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1. Abstract: 

This study analyzed effect of magnetic fluid lubrication on the squeeze 

film performance on various type of  rough bearing systems (Transverse or 

Longitudinal).Also, Haydromagnetic squeeze film between conducting 

longitudinally rough circular plates was done in  the last  part  of study.   

The Stochastic model Christensen and Tonder has been used to evaluate 

surface roughness.  After that  the associated stochastically averaged Reynolds’ 

type equation was obtained to get pressure distribution. Using it load carrying 

capacity was obtained for the concerned system.   

   

2. Brief description on the state of the art of the research topic  

The word tribology is defined as "The science and technology of 

interacting surfaces in relative motion”. Tribology word comes from the. 

Greek word "Tribos" which means rubbing or sliding and the suffix "Ology" 

means "the study of’. It  deals with phenomena related to friction, wear and 

lubrication. In everyday life we come across surfaces in contact and in 

relative motion against each other .  

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

entrapped between two surfaces when t he surfaces are moving towards each 

other. This is called the squeeze effect an d the fluid film is called the squeeze 

film. 

Magnetic fluids or Ferroflu ids are s table colloidal suspensions of  

magnetic metal nano particles in a carri er liquid such as hydrocarbon, diester, 

water and mercury.  

There are two types of surface characteristics in lubricant flow  

1. Both surfaces are rough and moving relatively.  

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

and moving.  
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Owing to analytical  aspects of tribology, many investigations, both in 

terms of analysis and research to developments of bearings have taken place 

from last 100 years and nowadays the branch of tribology has gained a well-

known independent status.  Hamrock (1994) dealt with the theory of 

fundamentals of fluid film lubrication in tribology. Many examples were 

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

engineers. Hamrock et al. (2004) gave an account of the theory of 

fundamentals of fluid film lubrication including the numerical analysis of 

some problems and extending the techniques prior to that,  by giving number 

of examples. Basu et al. (2005) wrote a book on the fundamental aspects of 

tribology. This book gave a glimpse into the basic theories underlying the 

subject and direct influences on the design, manufacturing and maintenance 

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

tribology of bearing. He presented some discussions of a computer  aided 

design procedure, bearing materials,  whirl and stability.   

 

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

several investigators who adopted a stochastic approach to mathematically 

model the roughness of the bearing surface s. Christensen and Tonder’s  work 

[9,10,11] which was based upon the concept of viewing the fi lm thickness as 

a stochastic process, resulted in a averaged Reynolds’ type equation. 

Christensen and Tonder [9,10,11] presented a comprehensive general analysis 

for both versions of surface roughness namely, transverse and longitudinal. 

Later on, this approach of Christensen and Tonder [9,10,11] formed the basis 

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

of the bearing system in a  number of investigations [12,13].  Andharia, Gupta 

and Deheri [7] dealt  with the analysis of the effect of surface roughness on 

the performance of a squeeze film bearing using the general stochastic 

analysis (without making use of a specific probability di stribution) for 

describing the random roughness. Verma [21] and Agrawal [1 ] investigated 

the application of magnetic flui d as a lubricant. While Verma [21] considered 
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tangential sl ip velocity at the porous matrix  lubricant interface, Agrawal [1 ] 

discussed no slip condition. Patel  et.  al. [18] considered the performance 

characteristics of a magnetic fluid based squeeze film between infinitely long 

rough porous rectangle plates.  

 .  Patel et.  al . (16) conducted a study on the performance of a ferro fluid 

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

increased nominally while the coefficient of friction decreased significantly.  

Hsu et.  al . (14) considered the lubrication performance of short journal 

bearing considering the effect of surfa ce roughness and magnetic field. The 

combined influence reduced the modified frict ion coe fficient. Patel and 

Deheri (17) analysed the effect of slip velocity on the performance of a short  

bearing lubricated with a ferrofluid. For any type of improvement th e slip 

was required to be kept at minimum level. Shukla and Deheri (20 ) studied the 

effects of slip velocity on the performance of a magnetic fluid based 

transversely rough porous narrow journal bearings. The combined effect of 

slip and transverse roughness decreased the load carrying capacity heavily .   

 The effect of longitudinal roughness has been analysed for sl i der bearing 

(Andharia et. al . (4 ) and for spherical bearing (Andharia et.  al. (3 ). These 

investigations confirmed that the longitudinal roughness was a little better 

than transverse roughness pattern in terms of bearing design. The fact that 

the longitudinal roughness pattern improved the load carrying capacity of a 

hydrodynamic short journal bearing in the presence of a couple stress flui d 

was assorted by Hsu et. al. (8 ). Andharia and Deheri (2 ,5) discussed 

longitudinal roughness effect on ferrofluid squeeze film between conical  

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

the longitudinal roughness was of  more help as compared to transverse 

roughness pattern.   

Andharia and Deheri  (6) considered the ferrofluid lubrication of a squeeze 

film in longitudinal rough ell ip tical plates. Panchal et . al. (15) studied the 

influence of ferrofluid through a series of f low factors on the performance of 

a longitudinal rough finite slider bearing. Shimpi and Deheri  (19 ) discussed 
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the bearing deformation effect on the performance of a ferrofluid based 

squeeze film when longitudinal roughness occurred. Here, velocity slip af fect  

was also investigated for truncated conical plates.  

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

problems occurring in bearing industry. Different properties and several flow 

models for ferrofluid has been discussed in Bhat (22). The friction was found 

to be lowering at the moving plate of an infinitely long bearing a s discussed 

by Patel et. al . (23) when a ferrofluid was employed for lubrication.  

 

3. Objective and Scope of the work 

Number of ways and means has been discussed to improve the 

performance of a bearing system. One of them is the use of magnetic f luid as 

a lubricant. Efforts were  made to study and analyze effect of surface 

roughness on the performance of magnetic fluid based rough bearings.  

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

methods have been proposed to study the effect  of surface roughness on the 

performance of a bearing system. It is well known that roughness in general,  

has an adverse impact on the perfo rmance of the bearing system. However,  

recently the research is carried out in the case of longitudinally rough 

bearings; one of the parameters characterizing  the roughness affects the 

bearing system posi tively. So we tried to check  the behavior of 

longitudinally rough bearings in particular and rough bearings (various  

shapes) in general . Efforts  made to analyze the optimum performance of the 

bearing system, from this roughness point of view.   Here the attention was  

paid to study rough bearings working with  magnetic fluid in general and 

magnetic fluid based longitudinally rough and transversely rough bearings, 

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

magnetic fluid as a lubricant compensates the adverse effect of roughness  in 

general?  Can there be considerably improved performance in the case of 

magnetic fluid based rough bearings?  
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It is well established that introduction of magnetic fluid is  costly affair 

but it  will be worth using if it  goes a long way in mitigating the a dverse 

effect of roughness.  Let us remember that these investigations are highly 

essential from the industry point of view. .  In industry we come across 

bearing system wherein the plate (or plates) remains rotating. So we will  

explore the possibili ty of analyzing the performance of such magnetic fluid 

based rough bearing system.  

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

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

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

(2) A mathematical modeling of the whole system.  

(3) Different components of the bearing.  

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

engineering sciences in general, mechanical engineering in particular;  

material  sciences, physics and of course mathematical modeling of the fluid 

flow. In fact, the very world magnetic fluid has got to do something with 

material  sciences and physics.  

     

4. Original contribution by the thesis  

 The thesis establishes that the adverse effect of roughness can be 

countered to a considerable extent by the ferrofluid lubrication even if the re 

is absence of flow the bearing support some amount of load in spite of the 

presence of surface roughness.  

 

5. Methodology of Research, Results / Comparisons 

 The stochastic averaging model of Christensen and Tonder regarding the 

transverse and longitudinal surface roughness characterization has been 

adopted here, which is used to obtained mean ,  the standard deviation   and 

the measure of symmetry parameter   Modified Reynolds’ type equation has 
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been considered to obtain the pressure distribution, which helps to get the 

load carrying capacity.  

 In 1964 Neuringer and Rosensweig proposed a simple model to describe 

the steady flow of magnetic fluids in the presence of slowly changing 

external magnetic fields. The model consist of the following equations.  

 

𝜌(�̅�. ∇)�̅� = −∇𝑝 + 𝜂∇2�̅� + 𝜇0(�̅�. ∇)�̅�       (1) 

∇. (�̅� + �̅�) = 0          (2) 

∇. �̅� = 0           (3) 

∇ × �̅� = 0           (4) 

�̅� = 𝜇�̅�           (5) 

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

 p is  the film pressure, 𝜂 is the fluid viscosity,  𝜇0 is the permeabili ty  

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

field and �̅� Is  the magnetic susceptibility of the magnetic particles.   

  Using equations (4) and (5) equation (1) becomes  

𝜌(�̅�. ∇)�̅� = −∇ (𝑝 −
𝜇0�̅�

2
𝐻2) + 𝜂∇2𝑞 ̅ .   

 Thus the modified Reynolds equation is  
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In chapter 1, analyze the behavior of a magnetic fluid based squeeze film 

between infinitely long, porous and transversely rough rectangular plates by 

considering an unusual form of the magnitude of the magnetic field.  In this 

chapter results presented in graphical  form establish that magnetization offers 

help to a limited extent in order to minimize the adverse effect of roughness.  

But, this investigation establishes that  by considering a suitable form of 

magnitude of the magnetic field the situation can be made be tter.  

In chapter 2, we studied the combined effects of roughness and velocity 

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

considering viscosity variati on. This investigation confirms that  ever in the 

absence of flow this type of bearing system supports a good amount of load, in 

spite of the fact that slip velocity,  porosity and roughness turn in adverse effect .  

In chapter 3, we investigate analyze the Ferro fluid lubricated squeeze 

film performance in rough, porous parallel surface bearing of infinite width.  

Two different forms of the magnitude of magnetic field have been consi dered. 

The results suggest that the magnetization offers a limited help in reducing the 

adverse effect of roughness and porosity.  However , the situation remains better 

when the trigonometric form of the magnitude is employed.  

In chapter 4, we investigate to discuss a hydro magnetic squeeze fil m in a 

longitudinally rough parallel surface bearing considering two different form s of  

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

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

presents a better picture to be used in the industry.  

 

 

6. Conclusions 

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

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

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

algebraic form of magnetic field. In the case of longitudinal roughness 

standard deviation helps load carrying capacity.   
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