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Summary:  

This work presents the design and optimization of a hydrodynamic journal bearing. The 

multi-objective Genetic Algorithms technique is used to find the optimum design. Two 

objective functions are considered and four design parameters are chosen to be the design 

variables. The results show the optimum design according to an applied load and a 

rotating speed. The results of this thesis are compared with other researches results to 

show the improvements of the used objective functions. 

 

 

 

 

 

 

 

 

 

 



 

i 
 

Disclaimer 

I hereby declare that this thesis is my own original work and that no part of it has 

been submitted for a degree qualification at any other university or institute. 

I further declare that I have appropriately acknowledged all sources used and have 

cited them in the references section. 

 

Name: Khaled Mohamed Gamal El-Din Mohamed                   Date:    /     / 2018 

 

Signatue: 

 

 

 

 

 

 
  



 

ii 
 

Dedication 

This work is humbly dedicated to all my valuable treasures in life: 

 

To my grandfather and grandmother 

Prof. Dr. Abou Dahab Mohamed and Mrs. Fahima Mostafa 

 

To my parents and brothers 

Eng. Gamal El-Shafee, Mrs. Hayam Abou Dahab, Eng. Ahmed, Omar and 

Nour 

 

To my wife 

Dr. Rana Mohamed 

 

To my beloved daughters 

Lily and Lara 



 

iii 
 

Acknowledgments 

I would like to show sincere gratitude and appreciation to Dr. Hesham Hegazi for 

his valuable support and encouragement during the work of this thesis, this work 

wouldn‟t be done without his help and support. 

 

I would like to thank my father Eng. Gamal El-Shafee for his continuous 

encouragement. 

 

I would like to thank my mother and my valuable wife for the great support they 

offered to me. 

 

I appreciate so much the support I had from my uncle Dr. Tarek Abou Dahab. 

 

 

 

 

 

  



 

iv 
 

Table of Contents 

DISCLAIMER ................................................................................................................ I 

DEDICATION ............................................................................................................... II 

ACKNOWLEDGMENTS .......................................................................................... III 

TABLE OF CONTENTS .............................................................................................IV 

LIST OF TABLES ..................................................................................................... VII 

LIST OF FIGURES ................................................................................................ VIIII 

NOMENCLATURE ................................................................................................... XII 

ABSTRACT .............................................................................................................. XIII 

CHAPTER 1 : INTRODUCTION ................................................................................ 1 

1.1. TYPES OF BEARINGS ........................................................................................ 1 

1.1.1. Plain bearings ................................................................................................... 1 

1.1.2. Rolling element bearings ................................................................................... 1 

1.1.3. Jewel bearings .................................................................................................. 2 

1.1.4. Fluid bearings .................................................................................................. 2 

1.1.5. Magnetic bearings ............................................................................................ 2 

1.1.6. Flexture bearings .............................................................................................. 3 

1.2. TYPES OF LUBRICATION ................................................................................... 3 

1.2.1. Hydrodynamic lubrication or thick film lubrication ......................................... 3 

1.2.1.1. Applications of hydrodynamic lubrication ............................................................................ 4 

1.2.2. Hydrostatic lubrication ..................................................................................... 4 

1.2.3. Boundary lubrication or thin film lubrication ................................................... 5 

1.2.3.1. Examples for bounadry lubrication........................................................................................ 5 

1.2.4. Extreme pressure lubrication ............................................................................ 6 

1.3. JOURNAL BEARING .......................................................................................... 7 

1.3.1. Solid bearings ................................................................................................... 7 

1.3.2. Bushing ............................................................................................................. 7 

1.3.3. Thrust bearings ................................................................................................. 9 

1.3.4. Tilting pad bearing ......................................................................................... 10 

1.3.5. Self-aligning spherical journal bearing ........................................................... 11 

1.4. LITERATURE REVIEW ..................................................................................... 11 

1.5. SCOPE AND ORGANIZATION OF THE THESIS .................................................... 14 

 

CHAPTER 2 : THEORETICAL BACKGROUND .................................................. 15 

2.1. GEOMETRY OF HYDRODYNAMIC JOURNAL BEARING ...................................... 15 

2.2. SOMMERFELD NUMBER .................................................................................. 15 

2.2.1. Modified Sommerfeld number ....................................................................... 16 

2.2.2. The correction coefficients ............................................................................. 16 



 

v 
 

2.3. REYNOLDS NUMBER ...................................................................................... 17 

2.3.1. Laminar to turbulent transition ....................................................................... 18 

2.3.1.1. Internal flow ........................................................................................................................ 18 

2.3.1.2. External flow ....................................................................................................................... 19 

2.4. THE FRICTION FORCE IN JOURNAL BEARINGS ................................................. 21 

2.5. THE OIL FILM PRESSURE................................................................................. 23 

2.5.1. The long journal bearing................................................................................. 23 

2.5.2. The short journal bearing ................................................................................ 26 

2.6. THE LUBRICANT SUPPLY ................................................................................ 27 

2.6.1. Oil ring lubrication ......................................................................................... 27 

2.6.2. Oil collar lubrication ....................................................................................... 28 

2.6.3. Oil splash lubrication ...................................................................................... 29 

2.6.4. Oil pump lubrication ....................................................................................... 29 

2.6.5. Oil flow quantity ............................................................................................. 30 

2.7. TEMPERATURE IN JOURNAL BEARINGS  .......................................................... 31 

CHAPTER 3 : GENETIC ALGORITHMS ............................................................... 32 

3.1. INTRODUCTION .............................................................................................. 32 

3.2. BASIC GENETIC ALGORITHM .......................................................................... 32 

3.3. CROSSOVER ................................................................................................... 33 

3.4. MUTATION ..................................................................................................... 34 

3.5. GYNOTYPE-PHYNOTYPE MAPPING ................................................................. 37 

3.6. FITNEES ......................................................................................................... 37 

3.7. SELECTION .................................................................................................... 37 

3.8. TERMINATION ................................................................................................ 38 

3.9. EXPERIMENTS ................................................................................................ 38 

CHAPTER 4 : OPTIMIZATION AND RESULTS .................................................. 40 

4.1. OPTIMIZATION PARAMETERS ......................................................................... 40 

4.2. OPTIMIZATION RESULTS ................................................................................ 41 

4.3. COMPARISON BETWEEN OLD AND MODIFIED OBJECTIVE FUNCTIONS ............. 55 

4.4. EXAMPLE FOR USING OPTIMIZATION RESULTS TO CHOOSE A JOURNAL BEARING 

DESIGN………………… ............................................................................................. 60 

CHAPTER 5 : CONCLUSIONS AND FUTURE WORK ....................................... 64 

5.1. CONCLUSIONS ............................................................................................... 64 

5.2. FUTURE WORK ............................................................................................... 64 

REFERENCES ............................................................................................................. 65 

APPENDIX A: MATLAB CODE ............................................................................... 68 

 

  



 

vi 
 

List of Tables 

Table 2.1: The critical Reynolds number for internal flow ............................................ 15 

Table 3.1: Algorithm 1 showing the pseudo code of Genetic Algorithm ...................... 26 

Table 3.2: Experimental comparison of two Genetic Algorithms, one with, the other 

without fitness function meta-model on the Sphere function and on Rosenbrock ......... 32 

Table 4.1: The design variables bounds ......................................................................... 34 

Table 4.2: The input parameters for optimum design .................................................... 34 

Table 4.3: The boundary parameters .............................................................................. 34 

Table 4.4: The Genetic Algorithms parameters ............................................................. 35 

Table 4.5: The optimization results for a bearing subjected to 10 KN load and 40 rps 

journal speed ................................................................................................................... 36 

Table 4.6: The optimization results for a bearing subjected to 10 KN load and 100 rps 

journal speed ................................................................................................................... 37 

Table 4.7: The optimization results for a bearing subjected to 10 KN load and 150 rps 

journal speed ................................................................................................................... 38 

Table 4.8: The optimization results for a bearing subjected to 10 KN load and 200 rps 

journal speed ................................................................................................................... 39 

Table 4.9: The optimization results for a bearing subjected to 10 KN load and 240 rps 

journal speed ................................................................................................................... 40 

Table 4.10: The optimization results for a bearing subjected to 20 KN load and 40 rps 

journal speed ................................................................................................................... 41 

Table 4.11: The optimization results for a bearing subjected to 20 KN load and 100 rps 

journal speed ................................................................................................................... 42 

Table 4.12: The optimization results for a bearing subjected to 20 KN load and 150 rps 

journal speed ................................................................................................................... 43 

Table 4.13: The optimization results for a bearing subjected to 20 KN load and 200 rps 

journal speed ................................................................................................................... 44 

Table 4.14: The optimization results for a bearing subjected to 20 KN load and 240 rps 

journal speed ................................................................................................................... 45 

Table 4.15: The design variables bounds ....................................................................... 52 

Table 4.16: The input parameters for optimum design .................................................. 52 



 

vii 
 

Table 4.17: The boundary parameters ............................................................................ 53 

Table 4.18: The Genetic Algorithms parameters ........................................................... 53 

Table 4.19: The optimization results for a bearing subjected to 10 KN load and 100 rps 

journal speed (numerical example) ................................................................................ 54 

Table 4.20: The optimum design results of the journal bearing ..................................... 54 

 

 

  



 

viii 
 

List of Figures 

Figure 1.1: Rolling bearings ............................................................................................. 2 

Figure 1.2: Magnetic bearings .......................................................................................... 3 

Figure 1.3: The operation of hydrodynamic lubrication in journal bearings ................... 4 

Figure 1.4: The wedge effect of hydrodynamic lubrication ............................................. 4 

Figure 1.5: Hydrostatic lubrication ................................................................................... 5 

Figure 1.6: Boundary lubrication ..................................................................................... 6 

Figure 1.7: Solid journal bearing ...................................................................................... 7 

Figure 1.8: Simple bronze bushing ................................................................................... 8 

Figure 1.9: Flanged bush .................................................................................................. 8 

Figure 1.10: Split flange bushing ..................................................................................... 9 

Figure 1.11: Schematic of split long flange bushing ........................................................ 9 

Figure 1.12: Pivot bearing .............................................................................................. 10 

Figure 1.13: Radial and tilting pad bearing .................................................................... 10 

Figure 1.14: Self-aligning spherical journal bearing ...................................................... 11 

Figure 2.1: Geometry of hydrodynamic journal bearing ................................................ 12 

Figure 2.2: The Moody chart for pipe friction with smooth and rough walls ................ 16 

Figure 2.3: Transition of boundaries through the flow over the flat plate surface as an 

example of external flow ................................................................................................ 17 

Figure 2.4: Bearing friction due to boundary lubrication ............................................... 18 

Figure 2.5: Dimensionless friction plot for half Sommerfeld bearing ........................... 18 

Figure 2.6: Geometry of a cylindrical bearing ............................................................... 20 

Figure 2.7: Boundary conditions for cylindrical bearings .............................................. 21 

Figure 2.8: Pressure distribution in a journal bearing .................................................... 22 

Figure 2.9: Axial pressure distribution ........................................................................... 23 

Figure 2.10: Oil ring lubricated bearing with water cooling .......................................... 24 



 

ix 
 

Figure 2.11: Oil collar lubrication .................................................................................. 25 

Figure 2.12: Bearing with oil hole and axial groove ...................................................... 25 

Figure 2.13: Oil pump lubrication of an engine crankshaft ............................................ 26 

Figure 3.1: Illustration of one-point crossover that splits up the genome of two solutions 

at an arbitrary point and re-assembles them to get two novel solutions ......................... 30 

Figure 3.2: The Gaussian distribution is basis of Gaussian mutation operator adding 

noise to each component of the chromosome ................................................................. 31 

Figure 3.3: Example of genotype-phenotype mapping for a machine learning pipeline. 

The bit string encodes a pipeline of normalization, imputation, dimensionality 

reduction, and regression ................................................................................................ 32 

Figure 4.1: Pareto-optimal front for a bearing subjected to 10 KN load and 40 rps 

journal speed ................................................................................................................... 39 

Figure 4.2: Pareto-optimal front for a bearing subjected to 10 KN load and 100 rps 

journal speed ................................................................................................................... 40 

Figure 4.3: Pareto-optimal front for a bearing subjected to 10 KN load and 150 rps 

journal speed ................................................................................................................... 41 

Figure 4.4: Pareto-optimal front for a bearing subjected to 10 KN load and 200 rps 

journal speed ................................................................................................................... 42 

Figure 4.5: Pareto-optimal front for a bearing subjected to 10 KN load and 240 rps 

journal speed ................................................................................................................... 43 

Figure 4.6: Pareto-optimal front for a bearing subjected to 20 KN load and 40 rps 

journal speed ................................................................................................................... 44 

Figure 4.7: Pareto-optimal front for a bearing subjected to 20 KN load and 100 rps 

journal speed ................................................................................................................... 45 

Figure 4.8: Pareto-optimal front for a bearing subjected to 20 KN load and 150 rps 

journal speed ................................................................................................................... 46 

Figure 4.9: Pareto-optimal front for a bearing subjected to 20 KN load and 200 rps 

journal speed ................................................................................................................... 47 

Figure 4.10: Pareto-optimal front for a bearing subjected to 20 KN load and 240 rps 

journal speed ................................................................................................................... 48 

Figure 4.11: Effect of ns on T ...................................................................................... 49 

Figure 4.12: Effect of ns on Q......................................................................................... 49 

Figure 4.13: Effect of ns on T (W = 5 KN) ................................................................. 51 



 

x 
 

Figure 4.14: Effect of ns on T (W = 10 KN) ............................................................... 51 

Figure 4.15: Effect of ns on T (W = 15 KN) ............................................................... 52 

Figure 4.16: Effect of ns on T (W = 20 KN) ............................................................... 52 

Figure 4.17: Effect of ns on Q (W = 5 KN).................................................................... 53 

Figure 4.18: Effect of ns on Q (W = 10 KN).................................................................. 53 

Figure 4.19: Effect of ns on Q (W = 15 KN).................................................................. 54 

Figure 4.20: Effect of ns on Q (W = 20 KN).................................................................. 54 

Figure 4.21: Pareto-optimal front for a bearing subjected to 10 KN load and 100 rps 

journal speed (numerical example) ................................................................................ 56 

Figure 4.22: Viscosity-temperature chart ....................................................................... 58 

 

 

 

  



 

xi 
 

Nomenclature 

A: Cross-sectional area m
2
/s   

C: Radial clearance m 

Cmax: Maximum radial clearance m 

Cmin: Minimum radial clearance  m 

Cp: Specific heat of lubricant J/kg.K 

D: Journal diameter m 

DH: Hydraulic diameter m 

e: Eccentricity 

Fj: Friction force N 

G

: Correction coefficient 

hc: Film thickness at transition point m 

hmin: Minimum oil film thickness m 

L: Bearing length m 

n: Journal rotational speed rpm 

N: Length of the bit string 

P: Load per unit of projected bearing area kg/m
2
 

Pmax: Maximum generated pressure kg/m
2
 

Q: Supplied oil quantity m
3
/s 

Re: Reynolds number 

Re: Average Reynolds number 

          : Critical Reynolds number 

r: Journal radius m 

S: Sommerfeld number 

U: Velocity m/s 

Ux: Velocity in x-direction m/s 


