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ABSTRACT 

 Bearings in applications for nuclear and space engineering use liquid 

metal lubricants as conventional lubricants are not suitable for operating 

temperatures. Bearings discover their uses in multiple mechanical components, 

reducing frictional losses between two mechanical parts that rotate or slide.  To 

understand the functioning of these machine components, the pressure 

distributions velocities must be known. The additives are frequently used in 

lubricating fluids, which make them non-Newtonian. The use of non-Newtonian 

fluid as lubricants has become more important with the development of modern 

industrial materials, since the Newtonian fluid constitutive approximation is not 

found to be a satisfactory engineering approach for many practical lubrication 

applications. 

 Many machine components for example, bearings, pistons rings, 

gearboxes, breaks consists of parts that to operate must rub against each other 

causing moving parts which can increase the production costs. To minimize costs 

of moving parts and to make the machines more reliable it is necessary to 

lubricate the machine elements. Lubrication is the action of viscous fluids to 

diminish friction and wear between solid surfaces. It is fundamental to the 

operation of all engineering machines and biological process. A fluid film can 

separate two surfaces in relative motion pressed together under an external load, 

when a fluid film act on this way is called lubricant. Because of the lubricant 

resistance to motion, the hydrodynamic pressure is built from a lubricant, and this 

pressure helps to prevent contact between two solid surfaces. The field of science 

which deals with practice and technology of lubrication is named Tribology. In 

the hydrodynamic lubrication, the flow of fluid through machine elements may 

be governed by an mathematical model. In 1886, Osborne Reynolds‟ published a 

theory of lubrication that is considered the main guide of Tribology. 

 This thesis analyzes the effect of ferrofluid lubrication on the various 

types of bearings, where different types of surface roughness were considered, to 

improvise the performance of bearing systems. The physical phenomenon is used 

to form the mathematical formation of given system. Using it, differential 



 

x 
 

equation of bearing system was obtained for different types of bearings. The 

analytical solution is obtained by using the appropriate boundary conditions for 

each system.  

 However, in the last part of thesis the effect of ferrofluid lubrication was 

studied for a hydromagnetic squeeze film over longitudinally roughness rough 

triangular plates and annular plates. 
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Introduction 

1 

Chapter 1. INTRODUCTION 

1.1 ABSTRACT OF THE THESIS 

 The roughness has been characterized by the stochastic model of the 

Christensen and Tonder for characterizing the surface roughness has been 

employed here. The related stochastically averaged Reynolds‟ type equation is 

solved to obtain the pressure distribution, which leads to the derivation of load 

carrying capacity. The Reynolds‟ equation is derived chapter two. 

 Chapter three analyzes the behaviour of a ferrofluid squeeze film between 

transversely rough annular plates with the help of boundary conditions depending 

on the magnetization parameter. The Reynolds‟ type equation is solved to obtain 

the pressure distribution, leading to the derivation of load carrying capacity.  

 In Chapter four, the performance of a ferrofluid squeeze film between 

transversely rough porous truncated conical plates resorting to special type of 

boundary conditions depending on the magnetization parameter has been 

analyzed. The associated Reynolds‟ equation is solved to get the pressure 

distribution, in turn, which gives the load carrying capacity. 

 Chapter five is analysis of a squeeze film performance in between a 

rectangular plate and a rough porous surface. The roughness has been 

characterized by the stochastic model of Christensen and Tonder. Two different 

forms of the probability distribution functions have been discussed. The 

Reynolds‟ type equation has been solved to get the pressure distribution; 

afterword the load carrying capacity is calculated. 

 The performance of a squeeze film in longitudinally rough rotating 

circular plates in the presence of ferrofluid lubrication is analysed in chapter six. 

The ferrofluid model of Neuringer – Rosensweig has been used. The roughness 

characterization has been adopted, taking the stochastic averaging model of 

Christensen - Tonder. The distribution of pressure is obtained solving the 

concerned Reynolds‟ type equation. This provides load taking capacity. 
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 Chapter seven reflects the effect of longitudinal roughness on the 

performance of a hydromagnetic squeeze film in conducting triangular plates. A 

stochastic random variable characterizes the longitudinal roughness of the 

bearing surface. The associated Reynolds‟ equation is recourse to the 

stochastically averaging method of Christensen - Tonder, solving the Reynolds‟ 

equation with Reynolds‟ boundary conditions; the pressure is obtained which 

gives load profile as well. 

 Chapter eight aims to discuss the behavior of hydromagnetic squeeze film 

between longitudinally rough conducting annular plates. In view of the stochastic 

averaged process of Christensen and Tender regarding roughness the associated 

Reynolds‟ type equation is derived by resorting to the usual equation of 

magnetohydrodynamic. The role of standard deviation come with the 

characteristic of roughness turns out to be contrary to that of transverse 

roughness. 

1.2 DESCRIPTION OF RESEARCH TOPIC 

  Today's machine technology depends on processes involving 

kinetic pairs where mechanical power is to be transferred in relative motion 

between them. Friction and wear are two major fundamental phenomena related 

to such a scheme. Friction resists relative surface movement and creates wear that 

consumes and waste energy owing to noise as well as local surface' heat 

generation. Wear triggers dimensional modifications and eventual machine 

breakdown. Consequently the entire machine and all that depend on it.  

Surprisingly, the element of energy loss and material loss is huge owing to 

friction. The term "Tribology" is the science and technology of interacting 

surfaces in relative motion and corresponding practice. A better definition of 

"Tribology" might be "The integrated study of friction, wear and lubrication". 

 The art of lubrication is as old as the ancient civilization. The oldest 

civilization of which we have a clear historical record developed in Mesopotamia 

about five thousand years ago and there is clear proof that some quite advanced 

tribological instruments have been created or known to them. To reduce friction 

with the use of tallow, Roman and Egyptian chariot wheels and axels were 
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lubricated. Many machines were lubricated with animal fats, and in aircraft 

engines they used lard oils, castor oils as a lubricant. The importance of mineral 

oils as lubricants was first valued in the second half of the 19th century. Since 

mineral oils satisfy the demands; i.e. viscosity, mechanical stability, excellent 

thermal stability and oxidation resistance, these are now widely used in industry.  

Leonardo da Vinci (1452-1519), who was named the father of contemporary 

tribology, studied an incredible diversity of tribological subtopics such as: 

function, wear, bearings, plain bearings, lubrication systems, gears, screw jacks 

and rolling ; he had already documented them in his manuscripts. Hidden or lost 

for centuries, a quarter of a millennium ago in Spain, Leonardo da Vinci's 

manuscripts were read. Guillausne Amontons (1663-1705), John Theophilius 

Desanguliers (1683-1744) are Leonardo da Vinci's inheritors in the field of 

tribology. The pioneers Leonard Euler (1707-1783) and Charles-Augustin 

Coulomb (1736-1806) introduced Tribology to a standard and its regulations still 

apply to many engineering issues today. The following three laws summarize 

some of their results. 

The following three regulations summarize some of their results. 

1. The force is directly proportional to the applied load (Amontons‟s 1
st
 law) 

2. The force of friction is independent of the apparent area of contact 

(Amontons‟s 2
nd

 law) 

3. Kinetic Friction is independent of sliding velocity (Coulomb‟s Law) 

 Only dry friction was ascribed to these three laws, as it has been well 

known since ancient times that lubrication considerably alters tribological 

characteristics. It was around 1880 that Nikolai Pavlovich Petrov and Osborne 

Reynolds‟ acknowledged the hydrodynamic nature of lubrication and introduced 

a hypothesis of fluid film lubrication until today that is valid for hydrodynamic 

lubrication in Reynold's steady state equation of film lubrication. The scientific 

study of lubrication began with Reyleigh together with stokes discussed the 

feasibility of theoretical treatment of film lubrication. The knowledge of 

hydrodynamic lubrication started with Tower's classic experiments (1885), in 

which measurements of pressure within the lubricant identified the presence of a 

film, and with Pedroff (1883), who achieved the same conclusion from 

measurements of friction. Reynolds‟ (1886) followed this job carefully, using a 
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reduced form of the equation of the Nevier-Stoke in connection with the 

continuity equation in his analytical paper to produce a second-order partial 

differential equation for the small pressure, conversing the gap between bearing 

surfaces. This pressure allows the transmission of a load between surfaces with 

incredibly low friction, as a fluid film separates the surfaces entirely. 

1.3 TYPES OF LUBRICATION: 

 The method of decreasing wear and heat in relative motion between 

contacting surfaces is known as the theory of lubrication. In the meantime, wear 

and heat can‟t be eliminated entirely, but they can be lowered by using the 

lubricants to negligible or acceptable levels. By decreasing the friction coefficient 

between the contacting surfaces as they are associated with friction, the impact of 

heat and wear can be minimized. Lubrication also reduces oxidation and prevents 

corrosion, provides insulation in transformer applications, transmits mechanical 

power in apps for hydraulic fluid power and seals against dust, dirt and water.  

Mainly there are four types of lubrication viz; hydrodynamic, Aerodynamic, 

Elastohydrodynamic and boundary lubrication. 

1.3.1 Hydrodynamic lubrication 

 In heavily loaded bearings such as thrust bearings and horizontal journal 

bearings, the fluid viscosity alone is not sufficient to maintain a film between the 

moving surfaces. In these bearings higher fluid pressure are required to support 

the load until the fluid film is established. If this pressure is supplied by an 

outside source, it is called hydrostatic lubrication. If the pressure is generated 

internally, that is, within the bearing by dynamic action, it is referred to as 

hydrodynamic lubrication. In hydrodynamic, a fluid wedge is formed by the 

relative surface motion of the journals or the thrust runners over their respective 

bearing surfaces. This type of lubricating action is similar to a speedboat 

operating on water. When the boat is not moving, it rests on the supporting water 

surface. As the boat begins to move, it meets a certain amount of resistance or 

opposing force due to viscosity of the water. This causes the leading edge of the 

boat to lift slightly and allows a small amount of water too come between it and 

supporting water surface. As the boat‟s velocity increases, the wedge-shaped 
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water film increases in thickness until a constant velocity is attained. When the 

velocity is constant, water entering under the leading edge equals the amount 

passing outward from the trailing edge. For the boat to remain above the 

supporting surface there must be an upward pressure that equals the load. The 

principle of hydrodynamic lubrication can also be applied to a more practical 

example related to thrust bearings used in the hydropower industry.  

1.3.2 Boundary lubrication: 

 Boundary lubrication is the most common type of lubrication in day-to-

day usage because, it finds its applicability where hydrodynamic and 

elastodynamic lubrication fails. If a full fluid film does not grow between 

possibly rubbing surfaces, the thickness of the film may be decreased to allow for 

temporary dry contact with elevated points or asperities between wear surfaces.  

This condition is characteristic of boundary lubrication. Boundary lubrication 

occurs whenever any of the essential factors that influence formation of a full 

fluid film are missing. 

1.3.3 Classification of fluids: 

 Fluid is a substance which deforms continuously, without limit, under the 

action of internal and external forces. In other words, a fluid is a substance which 

cannot resist a shear stress without moving as can a solid. Fluids are usually 

classified as liquids and gases. A liquid has intermolecular forces which hold it 

together so that it has volume but no definite shape. A gas on the other hand has 

molecules in motion which collide with each other tending to disperse so that a 

gas has no definite shape or volume. Fluids are classified into following two 

categories, ideal fluids or isoviscous fluids and real fluids or viscous fluids. 

1.3.4 Newtonian Fluids: 

 The viscosity is measured by the slope of stress-shearing rate curve. For 

natural fluids like, water, air, oil and so on viscosity does not vary with rate of 
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strain. That is fluids with constant viscosity are known as Newtonian fluids. For 

Newtonian fluids shear is linearly proportional to the rate of strain i.e. 

     

where   is the shear stress,   is the viscosity of fluid and   is the rate of shearing 

strain. Newtonian behavior is exhibited by fluids in which the dissipation of 

viscous energy is due to the collision of comparatively small molecular spaces. 

All gases and liquids and solutions of low molecular weight come into this 

category. 

1.3.5 Non-Newtonian fluids: 

 Non-Newtonian liquids are that for which the stream bend isn't direct, for 

example the thickness of a non-Newtonian liquid isn't consistent at a given 

temperature and weight yet relies upon the other factor, for example, the pace of 

shear in the liquid. Instances of non-Newtonian liquids are glues, printers ink, 

dense milk, liquid elastic, molasses, and high polymer arrangement, etc. The non-

Newtonian liquids for which the stream bend isn't direct might be characterized 

into three general classifications. 

1.4 VISCOSITY VARIATION: 

 Viscosity is a measure of the resistance of a fluid to flow. When the 

temperature of a liquid is changed, the distance between molecules changes and 

this intern affects the viscosity. Liquids with low coefficients of expansion will in 

general have lower viscosity temperature coefficients than those which have high 

coefficients of expansion. 

 Lubricants' viscosity improves significantly as the pressure rises. At the 

pressures in the lubricant film of hydrodynamic bearings, the lubricant's viscosity 

at atmospheric pressure can be many times higher than its viscosity. This 

lubricant property undoubtedly influences characteristics of bearing performance 

such as load-bearing capacity, friction, and temperature increase. 

 There is no easy technique to measure viscosity at increased pressure. A 

test program to describe a single lubricant's pressure-viscosity-temperature 

characteristics takes the proportions of a new research program rather than a 

regular evaluation of physical characteristics.  Consequently pressure-viscosity
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-temperature that are relatively scarce and the effect of pressure-viscosity 

properties on bearing performance is not well understood as may be desirable. 

1.5 SURFACE ROUGHNESS: 

 Roughness is one of the most significant topographical surface 

characteristics, which naturally relates to a texture's unevenness or irregularity of 

a surface. It provides an understanding of the smoothness of the surface on a 

certain scale of duration. The roughness of the measuring instruments depends on 

the vertical and horizontal resolution. It is also a function of working length scale. 

The research of the impacts of surface roughness on the hydrodynamic 

lubrication of different bearing structures has been of increasing concern, mainly 

because most of the bearing surfaces are rough in practice. Depending on the 

material characteristics and the process of surface preparing, the aspect ratio and 

the absolute height of the asperities and valleys observed under the microscope 

differ significantly. The height of roughness asperities is generally the same as 

the mean separation in a lubricated contact.  

 It is well known that bearing surfaces particularly, after having some run 

in and wear develop roughness. Various methods have been proposed to study 

and analyze the effect of surface roughness of the bearing surfaces on the 

performance of squeeze film bearings. Several investigators have adopted a 

stochastic approach to mathematically model the randomness of the roughness. In 

all the above analyses the bearing surfaces were considered to be smooth but as 

we know bearing surfaces particularly, after having some run-in and wear 

develop roughness. Various methods have been proposed to study, the effect of 

roughness of the bearing surfaces on the performance of the squeeze film 

bearings. Several investigators have proposed a stochastic approach to 

mathematically model the random character of the roughness of the bearing 

surfaces [Tzeng and Saibel (1967), Christensen and Tonder (1969.a, 1969.b, 

1970). Christensen and Tonder (1969.a, 1969.b, 1970) provided an extensive 

general surface roughness assessment (both transverse and longitudinal) based on 

a particular probability distribution function by creating the Zing and Seibel 

method (1967).  Later on Christensen and Tonder‟s approach (1969.a) formed the 

basis for the analysis to study the effect of surface roughness on the performance
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 of the bearing in a number of investigations. Ting (1975), Prakash and Tiwari 

(1983), Prajapati (1991), Guha (1993), Gupta and Deheri (1996), Andharia, 

Gupta and Deheri (1997, 1999) proposed to study the effect of surface roughness 

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

analysis without using a specific probability distribution for describing random 

roughness. All these above studies considered conventional lubricants, Verma 

(1986), Agrawal (1986) investigated the application of a magnetic fluid as 

lubricant. Bhat and Deheri (1991) analyzed the squeeze film behavior between 

porous annular disks and found that its performance with a magnetic fluid 

lubricant was better than with a conventional lubricant. Further, Bhat and Deheri 

(1993) studied the magnetic fluid based film in curved porous circular plates. 

This analysis was extended by Shah and Bhat (2000) by considering rotating 

circular plates. Patel and Deheri (2002) studied the behavior of squeeze film 

formed by a magnetic fluid between curved annular plates. All these studies 

established that the performance of the bearing system gets enhanced by the 

presence of magnetic fluid lubricant. However, Prajapati (1992) dealt with the 

behavior of squeeze film between rotating porous circular plates with a 

concentric circular pocket and studied the surface roughness effect.  Patel and 

Deheri (2003) discussed the configuration of Prajapati (1992) by considering a 

magnetic fluid as lubricant. Deheri, Andharia and Patel (2004) has studied the 

behavior of longitudinal rough slider bearing with squeeze film formed by a 

magnetic fluid. Patel and Deheri (2004) considered a magnetic fluid based 

squeeze film between rough annular plates. Magnetic fluid based short bearings 

have been analyzed in Patel, Deheri and Vadher (2010) and the role of different 

forms of magnetic field has been emphasized. Deheri and Patel (2013) evaluated 

the behavior of a magnetic fluid based squeeze film in a rough porous parallel 

plate slider bearing and the impact of the negative variance in adding the positive 

performance of the bearing system has been discussed. 

 Magnetic fluids are stable colloidal suspensions of magnetic metal nano 

particles in a carrier liquid such as hydrocarbon, water and mercury. Use of 

magnetic fluid as a lubricant modifying the performance of the bearing system 

has been very well recognized. Bhat and Deheri (1993) analyzed the performance 

of magnetic fluid based squeeze film behaviour between curved annular disks and
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 curved circular plates and found that the performance with the magnetic fluid as 

lubricant was relatively better than with a conventional lubricant. Patel and 

Deheri (2002) considered a magnetic fluid based squeeze film between rough 

annular plates. Lin (2016) studied effect of longitudinal roughness in magnetic 

fluid lubricated journal bearing. The effect of longitudinal surface roughness on 

hydromagnetic circular step bearing was analysed by Adeshara et.al. (2018). 

  Hydromagnetic pressurization with regards to squeeze film 

performance has been investigated by many authors. Prajapati (1995) analyzed 

hydromagnetic squeeze film between conducting surfaces for various geometries. 

Vadher et. al. (2008) investigated the performance of a hydromagnetic squeeze 

film between two conducting rough porous annular plates. Adeshara et. al. (2018) 

studied the effect of longitudinal roughness on the performance of hydromagnetic 

squeeze film in circular step bearing. The hydromagnetization resulted in a 

relatively better performance for all values of the conductivity parameter. All the 

above investigations mentioned above established that the squeeze film enhanced 

due to magnetization. Besides, the conductivities of the plates play a key role in 

boosting the performance characteristics.  
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Chapter 2. DERIVATION OF REYNOLDS’ EQUATION 

 

2.1 MATHEMATICAL MODELING OF A BEARING SYSTEM 

 The numerical demonstrating of the bearing framework is firmly 

connected to the examination improvements in the field of fluid dynamics of real 

fluids which began in nineteenth century. Hydrodynamic film lubrication was 

viably utilized before it was scientifically understood. The procedure of 

lubrication is essentially a piece of by and large marvels of hydrodynamics whose 

logical investigation was started during nineteenth century. Adams (1853) first 

tried, created and patented several rather excellent railway axle bearing designs. 

Hydrodynamic lubrication understanding began with Tower's classical 

experiments (1883, 1885) in connection with investigating the friction of the 

railway partial journal bearing when measuring the lubricant pressure in the 

bearing. Reynolds‟ (1886) used an equation to analyze fluid film lubrication that 

has now become a fundamental governing equation and is named after him as the 

equation of Reynolds‟. He mixed Navier-Stokes equations with continuity 

equation to produce a lubricant pressure differential equation of second order. 

This equation is derived from certain hypotheses such as neglect of inertia and 

gravitational effects compared to viscous action, lubricant film being a thin one 

of isoviscous incompressible fluid etc. The conventional equation of Reynolds‟ 

contains the parameters of viscosity, density and film thickness. These 

parameters both determine and depend on the temperature and pressure fields and 

the bearing surfaces' elastic behaviour.  In addition to these, roughness of the 

surface, porosity and other enhanced strength of bearing working conditions etc. 

can sometimes require the need to generalize Reynolds‟ equation to account for 

these impacts. Likewise, it may become essential to relax few of the assumptions 

used to derive the Reynolds‟ equation in line with these impacts and the 

requirement of the specific bearing issues. Thus, study of hydrodynamic 

lubrication is from a mathematical point of view is in fact, the study of a 

particular form of Navier-Stokes equations compatible with the system. The 

study of lubrication has gained considerable importance since the time of
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 Reynolds‟ in the field of lubrication and with the rapid advancement of 

machines, manufacturing processes and materials in which lubrication plays an 

important role, it has become, from an analytical point of view, an independent 

branch of fluid mechanics. From practical point of view it remains a part of 

TRIBOLOGY. 

 Mathematical modeling of a bearing scheme comprises of multiple fluid 

dynamics conservation rules such as energy, momentum, mass conservation,    

and equation describing different elements of the bearing issue, such as  surface 

roughness, pressure reliance on viscosity – temperature, constitutive lubricant 

equation, elastic deformation, state equation etc. 

2.2 Continuity Equation 

 All fluid flow problems satisfy the basic law of conservation of mass, 

besides laws of conservation of momentum and energy. The equation expressing 

law of conservation of mass is called continuity equation. It expresses the 

condition that for any fixed volume of source sink free region, the mass of 

entering fluid must equal the mass of fluid leaving plus accumulated mass. 

If the fluid is compressible, the continuity equation is 

 
  

  
   (  ⃗)          (2.1) 

where  ⃗ is the velocity vector of the flowing fluid and   is the density. For the 

steady state flow  
  

  
   and hence the continuity equation becomes 

   (  ⃗)           (2.2) 

 The equation of continuity for homogeneous, incompressible fluid takes 

the form  

    ⃗           (2.3) 

 The comparison of equations (2.1) and (2.3) shows that the density of 

fluid do not appear in the continuity equation for incompressible fluids whereas it 

does appear in the corresponding equation for compressible fluids. 
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2.3 The Equation of Motion 

 Principle of conservation of momentum when applied to fluid contained 

in a control volume states that forces acting on the fluid in the control volume 

equal the rate of outflow of momentum from the control volume through the 

closed surface enclosing it. The mathematical equation expressing this condition 

for Newtonian, isoviscous, laminar, continuum and compressible fluid flow for 

which body forces such as gravitational forces or electromagnetic forces etc. are 

considered negligible is: 

  
  ̅

  
  ( ̅   ) ̅      (   ) (   ̅)      ̅   (2.4) 

 Where μ is referred to as the fluid's shear viscosity coefficient and where 

 is referred to as the bulk viscosity coefficient. It is often assumed that they are 

related by 3+2μ=0. The eqs (2.4) was first acquired by Navier in 1821 and later 

independently in 1845. Hence, these are recognized as Navier-Stokes equations. 

The first term on the left side of equation (2.4) is temporal acceleration term 

while the second is convective inertia term. The first term on right hand side is 

due to pressure and the other terms are viscous forces. However, if the fluid is 

incompressible, as is the case with most liquid lubricants, then    ̅    and 

equation (2.4) simplifies to 

  
  ̅

  
  ( ̅   ) ̅          ̅     (2.5) 

When a large external electromagnetic field through the electrically 

conducting lubricant is applied it gives rise to induced circulating currents, which 

in turn interacts with the magnetic field and creates a body force called Lorentz 

force. This extra electromagnetic pressurization pumps the fluid between the 

bearing surfaces. In such a case Navier-Stokes equations for incompressible 

isoviscous liquid get modified as 

  
  ̅

  
  ( ̅   ) ̅          ̅   ̅  ̅     (2.6)
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where   ̅ is the density of the electrical current and  ̅ is the vector of the magnetic 

induction. In this case, the equations of Maxwell and the law of Ohm should also 

be taken into consideration are as follows: 

    ̅      ̅    ̅    

  ̅   , ̅   ̅   ̅-       (2.7) 

    ̅       ̅    

 where  E


 is the electrical field intensity vector,  is the electrical 

conductivity and  
0  is the lubricant's magnetic permeability. 

2.2.1 Basic Assumptions of Hydrodynamic Lubrication 

 The current mathematical model outlined above, besides being a coupled 

one, is extremely nonlinear in character. Thus, the severe complexity of the 

mathematical system describing the general problem of lubrication, theoretically, 

does not lend it at all straight to analytical study. A number of simplifications 

resulting from the physical considerations compatible with the system are 

required to be made before attempting to proceed to solve the system. 

Simplifications may be of great value it their limitations are clearly specified. It is 

of prime importance that all assumptions or simplifications be justified and that 

the limitations imposed thereby be understood in interpreting the results. 

Likewise, in certain situations certain idealizations may be required to be made 

and consequently the limits of their applicability must be recognized. Order of 

magnitude analysis may be attempted to estimate the relative effects of various 

terms in the equations and hence to simplify it. Assumptions that are to be made 

and the simplifications resulting there from would depend upon the nature of the 

problem and the aspect of the problem to be studied.  

 For the analysis that follows to derive the modified Reynolds‟ equation, 

following assumptions are usually made: 

1. The lubricant is considered to be incompressible, non-conducting and 

non-magnetic with constant density and viscosity, unless otherwise stated. 

Most lubricating fluids satisfy this condition.
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2. Flow of the lubricant is laminar, unless otherwise stated. A moderate 

velocity combined with a high kinematic viscosity gives rise to a low 

Reynolds‟ number, at which flow essentially remains laminar. 

3. Body forces are neglected, i.e. there are no external fields of force acting 

on the fluid. While magnetic and electrical forces are not present in the 

flow of non-conducting lubricants, forces due to gravitational attraction 

are always present. However, these forces are small enough as compared 

to the viscous force involved. Thus, they are usually neglected in 

lubrication mechanics without causing any significant error. 

4. Flow is considered steady, unless otherwise stated, i.e. velocities and fluid 

properties do not vary with time. Temporal acceleration due to velocity 

fluctuations are small enough in comparison with lubricant inertia, hence 

may usually be ignored. 

5. Boundary layer is assumed to be fully developed throughout the 

lubricating region so that entrance effects at the leading edge and the film 

discontinuity at the trailing edge from which vortices may be shed, are 

neglected. 

6. A fundamental assumption of hydrodynamic lubrication is that the 

thickness of the fluid is considered very small in comparison with the 

dimensions of the bearings. As a consequences of these assumptions: 

 The curvature of the film may be neglected, so that bearing surfaces 

may be considered locally straight in direction. 

 Fluid inertia may be neglected when compared with viscous forces. 

 Since lubricant velocity along the transverse direction to the film is 

small, variation of pressure may also be neglected in this direction. 

 Velocity gradients across the film predominate as compared to those 

in the plane of the film. 

7. The fluid behaves as a continuum which implies that pressure are high 

enough so that the mean free path of the molecule of the fluid are much 

smaller than the effective pore diameter or any other dimension. No slip 

boundary condition is applicable at the bearing surfaces. 

8. Lubricant film is assumed to be isoviscous. 

9. Temperature changes of the lubricant are neglected.
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10.  The bearing surfaces are assumed to be perfectly rigid so that elastic 

deformation of the bearing surfaces may be neglected. 

11.  In case of bearing working with magnetic fluids, the lubricant is assumed 

to be free of charged particles. 

12.  When bearings work under the influence of electromagnetic fields, it is 

assumed that the forces due to induction are small enough to be neglected. 

2.2.2 Modified Reynolds’ Equation 

 The differential equation which is developed by making use of the 

assumptions of hydrodynamic lubrication in equations of motion and continuity 

equation and combining them into a single equation governing lubricant pressure 

is called Reynolds‟ equation. The Reynolds‟ equation when derived for more 

general situations like porous bearings or hydro magnetic bearings or bearings 

working with non-Newtonian or magnetic lubricant, etc. is called generalized 

Reynolds‟ equation or modified Reynolds‟ equation. This equation is the basic 

governing differential equation for the problems of hydrodynamic lubrication. 

 The differential equation originally derived by Reynolds‟ (1886) is 

restricted to incompressible fluids. The equation can be formulated broadly 

enough to include effects of compressibility and dynamic loading.  

 

Figure 2.1 Geometry of Bearing 
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 Consider the upper surface of the bearing surfaces is S1 and the lower 

surface is S2 which are in relative motion with uniform velocities (        ) and 

(        ) respectively. The surface S1 and S2 enclose the lubricant film. The 

lubricant velocities in the film F, S1 and S2 are (     ) (        ) and 

(        ) respectively. The lubricant pressures in the film F, S1 and S2 are p,    

and    respectively. Film thickness h is assumed to be function of x. 

1. The height of the fluid film z is very small compared to the span and 

length x, y. This permits us to ignore the curvature of the fluid film, 

such as in the case of journal bearings, and replace rotational by 

translational velocities. 

2. The lubricant is Newtonian with constant density and viscosity. 

3. There is no variation of pressure across the fluid film resulting in 

  

  
  . 

4. The flow is laminar; no vertex of flow and no turbulence occur 

anywhere in the film. 

5. No external forces act on the film. Thus,          . 

6. Fluid inertia is small compared to the viscous shear. These inertial 

forces consist of acceleration of the fluid centrifugal forces acting in 

curved films and fluid gravity. Thus, 

  

  
 

  

  
 

  

  
   

7. No slip is taken in to account at the bearing surfaces. 

8. Compared with the two velocity gradients du/dz and dv/dz, all other 

velocity gradients are considered negligible. Since u and v are the 

predominant velocities and z is a dimension much smaller than either 

x or y, the above assumption is valid. The two velocity gradients 

du/dz and dv/dz can be considered shears, while all others are 

acceleration terms, and the simplification is also in line with 

assumption 5. Thus, any derivatives of terms other than du/dz and 

dv/dz will be of a much higher order and negligible. We can thus omit 

all derivatives with the exception of 
   

   
 and 

   

   
. 

9. The porous region is homogeneous and isotropic. 

10.  The flow in the porous region is governed by Darcy‟s law:
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̅̅ ̅   

 ̅

 
    

where   
̅̅ ̅ ,  ,   and    are respectively velocity, permeability, 

viscosity and pressure of the fluid in the porous region. 

11.  Pressure and normal velocity components are continuous at the 

interface. 

12.  Bearing is press-fitted in a solid housing. 

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

 
  

  
  

   

   
         (2.8) 

 
  

  
  

   

   
         (2.9) 

 

and  

  
  

  
          (2.10) 

From equations (2.8) and (2.9) one can find that  

 
   

   
 

  

  
        (2.11) 

 
   

   
 

  

  
        (2.12) 

and from equation (2.10) it is clear that  

  

  
      (   )       (2.13) 

The no-slip boundary conditions are  

               at     

               at     

By integrating equation (2.11) twice with the above boundary conditions we 

have,  

 
  

  
 

 

 

  

  
    

and so 

   
 

 

  

  

  

 
            (2.14) 

and similarly from equation (2.12) we have,
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             (2.15) 

We now make use of the continuity equation (2.13) with no source or sinks 

present and with the state of the lubricant independent of time, the continuity 

equation reads as, 
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 (  )

  
        (2.16) 

The equation for homogeneous incompressible fluid takes the form 

    ̅    

Equivalently, 

 
  

  
 

  

  
 

  

  
         (2.17) 

 

Solution of equations (2.14) with related to the boundary conditions are  
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Substituting values of u and v in equation (2.17), one can see that  
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By integrating across the film thickness i.e. from z=0 to z=h, we get 
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which can be written by rearranging the terms as 
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(     )3         (2.19) 

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,
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Substituting these equations in equation (2.19) we obtain the modified Reynolds‟ 

equation for porous bearing as follows. 
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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, U1=0, U2=U, V1=V2=0, W1=0, P1=P, W2=Wh and .
   

  
/
   

  . 

Therefore the equation (2.20) reduces to  
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where the pressure P in the porous region satisfies the Laplace equation 

 
   

   
 

   

   
 

   

   
         (2.22) 

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 
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Thus, the modified equation is  
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Hence the problem of the film pressure is reduced to the solution of equation 

(2.24) with appropriate boundary conditions. However, the modified Reynolds‟ 

equation for bearing in cylindrical polar coordinates (Bhat (2003)) we have
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where,    and    are angular velocities of upper and lower surfaces respectively 

and         . 

A) Neuringer-Rosenweig (1964) is adopted to describe the steady flow of 

magnetic fluids in presence of slowly changing external magnetic fields. The 

equations of model are as following: 

  ( ̅  ) ̅          ̅    ( ̅  ) ̅    (2.26) 

   ( ̅   ̅)          (2.27) 

    ̅           (2.28) 

    ̅           (2.29) 
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where is the density of fluid,   is the viscosity of fluid,  ̅  (     ) is fluid 

velocity in the film region, p is the film pressure, 0 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 (2.28)- (2.30) in equation (2.26) it becomes 
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 This shows that extra pressure 
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  is introduced into the Navier-

Stoke‟s equations when magnetic fluid is used as a lubricant, which leads us to 

modified Reynolds‟ equation as 
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and the modified Reynolds‟ equation (2.25) for magnetic fluids for polar 

coordinates becomes 
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B) The flow in the porous medium obeys the modified form of Darcy‟s law [Ene 

(1969)] While the hydromagnetic lubrication theory holds equations in the film 

region.  The equations regulating the hydromagenic flow of lubricants [Shukla 

and Prasad (1965)] are based on the usual assumptions.  
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M is the Hartmann number, s is the lubricant's electrical conductivity and h is the 

film thickness of the lubricant. 

The continuity equation is 
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Solving equations (2.33) and (2.34) with boundary conditions, 

u = 0, v = 0 at y = h       (2.38) 

one obtain 
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The elements of the electric field Ex, Ez and the elements of the magnetic field 

Hx, Hz are acquired from, 

  

 
   

  
   ,      -       (2.41) 

 
   

  
   ,      -       (2.42) 

The induced magnetic field boundary conditions are those acquired by Snyder 

(1962),
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Where 
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s0 and s1 are the electrical conductivity of the lower and upper bearings and   
  

and   
  are the surface widths of the lower and upper bearings respectively. 

Solving equations (2.41) and (2.42) with (2.43) and (2.44) using the 

circumstances of the boundary condition (2.45) and (2.46) you get, 
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 The velocity of the lubricant in the porous region fulfills the law of Darcy, the 

equation of continuity, and the generalized law of Ohm [ Ene (1969) ].
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Where 

      
 

 

  

  
        (2.56) 

K is the permeability and m is the porosity of the porous matrix 
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Using equations (2.53 – 2.55) in equation (2.57) and making it easier to 

do so, 
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Using Taylor‟s series expansion for 
  

  
 at y = H0 and neglecting quadratic 

powers of H0 one arrives at   
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 The boundary conditions associated with this are 

p = P at y = 0 

and  

 
  

  
   at y= H0       (2.60) 

Application of the limiting condition Equation (2.59) and using equation (2.60) 
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Ex and Ez are replaced by equations (2.49) and (2.50) 
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Now integrating the equation (2.37) and using the condition that, 
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and 

    ̅ at y=0 

One get 

     ̅   0
 

  
∫  
 

    
 

  
∫  
 

   1 

Equivalently, one can find that 
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Substituting for u and v from equations (2.51) and (2.52) in equation 

(2.63) and using (2.62), the modified Reynold‟s equation takes the form: 
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where  

   
   

  
 

The issue therefore reduces the equation solution (2.64) with suitable boundary 

conditions. 
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Chapter 3. FERRO FLUID BASED SQUEEZE FILM IN POROUS 

ANNULAR PLATES CONSIDERING THE EFFECT OF 

TRANSVERSE SURFACE ROUGHNESS 

This chapter aims to analyze the behaviour of a ferrofluid squeeze film 

between transversely rough annular plates with the help of boundary conditions 

depending on the magnetization parameter. The stochastic averaging model of 

Christensen and Tonder for characterizing the surface roughness has been 

employed here. The related stochastically averaged Reynolds‟ type equation is 

solved to obtain the pressure distribution, leading to the derivation of load 

carrying capacity. The results presented reveal that a suitable boundary condition 

may help us in bringing down the adverse effect of roughness to a significant 

extent. But, the situation remains fairly better when negatively skewed roughness 

is in place. 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.   

3.1 Introduction: 

 Wu (1970) examined the effect of porosity on squeeze film behaviour in 

annular irrotational disks. The load carrying capacity was found to be reduced 

due to the porosity. Gupta and Vora (1980) analysed the squeeze film behaviour 

between curved annular plates. The curvature was found to have considerable 

influence on the performance of the squeeze film. Lin et. al. (2004) extended the 

configuration of (1980) to discuss the Magneto hydrodynamic squeeze film 

characteristics between curved annular plates. Patel and Deheri (2002) 

investigated the configuration of (1980) by considering the lower plate as well as 

the upper plate along the surfaces generated by hyperbolic function. 

Subsequently, Patel and Deheri (2002) modified the approach to consider both 

plates along the surfaces determined by secant functions. The investigations of 

(2002) confirmed that the magnetization had a significantly positive effect on the 

squeeze film performance in annular plates. Use of magnetic fluid as a lubricant 
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modifying the performance of the bearing system has been very well recognized. 

Bhat and Deheri (1993) analyzed the performance of the magnetic fluid based 

squeeze film behaviour between curved annular disks and curved circular plates 

and found that the performance with the magnetic fluid as lubricant was 

relatively better than with a conventional lubricant.  

It is well known that bearing surfaces particularly, after having some run 

in and wear develop roughness. Various methods have been proposed to study 

and analyze the effect of surface roughness of the bearing surfaces on the 

performance of squeeze film bearings. Several investigators have adopted a 

stochastic approach to mathematically model the randomness of the roughness. A 

comprehensive general analysis was presented by Christensen and Tonder 

(1969a, 1969b, 1970) for surface roughness (both transverse as well as 

longitudinal) based on a general probability density function. Later on, this 

approach of (1969a, 1969b, 1970) laid down the basis of the analysis to discuss 

the effect of surface roughness on the performance of the bearing system in a 

number of investigations. Ting (1975) discussed the engagement behaviour of 

lubricated porous annular disks by considering the effect of surface roughness on 

the squeeze film. The roughness significantly affected the performance 

characteristics. Gupta and Deheri (1996) studied the effect of transverse surface 

roughness on the squeeze film performance in a spherical bearing. The transverse 

surface roughness was found to bring down the load carrying capacity but the 

situation was fairly better in the case of negatively skewed roughness when 

moderate to large values of variance(-ve) was involved. Vadher et. al. (2008) 

investigated the performance of a hydromagnetic squeeze film between two 

conducting rough porous annular plates. The hydromagnetization resulted in a 

relatively better performance for all values of the conductivity parameter.  

Deheri et. al. (2011) dealt with the comparative study of magnetic fluid 

lubrication of squeeze films between rough curved annular plates. This study 

provided an additional degree of freedom from design point of view. Shimpi and 

Deheri (2012) studied the performance characteristics of a ferrofluid based 

squeeze film in curved porous rotating rough annular plates considering the effect 

of deformation. Here, the deformation induced adverse effect was minimised by 

the ferrofluid lubrication in the case of negatively skewed roughness. Recently,
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Shimpi and Deheri (2014) modified the above procedure to overcome the 

combined adverse effect of deformation, standard deviation associated with 

roughness and porosity.  

The above studies neglected the effect of magnetization while forming the 

boundary conditions. In the present article it has been thought proper to make use 

of the effect of magnetization on the boundary conditions for a squeeze film 

performance in rough porous annular plates under the presence of a ferrofluid. 

3.2 ANALYSIS: 

The configuration of the bearing system presented below consists of the 

annular disks. 

 

Figure 3A: Geometry of the bearing system 

The upper face moves normal towards the lower disk with uniform 

velocity ̇  
  

  
. Both the disks are considered to have transversely rough 

surfaces.  Assuming an axially symmetric flow of the magnetic fluid lubricant 

between the disks under an oblique magnetic field H whose magnitude H is a 

function of r vanishing at r = a (outer radius) and r = b (inner radius), the 

modified Reynolds‟ equation governing the film pressure (Bhat (2003), Shimpi 

and Deheri (2012)) is obtained as  
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where 

    (   )(   )       

                                    

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

the viscosity of the fluid,  is standard deviation,  is the variance and   is the 

measure of skewness,   is permeability of porous facing. The boundary 

conditions 
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The dimensionless form of the equation (3.1) is 
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Integrating the above equation with respect to the boundary conditions (3.2) in 

dimensionless form pressure P  is  
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The load carrying capacity of the bearing is given by  
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The response time t taken by the upper plate to reach a film thickness h2 startup 

from an initial film thickness h1, can be determined in dimensionless form, as  
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3.3 RESULTS AND DISCUSSIONS: 

It is manifest in equation (3.5) that the increase in load carrying capacity due to 

the magnetization turns out to be  
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in comparison with the conventional lubricant based  bearing system.  
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Figure: 3.1 Variation of load carrying capacity with respect to * and * 

 

Figure: 3.2 Variation of load carrying capacity with respect to * and k1 

Table: 3. 1 Variation of load carrying capacity with respect to * and * 

     

 0.29747918 0.28743843 0.27705215 0.26641572 0.25562368 

 0.29752803 0.28748728 0.27710100 0.26646456 0.25567253 

 0.29796767 0.28792692 0.27754064 0.26690421 0.25611217 

 0.30236408 0.29232333 0.28193705 0.27130062 0.26050859 

 0.34632824 0.33628749 0.32590121 0.31526477 0.30447274 

Table: 3.2 Variation of load carrying capacity with respect to * and k1 

k k1=0.35 k1=0.45 k1=0.55 k1=0.65 k1=0.75 

 0.75030042 0.47485422 0.28743843 0.15976318 0.07579083 

 0.75042256 0.47493332 0.28748728 0.15979082 0.07580415 

 0.75152182 0.47564521 0.28792692 0.16003954 0.07592402 

 0.76251443 0.48276416 0.29232333 0.16252672 0.07712265 

 0.87244054 0.55395359 0.33628749 0.18739852 0.08910898 

 The results presented in graphical forms (Figures (3.1)-(3.2)) suggest that 

the load carrying capacity increases sharply as the magnetization parameter 

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

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

      

 0.29229697 0.28846482 0.28473202 0.28109475 0.27754939 

 0.29174467 0.28792692 0.28420796 0.28058400 0.27705146 

 0.29010024 0.28632520 0.28264730 0.27906286 0.27556834 

 0.28740040 0.28369497 0.28008402 0.27656400 0.27313150 

 0.28370411 0.28009293 0.27657269 0.27313998 0.26979158 

 Figure (3.3) indicates the extent in mitigating the adverse effect of 

standard deviation in the case of negatively skewed roughness.  

 

Figure: 3.4 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  

      

 0.30205870 0.29796767 0.29398615 0.29010980 0.28633451 

 0.29174467 0.28792692 0.28420796 0.28058400 0.27705146 

 0.28108577 0.27754064 0.27408397 0.27071249 0.26742309 

 0.27018075 0.26690421 0.26370632 0.26058430 0.25753547 

 0.25912714 0.25611217 0.25316669 0.25028831 0.24747478 

 The fact that as the combined effect of porosity and standard deviation 

pulls down the load carrying capacity as can be seen from Figure (3.4). 

 

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

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

     

 0.85324671 0.29796767 0.18065262 0.12969733 0.10121043 

 0.77562732 0.28792692 0.17692004 0.12776621 0.10003308 

 0.70445888 0.27754064 0.17295155 0.12568791 0.09875727 

 0.63962220 0.26690421 0.16876934 0.12346913 0.09738513 

 0.58084253 0.25611217 0.16439833 0.12111823 0.09591977 

 It is appealing to note from Figure (3.5) that the increased load due to 

variance (-ve) further increases owing to the negatively skewed roughness.
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Figure: 3.6 Variation of load carrying capacity with respect to  and k1 

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

k k1=0.35 k1=0.45 k1=0.55 k1=0.65 k1=0.75 

 2.02456600 1.28133636 0.77562732 0.43111174 0.20451928 

 0.75152182 0.47564521 0.28792692 0.16003954 0.07592402 

 0.46176061 0.29225956 0.17692004 0.09834002 0.04665408 

 0.33345437 0.21105641 0.12776621 0.07101948 0.03369336 

 0.26106260 0.16524071 0.10003308 0.05560493 0.02638078 

 The decrease in the load carrying capacity due to porosity gets augmented 

when smaller values of aspect ratio is involved which is suggested by Figure 

(3.6). 

CONCLUSIONS:  

From bearing‟s life period point of view this investigation suggests that 

the roughness aspect needs to be evaluated while designing the bearing system 

even if, magnetization parameter finds a place in the boundary conditions and 

suitable magnetic strength is in place. 
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Chapter 4. COMBINED EFFECT OF MAGNETISM AND 

ROUGHNESS ON A FERROFLUID SQUEEZE FILM IN 

POROUS TRUNCATED CONICAL PLATES: EFFECT OF 

VARIABLE BOUNDARY CONDITIONS 

 This chapter aims to discuss the performance of a ferrofluid squeeze film 

between transversely rough porous truncated conical plates resorting to special 

type of boundary conditions depending on the magnetization parameter. Invoking 

the stochastic averaging model of Christensen and Tonder (1969a, 1969b, 1970) 

regarding the roughness characterization, the associated stochastically averaged 

Reynolds‟ type equation is solved to get the pressure distribution, in turn, which 

gives the load carrying capacity. The results affirm that suitable boundary 

condition may help in scaling down the adverse effect of roughness to a large 

extent appropriately choosing the magnetization parameter. However, in the case 

of negatively skewed roughness the situation remains relatively better. It is also 

found that the absence of flow doesn‟t deter the bearing system from supporting 

certain amount of load, which is very much unlikely in the case of conventional 

lubricant based bearing system. 

4.1 INTRODUCTION: 

Wu (1970) examined the effect of porosity on squeeze film behaviour in 

annular irrotational disks. The load carrying capacity was found to be reduced 

due to the porosity. Gupta and Vora (1980) analyzed the squeeze film behaviour 

between curved annular plates. The curvature was found to have considerable 

influence on the performance of the squeeze film. Lin et. al. (2004) extended the 

configuration of Gupta and Vora (1980) to discuss the magnetohydrodynamic 

squeeze film characteristics between curved annular plates. Patel and Deheri 

(2002) investigated the configuration of Gupta and Vora (1980) by considering 

the lower plate as well as the upper plate along the surfaces generated by 

hyperbolic function. The investigation of Patel and Deheri (2002) confirmed that 
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the magnetization had a significantly positive effect on the squeeze film 

performance in annular plates. Use of magnetic fluid as a lubricant modifying the 

performance of the bearing system has been very well recognized. Bhat and 

Deheri (1993) analyzed the performance of a magnetic fluid based squeeze film 

behaviour between curved annular disks and curved circular plates and found that 

the performance with the magnetic fluid as lubricant was relatively better than 

with a conventional lubricant.  

It is well known that bearing surfaces particularly, after having some run 

in and wear develop roughness. Various methods have been proposed to study 

and analyze the effect of surface roughness of the bearing surfaces on the 

performance of squeeze film bearings. Several investigators have adopted a 

stochastic approach to mathematically model the randomness of the roughness. A 

comprehensive general analysis was presented by Christensen and Tonder 

(1969a, 1969b, 1970) for surface roughness (both transverse as well as 

longitudinal) based on a general probability density function. Later on, this 

approach of Christensen and Tonder (1969a, 1969b, 1970) laid down the basis of 

the analysis to discuss the effect of surface roughness on the performance of the 

bearing systems in a number of investigations. Ting (1975) discussed the 

engagement behaviour of lubricated porous annular disks by considering the 

effect of surface roughness on the squeeze film. The roughness significantly 

affected the performance characteristics. Gupta and Deheri (1996) studied the 

effect of transverse surface roughness on the squeeze film performance in a 

spherical bearing.   

Prakash and Vij (1973) investigated the load carrying capacity and time 

height relation for squeeze films between porous plates. Circular, annular, 

elliptic, rectangular, conical and truncated conical plates were investigated for the 

squeeze film performance. Deheri et. al. (2007) considered the ferrofluid based 

squeeze film between rough porous truncated conical plates. The negatively 

skewed roughness provided a better performance for this type of bearing system. 

Wierzcholski and Miszczak (2009) presented a method of friction calculation in 

slide conical micro- bearing occurring in hard disk drives computer disks. 

Andharia and Deheri (2010) analyzed the effect of longitudinal surface roughness 

on the ferrofluid based squeeze film between conical plates. The performance of 

the bearing system was observed to be little better in this case as compared to the 



Introduction 

39 

case of transverse surface roughness. Vadher et. al. (2011) investigated the effect 

of transverse surface roughness on the performance of hydromagnetic squeeze 

film between conducting truncated conical plates. This article confirmed that for 

suitable values of aspect ratio and conductivities, the magnetization parameter 

offered some measures to counter the adverse effect of porosity and standard 

deviation associated with roughness. 

 Deheri et. al. (2013) dealt with the behavior of a ferrofluid squeeze film in 

porous rough conical plates. A suitable combination of magnetization parameter 

and semi vertical angle of the cone presented a better performance in the case of 

negatively skewed roughness. Shimpi and Deheri (2014) discussed the combined 

effect of slip velocity and bearing deformation on the behavior of a ferrofluid 

based squeeze film in rough porous truncated conical plates. For an overall 

improved performance this article confirmed that the slip velocity was required to 

be kept at minimum. Same was the case for bearing deformation. Hsu et. al. 

(2014) presented a theoretical study of non- Newtonian effects in conical squeeze 

film plates that was based on the Rabinowitsch fluid modal. The non-Newtonian 

effect provided better load carrying capacity and lengthened response time. 

 Here, it has been proposed to analyze the performance characteristics of a 

transversely rough ferrofluid squeeze film in porous truncated conical plates, 

taking recourse to a new set of boundary conditions. 
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4.2 ANALYSIS: 

 The configuration of the bearing system is presented below. 

 

Figure: 4A Geometry and configuration of bearing system 

 

The lower plate having porous face is fixed. The upper plate moves 

towards the lower plate along the normal with a angular velocity  ̇  
  

  
.
 
Both the 

plates are considered to be electrically conducting and an electrically conducting 

lubricant fills the clearance space. A uniform transverse magnetic field is applied 

between the plates. The transverse surface roughness of the bearing surface is 

characterized by a random variable with non-zero mean, variance and skewness. 

Following the discussions of Christensen and Tonder (1969a, 1969b, 1970), the 

film thickness h(x) is considered as 

  ( )   ̅( )    ( ) 

where  ̅( ) is the mean film thickness and   ( ) is the deviation from the mean 

film thickness characterizing the random roughness of the bearing surfaces.   ( ) 

is described by a probability density function  (  ),defined by 
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(     

 )           

                         
 

C being 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 the relationships 

    (  ) 

     ,(    ) - 

and 

    ,(    ) - 

where E denotes the expected value defined by 

  ( )  ∫    (  )
 

      

The details regarding the roughness and characterization can be seen from 

Christensen and Tonder (1969a, 1969b, 1970). 

A modified form of Darcy‟s law (Prajapati (1995)) governs the flow in 

the porous medium while in the film region the equation of the hydromagnetic 

lubrication theory holds. Under the traditional assumptions of hydrodynamic 

lubrication the modified stochastically averaged Reynolds‟ equation for the 

lubricant film pressure (Prajapati (1995)) is found to be  
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where 

                                                       

and 

    (           )(           ) 

 is permeability of the free space, is the magnetic permeability,  is the 

viscosity of the fluid,   is permeability of porous facing,  is the semi vertical 

angle of cone and H0 is the thickness of porous facing.  

The following dimensionless terms are introduced: 
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and 
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Solution of equation (4.1) by making use of boundary conditions 
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determines the pressure distribution as 
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Then, the load carrying capacity given by 
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is expressed in dimensionless form as 
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4.3 RESULTS AND DISCUSSIONS: 

Equation (4.5) makes it clear that the increase in load carrying capacity 

due to the magnetization comes out to be  

          

 
8

(   )

  (   )
 

 

 
     

   

    
     

 

  (   )
 

   

 (   )(   ) 
9 

in comparison with the conventional lubricant based bearing system.  

The variation of load carrying capacity with respect to the magnetization 

parameter is presented in Figures: 4.1-4.5. It is seen that the load carrying 

capacity increases sharply with increasing magnetization.  

 

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

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

     

 1.20353876 1.17987562 1.11415823 1.01951562 0.91115753 

 1.20363285 1.17996971 1.11425232 1.01960971 0.91125162 

 1.20447968 1.18081654 1.11509915 1.02045654 0.91209845 

 1.21294798 1.18928484 1.12356745 1.02892484 0.92056675 

 1.29763097 1.27396783 1.20825044 1.11360783 1.00524974 

0.91

0.96

1.01

1.06

1.11

1.16

1.21

1.26

0.00 0.05 0.10

L
O

A
D

 

* 

    



Combined effect of magnetism and roughness 

44 



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

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

     

 1.55395007 1.17987562 0.92174364 0.73631335 0.59889773 

 1.55404770 1.17996971 0.92183420 0.73640037 0.59898122 

 1.55492635 1.18081654 0.92264921 0.73718356 0.59973259 

 1.56371285 1.18928484 0.93079931 0.74501546 0.60724629 

     





Figure: 4.3 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 

      

 1.47387434 1.17987562 0.98366135 0.84340279 0.73815110 

 1.47396844 1.17996971 0.98375544 0.84349688 0.73824519 

 1.47481527 1.18081654 0.98460227 0.84434371 0.73909202 

 1.48328356 1.18928484 0.99307057 0.85281201 0.74756032 

 1.56796656 1.27396783 1.07775356 0.93749500 0.83224331 





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

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

      

 1.23920064 1.23300102 1.17987562 0.82459048 0.20557158 

 1.23929473 1.23309511 1.17996971 0.82468457 0.20566568 

 1.24014156 1.23394194 1.18081654 0.82553140 0.20651251 

 1.24860986 1.24241024 1.18928484 0.83399970 0.21498081 

 1.33329285 1.32709323 1.27396783 0.91868269 0.29966380 
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Figure: 4.5 Variation of load carrying capacity with respect to * and k

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

  k  k  k  k  k 

 0.71499752 1.17987562 1.49916515 1.72782387 1.89709430 

 0.71508673 1.17996971 1.49926280 1.72792421 1.89719672 

 0.71588965 1.18081654 1.50014165 1.72882724 1.89811854 

 0.72391888 1.18928484 1.50893015 1.73785762 1.90733673 

 0.80421118 1.27396783 1.59681517 1.82816134 1.99951856 

The effect of standard deviation on the distribution of load carrying capacity is 

shown in Figures: 4.6-4.8. These figures indicate that the standard deviation has 

an adverse effect on the bearing performance as the load carrying capacity is 

considerably reduced. 

0.71

0.91

1.11

1.31

1.51

1.71

1.91

0.00 0.05 0.10

L
O

A
D

 



k = 1.25 k = 1.50 k = 1.75 k = 2.00 k = 2.25

0.50

0.70

0.90

1.10

1.30

1.50

0.00 0.05 0.10

L
O

A
D

 

  

    



Results and Discussion 

47 

Figure: 4.6 Variation of load carrying capacity with respect to  and 

Table: 4.6 Variation of load carrying capacity with respect to  and 

     

 1.59301502 1.20447968 0.93814035 0.74774215 0.60716505 

 1.55492635 1.18081654 0.92264921 0.73718356 0.59973259 

 1.45086307 1.11509915 0.87910317 0.70722612 0.57848971 

 1.30528692 1.02045654 0.81500238 0.66237013 0.54624681 

 1.14453939 0.91209845 0.73952453 0.60836128 0.50671545 



Figure: 4.7 Variation of load carrying capacity with respect to  and 

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

     

 1.26627047 1.25980733 1.20447968 0.83701985 0.20721914 

 1.24014156 1.23394194 1.18081654 0.82553140 0.20651251 

 1.16785184 1.16235283 1.11509915 0.79288538 0.20442137 

 1.06445074 1.05988119 1.02045654 0.74386410 0.20102910 

 0.94707744 0.94345915 0.91209845 0.68461685 0.19646561 
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Figure: 4.8 Variation of load carrying capacity with respect to  and 

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

     

 1.91139887 1.20447968 0.83030282 0.61298211 0.47856096 

 1.86279645 1.18081654 0.81698634 0.60462950 0.47284406 

 1.73077521 1.11509915 0.77948454 0.58088548 0.45648573 

 1.54795057 1.02045654 0.72409560 0.54520656 0.43160357 

 1.34855459 0.91209845 0.65859111 0.50204497 0.40100907 

           The effect of variance depicted in Figures: 4.9-4.11 indicates that the 

variance (+ve) causes reduced load while the load carrying capacity increases 

sharply owing to variance(- ve ).  



Figure: 4.9 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 

      

 2.10864330 1.55492635 1.23161769 1.01967193 0.87000456 

 1.47481527 1.18081654 0.98460227 0.84434371 0.73909202 

 1.09280259 0.92264921 0.79837699 0.70363317 0.62901093 

 0.84187465 0.73718356 0.65567165 0.59040818 0.53697509 

 0.66720339 0.59973259 0.54466861 0.49887747 0.46019875 





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

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

     

 1.65949909 1.64841271 1.55492635 0.99235372 0.21554738 

 1.24014156 1.23394194 1.18081654 0.82553140 0.20651251 

 0.95846168 0.95475569 0.92264921 0.69052431 0.19691332 

 0.75985913 0.75752891 0.73718356 0.58115436 0.18691478 

 0.61464848 0.61312354 0.59973259 0.49225699 0.17668461 
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Figure: 4.11 Variation of load carrying capacity with respect to  and k. 

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

k k  k  k  k  k 

 0.94261187 1.55492635 1.97548082 2.27666166 2.49961942 

 0.71588965 1.18081654 1.50014165 1.72882724 1.89811854 

 0.55942787 0.92264921 1.17212047 1.35078035 1.48303883 

 0.44702288 0.73718356 0.93647501 1.07919868 1.18485447 

 0.36371449 0.59973259 0.76183760 0.87793026 0.96387177 

 The fact that the skewness goes along the path of variance so far as the 

trends of load carrying capacity are concerned is manifest in Figures: 4.12-4.13. 



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

     

 1.56856324 1.55865517 1.47481527 0.95910726 0.21391430 

 1.24014156 1.23394194 1.18081654 0.82553140 0.20651251 

 1.02549445 1.02125287 0.98460227 0.72464185 0.19960792 

 0.87422865 0.87114519 0.84434371 0.64574888 0.19315208 

 0.76188267 0.75954047 0.73909202 0.58236588 0.18710260 



 

Figure: 4.13 Variation of load carrying capacity with respect to  and k. 

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

k k  k  k  k  k 

 0.89405111 1.47481527 1.87370021 2.15936246 2.37083218 

 0.71588965 1.18081654 1.50014165 1.72882724 1.89811854 

 0.59698499 0.98460227 1.25082927 1.44148874 1.58263022 

 0.51198914 0.84434371 1.07261493 1.23609243 1.35711177 

 0.44820726 0.73909202 0.93888079 1.08196061 1.18788006 



 s usual porosity brings down the load carrying capacity. This can be 

seen from Figure:-14.
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Figure: 4.14 Variation of load carrying capacity with respect to  and 

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

     

 2.00006875 1.24014156 0.84735368 0.62226826 0.48418527 

 1.98543726 1.23394194 0.84421562 0.62045814 0.48302669 

 1.86279645 1.18081654 0.81698634 0.60462950 0.47284406 

 1.15167532 0.82553140 0.61779715 0.48177000 0.39054444 

 0.23978184 0.20651251 0.18016928 0.15929330 0.14284338 





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

k     

k = 1.25 1.12920106 0.71588965 0.49538373 0.36667601 0.28679878 

k = 1.50 1.86279645 1.18081654 0.81698634 0.60462950 0.47284406 

k = 1.75 2.36664975 1.50014165 1.03787273 0.76806354 0.60062619 

k = 2.00 2.72748505 1.72882724 1.19606149 0.88510782 0.69213835 

k = 2.25 2.99460360 1.89811854 1.31316565 0.97175368 0.75988337 



The graphical representations suggest that the combined positive effect of 

negatively skewed roughness and variance (- ve) can be channelized to improve 

the bearing performance. The magnetic fluid may aid to this positive effect in 

overcoming the adverse effect of porosity and standard deviation. However, here 

the semi vertical angle of the cone may play a crucial role. Equally important 

becomes the role of the aspect ratio (Figure-4.15), for augmenting the bearing 

performance. 

4.4 CONCLUSIONS: 

This investigation reveals that the roughness aspect must be duly 

addressed while designing this type of bearing system, even if suitable magnetic 

strength is in place. Also, it can be seen that judiciously choosing the boundary 

conditions, the performance of the bearing system can be improved by picking up 

suitable magnetic strength in spite of the fact that the roughness has an adverse 

effect in general. 
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Chapter 5. SQUEEZE FILM PERFORMANCE BETWEEN A 

RECTANGULAR PLATE AND A ROUGH POROUS 

SURFACE 

 This investigation aims to analyze a squeeze film performance in between 

a rectangular plate and a rough porous surface. The roughness has been 

characterized by the stochastic model of Christensen and Tonder. Two different 

forms of the probability distribution functions have been discussed. The 

associated stochastically averaged Reynolds‟ type equation has been solved to get 

the pressure distribution; afterword the load carrying capacity is calculated.  The 

results in graphical form conform that although the porosity effect remains 

negligible up to certain extent, the effect of transverse surface roughness remains 

adverse but the situation is a little better in the case of negatively skewed 

roughness. 

5.1 INTRODUCTION: 

 Wu (1972) analyzed the squeeze film performance when one of the 

surfaces was porous faced for mainly, two types of geometries namely, annular 

and rectangular. Prakash and Vij (1973) observed the behaviour of squeeze film 

taking several geometries of the bearing surfaces. Here also, rectangular 

geometry was considered. 

 By now it is a well-known fact that the transverse roughness of the 

bearing surfaces affects the bearing performance adversely. This makes 

inevitable to analyze the effect of transverse roughness on the squeeze film 

behaviour, which is essential from bearing life period point of view. 

 The effect of surface roughness was discussed by several investigators 

(Tonder (1972), Tzeng and Saibel (1967), Christensen and Tonder (1969a, 

1969b, 1970)). The model developed by Christensen and Tonder (1969a, 1969b, 

1970) played a key role in investigating the effect of surface roughness. (Prajapati 

(1991, 1995), Andharia et. al. (1999), Siddangouda et. al. (2017)). Deheri et. al. 

(2011) found that the negatively skewed roughness provided a better chance to 
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improve the bearing performance. Patel et. al.(2018) discussed the effect of 

surface roughness with ferrofluid lubrication on the truncated conical plates with 

variable boundary conditions. A comparative study of different roughness 

structures had been discussed by Acharya et. al.(2018), which confirms that the 

trigonometric form is more favorable then the algebraic structure. Majumdar 

(2008) studied the performance of thickness ratio on rectangular plates on a plane 

surface. It was observed that the thickness ratio had a profound impact on the 

bearing performance. The hydromagnetic squeeze film between porous 

rectangular plates was studied by Syeda et.al. (2014). Kudenatti et al. (2013) 

analyzed the effects of surface roughness and couple-stress fluid between two 

rectangular plates using the MHD Reynolds‟ equation for Squeeze-Film 

lubrication. 

 Kudenatti et. al. (2012) studied the characteristic features of squeeze film 

lubrication between two rectangular plates, upper plate having rough, in the 

presence of a uniform transverse magnetic field. The associated Reynolds‟ 

equation was solved by the help of a multi grid method. The load carrying 

capacity and squeeze film time were found to increase for small values of couple 

stress parameter. Further, the increased roughness parameter caused increased 

load carrying capacity.  

 In all the above studies the roughness influences the bearing performance 

significantly. Therefore, it was thought appropriate to examine the effect of 

transverse roughness on the squeeze film performance between a rectangular 

plate and a rough porous surface considering two different forms of the 

roughness patterns.
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5.2 ANALYSIS: 

The configuration of the bearing system is presented below. 

 

Figure- 5A Configuration of the bearing 

 The lower surface is fixed having porous face. The upper rectangular 

plate moves towards the lower surface along the normal with a velocity ̇  
  

  
. 

The clearance space between the plates and the porous surface is filled by a 

lubricant. 

The transverse surface roughness of the lower surface is characterized by 

a random variable with non-zero mean, variance and skewness. The transverse 

surface roughness of the bearing surface is characterized by a random variable 

with non-zero mean, variance and skewness. Following the discussions of 

Christensen and Tonder (1969a, 1969b, 1970), the film thickness h(x) is 

considered as 

  ( )   ̅( )    ( ) 

where  ̅( )is the mean film thickness and   ( ) is the deviation from the mean 

film thickness characterizing the random roughness of the bearing surfaces.   ( ) 

is described by a probability density function  (  ),defined by  
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(     

 )           

                          
  

C is being 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  , are defined by the relationships 

    (  ) 

     ,(    ) - 

and 

    ,(    ) - 

where E denotes the expected value defined by 

  ( )  ∫      (  )    
 

   

The details regarding the roughness and characterization can be seen from 

Christensen and Tonder (1969a, 1969b, 1970). 

In the light of the discussion of Christensen and Tonder (1969a, 1969b, 

1970) the modified Reynolds‟ equation associated with this system turns out to 

be 

   

   
 

   

   
  

    ̇

  ( )
  for            (5.1) 

Where  

  ( )                                   (5.2) 

Besides the second roughness pattern and discussion from Prajapati (1995) lands 

us in 

   ( )                                   (5.3) 

Assume that the solution of equation (5.1) can be assumed as  

 (   )  .∑      
   

 

 
          /  ( )   (5.4) 

Where )(zZ is  unknown function of z only and nC  is a constant. 

The solution of this equation (5.1) in view of the boundary conditions
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derives the pressure distribution as  
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The squeeze load capacity W is computed as  

    ∫ ∫  (   )    
 

 

 

 
        

 = ∫ ∫ 8 
    ̇  

     ( )
 
(  )

   
 

  
∑

(  )
   
 

  
4
    

   

 

    
   

  

   5    
   

 

 
          9    

 

 

 

 
   

                  
     ̇  

     ( )
 ∑ .

 

    
 

 

    
    

   

  
/ 

             (5.6) 

The dimensionless form of W is 

  ̅  
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           for        (5.7) 

where 

                                     (5.8) 

and 

                                    (5.9) 

5.3 RESULTS AND DISCUSSIONS: 

 Equation (5.7) represents the expression of load carrying capacity. In the 

absence of roughness this study reduces to the investigation of Majumdar (2008). 

 To analyze the effect of various roughness parameters, porosity and 

aspect ratio the following graphical representation are presented.
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Figure: 5.1  Variation of load carrying capacity with respect to  and  

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



 
    

 0.02225587 0.01876894 0.01598628 0.01373567 0.01189389 

 0.02204056 0.01860714 0.01586261 0.01363974 0.01181849 

 0.02141895 0.01813806 0.01550283 0.01335980 0.01159789 

 0.02045734 0.01740668 0.01493813 0.01291794 0.01124798 

 0.01924756 0.01647655 0.01421331 0.01234626 0.01079214 
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 0.01944223 0.01768949 0.01598628 0.01437775 0.01289087 

 0.01922351 0.01749828 0.01582181 0.01423799 0.01277309 

 0.01859589 0.01694868 0.01534811 0.01383453 0.01243234 

 0.01763624 0.01610557 0.01461864 0.01321061 0.01190310 

 0.01644792 0.01505696 0.01370660 0.01242606 0.01123360 

 

 

Figure: 5.2 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 

      

 0.01998870 0.01876894 0.01768949 0.01672746 0.01586466 

 0.01980529 0.01860714 0.01754570 0.01659882 0.01574890 

 0.01927470 0.01813806 0.01712800 0.01622451 0.01541155 

 0.01845087 0.01740668 0.01647435 0.01563681 0.01488031 

 0.01740915 0.01647655 0.01563880 0.01488211 0.01419527 



      

 0.01876894 0.01768949 0.01672746 0.01586466 0.01508650 

 0.01855383 0.01749828 0.01655638 0.01571069 0.01494720 

 0.01793708 0.01694868 0.01606351 0.01526622 0.01454432 

 0.01699550 0.01610557 0.01530420 0.01457879 0.01391904 

 0.01583199 0.01505696 0.01435427 0.01371424 0.01312885 
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Figure: 5.3 Variation of load carrying capacity with respect to  and  

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

     

 0.01904791 0.01901964 0.01876894 0.01658316 0.00766115 

 0.01888128 0.01885350 0.01860714 0.01645672 0.00763406 

 0.01839845 0.01837207 0.01813806 0.01608872 0.00755390 

 0.01764636 0.01762210 0.01740668 0.01551064 0.00742399 

 0.01669115 0.01666944 0.01647655 0.01476779 0.00724945 



     

 0.01793708 0.01791201 0.01768949 0.01573480 0.00747496 

 0.01774051 0.01771599 0.01749828 0.01558334 0.00744061 

 0.01717582 0.01715284 0.01694868 0.01514594 0.00733940 

 0.01631054 0.01628981 0.01610557 0.01446906 0.00717672 

 0.01523597 0.01521787 0.01505696 0.01361709 0.00696070 

0.01

0.01

0.01

0.01

0.01

0.02

0.02

0.00 0.05 0.10 0.15 0.20

L
O

A
D

 



    



Squeeze film performance between rectangular plate and rough porous surface   

64 

 

 
Figure: 5.4 Variation of load carrying capacity with respect to  and L/B 

Table: 5.4 Variation of load carrying capacity with respect to  and L/B 

L/B L/B=20 L/B=40 L/B=60 L/B=80 L/B=100 

 0.14994384 0.01901964 0.00559084 0.00208949 0.00049502 

 0.14863217 0.01885350 0.00554265 0.00207356 0.00049327 

 0.14483135 0.01837207 0.00540292 0.00202719 0.00048809 

 0.13891096 0.01762210 0.00518506 0.00195435 0.00047970 

 0.13139157 0.01666944 0.00490799 0.00186075 0.00046842 
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L/B L/B=20 L/B=40 L/B=60 L/B=80 L/B=100 

 0.14119948 0.01791201 0.00526930 0.00198259 0.00048299 

 0.13965209 0.01771599 0.00521234 0.00196351 0.00048077 

 0.13520693 0.01715284 0.00504863 0.00190840 0.00047423 

 0.12839550 0.01628981 0.00479748 0.00182311 0.00046372 

 0.11993650 0.01521787 0.00448513 0.00171576 0.00044976 

  The fact that standard deviation brings down the load bearing 

capacity can be seen from Figures (5.1) – (5.4) for the both forms of roughness. 

 

 

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

 -0.1 -0.05 0 0.05 0.1 

 0.02302216 0.02141895 0.02002448 0.01880049 0.01771752 

 0.01927470 0.01813806 0.01712800 0.01622451 0.01541155 

 0.01632569 0.01550283 0.01475893 0.01408315 0.01346655 

 0.01396645 0.01335980 0.01280367 0.01229198 0.01181962 

 0.01205235 0.01159789 0.01117646 0.01078458 0.01041924 



  -0.1 -0.05 0 0.05 0.1 

 0.01979254 0.01859589 0.01753569 0.01658986 0.01574084 

 0.01793708 0.01694868 0.01606351 0.01526622 0.01454432 

 0.01615421 0.01534811 0.01461864 0.01395536 0.01334966 

 0.01448610 0.01383453 0.01323904 0.01269271 0.01218968 

 0.01295603 0.01243234 0.01194934 0.01150247 0.01108782 
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 Figure: 5.6 Variation of load carrying capacity with respect to  and  

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

 0 0.0001 0.001 0.01 0.1 

 0.02178301 0.02174605 0.02141895 0.01861841 0.00806863 

 0.01839845 0.01837207 0.01813806 0.01608872 0.00755390 

 0.01569266 0.01567347 0.01550283 0.01398073 0.00705450 

 0.01350054 0.01348633 0.01335980 0.01221388 0.00657460 

 0.01170381 0.01169313 0.01159789 0.01072441 0.00611726 

 

 0 0.0001 0.001 0.01 0.1 

 0.01886970 0.01884196 0.01859589 0.01644792 0.00763216 

 0.01717582 0.01715284 0.01694868 0.01514594 0.00733940 

 0.01553415 0.01551534 0.01534811 0.01385478 0.00702228 

 0.01398550 0.01397025 0.01383453 0.01260945 0.00668753 

 0.01255413 0.01254184 0.01243234 0.01143406 0.00634177 
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Figure: 5.7 Variation of load carrying capacity with respect to  and L/B. 

Table: 5.7 Variation of load carrying capacity with respect to  and L/B. 

L/B 20 40 60 80 100 

 0.16860850 0.02141895 0.00638022 0.00269880 0.00138398 

 0.14278155 0.01813806 0.00540292 0.00228540 0.00117199 

 0.12203720 0.01550283 0.00461794 0.00195336 0.00100171 

 0.10516747 0.01335980 0.00397958 0.00168334 0.00086324 

 0.09129782 0.01159789 0.00345475 0.00146134 0.00074939 
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* - L/B 20 40 60 80 100 

 0.14638562 0.01859589 0.00553930 0.00234309 0.00120157 

 0.13341882 0.01694868 0.00504863 0.00213554 0.00109513 

 0.12081927 0.01534811 0.00457185 0.00193387 0.00099171 

 0.10890445 0.01383453 0.00412099 0.00174316 0.00089391 

 0.09786654 0.01243234 0.00370331 0.00156648 0.00080331 

 The performance remains relatively better while the negatively skewed 

roughness occurs, which can be seen from Figures (5.5) to (5.7). 

 The trends of load with respect to variance are almost identical with that 

of skweness. Therefore, the bearing tends to register a better performance with 

the involvement of negatively skewed roughness (Figures (5.8)-(5.9)). This 

performance further moves up with the advent of variance (-ve). 
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Figure: 5.8 Variation of load carrying capacity with respect to  and  

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

 0 0.0001 0.001 0.01 0.1 

 0.01956902 0.01953918 0.01927470 0.01697674 0.00774409 

 0.01839845 0.01837207 0.01813806 0.01608872 0.00755390 

 0.01736002 0.01733653 0.01712800 0.01528898 0.00737283 

 0.01643254 0.01641150 0.01622451 0.01456499 0.00720024 

 0.01559914 0.01558018 0.01541155 0.01390646 0.00703554 

 

 0 0.0001 0.001 0.01 0.1 

 0.01819169 0.01816591 0.01793708 0.01593039 0.00751882 

 0.01717582 0.01715284 0.01694868 0.01514594 0.00733940 

 0.01626741 0.01624679 0.01606351 0.01443511 0.00716835 

 0.01545026 0.01543166 0.01526622 0.01378801 0.00700509 

 0.01471128 0.01469441 0.01454432 0.01319644 0.00684910 

0.01

0.01

0.01

0.01

0.01

0.02

0.02

-0.10 -0.05 0.00 0.05 0.10

L
O

A
D

 



    



 Results and discussion 

71 

 

 

Figure: 5.9 Variation of load carrying capacity with respect to  and L/B. 

Table: 5.9 Variation of load carrying capacity with respect to  and L/B. 

L/B 20 40 60 80 100 

 0.15172916 0.01927470 0.00574150 0.00242862 0.00124543 

 0.14278155 0.01813806 0.00540292 0.00228540 0.00117199 

 0.13483047 0.01712800 0.00510204 0.00215814 0.00110672 

 0.12771822 0.01622451 0.00483291 0.00204430 0.00104834 

 0.12131871 0.01541155 0.00459075 0.00194186 0.00099581 
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L/B 20 40 60 80 100 

 0.14119948 0.01793708 0.00534305 0.00226008 0.00115900 

 0.13341882 0.01694868 0.00504863 0.00213554 0.00109513 

 0.12645087 0.01606351 0.00478496 0.00202401 0.00103794 

 0.12017462 0.01526622 0.00454746 0.00192355 0.00098642 

 0.11449193 0.01454432 0.00433242 0.00183259 0.00093978 

 

 

Figure: 5.10 Variation of load carrying capacity with respect to and L/B.
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Table: 5.10 Variation of load carrying capacity with respect to and L/B. 

L/B 20 40 60 80 100 

 0.14483135 0.01839845 0.00548048 0.00231821 0.00118881 

 0.14462372 0.01837207 0.00547263 0.00231489 0.00118711 

 0.14278155 0.01813806 0.00540292 0.00228540 0.00117199 

 0.12664931 0.01608872 0.00479247 0.00202719 0.00103957 

 0.05946382 0.00755390 0.00225014 0.00095180 0.00048809 

 

L/B 20 40 60 80 100 

 0.14119948 0.01793708 0.00534305 0.00226008 0.00115900 

 0.13341882 0.01694868 0.00504863 0.00213554 0.00109513 

 0.12645087 0.01606351 0.00478496 0.00202401 0.00103794 

 0.12017462 0.01526622 0.00454746 0.00192355 0.00098642 

 0.11449193 0.01454432 0.00433242 0.00183259 0.00093978 

 Further from Figure (5.10) it is appealing to note that the porosity effect 

remains almost nominal up to the porosity value 0.001. However, the graphical 

comparison indicates that the first characterization remains favourable respect to 

second. 

5.4 CONCLUSION: 

 It is observed that the porosity effect remains negligible up to the value 

0.001 approximately. However, Porosity decreases load taking capacity sharply 

for greater values. Out of three roughness parameters skewness affects the most, 

as it helps the bearing to support the load in case of negative skewness. Side by 

side, the influence of variance is equally important, which increase in the case of 

variance (-ve). Further, the second form of roughness may be given due 

consideration according to the geometry of the bearing system. 



 

74 



Introduction 

75 

Chapter 6. STUDY OF SQUEEZE FILM IN A FERROFLUID 

LUBRICATED LONGITUDINALLY ROUGH ROTATING 

PLATES 

 This investigation discusses the performance of a squeeze film in 

longitudinally rough rotating circular plates in the presence of ferrofluid 

lubrication. The ferrofluid model of Neuringer – Rosensweig has been used. The 

roughness characterization has been adopted, taking the stochastic averaging 

model of Christensen - Tonder. The distribution of pressure is obtained solving 

the concerned Reynolds‟ type equation. This provides load taking capacity. The 

computed results are presented in graphical form, which establishes that the 

roughness (longitudinal) remains more favorable as compared to the transverse 

surface roughness. Undoubtedly, ferrofluid lubrication enhances the bearing 

performance but it alone may not be sufficient to overcome the adverse effect of 

roughness and rotation. 

6.1 INTRODUCTION: 

 Wu (1971) laid down the criterion for neglecting the effect of inertia. A 

similar method was adopted by Ting (1972) simplifying the investigation of Wu 

(1971). Of course, only the lower disk‟s rotation was only considered here. Vora-

Bhat (1980) modified the above approach to consider a squeeze film performance 

where the curved porous upper plate and lower plate is an impermeable flat plate.  

 The adverse effect of roughness has been a matter of discussions in many 

investigations, wherein, a magnetic fluid has been used to overcome the negative 

effect induced by roughness. (Ting (1975), Prakash-Tiwari (1983), Verma 

(1986), Bhat-Deheri (1991), Bhat-Deheri (1993), Prajapati (1992), Gupta-Deheri 

(1996), Andharia et. al. (1997), Deheri et. al. (2007) discussed behaviour of 

squeeze film between porous circular plates with porous matrix of variable 

thickness, Lin et. al. (2013) analyzed the effect of non- Newtonian couple stresses 

on circular disks with ferrofluid lubrication. Effect of longitudinal roughness on 

ferrofluid lubricated journal bearing was studied by Lin (2016). In most of the 
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investigations it was found that the bearing was supporting certain amount of 

load even when the flow was absent and this load was more when longitudinal 

roughness was in place. Recently, ferrofluid based rotatory bearing has been 

treated in Ellahi et. al. (2017).  Here homotopy analysis was adopted. 

 An outcomes of roughness (longitudinal) was discussed by Andharia-

Deheri (2010) on the conical plates having squeeze film lubricated with 

ferrofluid. In this study longitudinal roughness had a significant role in elevating 

the performance of the squeeze film. Andharia-Deheri (2013) studied the 

Magnetic fluid on a squeeze film in longitudinally rough elliptical plates. Shimpi-

Deheri (2016) extended the analysis of Andharia-Deheri (2010) to consider the 

mutual effect of slip and deformation in truncated conical plates. It was observed 

that longitudinal roughness came to help the ferrofluid lubrication to counter the 

deformation effect when slip was moderate. 

 The effect of rotation of circular plates transversely rough and porous on 

the squeeze film having magnetic fluid lubrication was investigated by Patel et. 

al. (2009). Therefore, it is appropriate to evaluate impact of longitudinal 

roughness pattern in the bearing configuration of the above article.   

6.2 ANALYSIS: 

 

Figure- 6A Configuration of the bearing 

 

The geometry and configuration of the bearing system given above has 

two circular plates having radius „a‟. The upper plate is moving in the direction of 
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lower plate with squeeze velocity  ̇(=dh/dt). The angular velocity of the upper 

plate is u and l is angular velocity of lower plate. 

The longitudinal roughness of the bearing system is described by a 

stochastic variable. Invoking Christensen-Tonder‟s (1969a, 1969b, 1970) 

analysis, the film thickness is taken. 

 Flow of the ferrofluid is axially symmetric which lies in between the 

plates having an oblique magnetic field H = (H(r)cos, 0, H(r)sin) is taken in 

to consideration (Bhat (2003)). The magnitude of the magnetic field is very small 

at the center and at boundary. Using the standard assumptions of hydromagnetic 

lubrication (Andharia - Deheri (2010), Shimpi-Deheri (2016)) and stochastic 

averaging model of longitudinal roughness by Christensen - Tonder‟s (1969a, 

1969b, 1970) the associated Reynolds‟ type equation for the present bearing 

system comes out to be 
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Magnetic field‟s inclination angle is governed by the Partial Differential Equation 

(Bhat-Deheri (1993) 
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In view of the Reynolds‟ boundary condition  

 p = 0 at r = 0 and p=0 at r = a (6.3) 

the dimensionless pressure distribution gets determined by 

 
 

 

 

  
2  

 

  
,        (   )-3      ( )  

 

 
(   

       ) (6.4)



Ferrofluid lubricated longitudinally rough rotating plates 

78 

where 
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 Using equation (6.3) (boundary conditions) solved the equation (6.4) we 

get the pressure in the bearing system in the form of  
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In the dimensionless form, the LBC w is given by 
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       ) (6.6) 

6.3 RESULTS AND DISCUSSION: 

 Equation (6.6) indicates that the load carrying capacity gets increased by 

*/24 as compared to traditional lubricant based such system. The linearity of 

expression (6.6) with respect to * says that an increase in magnetization would 

give increased load taking capacity is depicted in Figures (6.1) to (6.5). 

 

Figure: 6.1 Variation of load with respect to * and *
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Table: 6.1 Variation of load with respect to * and * 

 0 0.05 0.1 0.15 0.2 

 1.28093751 1.29500001 1.33718751 1.40750001 1.5059375 

 1.28927084 1.30333334 1.34552084 1.41583334 1.5142708 

 1.29760417 1.31166667 1.35385417 1.42416667 1.5226041 

 1.30593751 1.32000001 1.36218751 1.43250001 1.5309375 

 1.31427084 1.32833334 1.37052084 1.44083334 1.5392708 

 

Figure: 6.2 Profile of load with regards to * and * 

Table: 6.2 Profile of load with regards to * and * 

 -0.1 -0.05 0 0.05 0.1 

 1.45062501 1.29500001 1.16750001 1.06250001 0.9743750 

 1.45895834 1.30333334 1.17583334 1.07083334 0.9827083 

 1.46729167 1.31166667 1.18416667 1.07916667 0.9910416 

 1.47562501 1.32000001 1.19250001 1.08750001 0.9993750 

 1.48395834 1.32833334 1.20083334 1.09583334 1.0077083 
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Figure: 6.3 Distribution of load for * and * 

Table: 6.3 Distribution of load for * and * 

 -0.05 -0.025 0 0.025 0.05 

 1.29500001 1.10750001 0.92000001 0.73250001 0.5450000 

 1.30333334 1.11583334 0.92833334 0.74083334 0.5533333 

 1.31166667 1.12416667 0.93666667 0.74916667 0.5616666 

 1.32000001 1.13250001 0.94500001 0.75750001 0.5700000 

 1.32833334 1.14083334 0.95333334 0.76583334 0.5783333 

 

Figure: 6.4 Profile of load with regards to * and S
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Table: 6.4 Profile of load with regards to * and S 

S S =-3 S =-1.5 S =0 S =1.5 S =3 

 1.32625001 1.29500001 1.26375000 1.23249999 1.2012499 

 1.33458335 1.30333334 1.27208333 1.24083333 1.2095833 

 1.34291668 1.31166667 1.28041667 1.24916666 1.2179166 

 1.35125001 1.32000001 1.28875000 1.25749999 1.2262499 

 1.35958335 1.32833334 1.29708333 1.26583333 1.2345833 

 

Figure: 6.5 Distribution of load for * and  f 

Table: 6.5 Distribution of load for * and  f 

 f f =-2 f =-1 f =0 f =1 f =2 

 1.39500000 1.30125000 1.32000000 1.45125000 1.6950000 

 1.40333333 1.30958333 1.32833333 1.45958333 1.7033333 

 1.41166667 1.31791667 1.33666667 1.46791667 1.7116666 

 1.42000000 1.32625000 1.34500000 1.47625000 1.7200000 

 1.42833333 1.33458333 1.35333333 1.48458333 1.7283333 

 For smooth bearing surfaces this study is a study of circular plates in the 

absence of the rotation in magnetic fluid based squeeze film. While assuming * 

has value zero one gets the investigation of Prakash and Vij (1973). 

 For longitudinal roughness the standard deviation increases the load 

distribution, which is entirely opposite to the nature of transverse roughness. This 

is exhibited in Figures (6.6) to (6.9). 
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Figure: 6.6 Profile of load with regards to * and * 

Table: 6.6 Profile of load with regards to * and * 

  -0.1 -0.05 0 0.05 0.1 

0 1.44208334 1.28927084 1.16458334 1.06239584 0.97708334 

=0.05 1.45895834 1.30333334 1.17583334 1.07083334 0.98270834 

=0.1 1.50958334 1.34552084 1.20958334 1.09614584 0.99958334 

=0.15 1.59395834 1.41583334 1.26583334 1.13833334 1.02770834 

=0.2 1.71208334 1.51427084 1.34458334 1.19739584 1.06708334 

 

Figure: 6.7 Distribution of load for * and *

0.97

1.07

1.17

1.27

1.37

1.47

1.57

1.67

0.00 0.05 0.10 0.15 0.20

L
O

A
D

 

  

    

0.53
0.63
0.73
0.83
0.93
1.03
1.13
1.23
1.33
1.43

0.00 0.05 0.10 0.15 0.20

L
O

A
D

 

  

    



Results and Discussion 

83 

Table: 6.7 Distribution of load for * and * 

  -0.05 -0.025 0 0.025 0.05 

0 1.28927084 1.10177084 0.91427084 0.72677084 0.53927084 

=0.05 1.30333334 1.11583334 0.92833334 0.74083334 0.55333334 

=0.1 1.34552084 1.15802084 0.97052084 0.78302084 0.59552084 

=0.15 1.41583334 1.22833334 1.04083334 0.85333334 0.66583334 

=0.2 1.51427084 1.32677084 1.13927084 0.95177084 0.76427084 

 

Figure: 6.8 Distribution of load for * and S 

Table: 6.8 Distribution of load for * and S 

 S S =-3 S =-1.5 S =0 S =1.5 S =3 

0 1.32052085 1.28927084 1.25802083 1.22677083 1.19552082 

=0.05 1.33458335 1.30333334 1.27208333 1.24083333 1.20958332 

=0.1 1.37677085 1.34552084 1.31427083 1.28302083 1.25177082 

=0.15 1.44708335 1.41583334 1.38458333 1.35333333 1.32208332 

=0.2 1.54552085 1.51427084 1.48302083 1.45177083 1.42052082 
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Figure: 6.9 Distribution of load for * and  f 

Table: 6.9 Distribution of load for * and  f 

 f f =-2 f =-1 f =0 f =1 f =2 

0 1.38927083 1.29552083 1.31427083 1.44552083 1.68927083 

=0.05 1.40333333 1.30958333 1.32833333 1.45958333 1.70333333 

=0.1 1.44552083 1.35177083 1.37052083 1.50177083 1.74552083 

=0.15 1.51583333 1.42208333 1.44083333 1.57208333 1.81583333 

=0.2 1.61427083 1.52052083 1.53927083 1.67052083 1.91427083 

 The variance (ve) increased the load capacity, while LBC falls due to 

variance (+ve). (Figures (6.10) to (6.12)).  

 

Figure: 6.10 Distribution of load for * and *

1.29

1.39

1.49

1.59

1.69

1.79

1.89

0.00 0.05 0.10 0.15 0.20

L
O

A
D

 

  

Ωf  =-2 Ωf  =-1 Ωf  =0 Ωf  =1 Ωf  =2 

0.23

0.43

0.63

0.83

1.03

1.23

1.43

-0.10 -0.05 0.00 0.05 0.10

L
O

A
D

 

  

    



Results and Discussion 

85 

Table: 6.10 Distribution of load for * and * 

 -0.05 -0.025 0 0.025 0.05 

 1.45895834 1.27145834 1.08395834 0.89645834 0.70895834 

 1.30333334 1.11583334 0.92833334 0.74083334 0.55333334 

 1.17583334 0.98833334 0.80083334 0.61333334 0.42583334 

 1.07083334 0.88333334 0.69583334 0.50833334 0.32083334 

 0.98270834 0.79520834 0.60770834 0.42020834 0.23270834 

 

Figure: 6.11 Distribution of load for * and S 

Table: 6.11 Distribution of load for * and S 

S S =-3 S =-1.5 S =0 S =1.5 S =3 

 1.49020835 1.45895834 1.42770833 1.39645833 1.36520832 

 1.33458335 1.30333334 1.27208333 1.24083333 1.20958332 

 1.20708335 1.17583334 1.14458333 1.11333333 1.08208332 

 1.10208335 1.07083334 1.03958333 1.00833333 0.97708332 

 1.01395835 0.98270834 0.95145833 0.92020833 0.88895832 
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Figure: 6.12 Distribution of load for * and f 

Table: 6.12 Distribution of load for * and f 

f f =-2 f =-1 f =0 f =1 f =2 

 1.55895833 1.46520833 1.48395833 1.61520833 1.85895833 

 1.40333333 1.30958333 1.32833333 1.45958333 1.70333333 

 1.27583333 1.18208333 1.20083333 1.33208333 1.57583333 

 1.17083333 1.07708333 1.09583333 1.22708333 1.47083333 

 1.08270833 0.98895833 1.00770833 1.13895833 1.38270833 

 The skewness follows the path of variance so far as load distribution is 

concerned which can be seen from the Figures (6.13) and (6.14). 

 

Figure: 6.13 Profile of load with regards to * and S
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Table: 6.13 Profile of load with regards to * and S 

S S =-3 S =-1.5 S =0 S =1.5 S =3 

 1.33458335 1.30333334 1.27208333 1.24083333 1.20958332 

 1.14708335 1.11583334 1.08458333 1.05333333 1.02208332 

 0.95958335 0.92833334 0.89708333 0.86583333 0.83458332 

 0.77208335 0.74083334 0.70958333 0.67833333 0.64708332 

 0.58458335 0.55333334 0.52208333 0.49083333 0.45958332 

 

Figure: 6.14 Distribution of load for * and  f 

Table: 6.14 Distribution of load for * and  f 

f f =-2 f =-1 f =0 f =1 f =2 

 1.40333333 1.30958333 1.32833333 1.45958333 1.70333333 

 1.21583333 1.12208333 1.14083333 1.27208333 1.51583333 

 1.02833333 0.93458333 0.95333333 1.08458333 1.32833333 

 0.84083333 0.74708333 0.76583333 0.89708333 1.14083333 

 0.65333333 0.55958333 0.57833333 0.70958333 0.95333333 

 

The LBC is observed to assume a maximum value when the plates rotates 

in different directions ( 1 < f <  0.5). But the maximum value is attained 

when f is approximately  0.67 (Figure (6.15). Besides, this optimum value 

occurs at f = 0 when lower plate is taken non-rotating.
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Figure: 6.15 Distribution of load for  f and S 

Table: 6.15 Distribution of load for  f and S 

fS S =-3 S =-1.5 S =0 S =1.5 S =3 

Ωf  =-2 1.53458333 1.40333333 1.27208333 1.14083333 1.00958333 

Ωf  =-1 1.34708333 1.30958333 1.27208333 1.23458333 1.19708333 

Ωf  =0 1.38458333 1.32833333 1.27208333 1.21583333 1.15958333 

Ωf  =1 1.64708333 1.45958333 1.27208333 1.08458333 0.89708333 

Ωf  =2 2.13458333 1.70333333 1.27208333 0.84083333 0.40958333 

6.4 CONCLUSION: 

 For this type of bearing system the role of the standard deviation is 

crucial, even if the plates rotate in opposite direction and the magnetic strength is 

in force. It is appealing to note that the trio of *, * (ve) and * (ve) tends to 

enhance the load taking capacity. Therefore, longitudinal roughness remains a 

litter better for adoption in bearing design in comparison with transverse 

roughness. Lastly, the ferrofluid lubrication allows the bearing system to bear 

some quantity of load even if the flow is absent. In traditional lubrication, it is 

rarely seen. 
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Chapter 7. PERFORMANCE OF A HYDROMAGNETIC SQUEEZE 

FILM BETWEEN LONGITUDINALLY ROUGH CONDUCTING 

TRIANGULAR PLATES 

 This study discusses the effect of longitudinal roughness on the 

performance of a hydromagnetic squeeze film in conducting triangular plates. A 

stochastic random variable characterizes the longitudinal roughness of the 

bearing surface. The associated Reynolds‟ equation is recourse to the 

stochastically averaging method of Christensen – Tonder, solving the Reynolds‟ 

equation with Reynolds‟ boundary conditions; the pressure is obtained which 

gives load profile as well. Unlike the transverse roughness case here it is found 

that the load bearing capacity increases due to the standard deviation related with 

roughness. This situation further improves with the involvement of negatively 

skewed roughness and variance (ve). The effect of magnetization and 

conductivity elevate the situation further. 

7.1 INTRODUCTION: 

 Liquid metals (Mercury and Sodium) filled in between two conducting 

plates support heavy load by applying suitable magnetic field. The effect of 

external magnetic field on electromagnetic pressurization and corresponding load 

have been studied and scrutinized. 

 In liquid metal lubrication, Elco and Huges (1962) studied 

magnetohydrodynamic pressure. The behavior of magnetohydrodynamic squeeze 

films was analyzed by Kuzma (1964). The hydromagnetic theory for squeeze 

films in the presence of a transverse magnetic field was investigated by Shukla 

(1965) to perform lubricants between two non - conductive non - porous surfaces. 

Patel - Gupta (1979) used the approximation of Morgan – Cameron and 

simplified the analysis of a number of geometric shapes including parallel plates. 

Although, increasing the conductivity of the plate results in improved 

performance for circular plates (Prajapati (1995)). All the investigations 

mentioned above established that the squeeze film enhanced due to 
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magnetization. Besides, the conductivities of the plates play a key role in 

boosting the performance characteristics.  

 For both type of surface roughness, Christensen -Tonder (1969(a, b) and 

1970) suggested a comprehensive analysis. The effect of surface roughness on 

squeeze film performance has been analyzed in Prajapati (1991, 1992), and 

Andharia et. al. (1999), Patel et. al.(2018). These studies underlined that the 

performance of squeeze film was significantly influenced by transverse surface 

roughness, mostly the influence being adverse. However, the negatively skewed 

roughness remained favorable from design point of view.  

Effect of roughness on the behaviour of squeeze film in a spherical 

bearing was analyzed by Andharia-Deheri (2001). Andharia-Daheri (2010) 

discussed the effect on the ferrofluid - based squeeze film between conical plates 

having longitudinal surface roughness, which was extended by Andharia-Daheri 

(2013) for elliptical plates. Shimpi-Deheri (2016) extended the analysis of 

Andharia-Deheri (2010) to consider the mutual effect of slip and deformation in 

truncated conical plates. It was observed that longitudinal roughness came to help 

the ferrofluid lubrication to counter the deformation effect when slip was 

moderate. The longitudinal roughness pattern has been a little bit sober as 

indicated by Lin (2016) for magnetic fluid lubricated journal bearing. The effect 

of longitudinal surface roughness for hydromegnetic circular step bearing was 

discussed by Adeshara et. al. (2018). All these investigations cleared that the 

effect of deviation () remained crucial from bearing performance point of view. 

In addition as compared to transverse roughness the longitudinal roughness 

proved to be more conducive from industry point of view.  

Roughness effect on conducting porous triangular plates with 

hydromagnetic squeeze film was discussed by Vadher et. al. (2008). The 

transverse surface roughness turned in somewhat negative influence on the 

squeeze film behavior. 

Therefore, this article aims to analyze the effect of longitudinal roughness 

on the structure of Vadher et. al. (2008). 
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7.2 ANALYSIS: 

Figure –7A shows the squeezing film geometry for present study. 

 

 

Figure: 7A Configuration of the bearing system 

The upper plate moves along its normal toward a non-porous fixed lower 

plate. Conducting lubricant is filled in between plates, which are electrically 

conducting. A standardized magnetic field is applied on triangular plates. 

Roughness seems random in character and doesn‟t execute any pattern. 

The complexity of the geometrical structure affected by the randomness and 

multiple roughness scales. The bearings are considered to be longitudinally 

rough. Squeeze film thickness of the lubricant is chosen from Christensen -

Tonder (1969(a, b) and 1970). With usual suppositions of hydromagnetic 

lubrication the improved Reynolds‟ type equation governing the hydromagnetic 

flow for non-porous plates is given by (Prajapati (1995)) 
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here    and     are permeability parameters of lower and upper surfaces.
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 Applying averaging process as discussed in (Christensen -Tonder (1969(a, 

b) and 1970), Vadher et. al. (2008)) Reynolds‟ type equation for squeeze film 

pressure turns out to be 
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  (7.2) 

Using Reynolds‟ type boundary conditions  

p(x, z) = 0 

where in, 

(   )(  √     )(  √     )        (7.3) 

on equation (2) one gets the squeeze film pressure distribution 
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 Use of the following non-dimensional parameters 
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(7.5) 

The load capacity is given by  
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is calculated in non-dimensional form as 
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7.3 RESULTS AND DISCUSSIONS: 

 It is clear that for smooth bearing surfaces this becomes a performance of 

hydromagnetic squeeze film in triangular plates again for smooth bearing 

surfaces the result of Prakash and Vij (1973) are obtained for M  0. In addition, 

the results of Patel and Gupta (1979) are recovered when 0 + 1 = 0. 

 The conductivity effect on load taking capacity is decided by the factor 
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⁄

 

 

 which turns to  

 

(       )
     

 

for higher values of M. Therefore, an increase in 0 + 1would leads to increase 

load bearing capacity. Further, the plate conductivity increases load bearing 

capacity. 

 

Figure: 7.1 Variation of load carrying capacity with respect to M and 
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Table: 7.1 Variation of load carrying capacity with respect to M and 

     

 0.61676898 0.94816804 1.05863439 1.11386757 1.14700747 

 0.74013040 1.48577827 1.73432756 1.85860221 1.93316699 

 0.88294070 2.20853692 2.65040232 2.87133502 3.00389465 

 1.03550451 3.10674860 3.79716330 4.14237065 4.34949506 

 1.19301900 4.17561049 5.16980766 5.66690624 5.96516539 

 

 

Figure: 7.2 Distribution of load for M and  

Table: 7.2 Distribution of load for M and 

     

 1.04480206 1.05863439 1.10013138 1.16929304 1.26611935 

 1.71166649 1.73432756 1.80231078 1.91561616 2.07424368 

 2.61577163 2.65040232 2.75429440 2.92744786 3.16986271 

 3.74754880 3.79716330 3.94600681 4.19407932 4.54138084 

 5.10225791 5.16980766 5.37245691 5.71020567 6.18305393 
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Figure: 7.3 Profile of load bearing capacity with regards to M and * 

Table: 7.3 Profile of load bearing capacity with regards to M and * 

     

 1.21171219 1.05863439 0.93322126 0.82993985 0.74325725 

 1.98511012 1.73432756 1.52886715 1.35966446 1.21765506 

 3.03364865 2.65040232 2.33641738 2.07784154 1.86082254 

 4.34623046 3.79716330 3.34732514 2.97687018 2.66595263 

 5.91735824 5.16980766 4.55735658 4.05298510 3.62967332 

 

Figure: 7.4 Variation of load carrying capacity with respect to M and *
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Table: 7.4 Variation of load carrying capacity with respect to M and * 

     

 1.24306547 1.05863439 0.87420331 0.68977223 0.50534115 

 2.03647522 1.73432756 1.43217990 1.13003224 0.82788458 

 3.11214489 2.65040232 2.18865976 1.72691719 1.26517463 

 4.45869001 3.79716330 3.13563659 2.47410988 1.81258318 

 6.07047101 5.16980766 4.26914430 3.36848095 2.46781759 

 The profile of load presented in figures (7.1) to (7.4) suggests that the 

load bearing capacity sharply increases due to hydromagnetic parameter M.  

 

Figure: 7.5 Profile of load taking capacity with respect to  and  

Table: 7.5 Profile of load taking capacity with respect to  and 

 =0 =0.05 =0.10  =0.20 

 0.73045970 0.74013040 0.76914248 0.81749594 0.8851908 

 1.46636479 1.48577827 1.54401871 1.64108610 1.7769804 

 1.71166649 1.73432756 1.80231078 1.91561616 2.0742436 

 1.83431733 1.85860221 1.93145682 2.05288118 2.2228752 

 1.90790784 1.93316699 2.00894444 2.13524020 2.3120542 
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Figure: 7.6 Distribution of load forand * 

Table: 7.6 Distribution of load forand * 

 =-0.10 =-0.05 =0 =0.05 =0.1 

 0.84715274 0.74013040 0.65244944 0.58024160 0.51963859 

 1.70062077 1.48577827 1.30976273 1.16480875 1.04315095 

 1.98511012 1.73432756 1.52886715 1.35966446 1.21765506 

 2.12735479 1.85860221 1.63841937 1.45709232 1.30490712 

 2.21270159 1.93316699 1.70415069 1.51554904 1.35725836 

 

 

Figure: 7.7 Profile of load bearing capacity with regards to and *
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Table: 7.7 Profile of load bearing capacity with regards to and * 

     

 0.86907297 0.74013040 0.61118782 0.48224524 0.35330266 

 1.74462466 1.48577827 1.22693188 0.96808549 0.70923910 

 2.03647522 1.73432756 1.43217990 1.13003224 0.82788458 

 2.18240050 1.85860221 1.53480391 1.21100562 0.88720732 

 2.26995567 1.93316699 1.59637832 1.25958964 0.92280097 

 The effect of plate conductivities gives in figures (7.5) to (7.7) makes it 

clear that the load carrying capacity enhances with increase in the conductivity. 

Of course, the increase is more in [0, 1].  

 

Figure: 7.8 Profile of load bearing capacity with regards to * and * 

Table: 7.8 Profile of load bearing capacity with regards to * and * 

 =-0.10 =-0.05 =0 =0.05 =0.10 

 2.26006449 2.01381414 1.81288595 1.64821548 1.51073829 

 2.28725778 2.03647522 1.83101481 1.66181212 1.51980272 

 2.36883764 2.10445844 1.88540139 1.70260206 1.54699601 

 2.50480409 2.21776381 1.97604569 1.77058528 1.59231816 

 2.69515711 2.37639133 2.10294770 1.86576179 1.65576917 
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Figure: 7.9 Profile of load carrying capacity with respect to * and * 

Table: 7.9 Profile of load carrying capacity with respect to * and * 

     

 2.01381414 1.71166649 1.40951883 1.10737117 0.80522351 

 2.03647522 1.73432756 1.43217990 1.13003224 0.82788458 

 2.10445844 1.80231078 1.50016312 1.19801547 0.89586781 

 2.21776381 1.91561616 1.61346850 1.31132084 1.00917318 

 2.37639133 2.07424368 1.77209602 1.46994836 1.16780070 

The standard deviation * associated with roughness lifts the load 

carrying capacity is manifest in Figures (7.8) and (7.9).  

For longitudinal roughness the deviation increases the load carrying 

capacity which is completely opposite to the nature of transverse roughness. The 

load bearing capacity gets augmented for skewed (negatively) roughness and 

variance (ve). These trends reverse when positively skewed roughness and 

variance (+ ve) occurs. 

 It is observed that the bearing suffers when the plates are assumed 

electrically non-conducting as compared to the hydromagnetic squeeze film in 

conducting triangular plates. Probably, this happens to fringing phenomena when 

the plates are conducting. 
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7.4 CONCLUSION: 

 From application point of view the longitudinal roughness remains more 

favorable as compared to the transversely rough bearing system. It is appealing to 

note that the effect of standard deviation appears to be more crucial, although the 

initial effect is somewhat less so this physical model emphasizes that the 

roughness can be properly addressed while the bearing system is being designed. 

Here, there is a possibility that the adverse effect of roughness can be completely 

overcome due to the positive effect of hydromagnetization with suitable choice of 

plate conductivities. 
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Chapter 8. NUMERICAL MODELLING OF HYDROMAGNETIC 

SQUEEZE FILM IN CONDUCTING LONGITUDINALLY 

ROUGH ANNULAR PLATES 

This chapter aims to discuss the behavior of hydromagnetic squeeze film 

between longitudinally rough conducting annular plates. In view of the stochastic 

averaged process of Christensen and Tender regarding roughness the associated 

Reynolds‟ type equation is derived by resorting to the usual equation of 

magnetohydrodynamic. The role of standard deviation come with the 

characteristic of roughness turns out to be contrary to that of transverse 

roughness. The negative effect of roughness can be countered suitably by the 

positive effect of hydro magnetization. In addition the load bearing capacity 

considerably increases with a suitable combination of conductivity and aspect 

ratio. A close glance at the results presented here suggests that, if proper designed 

than this type of bearings system may be favorable to the industry.  

8.1 INTRODUCTION: 

 The theoretical study of magnetohydrodynamic pressure in liquid metal 

lubrication was introduced by Elco and Huges(1962). Magnetohydrodynamic 

squeeze film behavior was discussed by Kuzma (1964) and Kuzma et al.(1964). 

Shukla and Prasad (1965) have analyzed the behavior of hydromagnetic squeeze 

films between two conducting non-porous surfaces and studied the effect of the 

conductivities of surfaces on the performance of the bearing system. Patel and 

Hingu(1978) have dealt with magnetohydrodynamic lubrication. The study of 

hydromagnetic squeeze films between annular plates has been analyzed by Sinha 

and Gupta (1974), Patel and Gupta(1979) and Prajapati(1995). 

 In many theoretical studies of squeeze film Hydromagnetic Lubrication, 

deterministic models were considered where one surface was smooth and other 

was rough. In such cases the Reynolds‟ equation was analyzed with the statistical 

averaging technique considering the surface roughness and the equation 
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governing the fluid flow.  After having some run-in and wear, the bearing 

surfaces are known to develop roughness. The effect of surface roughness has 

been analyzed by many investigators (Tzeng and Saibel(1967), Christensen and 

Tonder(1969a, 1969b, 1970), Berthe and Godet(1973)). For transverse as well as 

longitudinal surface roughness, Christensen and Tonder (1969a, 1969b, 1970) 

proposed a comprehensive general analysis. The approach of Christensen and 

Tonder(1969a, 1969b, 1970) was the basis of the analysis to discuss the effect of 

surface roughness in a number of investigations (Tzeng(1975), Guha (1993), 

Gupta and Daheri(1996), Andhariya et al.(1997, 1999), Patel and 

Daheri(2004),Andhariya and Daheri(2010, 2013), Shimpi and Daheri(2016), 

Lin(2016) and Adeshara et. al.(2018)).   

 However, as indicated by Andhariya and Daheri(2010, 2013), Andhariya 

et. al.(1997), Shimpi and Daheri(2013), Lin(2016) and Adeshara et. al.(2018), the 

longitudinal roughness pattern was a bit sober. All these above observations 

make it clear that from the longevity point of view of bearing, the effect of 

standard deviation remainsvery much crucial. 

 Vadher et. al.(2008) considered hydromagnetic squeeze films between 

conducting rough porous annular plates. Therefore, in the present article it has 

been proposed to study the effect of longitudinal rough pattern on the above 

configuration of the bearing system. 
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8.2 ANALYSIS: 

 Figure: 8A indicate the configuration of the bearing system.  

 

 

Figure: 8A Configuration of the bearing system 

 It is assumed that the lower plate is fixed while the upper plate moves 

towards the lower plate along its normal. The annular plates are considered to be 

electrically conductive and a lubricant that conducts electrically fills the 

clearance space between them.  A uniform transverse magnetic field is applied 

between the annular plates. The modified form of Darcy‟s law (Prajapati(1995)) 

is adopted for flow in the porous medium. The film region‟s equations of 

hydromagnetic lubrication theory hold good.  
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 Under usual assumptions of hydromagnetic lubrication, the modified 

Reynolds‟ equation for the lubricant film pressure is (Prajapati(1995)), Patel and 

Daheri(2004), Vadher et. al.(2008)) is obtained in the following form 
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where  
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Solving this equation by making use of boundary conditions 

p(a) = 0; p(b) = 0      (8.2) 

one gets the pressure distribution as   
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The pressure distribution in non-dimensional form is obtained as    
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where 
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Then the load carrying capacity given by 

w =   ∫  ( )     
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is calculated in non-dimensional form as 
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8.3 RESULTS AND DISCUSSION: 

 It is clear from equations (8.3) and (8.4) that the pressure distribution and 

the load bearing capacity depend on various parameters such as: M, 0 + 1, k, *, 

*and *. Further, it is noticed that as M increases W increases for fixed values 

of 0 + 1, k, *, * and *. Besides, the effect of conductivity on the load 

distribution W comes through the factor  

      :    
.
 
 
/

 
 

;

       
 

For large values of M, this tends to  

     

       
 

as             
 

 
    . It may be observed from the mathematical analysis also 

that as 0 + 1 increases the pressure, load carrying capacity. It is also perceived 

that the bearing with hydromagnetic field can support a load even when there is 

no flow. 
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Figure: 8.1 Variation of load carrying capacity with respect to M and 

Table: 8.1 Variation of load carrying capacity with respect to M and  

     

 0.62638995 0.96295849 1.07514801 1.13124277 1.16489962 

 0.75167568 1.50895490 1.76138130 1.88759451 1.96332243 

 0.89671367 2.24298784 2.69174590 2.91612493 3.05075234 

 1.05165733 3.15521071 3.85639518 4.20698741 4.41734275 

 1.21162888 4.24074576 5.25045139 5.75530420 6.05821589 

 

Figure: 8.2 Distribution of load for M and 
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Table: 8.2 Distribution of load for M and 

     

 1.06109991 1.07514801 1.11729231 1.18753282 1.28586953 

 1.73836674 1.76138130 1.83042500 1.94549782 2.10659976 

 2.65657500 2.69174590 2.79725858 2.97311306 3.21930934 

 3.80600674 3.85639518 4.00756049 4.25950269 4.61222176 

 5.18184793 5.25045139 5.45626177 5.79927906 6.27950327 

 

Figure: 8.3 Profile of load bearing capacity with regards to M and *  

Table: 8.3 Profile of load bearing capacity with regards to M and * 

     

 1.23061366 1.07514801 0.94777856 0.84288607 0.75485130 

 2.01607581 1.76138130 1.55271592 1.38087384 1.23664924 

 3.08097048 2.69174590 2.37286311 2.11025375 1.88984947 

 4.41402723 3.85639518 3.39954000 3.02330632 2.70753877 

 6.00966300 5.25045139 4.62844670 4.11620754 3.68629253 
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Figure: 8.4 Variation of load carrying capacity with respect to M and * 

Table: 8.4 Variation of load carrying capacity with respect to M and * 

     

 1.26245602 1.07514801 0.88783999 0.70053198 0.51322396 

 2.06824216 1.76138130 1.45452045 1.14765959 0.84079874 

 3.16069118 2.69174590 2.22280062 1.75385534 1.28491006 

 4.52824103 3.85639518 3.18454933 2.51270348 1.84085763 

 6.16516418 5.25045139 4.33573860 3.42102582 2.50631303 

 

 

Figure: 8.5 Variation of load carrying capacity with respect to M and k
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Table: 8.5 Variation of load carrying capacity with respect to M and k 

k k=1.50 k=1.75 k=2.00 k=2.25 k=2.50 

M=4 0.64179365 0.87730076 1.07514801 1.24404605 1.39016830 

M=6 1.05143042 1.43725435 1.76138130 2.03808167 2.27746918 

M=8 1.60679776 2.19641454 2.69174590 3.11459986 3.48043226 

M=10 2.30201786 3.14674667 3.85639518 4.46220719 4.98632587 

M=12 3.13417903 4.28427058 5.25045139 6.07525963 6.78884304 

 

  Figures (8.1) to (8.5) depict the profile of load carrying capacity 

with respect to the hydromagnetization parameter M for different values of 

conductivity parameter 0 + 1, standard deviation *, variance *, measure of 

symmetry * and the aspect ratio k respectively. All these figures clearly mention 

that the load carrying capacity increases with the increasing values of the 

magnetization parameter M. One can find the distribution of load carrying 

capacity with respect to conductivity parameter in Figures (8.6) to (8.9). It is 

evident that the load carrying capacity increases significantly with respect to the 

conductivity. Here, the effect of negative variance is also quite significant in 

increasing the load carrying capacity.  

 

Figure: 8.6 Variation of load carrying capacity with respect to  and 
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Table: 8.6 Variation of load carrying capacity with respect to  and 

 =0 =0.05 =0.10  =0.20 

 0.7418541 0.7516756 0.7811403 0.8302480 0.8989988 

 1.4892385 1.5089549 1.5681038 1.6666853 1.8046995 

 1.7383667 1.7613813 1.8304250 1.9454978 2.1065997 

 1.8629308 1.8875945 1.9615855 2.0849040 2.2575498 

 1.93766926 1.96332243 2.04028193 2.16854777 2.3481199 

 

Figure: 8.7 Distribution of load forand * 

Table: 8.7 Distribution of load forand * 

 =-0.10 =-0.05 =0 =0.05 =0.1 

 0.8603674 0.7516756 0.6626269 0.5892927 0.5277444 

 1.7271487 1.5089549 1.3301936 1.1829785 1.0594230 

 2.0160758 1.7613813 1.5527159 1.3808738 1.2366492 

 2.1605393 1.8875945 1.6639770 1.4798214 1.3252623 

 2.2472174 1.9633224 1.7307337 1.5391900 1.3784302 

0.50

0.85

1.20

1.55

1.90

2.25

0.00 1.00 2.00 3.00 4.00

L
O

A
D

 



    



Results and Discussion 

111 

 

Figure: 8.8 Profile of load bearing capacity with regards to and * 

Table: 8.8 Profile of load bearing capacity with regards to and * 

     

 0.88262963 0.75167568 0.62072173 0.48976778 0.35881382 

 1.77183902 1.50895490 1.24607077 0.98318664 0.72030251 

 2.06824216 1.76138130 1.45452045 1.14765959 0.84079874 

 2.21644372 1.88759451 1.55874529 1.22989607 0.90104685 

 2.30536466 1.96332243 1.62128019 1.27923796 0.93719572 

 

 

Figure: 8.9 Profile of load bearing capacity with regards to and k
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Table: 8.9 Profile of load bearing capacity with regards to and k 

k k=1.50 k=1.75 k=2.00 k=2.25 k=2.50 

 0.44870164 0.61335336 0.75167568 0.86975853 0.97191800 

 0.90074823 1.23127910 1.50895490 1.74600088 1.95108138 

 1.05143042 1.43725435 1.76138130 2.03808167 2.27746918 

 1.12677152 1.54024197 1.88759451 2.18412206 2.44066308 

 1.17197618 1.60203455 1.96332243 2.27174629 2.53857941 

 

 

Figure: 8.10 Profile of load bearing capacity with regards to * and * 

Table: 8.10 Profile of load bearing capacity with regards to * and * 

 =-0.10 =-0.05 =0 =0.05 =0.10 

 2.29531919 2.04522759 1.84116513 1.67392596 1.53430427 

 2.32293667 2.06824216 1.85957678 1.68773470 1.54351010 

 2.40578910 2.13728585 1.91481173 1.72916091 1.57112757 

 2.54387648 2.25235867 2.00686999 1.79820461 1.61715670 

 2.73719882 2.41346062 2.13575155 1.89486577 1.68159748 
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Figure: 8.11 Variation of load carrying capacity with respect to * and * 

Table: 8.11 Variation of load carrying capacity with respect to * and * 

     

 2.04522759 1.73836674 1.43150588 1.12464503 0.81778418 

 2.06824216 1.76138130 1.45452045 1.14765959 0.84079874 

 2.13728585 1.83042500 1.52356414 1.21670329 0.90984243 

 2.25235867 1.94549782 1.63863696 1.33177611 1.02491525 

 2.41346062 2.10659976 1.79973891 1.49287806 1.18601720 

 

Figure: 8.12 Variation of load carrying capacity with respect to * and k
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Table: 8.12 Variation of load carrying capacity with respect to * and k 

k k=1.50 k=1.75 k=2.00 k=2.25 k=2.50 

 1.03769222 1.41847489 1.73836674 2.01145168 2.24771131 

 1.05143042 1.43725435 1.76138130 2.03808167 2.27746918 

 1.09264503 1.49359272 1.83042500 2.11797163 2.36674280 

 1.16133604 1.58749000 1.94549782 2.25112156 2.51553216 

 1.25750346 1.71894619 2.10659976 2.43753147 2.72383727 

 

 The net effect of standard deviation associated with roughness is 

presented in Figures (8.10) to (8.12). It is seen that standard deviation enhances 

the load profile, which is totally opposite as compare to the transverse roughness. 

Also, the effect of variance and skewness is depicted from Figures (8.13 – 8.14) 

and Figure (8.15) respectively. Here, the negative variance and skewness 

increases the load carrying capacity. 

 These Figures show that roughness, in general, adversely affects the 

bearing system. Besides, increasing values of aspect ratio cause increased load 

(c.f. Figure: 8.15). It is revealed that the effect of standard deviation is very much 

positive for performance point of view. 

 

Figure: 8.13 Variation of load carrying capacity with respect to *and *
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Table: 8.13 Variation of load carrying capacity with respect to * and * 

     

 2.32293667 2.01607581 1.70921496 1.40235410 1.09549325 

 2.06824216 1.76138130 1.45452045 1.14765959 0.84079874 

 1.85957678 1.55271592 1.24585507 0.93899421 0.63213336 

 1.68773470 1.38087384 1.07401299 0.76715214 0.46029128 

 1.54351010 1.23664924 0.92978839 0.62292753 0.31606668 

 

Figure: 8.14 Profile of load bearing capacity with regards to * and k 

Table: 8.14 Profile of load bearing capacity with regards to * and k 

k k=1.50 k=1.75 k=2.00 k=2.25 k=2.50 

 1.20346653 1.64508033 2.01607581 2.33278686 2.60678963 

 1.05143042 1.43725435 1.76138130 2.03808167 2.27746918 

 0.92687072 1.26698728 1.55271592 1.79663645 2.00766447 

 0.82429214 1.12676735 1.38087384 1.59779922 1.78547235 

 0.73819941 1.00908276 1.23664924 1.43091797 1.59898968 
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Figure: 8.15 Distribution of load for*and k 

Table: 8.15 Distribution of load for *and k 

k k=1.50 k=1.75 k=2.00 k=2.25 k=2.50 

 1.23460646 1.68764709 2.06824216 2.39314816 2.67424081 

 1.05143042 1.43725435 1.76138130 2.03808167 2.27746918 

 0.86825439 1.18686161 1.45452045 1.68301517 1.88069754 

 0.68507836 0.93646886 1.14765959 1.32794868 1.48392591 

 0.50190233 0.68607612 0.84079874 0.97288219 1.08715428 

 This investigation establishes that the negative effect induced by variance 

(+ve), positive skewness can be compensated up to a large extent by suitably 

choosing the hydromagnetization parameter M, conductivity 0 + 1, standard 

deviation * and the aspect ratio k in the case of negatively skewed roughness, 

especially when negative variance is involved. Thus, it is suggested that 

longitudinal roughness must be given due consideration while designing the 

bearing system. The analysis incorporated here modifies and develops the earlier 

analysis concerning the hydromagnetic squeeze film in annular plates and 

presents at least an additional degree of freedom to compensate the adverse 

effect. 
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8.4 CONCLUSION: 

 The negative effect of a few roughness parameters can be 

remunerated up to a certain extent by suitably choosing the plate conductivities, 

the magnetization parameter, the aspect ratio and standard deviation in the case of 

negatively skewed roughness. This compensation gets further improved 

especially when negative variance is involved. Furthermore, this study offers 

ample scopes for the extension of the life period of the bearing system by 

observing that the rough bearing with hydromagnetic fluid can support a load 

even when there is no flow. Hence, it can be concluded that the bearing system 

registered an improved performance owing to hydromagnetization and standard 

deviation associated with longitudinal roughness. 
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GENERAL CONCLUSION: 

 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. 

 The hydromagnetization resulted in a relatively better performance 

for all values of the conductivity parameter. All the above investigations 

mentioned above established that the squeeze film enhanced due to 

magnetization. Besides, the conductivities of the plates play a key role in 

boosting the performance characteristics.
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FUTURE SCOPES:  

 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. 

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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