897101 



Figure: 4.5 Variation of load carrying capacity with respect to * and 



Table: 4.4 Variation of load carrying capacity with respect to * and 

 0 0.0001 0.001 0.01 0.1 

0.0000 1.64390352 1.63671092 1.57380458 1.09010375 0.10678258 

0.0001 1.64390714 1.63671454 1.57380820 1.09010737 0.10678620 

0.0010 1.64393971 1.63674711 1.57384077 1.09013994 0.10681877 

0.0100 1.64426541 1.63707281 1.57416646 1.09046564 0.10714446 

0.1000 1.64752238 1.64032977 1.57742343 1.09372261 0.11040143 
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Figure: 4.6 Variation of load carrying capacity with respect to * and K1 



Table: 4.5 Variation of load carrying capacity with respect to * and K1 

 k1 0.5 0.8 1.1 1.4 1.7 

0.0000 0.75061756 1.17210847 1.57380458 1.95706834 2.32313999 

0.0001 0.75062118 1.17211209 1.57380820 1.95707196 2.32314361 

0.0010 0.75065375 1.17214466 1.57384077 1.95710453 2.32317618 

0.0100 0.75097945 1.17247036 1.57416646 1.95743023 2.32350188 

0.1000 0.75423642 1.17572733 1.57742343 1.96068720 2.32675885 



Figure:4.7 Variation of load carrying capacity with respect to * and P0
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Table: 4.6 Variation of load carrying capacity with respect to * and P0

P0 1 1.5 2 2.5 3 

0.0000 1.43073144 2.14609715 2.86146287 3.57682859 4.29219431 

0.0001 1.43073473 2.14610209 2.86146945 3.57683681 4.29220418 

0.0010 1.43076433 2.14614650 2.86152867 3.57691084 4.29229300 

0.0100 1.43106042 2.14659063 2.86212084 3.57765106 4.29318127 

0.1000 1.43402130 2.15103196 2.86804261 3.58505326 4.30206391 

 

Figure:4.8 Variation of load carrying capacity with respect to * and 

 

Table:4.7 Variation of load carrying capacity with respect to * and 

 100 300 500 700 900 

0.0000 2.64897023 2.82371123 2.86146287 2.87795294 2.88719648 

0.0001 2.64897681 2.82371781 2.86146945 2.87795952 2.88720306 

0.0010 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

0.0100 2.64962820 2.82436920 2.86212084 2.87861091 2.88785445 

0.1000 2.65554997 2.83029097 2.86804261 2.88453268 2.89377621 

 

 The effect of standard deviation is to bring down the load carrying capacity which 

can be seen from Figures (4.9)-(4.14). But the effect of slip velocity on the distribution of 

load carrying capacity with respect to standard deviation is not that significant for lower 

values of slip parameter.  

 



Ch-4 Ferro Fluid Squeeze Film in Rough Porous Circular plates considering the 

effect of viscosity variation and velocity Slip 
 

46 
 

Figure:4.9 Variation of load carrying capacity with respect to  and  



Table:4.8 Variation of load carrying capacity with respect to  and 

 -0.1 -0.05 0 0.05 0.1 

0.00 4.86513363 2.93631978 1.81688711 1.15075282 0.74482821 

0.05 4.72775744 2.86152867 1.77501148 1.12667428 0.73063107 

0.10 4.34502859 2.65168500 1.65678805 1.05832252 0.69013451 

0.15 3.79287289 2.34483755 1.48184274 0.95610543 0.62900656 

0.20 3.16490671 1.98924463 1.27569310 0.83385539 0.55492787 



Figure: 4.10 Variation of load carrying capacity with respect to  and 
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Table: 4.9 Variation of load carrying capacity with respect to  and 

 -0.1 -0.05 0 0.05 0.1 

0.00 3.54094565 2.93631978 2.46059364 2.08143014 1.77569891 

0.05 3.44535360 2.86152867 2.40128459 2.03382603 1.73706972 

0.10 3.17820025 2.65168500 2.23429114 1.89936181 1.62764054 

0.15 2.79047367 2.34483755 1.98844605 1.70019155 1.46464915 

0.20 2.34583011 1.98924463 1.70084098 1.46518245 1.27081939 



Figure: 4.11 Variation of load carrying capacity with respect to  and 



Table: 4.10 Variation of load carrying capacity with respect to  and 

 0 0.0001 0.001 0.01 0.1 

0.00 3.06820772 3.05467235 2.93631978 2.02807930 0.19631465 

0.05 2.98898130 2.97590383 2.86152867 1.98207262 0.19421594 

0.10 2.76689425 2.75508018 2.65168500 1.85205802 0.18809617 

0.15 2.44270484 2.43267863 2.34483755 1.65930042 0.17845426 

0.20 2.05987019 2.05987019 1.98924463 1.43156217 0.16602970 
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Figure: 4.12 Variation of load carrying capacity with respect to  and K1



Table: 4.11 Variation of load carrying capacity with respect to  and K1 

 0.5 0.8 1.1 1.4 1.7 

0.00 1.39872812 2.18552549 2.93631978 3.65352692 4.33935141 

0.05 1.36482500 2.13117211 2.86152867 3.55837187 4.22395669 

0.10 1.26970375 1.97866253 2.65168500 3.29143599 3.90032317 

0.15 1.13054356 1.75556879 2.34483755 2.90133285 3.42771486 

0.20 0.96897114 1.49673810 1.98924463 2.44991016 2.88172583 



Figure: 4.13 Variation of load carrying capacity with respect to  and P0
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Table: 4.12 Variation of load carrying capacity with respect to  and P0 

P0 1 1.5 2 2.5 3 

0.00 1.46815989 2.20223984 2.93631978 3.67039973 4.40447968 

0.05 1.43076433 2.14614650 2.86152867 3.57691084 4.29229300 

0.10 1.32584250 1.98876375 2.65168500 3.31460625 3.97752750 

0.15 1.17241877 1.75862816 2.34483755 2.93104694 3.51725632 

0.20 0.99462232 1.49193347 1.98924463 2.48655579 2.98386695 

 

Figure: 4.14 Variation of load carrying capacity with respect to  and 



Table: 4.13 Variation of load carrying capacity with respect to  and 

 100 300 500 700 900 

0.00 2.71419545 2.89680822 2.93631978 2.95358521 2.96326514 

0.05 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

0.10 2.46528814 2.61868578 2.65168500 2.66608351 2.67415045 

0.15 2.19406416 2.31828588 2.34483755 2.35640394 2.36287916 

0.20 1.87581262 1.96939608 1.98924463 1.99787416 2.00270078 

 

 The fact that the variance (-ve) introduces an increase in the load carrying capacity 

can be seen from Figures (4.15)-(4.19). Also, the positive variance causes load carrying 

capacity.  

Here also, the effect of lower values of slip parameter on the distribution of load 

carrying capacity with respect to variance remains negligible.  
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Figure: 4.15 Variation of load carrying capacity with respect to and 



Table: 4.14 Variation of load carrying capacity with respect to and 

 -0.1 -0.05 0 0.05 0.1 

-0.10 5.88245662 4.72775744 3.85330547 3.17968185 2.65285221 

-0.05 3.44535360 2.86152867 2.40128459 2.03382603 1.73706972 

0.00 2.08058238 1.77501148 1.52600937 1.32115417 1.15114048 

0.05 1.29181726 1.12667428 0.98834831 0.87163932 0.77250605 

0.10 0.82257156 0.73063107 0.65182978 0.58391248 0.52507111 



Figure: 4.16 Variation of load carrying capacity with respect to and 
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Table: 4.15 Variation of load carrying capacity with respect to and 

 0 0.0001 0.001 0.01 0.1 

-0.10 4.97562590 4.95008235 4.72775744 3.08666299 0.23730002 

-0.05 2.98898130 2.97590383 2.86152867 1.98207262 0.19421594 

0.00 1.84264000 1.83572569 1.77501148 1.29181726 0.15774044 

0.05 1.16363745 1.15986960 1.12667428 0.85468847 0.12730900 

0.10 0.75140238 0.74929031 0.73063107 0.57392963 0.10223319 



Figure: 4.17 Variation of load carrying capacity with respect to  and K1



Table: 4.16 Variation of load carrying capacity with respect to  and K1

 0.5 0.8 1.1 1.4 1.7 

-0.10 2.21403552 3.48962701 4.72775744 5.93005314 7.09804764 

-0.05 1.36482500 2.13117211 2.86152867 3.55837187 4.22395669 

0.00 0.87132497 1.34052666 1.77501148 2.17849507 2.55418112 

0.05 0.57286999 0.86526719 1.12667428 1.36177010 1.57433676 

0.10 0.38607147 0.57129013 0.73063107 0.86916341 0.99071346 
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Figure: 4.18 Variation of load carrying capacity with respect to  and P0



Table: 4.17 Variation of load carrying capacity with respect to  and P0 

P0 1 1.5 2 2.5 3 

-0.10 2.36387872 3.54581808 4.72775744 5.90969680 7.09163616 

-0.05 1.43076433 2.14614650 2.86152867 3.57691084 4.29229300 

0.00 0.88750574 1.33125861 1.77501148 2.21876435 2.66251722 

0.05 0.56333714 0.84500571 1.12667428 1.40834285 1.69001142 

0.10 0.36531553 0.54797330 0.73063107 0.91328883 1.09594660 



Figure: 4.19 Variation of load carrying capacity with respect to  and 
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Table: 4.18 Variation of load carrying capacity with respect to  and 

 100 300 500 700 900 

-0.10 4.22731203 4.63628054 4.72775744 4.76807631 4.79077425 

-0.05 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

0.00 1.68193107 1.75878914 1.77501148 1.78205588 1.78599366 

0.05 1.08454456 1.11942681 1.12667428 1.12980915 1.13155829 

0.10 0.71092795 0.72727171 0.73063107 0.73208031 0.73288793 

 

 Figures (4.20) – (4.23) established that the trends of load carrying capacity with 

respect to skewness are similar to those of variance. In other words, the negatively skewed 

roughness, may play an important role for bettering the load carrying capacity especially 

when variance (-ve) is involved.  

Figure: 4.20 Variation of load carrying capacity with respect to  and 



Table: 4.19 Variation of load carrying capacity with respect to  and 

 0 0.0001 0.001 0.01 0.1 

-0.10 3.60836878 3.59161672 3.44535360 2.33691698 0.20960262 

-0.05 2.98898130 2.97590383 2.86152867 1.98207262 0.19421594 

0.00 2.50228994 2.49194036 2.40128459 1.69500791 0.18029600 

0.05 2.11485120 2.10655918 2.03382603 1.46039199 0.16767250 

0.10 1.80278503 1.79606735 1.73706972 1.26685011 0.15619828 
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Figure: 4.21 Variation of load carrying capacity with respect to  and K1

 

Table: 4.20 Variation of load carrying capacity with respect to  and K1

 0 0.5 0.8 1.1 1.4 

-0.10 1.62962195 2.55553268 3.44535360 4.30115442 5.12484956 

-0.05 1.36482500 2.13117211 2.86152867 3.55837187 4.22395669 

0.00 1.15615496 1.79662099 2.40128459 2.97306619 3.51457702 

0.05 0.98925651 1.52921459 2.03382603 2.50645160 2.95003911 

0.10 0.85399711 1.31283081 1.73706972 2.13048423 2.49631602 



Figure: 4.22 Variation of load carrying capacity with respect to  and P0
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Table: 4.21 Variation of load carrying capacity with respect to  and P0 

P0 1 1.5 2 2.5 3 

-0.10 1.72267680 2.58401520 3.44535360 4.30669200 5.16803040 

-0.05 1.43076433 2.14614650 2.86152867 3.57691084 4.29229300 

0.00 1.20064229 1.80096344 2.40128459 3.00160574 3.60192688 

0.05 1.01691301 1.52536952 2.03382603 2.54228254 3.05073904 

0.10 0.86853486 1.30280229 1.73706972 2.17133716 2.60560459 



Figure: 4.23 Variation of load carrying capacity with respect to  and 



Table: 4.22 Variation of load carrying capacity with respect to  and 

 100 300 500 700 900 

-0.10 3.15321981 3.39296268 3.44535360 3.46830545 3.48118910 

-0.05 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

0.00 2.24418928 2.37359227 2.40128459 2.41335153 2.42010794 

0.05 1.91595241 2.01318341 2.03382603 2.04280303 2.04782458 

0.10 1.64741926 1.72145645 1.73706972 1.74384817 1.74763688 

 

 As usual increased in porosity leads to decreased load carrying capacity which can 

be observed from figures (4.24)-(4.26). Further, the effect of slip velocity remains almost 

negligible. 
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Figure: 4.24 Variation of load carrying capacity with respect to  and K1



Table: 4.23 Variation of load carrying capacity with respect to  and K1

 0.5 0.8 1.1 1.4 1.7 

0.00 1.42260147 2.22379676 2.98898130 3.72052953 4.42061166 

0.0001 1.41667282 2.21429279 2.97590383 3.70389059 4.40043169 

0.001 1.36482500 2.13117211 2.86152867 3.55837187 4.22395669 

0.01 0.96570677 1.49151259 1.98207262 2.44081584 2.87074039 

0.10 0.11699993 0.16100520 0.19421594 0.22017007 0.24101173 



Figure: 4.25 Variation of load carrying capacity with respect to  and P0
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Table: 4.24 Variation of load carrying capacity with respect to  and P0

P0 1 1.5 2 2.5 3 

0.00 1.49449065 2.24173597 2.98898130 3.73622662 4.48347194 

0.0001 1.48795192 2.23192787 2.97590383 3.71987979 4.46385575 

0.001 1.43076433 2.14614650 2.86152867 3.57691084 4.29229300 

0.01 0.99103631 1.48655447 1.98207262 2.47759078 2.97310894 

0.10 0.09710797 0.14566195 0.19421594 0.24276992 0.29132391 



Figure: 4.26 Variation of load carrying capacity with respect to  and  



Table: 4.25 Variation of load carrying capacity with respect to  and 

B 100 300 500 700 900 

0.00 2.75997247 2.94820993 2.98898130 3.00680201 3.01679453 

0.0001 2.74861251 2.93544690 2.97590383 2.99358593 3.00350042 

0.001 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

0.01 1.86934860 1.96235056 1.98207262 1.99064682 1.99544239 

0.10 0.19232079 0.19389749 0.19421594 0.19435274 0.19442882 

 

 

Here the combined effect of viscosity ratio parameter and pressure P0 introduces 

highly increased load carrying capacity which may play a decisive role in bearing design. 

(figure (4.27)-(4.28)). 
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Figure: 4.27 Variation of load carrying capacity with respect to K1 and P0



Table 4.26 Variation of load carrying capacity with respect to K1 and P0 

P0 1 1.5 2 2.5 3 

0.50 0.68241250 1.02361875 1.36482500 1.70603125 2.04723750 

0.8000 1.06558606 1.59837909 2.13117211 2.66396514 3.19675817 

1.100 1.43076433 2.14614650 2.86152867 3.57691084 4.29229300 

1.40 1.77918594 2.66877890 3.55837187 4.44796484 5.33755781 

1.70 2.11197834 3.16796752 4.22395669 5.27994586 6.33593503 



Figure: 4.28 Variation of load carrying capacity with respect to K1 and 
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Table: 4.27 Variation of load carrying capacity with respect to K1 and 

 100 300 500 700 900 

0.50 1.31453461 1.35617773 1.36482500 1.36856482 1.37065137 

0.8000 2.01103186 2.11016169 2.13117211 2.14030521 2.14541306 

1.100 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

1.40 3.23561871 3.50018123 3.55837187 3.58390728 3.59825261 

1.70 3.77675574 4.14221089 4.22395669 4.25998674 4.28027030 

 

Lastly from figure (4.29), it is noticed that the load carrying capacity rises sharply 

due to P0 but the effect of lower values of slip on load carrying capacity remains nominal.  

 In order to improve the bearing performance the viscosity ratio may play an 

important role when moderate to higher magnetic strength is there.  

Figure: 4.29 Variation of load carrying capacity with respect to P0 and 

 

Table: 4.28 Variation of load carrying capacity with respect to P0 and 

Po 100 300 500 700 900 

1.00 1.32451801 1.41188851 1.43076433 1.43900937 1.44363114 

1.5000 1.98677702 2.11783277 2.14614650 2.15851405 2.16544671 

2.000 2.64903603 2.82377703 2.86152867 2.87801874 2.88726227 

2.50 3.31129504 3.52972128 3.57691084 3.59752342 3.60907784 

3.00 3.97355404 4.23566554 4.29229300 4.31702811 4.33089341 
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4.4 Conclusion:   

 This investigation confirms that ever in the absence of flow this type of bearing 

system supports a good amount of load, in spite of the fact that slip velocity, porosity and 

roughness turn in adverse effect. The circumstances when negatively skewed roughness 

occurs remaining favourable in the presence of variance (-ve). Therefore, this study 

suggests that while designing the bearing system the roughness aspect must be treated 

carefully.      
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CHAPTER: - 5 

Hydro magnetic squeeze film in a rough porous parallel 

surface bearing of infinite width: A comparative study 

 

5.1 Introduction:  

This chapter analyse the Ferro fluid lubricated squeeze film performance in rough, 

porous parallel surface bearing of infinite width. The magnetic fluid flow model of 

Neuringer and Rosenweig has been used. Two different forms of the magnitude of 

magnetic field have been considered. The stochastic model of Christen and Tonder has 

been deployed to evaluate the effect of surface roughness. After solving the concerned 

stochastically averaged Reynolds’ type equation the pressure distribution in the bearing 

system is obtained. Then the load carrying capacity is calculated for both the forms of the 

magnitude of the magnetic field. The results suggest that the magnetization offers a limited 

help in reducing the adverse effect of roughness and porosity. However, the situation 

remains better when the trigonometric form of the magnitude is employed. 

Hsu et. al. (2003) discussed the combined effects of couple stresses and surface 

roughness on the lubrication of short journal bearings. Compared to the Newtonian 

lubricant smooth bearing case the couple stress effects and the longitude roughness 

improve the load carrying capacity. Gururajan and Prakash (2008) studied the surface 

roughness effects in infinitely long porous journal bearings. There was considerable 

influence of surface roughness. Tanner (2011) considered an isothermal short journal 

bearing with non-Newtonian lubricants. An approximate method for predicting the 

temperature distribution was compared with the experimental result. Patel et. al. (2010) 

dealt with the lubrication of an infinitely long bearing by a magnetic fluid. The friction was 

found to be decreasing at the moving plate while it increased marginally due to the 

magnetization. Patel et. al. (2011) conducted a study on the performance of a ferro fluid 

based short journal bearing. It was found that load carrying capacity increased nominally 

while the coefficient of friction decreased significantly. Hsu et. al. (2013) considered the 

lubrication performance of short journal bearing considering the effect of surface 

roughness and magnetic field. The combined influence reduced the modified friction 

coefficient. Patel and Deheri (2013) analysed the effect of slip velocity on the performance  
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of a short bearing lubricated with a ferrofluid. For any type of improvement the slip was 

required to be kept at minimum level. Shukla and Deheri (2016) studied the effects of slip 

velocity on the performance of a magnetic fluid based transversely rough porous narrow 

journal bearings. The combined effect of slip and transverse roughness decreased the load 

carrying capacity heavily. Shimpi and Deheri (2013) discussed the effect of deformation 

on a ferro fluid based transversely rough short bearing. Here the friction remains 

unchanged because of magnetic fluid lubrication but the load carrying capacity increased 

for almost all the value of deformation. Agrawal et. al. (2013) analysed the hydro dynamic 

lubrication in infinitely long journal bearing with oscillating velocity. 

Different forms of the magnitude of the magnetic field have been studied. But no 

comparison is available in the literature. Therefore, here an attempt has been made to 

compare the performance taking different forms of the magnitude, for a squeeze film in a 

rough porous parallel surface bearing of infinite width.  

 

5.2 Analysis:  

The parallel surface squeeze film bearing and the associated coordinate system is 

presented below in figure (5.1) 

 

Figure:- 5.1 Geometry and configuration of the bearing system 
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Following the discussions of Patel et al. (2010, 2015], Bhat (2003) the magnetic 

fluid lubrication results in the Reynolds’ equation.  

   
2

2
02 3

12  h
p 0.5 H  = 

x h



 
   


     …(5.1) 

where 0 is the permeability of the free space, is the magnetic susceptibility,  is the 

fluid viscosity. The bearing surface are assumed to be transversely rough. The geometry of 

the local film thickness can be thought of as consisting of two parts:  

       sh x  = h x  + h x       

where   h x is the mean film thickness and  sh x is the deviation from the mean film 

thickness characterizing the random roughness of the bearing surfaces.  sh x  is 

considered to the stochastic in nature and governed by the probability density function 

f(hs), sc h c   , where c is the maximum deviation from the mean film thickness. The 

mean  , the standard deviation  and the parameter which is the measure of symmetry 

of random variable sh , are defined by relationships.  

 s = E h ,  

 
22

s = E h  
 

  

and  

 
3

s = E h  
 

 

where the expectancy operator E is defined by  
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E R  = Rf h  dh  

While    
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35
c h ,  if -c h c

f h  = 32c
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In view of the stochastic averaging method of Christen and Tonder (1969.a, 1969.b, 1970), 

Prajapati (1995) the above equations transforms to  
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g hx



 
   


     …(5.2) 

where    
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  3 2 2 2 2 3g h  = h 4 h + 3h  + 2h  + 4  +  +  + 12  H          

For the comparison of the following two different forms have been picked up 

Form I  

  
2

2 2 l
H  = k x

4

 
 

 
       …(5.3) 

Form II 

  2 2 3 x 3 3 x
H  = kl  cos 

2l 4 2l 4

      
    

   
    …(5.4) 

where k is a suitably chosen constant so as to manufacture a required magnetic strength.  

The boundary conditions associated are  

l
p = 0 when x = 

2
   

Solving the modified Reynolds’ equation (2), one gets the pressure distribution in the form 

of  

  
 

 
2

2 2 2
1 0

3  h l
p  = l 4x 0.5   k x

2 g h 4



 
     

 
    …(5.5) 

for the Form I and 

  
 

 2 2 2
2 0

3  h 3 x
p  = l 4x  + 0.5 kl

2g h 2 4



   
    

 
   …(5.6) 

for the Form II. 

It is easily seen from p1 that pressure distribution is parabolic in nature for the Form 

I 

while this profile appears to be distorted in the Form II 

 Then the load carrying capacity is calculated as 

  
 

l

2 3
3 0

1 1

l
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 k l h
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g h 12



 
      …(5.7) 

In case of Form I while  
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    …(5.8) 
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The non-dimensional load carrying capacity is calculated as  

  
*

1

1
W  =  +  

G(h) 12


      

      * 1
= 0.83  + 

G(h)
        …(5.9) 

while for form II 

*
2

1 2
W  =  + 1  

G(h) 3

 
   

    

        * 1
= 1.212  

G(h)
        …(5.10) 

Obviously from equations (5.9) and (5.10) it is seen that the load carrying capacity remains 

more in the case of form (II).   

 

5.3 Results and discussion:  

It is seen from equation (5.9) and (5.10) that the non-dimensional load carrying 

capacity enhances by  

*083.0
12

*



 

and  

* 2
1 1.212 *

2 3

  
   

 
 

as compared to the case of traditional lubricant based bearing system. This establishes that 

the increase in load carrying capacity remains more in the case of the trigonometric form 

of the magnitude of the magnetic field.  

 In the absence of magnetization this investigation turns to the discussion of Prakash 

and Viz (1973) for smooth bearing system. The results presented in graphical form confirm 
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that the load carrying capacity increase sharply due to the magnetization, increase being 

more in the case of trigonometric form (compare figures 5.2-5.5 & 5.6-5.9).This is because 

the viscosity gets increase due to magnetization, causing increased pressure and load 

carrying capacity.  

Figure: 5.2 Variation of load carrying capacity with respect to *and σ* 

 

Table: 5.1 Variation of load carrying capacity with respect to *and σ* 

 0 0.05 0.1 0.15 0.2 

0.0000 1.15025162 1.13781823 1.10208018 1.04725749 0.97907233 

0.0001 1.15026828 1.13783490 1.10209684 1.04727416 0.97908900 

0.0010 1.15041828 1.13798490 1.10224684 1.04742416 0.97923900 

0.0100 1.15191828 1.13948490 1.10374684 1.04892416 0.98073900 

0.1000 1.16691828 1.15448490 1.11874684 1.06392416 0.99573900 

      

 

Figure: 5.3 Variation of load carrying capacity with respect to * and 
*  
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Table: 5.2 Variation of load carrying capacity with respect to * and 
*  

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.25000000 1.13781823 1.02880658 0.92581877 0.83056478 

0.0001 1.25001667 1.13783490 1.02882325 0.92583544 0.83058145 

0.0010 1.25016667 1.13798490 1.02897325 0.92598544 0.83073145 

0.0100 1.25166667 1.13948490 1.03047325 0.92748544 0.83223145 

0.1000 1.26666667 1.15448490 1.04547325 0.94248544 0.84723145 

 

Figure: 5.4 Variation of load carrying capacity with respect to * and * 

 

Table: 5.3 Variation of load carrying capacity with respect to * and * 

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.20645453 1.13781823 1.07657112 1.02158090 0.97193537 

0.0001 1.20647120 1.13783490 1.07658779 1.02159756 0.97195203 

0.0010 1.20662120 1.13798490 1.07673779 1.02174756 0.97210203 

0.0100 1.20812120 1.13948490 1.07823779 1.02324756 0.97360203 

0.1000 1.22312120 1.15448490 1.09323779 1.03824756 0.98860203 
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Figure: 5.5 Variation of load carrying capacity with respect to * and ψ 

 

Table: 5.4 Variation of load carrying capacity with respect to * and ψ 

 0 0.0001 0.001 0.01 0.1 

0.0000 1.15356885 1.15197420 1.13781823 1.01329956 0.48382220 

0.0001 1.15358552 1.15199086 1.13783490 1.01331622 0.48383886 

0.0010 1.15373552 1.15214086 1.13798490 1.01346622 0.48398886 

0.0100 1.15523552 1.15364086 1.13948490 1.01496622 0.48548886 

0.1000 1.17023552 1.16864086 1.15448490 1.02996622 0.50048886 

 

Figure: 5.6 Variation of load carrying capacity with respect to *and σ* 
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Table: 5.5 Variation of load carrying capacity with respect to *and σ* 

 0 0.05 0.1 0.15 0.2 

0.0000 1.15025162 1.13781823 1.10208018 1.04725749 0.97907233 

0.0001 1.15037284 1.13793945 1.10220140 1.04737872 0.97919355 

0.0010 1.15146382 1.13903044 1.10329238 1.04846970 0.98028454 

0.0100 1.16237368 1.14994030 1.11420224 1.05937956 0.99119439 

0.1000 1.27147228 1.25903889 1.22330084 1.16847815 1.10029299 

 

Figure: 5.7 Variation of load carrying capacity with respect to *and 
*  

 

Table: 5.6 Variation of load carrying capacity with respect to *and 
*  

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.25000000 1.13781823 1.02880658 0.92581877 0.83056478 

0.0001 1.25012122 1.13793945 1.02892781 0.92593999 0.83068600 

0.0010 1.25121221 1.13903044 1.03001879 0.92703098 0.83177699 

0.0100 1.26212207 1.14994030 1.04092865 0.93794084 0.84268685 

0.1000 1.37122066 1.25903889 1.15002724 1.04703943 0.95178544 
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Figure: 5.8 Variation of load carrying capacity with respect to * and 
*  

 

Table: 5.7 Variation of load carrying capacity with respect to * and 
*  

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.20645453 1.13781823 1.07657112 1.02158090 0.97193537 

0.0001 1.20657575 1.13793945 1.07669234 1.02170212 0.97205659 

0.0010 1.20766674 1.13903044 1.07778333 1.02279310 0.97314757 

0.0100 1.21857660 1.14994030 1.08869319 1.03370296 0.98405743 

0.1000 1.32767519 1.25903889 1.19779178 1.14280156 1.09315603 

 

 

Figure: 5.9 Variation of load carrying capacity with respect to * and  
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Table: 5.8 Variation of load carrying capacity with respect to * and  

 0 0.0001 0.001 0.01 0.1 

0.0000 1.15356885 1.15197420 1.13781823 1.01329956 0.48382220 

0.0001 1.15369007 1.15209542 1.13793945 1.01342078 0.48394342 

0.0010 1.15478106 1.15318640 1.13903044 1.01451176 0.48503440 

0.0100 1.16569092 1.16409626 1.14994030 1.02542162 0.49594426 

0.1000 1.27478951 1.27319485 1.25903889 1.13452022 0.60504285 

 

 

 It is seen from Figures (5.5-5.15) that the effect of porosity on the distribution of 

load carrying capacity with respect to * remains nominal up to the porosity value 0.001 

for both the forms of magnitude. Further the effect of porosity and standard deviation 

remains adverse. Here also the effect of porosity remains marginal up to the value 

 = 0.001 .  

It is seen from Figures (5.13-5.14) that variance (+ve) decreases the load carrying 

capacity while reverse is true in the case of variance (-ve) in addition. The porosity effect 

remains negligible up to the value of  = 0.001 Further, it is seen from Figures(5.13-5.15) 

effect of skewness is almost identical with that the variance so far as to load carrying 

capacity negatively skewed roughness results in the enhanced load. It is easily observed 

that for this types of bearing system the combined effect of negatively skewed roughness 

and a variance may play a crucial role for enhancing the squeeze film behaviour.  

Variation of load carrying capacity with respect to 
*  given in figures suggest that 

the standard deviation causes severe load reduction. The graphically results presented here 

indicate that the effect of Ferro fluid lubrication enhances further in the case of negatively 

skewed roughness particularly when variance (-ve) occurs.  
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Figure: 5.10 Variation of load carrying capacity with respect to σ*and 
*  

 

Table: 5.9 Variation of load carrying capacity with respect to σ*and 
*  

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.26438917 1.15041828 1.03966771 0.93507376 0.83838963 

0.0500 1.25016667 1.13798490 1.02897325 0.92598544 0.83073145 

0.1000 1.20935651 1.10224684 0.99817066 0.89975061 0.80857410 

0.1500 1.14695566 1.04742416 0.95073701 0.85918095 0.77416047 

0.2000 1.06968538 0.97923900 0.89143226 0.80816586 0.73062686 

 

Figure: 5.11 Variation of load carrying capacity with respect to σ* and * 
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Table: 5.10 Variation of load carrying capacity with respect to σ* and * 

 -0.1 -0.05 0 0.05 0.1 

0.0000 1.22060908 1.15041828 1.08786211 1.03175919 0.98115992 

0.0500 1.20662120 1.13798490 1.07673779 1.02174756 0.97210203 

0.1000 1.16651745 1.10224684 1.04468945 0.99284566 0.94590493 

0.1500 1.10529168 1.04742416 0.99531532 0.94814629 0.90524643 

0.2000 1.02963520 0.97923900 0.93354667 0.89192901 0.85386424 

 

Figure: 5.12 Variation of load carrying capacity with respect to σ*and ψ 

 

 

 

Table: 5.11 Variation of load carrying capacity with respect to σ*and ψ 

 0 0.0001 0.001 0.01 0.1 

0.0000 1.16651745 1.16488728 1.15041828 1.02331541 0.48622293 

0.0500 1.15373552 1.15214086 1.13798490 1.01346622 0.48398886 

0.1000 1.11701715 1.11552233 1.10224684 0.98502448 0.47740821 

0.1500 1.06075264 1.05940455 1.04742416 0.94101107 0.46682944 

0.2000 0.99087874 0.98970233 0.97923900 0.88561216 0.45278336 
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Figure: 5.13 Variation of load carrying capacity with respect to 
* and * 

 

Table: 5.12 Variation of load carrying capacity with respect to 
* and * 

 -0.1 -0.05 0 0.05 0.1 

-0.1000 1.33350000 1.25016667 1.17663725 1.11127778 1.05279825 

-0.0500 1.20662120 1.13798490 1.07673779 1.02174756 0.97210203 

0.0000 1.08476537 1.02897325 0.97864025 0.93300249 0.89143226 

0.0500 0.97092264 0.92598544 0.88502454 0.84753453 0.81309218 

0.1000 0.86671779 0.83073145 0.79761483 0.76703783 0.73871910 

 

Figure: 5.14 Variation of load carrying capacity with respect to 
* and  
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Table: 5.13 Variation of load carrying capacity with respect to 
* and  

 0 0.0001 0.001 0.01 0.1 

-0.1000 1.26920220 1.26727260 1.25016667 1.10148825 0.50318478 

-0.0500 1.15373552 1.15214086 1.13798490 1.01346622 0.48398886 

0.0000 1.04183333 1.04053288 1.02897325 0.92609259 0.46312963 

0.0500 0.93638668 0.93533605 0.92598544 0.84182895 0.44105947 

0.1000 0.83909284 0.83824913 0.83073145 0.76236179 0.41822687 

 

Figure: 5.15 Variation of load carrying capacity with respect to * and  

 

 

Table: 5.14 Variation of load carrying capacity with respect to * and  

 0 0.0001 0.001 0.01 0.1 

-0.1000 1.22434417 1.22254848 1.20662120 1.06754492 0.49598321 

-0.0500 1.15373552 1.15214086 1.13798490 1.01346622 0.48398886 

0.0000 1.09082788 1.08940230 1.07673779 0.96460307 0.47256112 

0.0500 1.03442652 1.03314448 1.02174756 0.92023567 0.46166075 

0.1000 0.98357171 0.98241257 0.97210203 0.87977084 0.45125209 
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5.4 Conclusion: 

The trigonometric form of the magnitude of magnetic field ensures a relatively 

better performance as compared to the algebraic form of the magnitude in spite of the fact 

that the effect of transverse roughness and porosity is adverse in general. This type of 

bearing systems supports a good amount of load even in the absence of flow which never 

happens in the case of conventional lubricant based bearing system. Needless to say that 

this investigation offers an additional degree of freedom.    

This investigation reveals that the roughness must be accorded porosity while 

designing the bearing designing the bearing system even if a suitable form of the 

magnitude of the magnetic field has been considered.       
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CHAPTER: 6 

Ferro fluid based squeeze film in a longitudinally rough 

surface bearing of infinite width: A comparative study 

6.1 Introduction:  

 

In this chapter a hydromagnetic squeeze film in a longitudinally rough parallel 

surface bearing has been discuss with the consideration of two different form of the 

magnitude of the associated magnetic field. In the light of the model of Christensen -

Tonder regarding surface roughness. The load capacity is obtained after getting the 

pressure distribution by solving the stochastically averaged Reynolds’ equation. The 

results presented here indicate that the magnetization offers a good amount of help in 

decreasing the unfavorable effect of roughness. In the case of the trigonometric form of 

magnitude it helps most.  Besides, providing an additional degree of freedom, this article 

suggests some scopes for reducing the adverse effect of variance positive, skewness 

positive by magnetization and standard deviation in the case of negatively skewed 

roughness when negative variance is involved. Comparison of performance for both the 

forms of the magnitude informs that the trigonometric form of the magnitude presents a 

better picture to be used in the industry.  

 The effect of longitudinal roughness has been analyzed for slider bearing (Andharia 

et. al. (1997) and for spherical bearing (Andharia et. al. (2001). These investigations 

confirmed that the longitudinal roughness was a little better than transverse roughness 

pattern in terms of bearing design. The fact that the longitudinal roughness pattern 

improved the load carrying capacity of a hydrodynamic short journal bearing, when a 

couple stress fluid was present, assorted by Hsu et. al. (2003). Andharia and Deheri (2010-

2011) discussed effect of longitudinal roughness on ferrofluid squeeze film between 

conical plates and truncated conical plates. These two discussions also submitted that the 

longitudinal roughness was of more help as compared to transverse roughness pattern.  
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Andharia and Deheri (2013) considered the squeeze film in longitudinal rough 

elliptical plates with a ferrofluid lubrication. Panchal et. al. (2016) studied the influence of 

ferrofluid through a series of flow factors on the performance of a longitudinal rough finite 

slider bearing. Shimpi-Deheri (2016) discussed the bearing deformation effect on a 

performance of the ferrofluid based squeeze film when longitudinal roughness occurred. 

Here, velocity slip affect was also investigated for truncated conical plates. 

 The ferrofluid has been found to be extremely useful in many tribological problems 

occurring in bearing industry. Different properties and several flow models for ferrofluid 

has been discussed in Bhat (2003). The friction was found to be lowering at the moving 

plate of an infinitely long bearing is studied by Patel et. al. (2010) when a ferrofluid was 

employed for lubrication. The ferrofluid lubrication is investigated by Hsu et.al. (2013) on 

a short journal bearing. The friction coefficient was found to be modified by combined 

influence of magnetism and roughness. Acharya et. al. (2015) deliberated on behaviour of 

a ferrofluid squeeze film infinitely long porous rough rectangular plates. Here, the 

magnitude of the external magnetic field was quite different from the usually adopted ones. 

(2003). 

Wang et. al. (2007) conducted experimental and numerical studies on the surface 

roughness effect lubricated point contact. The roughness amplitude strongly influences the 

bearing performance here. In (2014) Lin investigated the effect of longitudinal surface 

roughness on sub critical and super critical limit cycles of short journal bearings. It was 

established that for fixed bearing parameter the effects of longitudinal roughness structure 

extended the linear stability region. Surface roughness effect of slider bearing having 

hydrodynamic lubrication was studied by Andharia et. al. (2001). The friction was found to 

be decreased depending on the roughness patterns. 

In the literature one comes across several forms of the magnitude of applied 

magnetic field. But little comparison has been made. Thus, here it has been proposed to 

compare the behavior of squeeze film considering different forms of magnitude for a 

longitudinally rough ferrofluid based squeeze film in parallel surface bearing of infinite 

width.  
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6.2 Analysis: 

The configuration and geometry of the bearing is shown below.  

 

Figure – 6.1 Configuration of bearing system 

 Adopting the stochastic averaging method of Christensen and Tonder (1969a, 

1969b, 1970) one is eventually led to the following governing Reynolds’ equation for 

pressure distribution (Hamrock (1994), Prajapati (1995)) 

 
 

2
2

02 1

12  h
p 0.5 H  =

x m h





 
   


    (6.1) 

where 0 is the permeability of the free space, is the magnetic susceptibility,  is the 

fluid viscosity and 

      3 1 2 2 2 3 2 3m h  = h 1 3 h 6h 10h 3             

 For more calibration considering the mean , the standard deviation  and 

skewness  can be obtained from the deliberation of Christensen and Tonder (1969a, 

1969b, 1970). 

 For the comparative study we have considered the following two distinct forms of 

magnitude.  
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Form I  

2
2 2 l

H  = k x
4

 
 

 

    (6.2) 

Form II 

2 2 3 x 3 3 x
H  = kl  cos 

2l 4 2l 4

      
    

   
   (6.3) 

where k is suitable constant  

Boundary conditions associated are: 

l
p = 0 when x = 

2
     (6.4) 

Integrating equation (6.1) w.r.t. the above mentioned boundary conditions, we 

obtained the pressure distribution for the Form I 

  
2l 32 2 2p  = 0.5   k x  h m h l 4x1 0 4 2

  
      
 
 

   (6.5) 

and for the Form II, the pressure distribution is obtained as  

  3 x 3 3 x 32 2 2p = 0.5   k l  cos  h m h l 4x2 0 2l 4 2l 4 2

      
         

   
  (6.6) 

It is easily observed that pressure distribution is parabolic in nature for the form I 

while this profile appears to be distorted in the form II. 

The dimensionless quantities are   

3 3 3
* 0

2 3

k   hx -ph wh
x = ;   = - ;  P = ;  W = 

l
 h h l h l
  

 


  

 

        3 2 2 2 3M h  = m h h 1 3 * 6 * * 10 * 3 * * *             

* * *

3
 = ;   = ;   = 

h h h
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and using  

l

2

-l

2

w = p dx   

the load carrying capacity in dimensionless form for form I comes out to be 

 
*

1W  =  + M h
12


    (6.7) 

while the load bearing capacity in non-dimensional form for the form II turns out to be 

 
*

2

2
W  = 1 +  + M h

2 3

  
 

 
    (6.8) 

 

6.3 Results and discussion:  

Equations (6.7) and (6.8) confirm that the non-dimensional load carrying capacity 

gets raised by  

*
0.083 *

2


   

 

and  

* 2
1 1.212 *

2 3

  
   

 
 

 

with regards to the conventional lubricant based bearing system. Further, the trigonometric 

form of the magnitude registers more load carrying capacity. The investigation of Prakash 

and Vij (1973) for smooth bearing system for conventional fluid is obtained from this 

study.   

The load taking capacity increases w.r.t. the increase in magnetization parameter, 

as linearity of expression is obtained for magnetization. Needless to say is that 

magnetization increased viscosity of fluid causing increased pressure and load bearing 

capacity. (C.F Figures (6.2) to (6.7)) 
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Figure: 6.2 Variation of load carrying capacity for * and * 

 

Table: 6.1 Variation of load carrying capacity for * and * 

 0 0.05 0.1 0.15 0.2 

0.0000 3.38000000 3.41000000 3.50000000 3.65000000 3.86000000 

0.2000 3.39666667 3.42666667 3.51666667 3.66666667 3.87666667 

0.4000 3.41333333 3.44333333 3.53333333 3.68333333 3.89333333 

0.6000 3.43000000 3.46000000 3.55000000 3.70000000 3.91000000 

0.8000 3.44666667 3.47666667 3.56666667 3.71666667 3.92666667 

 

Figure: 6.3 Distribution of load carrying capacity with respect to * and * 
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Table: 6.2 Distribution of load carrying capacity with respect to * and * 

 -0.05 -0.025 0 0.025 0.05 

0.0000 3.97750000 3.75406250 3.54000000 3.33343750 3.13250000 

0.2000 3.99416667 3.77072917 3.55666667 3.35010417 3.14916667 

0.4000 4.01083333 3.78739583 3.57333333 3.36677083 3.16583333 

0.6000 4.02750000 3.80406250 3.59000000 3.38343750 3.18250000 

0.8000 4.04416667 3.82072917 3.60666667 3.40010417 3.19916667 

Figure: 6.4 Profile of load carrying capacity for * and * 

 

 

Table: 6.3 Profile of load carrying capacity for * and * 

 -0.05 -0.025 0 0.025 0.05 

0.0000 3.46000000 2.96000000 2.46000000 1.96000000 1.46000000 

0.2000 3.47666667 2.97666667 2.47666667 1.97666667 1.47666667 

0.4000 3.49333333 2.99333333 2.49333333 1.99333333 1.49333333 

0.6000 3.51000000 3.01000000 2.51000000 2.01000000 1.51000000 

0.8000 3.52666667 3.02666667 2.52666667 2.02666667 1.52666667 
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Figure: 6.5 Profile of load carrying capacity with respect to * and * 

 

Table: 6.4 Profile of load carrying capacity with respect to * and * 

 0 0.05 0.1 0.15 0.2 

0.0000 3.38000000 3.41000000 3.50000000 3.65000000 3.86000000 

0.2000 4.57640000 4.60640000 4.69640000 4.84640000 5.05640000 

0.4000 5.77280000 5.80280000 5.89280000 6.04280000 6.25280000 

0.6000 6.96920000 6.99920000 7.08920000 7.23920000 7.44920000 

0.8000 8.16560000 8.19560000 8.28560000 8.43560000 8.64560000 

 

Figure: 6.6. Distribution of load carrying capacity with respect to * and * 
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Table: 6.5 Distribution of load carrying capacity with respect to * and * 

 -0.05 -0.025 0 0.025 0.05 

0.0000 3.97750000 3.75406250 3.54000000 3.33343750 3.13250000 

0.2000 5.17390000 4.95046250 4.73640000 4.52983750 4.32890000 

0.4000 6.37030000 6.14686250 5.93280000 5.72623750 5.52530000 

0.6000 7.56670000 7.34326250 7.12920000 6.92263750 6.72170000 

0.8000 8.76310000 8.53966250 8.32560000 8.11903750 7.91810000 

 

Figure: 6.7. Profile of load carrying capacity for * and * 

 

Table: 6.6. Profile of load carrying capacity for * and * 

 -0.05 -0.025 0 0.025 0.05 

0.0000 3.46000000 2.96000000 2.46000000 1.96000000 1.46000000 

0.2000 4.65640000 4.15640000 3.65640000 3.15640000 2.65640000 

0.4000 5.85280000 5.35280000 4.85280000 4.35280000 3.85280000 

0.6000 7.04920000 6.54920000 6.04920000 5.54920000 5.04920000 

0.8000 8.24560000 7.74560000 7.24560000 6.74560000 6.24560000 

 

A noticeable fact is that the * associated with roughness causes sharply increased 

load bearing capacity. It can be seen from Figures (6.8) to (6.11).  
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Figure: 6.8. Profile of load carrying capacity for * and * 

 

Table: 6.7. Profile of load carrying capacity for * and * 

 -0.05 -0.025 0 0.025 0.05 

0.00 3.20083333 3.11239583 3.03333333 2.96177083 2.89583333 

0.10 3.29083333 3.18739583 3.09333333 3.00677083 2.92583333 

0.30 4.01083333 3.78739583 3.57333333 3.36677083 3.16583333 

0.50 5.45083333 4.98739583 4.53333333 4.08677083 3.64583333 

0.70 7.61083333 6.78739583 5.97333333 5.16677083 4.36583333 

 

Figure: 6.9 Profile of load carrying capacity for * and * 
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Table: 6.8 Profile of load carrying capacity for * and * 

 

 -0.05 -0.025 0 0.025 0.05 

0.00 2.41333333 1.91333333 1.41333333 0.91333333 0.41333333 

0.10 2.53333333 2.03333333 1.53333333 1.03333333 0.53333333 

0.30 3.49333333 2.99333333 2.49333333 1.99333333 1.49333333 

0.50 5.41333333 4.91333333 4.41333333 3.91333333 3.41333333 

0.70 8.29333333 7.79333333 7.29333333 6.79333333 6.29333333 

 

Figure: 6.10 Profile of load carrying capacity for * and * 

 

 

 

Table: 6.9 Profile of load carrying capacity for * and * 

 

 -0.05 -0.025 0 0.025 0.05 

0.00 5.56030000 5.47186250 5.39280000 5.32123750 5.25530000 

0.10 5.65030000 5.54686250 5.45280000 5.36623750 5.28530000 

0.30 6.37030000 6.14686250 5.93280000 5.72623750 5.52530000 

0.50 7.81030000 7.34686250 6.89280000 6.44623750 6.00530000 

0.70 9.97030000 9.14686250 8.33280000 7.52623750 6.72530000 
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Figure: 6.11. Distribution of load carrying capacity for * and * 

 

Table: 6.10. Distribution of load carrying capacity for * and * 

 -0.05 -0.025 0 0.025 0.05 

0.00 4.77280000 4.27280000 3.77280000 3.27280000 2.77280000 

0.10 4.89280000 4.39280000 3.89280000 3.39280000 2.89280000 

0.30 5.85280000 5.35280000 4.85280000 4.35280000 3.85280000 

0.50 7.77280000 7.27280000 6.77280000 6.27280000 5.77280000 

0.70 10.65280000 10.15280000 9.65280000 9.15280000 8.65280000 

 

 This trend of standard deviations are approximately opposite to the case of 

transverse roughness. An appealing scenario occurs in the case of skewed roughness (-ve)  

because the effect of roughness can be countered at least in case of trigonometric form of 

magnitude of magnetic field when variance ( ve) is in placed which can be depicted from 

Figure (6.12) and (6.13).  
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Figure: 6.12. Profile of load carrying capacity for * and * 

 

Table: 6.11. Profile of load carrying capacity for * and * 

 -0.05 -0.025 0 0.025 0.05 

-0.05 3.01083333 2.51083333 2.01083333 1.51083333 1.01083333 

-0.03 2.78739583 2.28739583 1.78739583 1.28739583 0.78739583 

0.00 2.57333333 2.07333333 1.57333333 1.07333333 0.57333333 

0.03 2.36677083 1.86677083 1.36677083 0.86677083 0.36677083 

0.05 2.16583333 1.66583333 1.16583333 0.66583333 0.16583333 

 

Figure: 6.13 Profile of load carrying capacity for * and * 
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Table: 6.12 Profile of load carrying capacity for * and * 

 

 -0.05 -0.025 0 0.025 0.05 

-0.05 5.37030000 4.87030000 4.37030000 3.87030000 3.37030000 

-0.03 5.14686250 4.64686250 4.14686250 3.64686250 3.14686250 

0.00 4.93280000 4.43280000 3.93280000 3.43280000 2.93280000 

0.03 4.72623750 4.22623750 3.72623750 3.22623750 2.72623750 

0.05 4.52530000 4.02530000 3.52530000 3.02530000 2.52530000 

6.4 Conclusion: 

The trigonometric form of the magnitude registers a relatively enhanced 

performance in comparison with algebraic form of magnitude. In general effect of 

roughness, remains adverse. The absence of flow fails to defer the bearing system from 

sustaining a considerable amount of load which is a rarely visited in the case of traditional 

lubrication. This investigation underlines that it is the standard deviation which make the 

difference between the performances in the case of longitudinal and transverse roughness. 

Although, a good picture emerges from this investigation, roughness needs to be given due 

respect while designing the bearing system.  
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CHAPTER: 7 

General Conclusions and Future Scope of the 

Work 

 

7.1. General Conclusions 
 

In almost all squeeze film bearings, magnetic fluid as a lubricant increases bearing 

efficiency for the magnetic flow model. In compare with conventional lubricant based 

bearing system, an improvement in load carrying capacity is observed. Besides, this type of 

bearing system supports certain amount of load in the absence of the flow, which does not 

happen in the case of conventional lubricant, based bearing system. The bearing suffers 

due to transverse surface roughness while the situations remains slightly improved in the 

case of longitudinally roughness. In the case of transverse roughness, the magnitude to 

which magnetization enhances efficiency is reported to be lower than in the case of 

longitudinal surface roughness. However, in the case if transversely rough surfaces, 

negatively skewed roughness remains beneficial from design point of view. 

From all investigations presented in the thesis concluded that with respect to 

transverse roughness all the roughness parameters affect the bearing system adversely, 

while in the case of longitudinal roughness we can observe from the present analysis that 

mean and skewness tend to drop the load capacity and a noticeable fact is that standard 

deviation growth the bearing’s load capacity. 

 

7.2 Future Scope of the Work 

 

The works incorporated in the thesis suggest that further researches can be made in various 

directions such as:  

1. Longitudinal roughness can be a matter of discussions to study the performance in case 

of different types of bearing systems, such as conical, elliptical.  
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2. The effect of slip velocity can be examined for various types of bearings.  

3. The influence of deformation may be analyzed for different types of bearings in the 

presence of magnetic fluid adopting the magnetic fluid flow model of Shliomis and 

Jenkins.  

4. Effect of Sealed boundary conditions can be examined on different type of bearing 

geometries.  

5. The deformation effect may be applicable to various types of bearings.  

 

Lastly, the squeeze film actions in conical plates, truncated conical plates, triangular plates, 

rectangular plates and elliptic plates can be investigated by incorporating the effect of 

different porous structures. We have a strong feeling that some of the analyses used here 

can be extended to study the effect of thin film lubrication at nano scale especially, in the 

case of slider bearings. 
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