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1 Abstract

The present study is concerned with numerical modeling based analysis of

hydrodynamic bearings.The mathematical modeling of hydrodynamic bear-

ings leads to an ordinary differential equation with appropriate boundary

conditions whose approximate analytical solutions are obtained in graphical

forms.

Tribology is a term that is concerned to the friction, wear and lubrication

of surfaces having relative motion. Tribology is related to the mechanism

of lubrication, friction control and reducing and elimination of losses due

to friction and wear in mechanical system. Tribology covers all phenomena

that occur on frictional surfaces and is related closely to various scientific

fields such as mechanical engineering, physics, mathematics, chemistry and

material science. For understanding such phenomena, mathematical model

based numerical analysis may be helpful to us.

Tribology is crucial to modern machinery, which use sliding and rolling

surfaces. The purpose of research in Tribology is understandably the min-

imization and elimination of losses resulting from friction and wear at all

levels of technology where the rubbings of surfaces are involved. Therefore,

several investigations have been launched to minimize the friction. In or-

der to reduce friction and wear between moving machine elements a foreign

substance, known as lubricant is introduced between them. This lubricant

keeps the machine elements apart and allows them to slide on each other

with minimum efforts.

The lubricants generally, reduce wear and heat between contacting sur-

faces in relative motion. Lubricants are available in solid, liquid and gaseous
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forms. Several methods have been proposed to reduce the negative effect of

surface roughness on the performance of bearing systems. One such method

is the replacement of conventional lubricants by a magnetic fluid lubricant.

The magnetic fluid is a suspension of solid magnetic particles of subdomain

size in liquid carrier. Depending upon the ferromagnetic material and the

method of preparation the mean diameter of a particle varies from 3 nm to

15 nm. The advantage of magnetic fluid lubricant over the conventional one

is that the magnetic fluid can be retained at a desired location by an exter-

nal magnetic field. Further, the magnetic fluid can be made to move with

the help of a magnetic field gradient even in the regions where there is no

gravity. The use of magnetic fluid as a lubricant modifying the performance

of the bearing system has been an intensive field of investigations and it is

not surprising that the magnetization in variably leads to improved bearing

performance.

By now, it is a well-known fact that after having some run in and wear

the bearing surfaces develops roughness. The roughness is random in nature

without following any definite structural pattern. Sometimes the contami-

nation of the lubricants and chemical degradation of the surfaces contribute

to roughness. It is well established that the roughness has an adverse effect

on the performance of the bearing system. When the order of roughness

becomes more, the life span of the bearing system gets drastically reduced.

The surface roughness has been a matter of discussion in various recent in-

vestigations because of its adverse effect. The effect of roughness on the

performance of the bearing system may be different for different geometrical

shapes.
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The present study is concerned with the investigations of performance of a

magnetic fluid based rough slider bearings and rough short journal bearings.

The content of the thesis is planned in five chapters.

A brief introduction appears in Chapter 1. It deals with the main con-

stituents of Tribology, namely, Friction, Wear and Lubrication. The objective

of the lubrication is to reduce friction, wear and heating of machine parts,

which are in relative motion. Different types of lubricants, various types of

bearing, geometries of the surfaces, types of load etc. are treated for bearing

design characteristics. Also provides the governing equations for fluid flow

in general and magnetic fluid flow in particular. The method of deriving the

associated generalized Reynoldss type equation for the pressure distribution

in a bearing system is presented here. This modified Reynoldss type equa-

tion takes into account the effect of magnetic fluid, geometry of the surfaces

and roughness of the bearing surfaces. The mathematical modeling of baring

system is found here.

Chapter 2 deals with the performance characteristics of an infinite long

slider bearing with rough surfaces in the presence of a magnetic fluid as the

lubricant. The magnetic fluid flow model of Neuringer Rosenwicg has been

used here. The stochastic models of Christensen and Tonder have been used

for characterizing transverse roughness. The related stochastically averaged

Reynolds equation is solved to obtain the pressure distribution leading to

the calculation of load carrying capacity .The results presented in graph-

ical forms suggest that the adverse effect of transverse roughness can be

minimized by choosing suitable magnetic strength. It is observed that the

negativity-skewed roughness plays an important roll in improving the bearing
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performance.

Chapter 3 describes the performance of a transversely rough hydrody-

namic short journal bearing under the presence of a magneticfluid lubricant

flowing as par the Neuringer Rosenwicg model. The stochastic modeling of

Christensen and Tonder has been employed to estimate the effect of trans-

verse surface roughness. The associated Reynolds type equation is solved

with suitable boundary conditions to obtain the pressure distribution re-

sulting in the calculation of load carrying capacity. The results presented

in graphical forms suggest that the load carrying capacity increases sharply

with increasing magnetization. It is observed that the combined effect of neg-

atively skewed roughness and variance negative may turn out to be favorable

for bearing design.

Chapter 4 presents the effect of magnetic fluid through a series of flow

factors, which is strongly dependent on the surface pattern parameter on the

behavior of a longitudinally rough exponential slider bearing. The roughness

of the bearing surfaces is characterized by a stochastic random variable with

non-zero mean variance and skewness. The associated Reynolds equation

is stochastically averaged with respect to the random roughness parameter,

and is solved with appropriate boundary conditions to obtain the pressure

distribution. From this, the expression for load carrying capacity is derived.

This results in the calculation of load carrying capacity presented in graphical

forms suggest that the magnetization parameter increases the load carrying

capacity while the load carrying capacity gets decreased due to the standard

deviation. It is seen that the negatively skewed roughness increases the

load carrying capacity substantially especially, when the negative variance is
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involved. In addition, it is easily seen that the increment in the positively

skewed roughness longitudinally causes the decrease in the load carrying

capacity of the bearing.

In the fifth chapter efforts have been made to investigate the effects of

surface roughness on film pressure in hydrodynamic slider bearings. The

estimation of the effect of surface roughness has been done on the basis of

the stochastic theory, which is developed by Christensen and Tonder model.

Three different types of probability density functions have been used to eval-

uate the effect of the longitudinal surface roughness leading to a comparison

of the bearing performances. After solving the Reynolds type equation the

pressure distribution is obtained. This is then used to compute the load

carrying capacity. Besides, friction has also been obtained using different

models. This study studies various mathematical models for estimation of

pressure distribution, which may be helpful to the engineers for better de-

sign of the bearing systems. It is observed that the film thickness ratio and

roughness parameters may play an important role in providing a better per-

formance of bearing system. So, the careful selection of the design parameters

can significantly improve the performance characteristics. Besides, the bear-

ing performance is improved in Beta distribution as compared to rectangular

and normal distribution.

The study conducted in this dissertation makes it mandatory that the

roughness must be accounted for while designing the magnetic fluid based

bearing system, especially, from bearings life period point of view, even if

suitable magnetic strength is in place. It is important to note that the

bearing can support a load even in the absence of flow, unlike the traditional
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lubricants.

2 Brief description on the state of the art of

the research topic:

Tribology has been in existence since the starting of noted history. There are

many well-documented examples of how early civilizations developed bear-

ings and low friction surfaces. The scientific study of Tribology has a long

history. Leonardo da Vinci has developed many of the basic laws of friction

in 1590.

Tribology was gained until 1886 with the publication of Reynolds[9] classi-

cal paper on hydrodynamic lubrication. Reynolds proved that hydrodynamic

pressure of fluid entrained between sliding surfaces was sufficient to prevent

contact between surfaces even at very low sliding speeds. His research had

immediate practical application and lead to the removal of an oil hole from

the load line of railway axle bearings.

Earlier it was believed that the bearing surfaces are perfectly smooth.

Now it is clear that this belief is unrealistic. A lot of research has been

done on surface roughness effect on hydrodynamic lubrication due to the

fact that all surfaces are rough on micro scale. Christensen and Tonder[3]

by proposing the stochastical analysis with a view to evaluating the effect of

surface roughness.

Many authors (Andharia et al.[6] Prajapati[7] Chou et al.[10] ) used

stochastic model of Christensen and Tonder to evaluate the effect of sur-

face roughness.
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In most of the studies conventional lubricants were used. Use of magnetic

fluid as a lubricant modifying the performance of the bearings has been

very well established. The application of magnetic fluid as a lubricant was

investigated by many authors (Agrawal [1], Bhat and Deheri [2], Odenbach

[8], Nada and Osman[5], Urreta et al.[11], Huang et al.[4]. In all these studies

it has been established that the performance of bearing system could be

improved by using a magnetic fluid as the lubricant.

3 Definition of the problem

The underlying mathematical model for hydrodynamic slider contact bear-

ing. Here, we considered that bearing surfaces are rough. The stochastic

modeling of Christensen and Tonder has been employed to estimate the effect

of surface roughness. Here, the magnetic fluid is used instead of conventional

fluid. The magnetic fluid flow model of Neuringer Rosenwicg has been used

here. The research work makes it mandatory that the roughness must be

accounted for while designing bearing system. especially, from bearings life

period point of view, even if suitable magnetic strength is in place.

The modal governing the pressure distribution in a rough slider bearing

is the generalized Reynolds’ equation is introduced by Osborne Reynolds[9].

∂
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4 Objective and Scope of work

The principal objective behind the present work is to understand the com-

bied effect of surface roughness and magnetization on performance of the

slider bearing. In addition, it is aimed to analyze the behavior of present

mathematical model in terms of pressure, friction coefficient and load carry-

ing capacity in presence of ferro-lubricant in compared to the conventional

lubricant.

Further, our goal in the last chapter is to compare the performance of the

slider bearing system through three different types of model for roughness.

The studies included in this thesis tell that the investigations can be

modified and developed to work in the following directions:

• The effect of surface roughness may be analyzed for different types of

bearings in the presence of magnetic fluid adopting the magnetic fluid

flow model of Shliomis and Jenkins.

• Here, the results are obtained for one dimensional mathematical model

that can be extended for two dimensional models.

5 Original contribution by the thesis

The original contribution by the thesis is mathematical modeling on hydro-

dynamic slider contact bearing which analyzes:

• The effect of roughness parameters on the performance of infinitely

long slider bearing under the presence of magnetic fluid lubricant.
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• The effect of magnetic fluid as a lubricant equipped with the roughness

parameters on the performance of short journal bearing

• The effect of surface roughness on the performance of slider bearing

under three different roughness model and concluded that the proper

choice of distribution function may become helpful to the engineers for

better design of the bearing systems.

6 Methodology of Research and Results/Comparisons

The following assumptions were considered in the model:

• Body forces are neglected i.e there are no extra fields of forces acting

on the lubricant.

• The lubricant is considered as Newtonian (i.e stress is proportional to

rate of shear).

• The viscosity is constant throughout film thickness.

• The flow is assumed to be steady in X- direction and the surface rough-

ness is considered either longitudinal or transverse.

The problem is considered as a one dimensional problem. Various rough-

ness parameters, like mean, standard deviation and skewness, roughness pat-

tern parameter for longitudinality and transversness of the rough surface and

magnetization parameters are introduced at various stages and then solved

the one dimensional differential equation for the mean pressure at the con-
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tact zone of the bearing system with appropriate boundary conditions. The

Load carrying capacity and the friction coefficient are obtained.

The integrals occurring in the calculation throughout the work is carried

out by Simpson’s 1/3-rule. And the results and mutual relations between

two parameters are shown graphically and in tabular form. Various rough-

ness model are taken in account for comparing the corresponding pressure

distribution and coefficient of friction.

7 Achievements with respect to objectives

The generalized Reynolds’ equation is modified accordingly to achieve our

goal and :

• Solved the modified mathematical model with respect to suitable bound-

ary conditions for getting relation among various parameters like rough-

ness parameters (e.g. mean, standard deviation, skewness) , pattern of

roughness (e.g. longitudinal or transverse), type of lubricant (e.g. mag-

netic lubricant or conventional lubricant), magnetic parameter, shape

of bearing geometry etc.

• Achieved satisfactory results as desired and obtained suitable combi-

nations of such kind of parameters that may enhance the performance

and life period of the bearing system.
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8 Conclusion

• Magnetic fluid as a lubricant enhances the bearing performance for

Neuringer- Rosensweig magnetic flow model for slider bearing.

• It is noticed from the present study that magnetic fluid based bearing

system supports certain amount of load, even in the absence of flow

irrespective of roughness which is very unlikely, in the case of conven-

tional lubricant based bearing system.

• However, negatively skewed roughness remains beneficial from design

point of view, when the surfaces are transversely rough. is further

observed that magnetic fluid may move to some extent in mitigating

the adverse effect of roughness.
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