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Abstract  

The subject matter of the work refers to the research area in the field of studying and 

modeling the phenomena of magnetohydrodynamic lubrication of journal slide bearings with 

fluids of non-Newtonian properties. While specifying these considerations, they were limited 

to the case of ferromagnetic fluids with viscoelastic properties. A particular aspect of the 

considerations, being at the same time the main goal of this work, was the issue of the 

influence of the concentration of magnetic particles contained in the lubricating ferro-oil on 

the values of flow and operating parameters of the bearing. Implementation of this purpose, 

required to carry out  an experimental studies on the determination of rheological parameters 

and magnetic properties of ferro-oils as well as analytical and numerical considerations 

leading to the determination of flow and operation parameters of bearings lubricated with 

ferro-oil. 

The work consists of seven chapters. The first chapter is the entrance chapter, which 

introduces the readers to the subject taken at work and presents the genesis of the topic 

selection. After the first introductory chapter follows the second chapter in which a broad 

review of the subject literature has been made and the area of the current state of knowledge 

has been defined. The author has shown that there is a lack of work in the available source 

literature, which would take a previously precisely defined research topic referring to the 

aspect of concentration of magnetic particles in ferrofluids on flow and operating properties of 

journal slide bearings. 

In the third chapter, there the thesis was put forward as well as the goals which were 

decided to be realized in the framework of these researches were determined. The thesis states 

that: there exists a minimum value of the concentration of magnetic particles in the ferro-oil 

that allows to obtain property conditions for the slide bearing (magnetohydrodynamic 

lubrication of the slide journal bearing). Four research objectives have been specified: 

1. Determination of rheological parameters of ferro-oil with different concentrations of 

magnetic particles depending on changes in temperature, pressure and shear rate, as 

well as changes in the intensity of the external magnetic field. 

2. Determination of flow parameters of a journal slide bearing lubricated with ferro-oil 

with different concentrations of magnetic particles under conditions of external 

magnetic field. 

3. Determination of operating parameters of a transverse slide bearing lubricated with 

ferro-oil with different concentrations of magnetic particles under conditions of 

external magnetic field. 

4. Determination of the minimum concentration of magnetic particles in the ferro-oil, due 

to which property operating conditions of the slide bearing may be obtained. 



The considerations carried out in this work also concern the modeling of the lubrication 

phenomenon of journal slide bearings with ferro-oil. These considerations were limited to the 

following cases, which were presented in the third chapter, too: 

 a non-isothermal lubrication model with a laminar and a steady flow of lubricant, 

 as a constitutive equation for ferro-oil, a non-Newtonian viscoelastic model (Rivlin-

Ericksen model) was adopted, 

 a constant value of thermal conduction coefficient for ferro-oil was adopted, 

 it was adopted a stationary external magnetic field, oriented transversely to the ferro-

oil flow in the gap of the slide bearing, 

 it was assumed that the materials of the bearing shell and bearing journal are made of 

non-magnetic materials and don’t interfere with the course of the external magnetic 

field, 

 it was assumed that the cylindrical slide bearing has a finite length and its journal as 

well as the sleeves do not show vibrations, have smooth surfaces, don’t undergo 

deformations and have a full wrap angle, 

 in the analytical considerations Reynolds' boundary condition was adopted, 

 it was assumed that the dynamic viscosity coefficient of ferro-oil depends on the 

change in temperature, pressure and the value of the external magnetic field 

=(T,p,B). 

 

The fourth chapter presents models and research methods applied in the work. The 

research model of a slide bearing and the ferro-oil model was presented. The structure, the 

magnetic, rheological and tribological properties of the ferro-oil as well as the conditions of 

its functioning in the sliding bearing are described. The experimental method used in the 

research has been characterized. The tests bends at which the research was carried out were 

described in detail. Tabular values of physical parameters adopted in research regimes were 

given. The analytical and numerical method used in the modeling process of lubrication of the 

slide journal bearing lubricated with ferro-oil were described in compressed form. 

In the chapter 5, the author presented the results of experimental and analytical research 

on the determination of physical properties, including magnetic and rheological parameters of 

ferro-oil with different concentrations of magnetic particles. As part of these tests, the 

following were determined: characteristics of ferro-oil density changes for various 

concentrations of magnetic particles in the aspect of temperature changes, values of magnetic 

susceptibility factors  ferro-oils in the state of full-saturation and temperature drift 

characteristics of these coefficients. The lubricity parameters of ferro-oils with different 

concentrations have been also determined but the most important part of this chapter were 

research works on the determination of ferro-oil rheological parameters. Studies on changes in 

the viscosity of ferro-oils with different concentrations of magnetic particles in the aspect of 

changes in shear rate were carried out. Characteristics of these changes were determined and a 

qualitative and quantitative analysis of the results obtained was made. In addition, there were 

carried out tests on changes in the dynamic viscosity of ferro-oils in aspects of changes in 

temperature, pressure and in conditions of external magnetic field. As a result of these tests, 

the characteristics of changes in the viscosity of different ferro-oils were obtained from the 



temperature, pressure and induction value of the external magnetic field. On the basis of these 

characteristics, mathematical models of viscosity changes were built from these parameters, 

which were subjected to detailed analysis in the context of fit and the possibility of 

subsequent application in analytical and numerical studies. The effective result of these works 

were models for adjusting the dynamic viscosity of ferro-oil and the obtained real values of 

viscosity coefficients.  

Chapter 6 presents the results of analytical and numerical research on determination of 

flow and operating parameters of slide journal bearings lubricated with ferro-oils with various 

concentrations of magnetic particles. The results of these tests are contained in three 

subsections. In the first and second of them, the results of analytical and numerical 

calculations concerning changes in the hydrodynamic pressure and temperature distribution in 

the gap of the journal slide bearing were presented and analyzed. The design of the applied 

calculation model imposed a characteristic way of presenting these results, divided into base 

distributions of hydrodynamic pressure and temperature taking into account the influence of 

external magnetic field and three subsequent corrects of these distributions taking into 

account respectively: influence of temperature changes on changes in dynamic viscosity of 

ferro-oil, influence of pressure changes on changes the dynamic viscosity of the ferro-oil and 

ultimately the impact of non-Newtonian viscoelastic properties on hydrodynamic pressure 

distributions. This way of presenting the results is characterized by the indisputable advantage 

of being able to selectively analyze individual factors affecting the examined parameter. In 

the third subchapter, the results of analytical and numerical calculations concerning changes 

in basic operational parameters of journal slide bearings lubricated with ferro-oil with 

different concentrations of magnetic particles were presented and analyzed. Also in this case, 

the specific design of the computational model used determined the presentation of the results 

obtained with the breakdown into the base values of these parameters and the values of the 

subsequent three corrects of these parameters consistent with the above-mentioned. aspects of 

reference. The measurable results presented in Chapter 6 are the determined characteristics of 

changes in the hydrodynamic pressure distribution, including the maximum and minimum 

values of hydrodynamic pressure in the slit of the transverse slide bearing and the 

characteristics of temperature distributions on the inner surface of the bearing shell. The key 

to achieving the goals set in the work has been determining the value of operating parameters 

depending on the concentration of magnetic particles in the lubricating ferro-oil bearing 

presented in sub-chapter 6.2.3. Their analysis allowed to confirm the thesis made in Chapter 3 

about the existence of a minimum value of the concentration of magnetic particles in the 

ferro-oil, at which the optimal conditions for magnetohydrodynamic transverse lubrication of 

the slide bearing are obtained. 

Chapter 7 are the conclusions of the conducted research. The most important of them 

stand that: 

 the concentration of magnetic particles in the ferro-oil significantly changes the 

tribological and rheological properties of the lubricant. The density, lubricity and 

viscosity of the ferro-oil increases as the concentration of magnetic particles changes. 

 As the concentration of magnetic particles increases, the flow properties are changed in 

the journal slide bearing lubricated with ferro-oil. The distribution of hydrodynamic 

pressure changes and its maximum values increase. The temperature distributions on the 



inner surface of the bearing sleeve are also changing. The increase in the concentration 

of magnetic cassettes induces a decrease in maximum temperatures. 

 As the concentration of magnetic particles increases, the operational properties of the 

journal slide bearings change. There is an increase in the load carrying capacity and the 

friction force, but both these increases are not strictly proportional to the increase in the 

concentration of magnetic particles in the ferro-oil. This fact determines the nature of 

the increase in the coefficient of friction, which clearly shows a dual structure. Shows 

slight changes in the concentration changes up to 4% and a strong increase in the 

coefficient above this concentration of magnetic particles in the ferro-oil. 

 The analysis of the results leads to the conclusion that in order to obtain proper 

operating conditions for a slide bearing subjected to magnetohydrodynamic lubrication, 

it should be assumed that the concentration of magnetic particles in ferro-oil for 

bearings operating in low or medium load conditions should not exceed 4%. 

Additionally, due to technical and economic aspects, as long as the expectations of such 

a bearing allow it, the concentration of magnetic particles should be even lower and 

amount to approx. 2%, which would allow to maximize the value of lift and minimize 

the value of friction.  

The work includes 92 drawings, 26 tabular summaries, and a list of references cited in the 

study includes 331 periodicals. 

 

 

 


