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ABSTRACT 

 

Hydrodynamically lubricated journal bearings are considered to be a vital 

component of most of the rotating machines. It is used to support radial loads 

under wide range of speeds. In the journal bearing, pressure or hydrodynamic lift 

is generated in a thin lubricant oil film that separates the shaft and the bush, thus 

preventing metal to metal contact. 

 The steady state thermal behavior of hydrodynamic bearing is one of the 

most important subjects to be considered in designing this type of bearings for 

rotating machineries. For heavy machines, like cement mills, the maximum 

allowable bearing surface tempearture is a major restriction of the running time 

for these machines. 

         In order to investigate the effect of lubricant viscosity on the performance of the 

journal bearing, a complete thermohydrodynamic analysis (THD) of  a plain 

cylindrical journal system has been developed.  The classical form of the  Reynold's 

equation  coupled with the energy equation and the heat conduction equation through 

the solids are solved numerically using a finite difference technique with appropriate 

boundary conditions. A full hydrodynamic journal bearing has been investigated and 

the obtained results have been checked by comparing it with another theoretical and 

experimental results of different workers. The computer's program, which was written 

in (FORTRAN 09 ـــ), was prepared to solve the a above problem. Then it was used to 

investigate the performance of the partial arc journal bearing as that was used in a 

cement mills. 



   

 This investigation reveals that the oil viscosity has a pronounced influence 

on the bearing performance, and the effect of the temperature of the hollow shaft 

on the thermal behavior of the partial journal bearing in cement mill is the dominant 

operation parameter. The increase of the shaft temperature reduces the minimum 

oil film thickness which is limited the operation temperature of the journal bearing 

and running time of the cement mill can be increased by reducing the shaft 

temperature. 
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                            NOMENCLATURE 

 The following symbols are generally used throughout the text.  

Others are defined as when used.  

SYMBOL DESCRIPTION UNITS 

c   Radial clearance m 

Co   Specific heat of lubricant  J/kg. C   

D   Diameter of journal       m 

       e   Journal eccentricity m 

       h   Oil film thickness  m 

  convh    Convective heat transfer coefficient    w/m 2 . C  

h
max    Maximum oil film thickness   m 

     h
min    Minimum oil film thickness    m 

h     dimensionless oil film thickness (h/c)    

i, j, k The indexes increases along x, y, z axes    

bk    Thermal conductivity of the bush w/m. C  

oilk    Thermal conductivity of lubricant  w/m. C  

sk    Thermal conductivity of the shaft w/m. C  

21 ,, kkko    Oil viscosity coefficient   



    N     Journal speed  r.p.m 

        L     Bearing length m 

     P   Oil Pressure N/m2 

atmp    Atmosphere pressure N/m2 

sp    Oil supply  pressure  N/m2 

p  
  Dimensionless oil Pressure = 2))()(/(

R

c

U

R
p in                                

s
p    Dimensionless oil supply Pressure = 2))()(/(

R

c

U

R
p ins                                 

      recQ    Recirculation oil flow rate m3/s 

      lQ    Axial leakage oil flow rate m3/s 

    inQ    Supply oil flow rate m3/s 

    R   Journal radius     m 

br     Bush radius      m 

binr     Bush inner radius      m 

boutr     Bush outer radius     m 

t    Oil temperature C  

       ta   Ambient temperature C  

t b   Bush  temperature C  

 t bo   Bush outer surface temperature       C  



t in   Inlet oil temperature       C  

tr   Recirculating oil temperature       C  

ts   Shaft temperature C  

tsi   Inner temperature of the hallow shaft  C  

t
   Dimensionless temperature = t / t in   

U   Shaft speed  m/s 

u   Fluid velocity component in x direction   m/s 

u    Dimensionless velocity = u/U  

v   Fluid velocity component in y direction m/s 

v    Dimensionless velocity = v/U(R/c)   

w   Fluid velocity component in z direction m/s 

w    Dimensionless velocity = w/U    

W   Bearing load capacity N 

x,y,z   Coordinate system  

zyx ,,  

   Dimensionless coordinate system 

          
R

x
x   ,  

h

y
y   ,  

L

z
z   

 

 

                              Greek symbols 

 



Symbol Description Units 

    Eccentricity Ratio - 

p , t     Errors Ratios  - 

     Lubrication viscosity  pa . s  

in     Inlet lubrication viscosity pa . s 

  
   Dimensionless viscosity =

in


  

     Density of oil kg/m3 

     Shear Stress N/m2 

             Bearing  Attitude Angle rad 

  Journal Rotational Speed rad/s 

   

   

 

Superscript 

 

__      Dimensionless quantity 

  

 

 



 الخلاصة 

 
 

مررا ازاررتار ال ةيسرري  مررل معاررا المعررااد الة يفرر  الررا ا    مررل  المسررد ا التيتيرر  تعتبرر 

 م را  ر ا ب مرا المرر   الرا ا  المت لا مل طب   خفيف  ما التيرد يالضغط  الص دع . مل هذه المسد ا

التشرغيل  ل امرترثةي  علسرف   الرر ا ل لفمسرد ا التيتير   تمدسه مرا ازارتار الةدبتر . لغر ا ا اسر  ا

 .ا ألرا ا هةلك  ه ما أها الع امل ألمرااه مل تصميا المسرد ا التيتير  لفمكردالسف    هذا المختفف  عفى

أسرردت ترايررا سرردعدد  تكرر ا ررر ا   اسررا المسرر ا الاسررم د كمررد مررل طرر اريا طبي رردد مررل بعررا الت

تضم د المعدلا  ال ا ي  التشغيل. تا اعتمدا  ا ي  الة م هيا  اي دم   لغ ا أا ار هذه الا اس    

طب ر  التيرد  معدالر    هل معدال   ي  لات التل تركا ضغط لفم ض ع  رل المعدالاد الردكم  عاايد

 معدال  ا ت دل الر ا   مل ازاسدا ألصفبه إضدم  إلى  الطدق  التل تركا ا ت دل الر ا   مل طب   التيد

بعا  ( لرل المعدالاد الردكم  أعلاه آ يد.90الش  ط الراي .  تا أعااا ب  دمج مكت ب بفغ  الف  ت اا )

ذل  تا ت يا لف تدةج بم د  تهد ب تدةج بر ث سدب ه م ش  ه  ما مصدا  معتب   أاه د هذه الم د  ردد 

تا ارتسدب تثةي   هذه ألخط ه بعا مل ارتسدب السف   الر ا ل ما ال تدةج ال اقعي .ق ب  تدةج البرث 

  عفى الت تيا الر ا ل  الضغط ااخل طب   التيد  ر ا   اسا المس ا  مل الع امل التشغيفي فمختف

مرل   كذل  تضم د الا اسر  ا اسر  السرف   الرر ا ل لفمسرد ا الاتةير  المسرتخام  المست ى ال سطل.

 در ا   م ت ف  عب  الشفطا ما  ا ا (450)  ا التل يصل ترميفهد  إلى أكة  م  يا الاسم دط ار

المار ف عفرى ا تفردع رر ا    دالا اس  التثةي  ازسدسل لر ا   الشفما خلال  اتبي . الفمس الما ف

ل رر ا   اسا المس ا  بدلتدلل التسبب مل ت قف المدك   لذا يتطفرب إاامر  التشرغيل معدلار  الا تفردع مر

  رسب الا اس . لسدعدد التشغيل الشفد لك  ه المراا ازسدسل

        

   

 

 



 

APPENDIX-A 

 

                                  Reynold's equation deriving 

 

 

     The Renold's equation is derived with the following general assumptions: 

 

1- Laminar flow. 

2- Incompressible fluid. 

3- Pressure gradient across the film is negligible. 

4- h/l << 1 

5- body force and inertia forces are negligible. 

6- Steady state flow. 

7- The lubricant is Newtonian. 

 

  The starting point is the condition of equilibrium of small element in the 

oil film with sides length ( dzdydx ,, ) under the action of the viscose shear 

stresses and oil pressure as follow: 
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          And from assumption 3: 

              0




y

p
 

         From the Newton's law of viscous flow: 
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       Where   the fluid  shear stress.  

        Combine equations (A-1), (A-3), and equations (A-2), (A-4) to get: 
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         Integrating equations (A-5), (A-6) twice to get the fluid velocity 

components ( wu, ) in ( zx, )directions, and for first component as below:   

        Where viscosity ( ) is a variable quantity. 
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          Then: 
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         Where 21 ,cc  are constants can be found from the following boundary 

conditions: 

                  0u        at      0y  

          And  

                  Uu        at      hy                                               ……(A-10) 

         Substitute equation (A-10) in equation (A-9), the value of constants 21 ,cc    

can be evaluated as: 
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                  Substitute equation (A-11) in equation (A-9) to obtain the velocity 

component in x direction as below: 
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         By the same procedure  and the following boundary conditions: 

 

                  0w        at      0y  



                  And  

                  0w       at      hy                                                ……(A-13) 

         The velocity component ( w ) in z  direction as below: 
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         For a column ( h ) fixed in space, ( zx mm , ) the mass flows per unit width in 

the ( zx, ) directions and for the condition of continuity of mass: 
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         Where: 
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        Substitute equation (A-12) in equation (A-16) to obtain: 
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         And 
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          Substitute equation (A-14) in equation (A-18) to obtain:  
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          Substitute equations (A-17), (A-19) in equation (A-15) to obtain: 
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          Substitute the dimensionless form of parameters in equation (A-20), the 

dimensionless form of Reynold's equation:   
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           Where: 
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Appendix-B 

Energy  equation deriving 

  

      The energy equation for a lubricant film with the following assumption:  

1- Heat conduction in the x and z directions have been ignored  

                       (small value). 

                  2- The lubricant density and specific heat have been taken      

                        constant values. 

           It is given as : 
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    Where the left side of the equation is the convection term, and the right side 

is the heat conduction across the lubricant film and the heat generated due to 

the viscose shear. 

            Then the equation (B-1) is solved as below: 
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             For continuity condition of lubricant flow: 
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              Then: 
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               To transform energy equation to the dimensionless form, the 

coordinate transformation as follows:     
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x  : coordinate in circumferential direction 
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y  : coordinate in the oil film thickness direction 
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z  : coordinate in the axial direction 

       For the x  coordinate: 
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      Where: 
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        Substitute equation (B-8) in equation (B-5):                                    
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       For the z  coordinate:   
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       The lubricant film thickness( h ) is assumed to be independent on z so: 
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       Substitute equation (B-11) in equation (B-10):  
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     Substitute the dimensionless form of parameters and the coordinates 

transformation equations (B-9), (B-12) in equation (B-4), the dimensionless  

form of the energy equation is:  
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INTRODUCTION 

 

 

Hydrodynamic bearings are used in  industry to support rotating shafts of 

heavy machines, they are considered as a good choice due to their constructive 

simplicity, reliability, efficiency, and low cost. The radial hydrodynamic 

bearings, with oil as a lubricant, are widely used. Oil temperature inside the 

bearing affected by the applied operation conditions, oil viscosity as known  

varies substantially with the temperature leading  to decrease  the bearing load 

capacity, consequently, thermal effect in hydrodynamic lubrication plays a 

crucial role in prediction of the bearing performance. 

In the present work the bearing which support the cement mill in the 

cement plants has been investigated. This bearing represent the main part of 

the mill which is a cylindrical body with a diameter reaches sometimes to more 

than (5) meters and weight reaches to (1000)T. The mill body is supported by 

two partial journal bearings with cooled oil supplying system. It was shown 

during operation that the maximum allowable bearing surface temperature is 

the major restriction of the running time, especially during summer season. It 

is required that the bearings maximum surface temperature is usually to be 

well below (80) Co . Hence  more than this limit a margin of safety is usually 

imposed. When the maximum temperature is reached the mill will be stopped 

until the bearing is cooled which is time consuming, it consumes about more 

than (10) hours, leading to lose the production in the critical time. Two sources 

of heat are available with this type of journal bearings, the heat dissipated due 

to the viscous effect and that produced due to the milling process. In order to 

save the running time of the mill, the temperature of bearing bush metal must 

be kept below the maximum allowable temperature. The effect of different 

operation parameters and geometric factors on the bearing behavior must be 
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studied. The present work consists of a theoretical analysis to predict the 

thermal behavior of  a finite length full and partial journal bearings by using 

thermohydrodynamic theory. A full journal bearing with a single groove 

located at the crown of the bearing on the line parallel to the load direction 

and a partial arc bearing with a 120 deg. were investigated. The governing 

equation namely, Reynold's equation coupled with the energy equation at the 

lubricant  and the heat conduction equation in the bearing body and shaft were 

solved with appropriate boundary  conditions by  using a suitable  finite differences 

method. Iterative scheme with successive under relaxation was employed to obtain  

the pressure and the temperature field in the oil film and the bearing body. For this 

purpose computer program was prepared and written using (FORTRAN 90) to solve 

the governing equations. The obtained results, for full journal bearing, are 

compared with  theoretical and experimental results from available published 

works. The computer program was modified to investigate the performance of  

120   partial arc  journal bearing which is used in cement mills  with hallow shaft 

rotating  with low speed.       The effect of the  operating parameters, include the 

hallow shaft temperature, on the thermal behavior of the partial journal bearing 

are studied and deduced  the main reason of the temperature rising, and the 

effective way  to solve the problem can be decided.          

 

 

    

           Under  the normal operating conditions, the lubricant undergoes a 

significant change in temperature a long the circumferential direction, which 

causes a change in viscosity and other bearing performance parameters such as 

minimum film thickness, load carrying capacity, leakage flow rate, and power 

loss.  

Objectives of the present work        1.0 



        Hence the main objective of this work is to establish a complete 

thermohydrodynamic analysis for a full journal bearing via the following steps 

:- 

1- The development of a mathematical model for a finite length journal 

bearing. 

2- The preparation of a computer program to solve the governing 

equations using a suitable numerical technique. 

3- Studying  of the effect of different operating parameters on the 

performance of the bearing.  

 

             The other main objective of this work is to modify the computer 

program mentioned above to analyze the causes of the bearing failure which is  

used to support the cement mill in Karbala cement plant.     

 

 

 

 

 

LITERATURES REVIEW 

 

 

 

          The study of the thermal effect on bearing performance has been  considered to be an 

important subject since the evolution of tribology as a field of study. The driving force behind this, is 

the frequent failure of tribological component due to metal-to-metal contact and the associated rise 

in the frictional heating. Hence, for an accurate investigation to the  behavior of the bearing,  

thermal effects in lubrication must be taken into account, the performance of hydrodynamic 

bearings is a strong function of lubricant viscosity, which is known to vary substantially with 

temperature. Different methods were proposed to take the effect of temperature rise on the 
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performance of journal bearing. Thermal effects are primarily limited to employ a specific  value of 

the viscosity, called effective viscosity, according to the average temperature rise in the bearing. The 

most draw back of this method that it dose not provide any information about the peak 

temperature, which is one of the most  important subject to be considered in bearing design. 

Adiabatic solution for the journal bearing was used including variable viscosity and a simple energy 

equation was solved uncoupled with Reynold's equation. In this case, it was assumed that the heat 

generated within the lubricant film is completely carried away by the oil and the heat losses from 

the oil film to the boundary surfaces have been ignored and the temperature at any point is taken to 

be constant across the oil film. This method can provide a rough value of maximum temperature. 

The incorporation of the variable viscosity is of the most importance, first because it affects all major 

performance items, secondly because it can provide the  value of (Tmax) which is one of the two 

basic mechanisms of the failure of hydrodynamic bearings, (hmin) is the other one. In the 

thermohydrodynamic (THD) analysis of the journal bearing, which considers the temperature and 

viscosity distribution through the oil film, is based on the solution of Reynold's equation coupled 

with the energy equation in the lubricant flow and the heat conduction equation in the bearing bush 

and the shaft, hence predicting bearing performance more accurately. The bearing temperature field 

requires proper assessment of heat conduction from the lubrication to the boundary surfaces, i.e 

the journal and the stationary housing, as well as the heat loss to the ambient by means of 

convection. The following are  brief  review to the literatures related to the field. 

 

 

 

              

       Pinkus and Bupara, [1], offered a method for the  analysis of the finite journal bearing including 

variable oil viscosity with the assumption that the heat generated within the lubricant film is 

completely carried away by the fluid and hence the heat losses from the film to the boundary 

surfaces are ignored. The temperature at any point was taken to be constant across the oil film. The 

energy equation is decoupled from the Reynolds equation and it was solved, by neglecting the 

pressure gradient terms,  to get the temperature within the film at any angular position. They got 

the performance parameters for three sizes of two axial- groove journal bearing such as load, 

maximum temperature, oil flow, etc. 
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          Suganami and Szeri, [0], contrasted thermal performance of 80 degree partial arc short 

journal bearing with the results of the classical theories (isothermal, adiabatic) via a restricted 

parametric study. The  problem was solved a cording to the following boundary conditions:  

At the leading edge of the arc the temperature is the inlet oil temperature and at the trailing edge is 

zero normal gradient. At the oil film-bearing interface both the temperature and the heat flow are 

continuous. At low speeds the shaft surface is assumed to be at a uniform temperature while at high 

speeds is assumed to be insulated against heat flow. 

Thermal effects are found to reduce load capacity in every case investigated and this reduction is 

small at small eccentricities and significant at large eccentricities .           

 

          Cowking, [3], described a technique to solve the Reynolds equation and energy equation for 

multi-arc journal bearing. The technique is based on the assumption that the temperature of  the oil 

film is a function of the angular direction only. Theoretical results obtained for the maximum bearing 

temperature and they compared with that for two-arc test bearing. It was concluded   that the 

bearing temperature over-estimates at low speeds and under-estimates at high speed. 

            

          Seireg and  Dandage, [2], constructed a procedure to evaluate the performance of the journal 

bearing by using isoviscous theory with modified sommerfeld number which can replace the 

isoviscous sommerfeld number. The procedure was based on experimental thermohydrodynamic 

consideration. The empirical point that for any particular eccentricity, oil viscosity, and inlet 

temperature, there exists a speed where the isoviscouse theory predicts the  same magnitude of 

maximum pressure as that measured experimentally, but the variation of it with inlet temperature is 

different. This method is useful to  provide the designer with an alternate method for selecting the 

main bearing parameters in critical application. 

   

          Ferron , et al. [1], studied the thermal effect in a finite journal bearing theoretically and 

experimentally. The thermohydrodynamic theory was used to predict the oil film pressure  and the  

temperature through both the  oil film and the solid housing. The Reynolds boundary condition had 

been adapted to solve the Reynolds equation while the temperature on the solid surfaces had been 

given by the heat flux continuity with constant shaft  and inlet zone temperatures. They showed that 

the theoretical and experimental results obtained for oil film pressure are in good agreement, while 



the measured maximum temperature is always higher than the theoretical value due to the 

uncertainties of the bush thermal conductivity as it was justified.      

 

   Mitsui , et al. [6], performed an experimental and  theoretical analysis for the cooling 

effect of the oil supply  in a circular journal bearing  on the bases of  (THD) analysis. The initial 

temperature distribution of the oil film just behind the oil inlet was calculated by using experimental 

mixing coefficient,  which is defined as a participating ratio of the recirculation oil in the mixing 

process. A transparent plastic bearing was used to observe the film flow in the cavitated region .   

The correlation between the supply oil flow rate and the mixing coefficient was conjecture. It was 

obtained that as the mixing coefficient increases the oil film temperature at respective depths in 

thickness tends to rise after the mixing process. Hence, the journal surface temperature is influenced 

thereby. 

                   

          Lund and Hansen, [1], presented an analysis to solve the energy equation for the journal 

bearing oil film. The analysis approximates the oil temperature profile across the oil film thickness by 

a fourth order polynomial and ignored the variation of the viscosity across oil film thickness. The 

solution was used to estimate  the temperature of the journal, bearing sleeve, and the oil film. The 

viscosity distribution obtained was used to solve the Reynolds' equation to obtain the pressure 

distribution in the oil film. Iteration is required between the energy  and Reynolds equations because 

of the coupling through the pressure induced flow in the oil film. 

   The experimental part of the investigation shows that the calculated results, for two-axial grove 

journal bearing, compared with experimental measurements are satisfactory. 

 

           Mitsui, et al. [9], studied the effect of the journal speed, lubrication viscosity, and clearance 

ratio on the maximum bearing temperature and its location experimentally and compared it with 

the theoretical results published in [6]. They showed that the experimental result agrees with the 

theoretical one except in the region of the groove because of the reverse oil flow in the region. The 

maximum bearing temperature (Tbmax) increases with increasing journal speed and using more 

viscous lubricant. The maximum bearing temperature and the minimum oil film thickness locations 

moves with the journal direction as the journal speed increases. The surface temperature rise also 

increases with decreasing the radial clearance. The location of the maximum bearing temperature 

moves much than (hmin) do in reverse direction of the journal rotation.         



  The higher viscosity of the oil cause a higher temperature over the whole bearing surface due to 

the increased  in shear rate. 

 

           Ferron et al. [8],  conducted experimental and theoretical investigations based on a genera 

thermohydridynamic theory. During this work         the effect of the thermal displacement of the 

shaft and the bush on the oil film thickness has been investigated. A good agreement between 

theoretical and experimental result is obtained when thermal deformations together with the 

differential thermal dilatation between the bearing and the shaft are considered. 

            

         Heshmat, and Pinkus, [12], offered a conceptual and an experimental investigation for the 

mixing mechanism of the cold and hot lubricant at inlet to the hydrodynamic bearing in terms of oil 

flow and temperatures. They constructed an equation to determine the mixing inlet temperature as 

a function of a rang of operating conditions and bearing sizes correlated in terms of an appropriate 

mixing function .                   

                               

          Junichi, [11], conducted an extensive theoretical and an experimental investigation to 

determine the bearing metal and oil film temperature of circular journal bearings. The following 

conclusions were derived for the effects of the journal bearing speed, clearance ratio, lubricant 

viscosity, and load on the bearing temperature and were examined experimentally. The effects of 

the journal bearing clearance ratio, lubrication viscosity and loading on the bearing temperature has 

been investigated. This work led to an important conclusions such as that the maximum 

temperature increases considerably with the increase of journal speed, lubricant viscosity and with 

the decrease of clearance ratio.                         

 The angular position of (Tbmax) varies considerably towards the direction of journal rotation from 

the upper stream side of the location of minimum film thickness to the lower stream side as the 

journal speed increases. The change of angular position of (Tbmax) is greater than that of (hmin) 

while the contrary happens with the decrease of  clearance ratio. The value of (Tbmax) and the 

maximum oil film temperature dose not vary so much with the increase of load for any constant 

value of speed.     

         



         Khonsari and Estahanian, [10], extended the thermohydrodynamic theory to include the effect 

of solid particles carried by the oil in the hydrodynamically lubricated journal bearings. For a liquid-

solid case, an experimental investigation indicated that if the solid particles are small, they will pass 

through the minimum film thickness and the shear stress relation can be classified as Newtonian 

fluid but the viscosity of the mixture (oil and solid) depends on the mixture ratio by weight, while if 

the particles size are larger than the minimum oil film thickness the relation will no longer be 

classified as Newtonian fluid. After the numerical solution, it was observed that the bearing 

temperatures are significantly increased  by the existence of solid particles as compared to that of 

the clean oil case. 

 

         Khonsari and Kim, [13], conducted an extensive investigation to the seizure phenomenon 

occurs in the journal bearings during the start-up process when the shaft is in direct dry contact with 

the bush, due to the long time the bearing being unused or when the lubricant supply to the bearing 

is blocked, the paper predict how long time it was taken before seizure was set in. It is assumed that 

seizure occurs due to a complete loss in clearance resulting directly from thermal expansion of the 

shaft as it rubs internally against the bush surface. 

 

        Khonsari et al. [12], performed an extensive set of thermohydrodynamic simulation. They 

presented the results in the form of generalized design chart which enables one to predict the 

maximum temperature and the effective bearing temperatures.  

 

        Ma and Taylor, [11], conducted an experimental investigation on the thermal effects on the 

plain and elliptical journal bearings. Their investigation shows that the temperature variation is 

significant  along the circumferential direction but not in the axial direction. 

  

          Fillon, et al. [16], experimented the effect of inlet oil groove location and supply pressure on 

the performance of single-axial groove journal bearing. The location of the inlet groove was changed 

in the test from (-30) to (+30) degrees in relation to the  load line. 

The experimental results showed that comparatively to the journal bearing with a groove on the 

load line, the  location of the groove (-30) degrees has originated a reduction in the operating 

temperatures, oil flow rate  and increase in the maximum hydrodynamic pressure. For location of 

(+30)degrees a reduction in operating temperatures, increase in the oil flow rate and increase in the 



maximum hydrodynamic pressure. The increasing of the oil supply pressure increases the oil flow 

rate with a decrease in the bearing operating temperature and increases in maximum hydrodynamic 

pressure (for fixed applied load). 

    

         Pierre and Fillon, [11], analyzed the effects of various geometric factors and operating 

conditions on the journal bearing behaviour. They concluded that the operating temperature of the 

journal bearing is influenced by the rotational speed whatever the load values(other parameters are 

fixed), while at low speed, the minimum oil film thickness depends greatly on the applied load. For 

the  high speed the effect of the speed becomes higher due to the increasing hydrodynamic effects. 

At low-load conditions, the rotational speed has nearly no influence on the maximum oil pressure, 

but at a high-load, the increase in speed reduces the maximum pressure. The use of thicker oil 

induces a higher operation temperature and not greatly affects the maximum pressure although a 

slight decrease occurs at a high load and low speeds due to the higher values of the minimum film 

thickness. Decreasing the bearing length leads to an increase in operation temperature and 

maximum pressure. Higher clearance leads to an increase in the axial flow rate particularly under 

high applied loads and high rotational speeds. The operation temperature decreases when the radial 

bearing clearance increases. 

             K. Hatakenaka  and  M. Tanaka, [19],  presented a new method of solving the simplified 

energy equation to obtain the oil film temperature distribution easily. The energy equation is made 

discrete by means of the control volume method. They concluded that the thermohydrodynamic 

performance of two-lobe journal bearing predicted by this method is in a good agreement with the 

measured one, viscosity temperature index of lubricant and journal surface temperature have strong 

effects on the minimum oil film thickness and the maximum pad surface temperature. 

          S. A. Nassab  and  M. S. Moayeri, [18], presented analysis of  the axially groove fluid film finite 

length journal bearing based on the theromhydrodynamic theory. Conformal mapping is used to 

generate an orthogonal grid and the governing equations are transformed in the computational 

domain. Discretized forms of the transformed equations are obtained by the control volume method 

and solved by the semi-implicit method. The numerical results were compared with several 

experimental data and a good agreement was found. 

         Jang and Khon Sari, [02],  gave a very simple design procedure which enables one to rapidly 

predict the maximum bearing temperature, the shaft temperature and other bearing design 

parameters. They used two dimensionless temperature rise parameters to characterize the thermal 

behavior of a steady state hydrodynamic bearings.  



    From the above review, thermal behavior was primarily limited to employ a specific value of the 

viscosity, called effective viscosity, according to the average temperature rise in the oil film. This 

method did not provide any information about the maximum temperature. Adiabatic solution was 

used including variable viscosity and a simple energy equation uncoupled with Reynold's equation, 

this method can provide a rough value of maximum temperature. For more accurate, the present 

work represent an attempt to apply the thermohydrodynamic analysis for the journal bearing to 

study the thermal behavior for bearing of cement mill.  

              

         

                  

                  

 

 

     

MATHEMATICAL MODEL AND THEORY       

 

 

Viscosity of oil significantly affects the load carrying capacity of the 

bearings. Viscosity of oil decreases exponentially with an increase in 

temperature as a result, the  load carrying capacity decreases as viscosity 

decreases. Several equations have been used to describe the viscosity 

temperature relation. 

  Thermohydrodynamic analysis of a bearing refers to a realistic solution of 

Reynolds’ equation in which viscosity field is predicted based on the 



computation of temperature field obtained from energy equation. Predictions of 

the bearing performance parameters based on thermohydrodynamic analysis 

requires simultaneous solution of the Reynold's equation (pressure field)  

coupled with the energy equation (temperature field) and the heat conduction 

equation (temperature field through the solids) through the equation related to 

the viscosity and temperature. In this chapter the main governing equations with 

appropriate boundary conditions required to solve the problem have been 

developed. 

            

 

 

 

 

           The global coordinates system that is used in the oil film  is the fixed 

Cartesian coordinates system (x,y,z).The original point is the contact  point of 

the journal bearing line centers with the inner ring of the bearing bush, the (y) 

 

 

 

 coordinate matches the line centers, the (x) coordinate is in the rotation 

direction, and the (z) coordinate is perpendicular to the (x,y) plane as shown in 

Coordinate system        3.1 



figure (3-1). The non-dimensional coordinates ( zyx ,, ) are used to solve the 

governing equations. The ( r, ) coordinates are used to describe the 

temperature through the solid bodies (shaft and bearing bush). 

 Where: 

 
R

x
x  : coordinate in circumferential direction 

   
h

y
y  : coordinate in the oil film thickness direction 

   
L

z
z  : coordinate in axial direction 

           
bin

b

r

r
: radial coordinate in radial direction for the bearing                  

r  

           
R

rs : radial coordinate in radial direction for the shaft 

      

    

 

 

 The fluid film forces are obtained by solving the basic lubrication 

equation for pressure distribution which so called Reynold's equation. 

Reynold's equation with variable viscosity is derived  as shown in Appendix (A).  

  The dimensionless form of this equation with variable viscosity reported 

by[12] as:  

Reynold's equation 3.2 
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The oil film thickness can be evaluated as described by [21] as: 

h
c
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=1+   x cos                                                                      ...(3.4)  

The dimensionless form of the oil-film velocity components ( wvu ,, ) in (

zyx ,, ) directions were described by [12] as: 
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The following assumptions are made in deriving the energy equation:- 

1- The lubricant density and thermal conductivity remain constant. 

2- Heat conduction for the lubricant in the direction of sliding motion of the 

    bearing surface is neglected since it is small compared with the heat 

    convection  in the same direction [11]. 

3- The axial variation in temperature can be ignored as being small [7,9,and 

11]. 

    The above assumptions lead to the energy equation such that given by 

     [12,and 20]. 

Energy equation 3.3 



     The dimensionless  form of the energy equation is given as:- 
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Where:  
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 1                                                        …(3.10) 
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                                                                                 …(3.12) 

The dimensionless oil temperature is:     

int

t
t                                                                                             …(3.13) 

A full derivation for the energy equation can be found in appendix B. 

 

 

The temperature distribution through the soled boundaries (journal and 

bearing) can be evaluated by solving the heat conduction equation. The steady 

state heat conduction equation with no heat source can be written as[6]:- 
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 Heat conduction equation 

 

3.4 



 

 

 

The viscosity of the  lubricant was assumed to be variable across the film 

and a round the circumference. The relationship between the viscosity and the 

temperature is given by the following equation as described by [5]:  

  
2_

2

_

1

_

tktkko                                      ...(3.15) 

 

where: 

           21 ,, kkko    the lubricant viscosity coefficients. 

 

 

 

 

The attitude angle ( ) can be written by the relation as described by [22]: 

   )(tan 1

r

t

w

w
                                                                                    ...(3.16) 

Where rw  and tw  are the components of dimensionless load in the direction of 

line of centers of the journal and the normal to the line which can be evaluated 

as: 

Equation of state  3.1 

Attitude angle  3.6 



   zdxdxpwr  

1

0

2

0

cos



                                                                                ...(3.17) 

   zdxdxpwt  

1

0

2

0

sin



                                                                                ...(3.18) 

 

 

 

     

 The following boundary conditions have been used with the above 

governing equation to achieve the thermohydrodynamic analysis of the 

bearing. 

  The boundary conditions which were used with the Reynolds’ equation can be 

expressed as described by [12] as:-      

At the oil supply groove                     2x       
s

pp                        …(3.19) 

At the journal bearing edges              0z  and 1z       0.0
atm

pp        ...(3.20) 

At the cavitation     zone                   0.0




x

p
      0.0p                           …(3.21) 

  The temperature distribution through the oil film can be determined by 

solving the energy equation subjected to the following boundary conditions : 

1- The temperature across the oil film in the grove zone ( mixt ) is assumed to 

be  constant and can be estimated as described by [12, and 19] as follows: 

inrec
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
                                                                              ...(3.22) 

Boundary conditions 3.7 



2- The heat flux continuity on the surface between the bush and the oil film is 

assumed to be valid at the bearing oil film interface which yields to the 

followed as described by [5,and 12]:- 
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where :  
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r
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3- For the shaft oil film interface, the temperature is given by the heat flux 

continuity assuming that the shaft temperature is independent on 

circumferential direction as described by [5, and 9] this gives:  
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where : 

             
R

r
r s              

  4- The temperature distribution through the stationary solid is determined by 

solving the Laplace heat conduction equation subjected to the following 

boundary condition which was referred to the loses heat by free convection[9]:    
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The dimensionless governing equations are discretized and solved by 

using the finite difference method to get the pressure and the temperature 

distribution in the oil film and the bearing body. A suitable numerical method 

was used to solve  the differential equations. The  successive under relaxation 

method was used, in this method the rate of convergence of the iteration can 

be accelerated. A computer program written in a suitable scientific language 

(Fortran 90). 

 

 

 

        The solution of system of partial differential equations can be greatly 

simplified by a well – constructed grid. The dimensionless  oil film  pressure 

 distribution ( p ) can be obtained by  solving equation (3.1). The equation 

is 

 discretized yielding the mesh size of (n) in circumferential direction, (jj) 

across the oil film thickness and (kk) along the length of the bearing. For 

bearing bush and the shaft, the mesh size of (ss)  in radial direction, has 

been used. In the present analysis (360) divisions in the circumferential 

direction, (6) divisions across the oil film thickness, (20) divisions in the 

axial direction, and (8) divisions in the radial direction have been adopted, 

and as are shown in figures (3-2) and (3-3).  

Numerical analysis 3.8 

Mesh generation 3.8.1 



  The mesh size in circumferential direction can be defined as:  

   
n

R
x

2
                                                                                          …(3.26) 

   which can be normalized as:-  

   
R

x
x


                                                                                            …(3.27) 

  Through the oil film thickness the oil film can be divided to slices of         

thickness y  as follows:-   

   
jj

h
y                                                                                              …(3.28)  

   which can be normalized as:-  

   
h

y
y


                                                                                           …(3.29) 

  The bearing can be divided in axial direction to kk steps of width z as 

follows:- 

    
kk

L
z                                                                                            …(3.30) 

  Which can be normalized as:- 

    
L

z
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
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  The bearing bush can be divided radially to many layers, each layer of 

thickness r  as follows:- 

   
 
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r binbout                                                                                   …(3.32)  it 

can be normalized as:-                                                                                
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while the mesh size on the  bearing shaft in radial direction can be 

evaluated as 

   
R

r
r


                                                                                      …(3.34) 

  The mesh size in circumferential direction in the bush can be defined as:  
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   Reynold's equation is made discrete at the spaced grid points in the 

coordinates ( x , y , z ) to make it suitable for the finite difference method in 

order to gate the pressure distribution (
_

P ) through the oil film. Discretized 

equation discretized yielding the mesh size of (n) in circumferential direction, 

(jj) across the oil film thickness (kk) across the width of the bearing. Hence the 

discrete from the Reynold's equation can be written as:-  
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For any point in the oil film mesh (i,j,k) : 

Reynold's Equation 

 

3.8.2 
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The equation can be written as : 
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which can be rearranged and rewritten as follows: 
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The above equation can be simplified to get  : 
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Which can be rearranged as:- 
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Then the last form of the equation as:-   
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The above equation gives the dimensionless oil film pressure in the 

circumference and axial directions  

 

 

      

 Energy equation  is made discrete in the ( yx, ) plane to get the dimensionless 

oil film temperature along the circumferential and across the oil film as 

follows:- 
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.. 

The above equation can be simplified by multiplying both sides by 
22

hyx  

to get: 

 

The energy equation 3.8.3 
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which can be rearranged and rewritten as follows: 
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The dimensionless oil film temperature can be estimated as : 
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Where : 
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 For the bearing bush the  heat-conduction equation form is : 
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Where :  

in

b
b

t

t
t     bt =Bearing bush temperature     int =oil inlet temperature 

bin

b

r

r
r         br =Bearing bush radius              binr =Bearing bush inner radius  

   The heat-conduction  equation is made discrete at the ),( r coordinate to get  

the dimensionless bush temperature as below : 
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The above equation can be simplified to get  : 
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which can be rearranged and rewritten as follows:- 

 

Heat-conduction equation 3.8.4 
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                                                                                                   ……..(3.64)                                                                                                                         

The above equation gives the dimensionless bush temperature in the 

circumference and radial directions .  

 

 

 

 The temperature and pressure distribution in the oil film  and solid parts 

at the mid-plane of the journal bearing are obtained as follows: 

1-An initial value of the attitude angle (  ) is restricted as a first step in the 

solution procedure, which can be estimated depending on the classical 

isothermal theory as[22]: 






)1(

4
tan

2

1 
 

                                                                             ...(3.65) 

2-The temperature of oil film, the bearing bush and the shaft grid points are     

assumed. 

3-The dimensionless value of the oil viscosity for all the points are computed by 

using the equation (3.15), after the estimation of the constants value ( 21 ,, kkko ) 

for the used oil.   

Solution  procedure 3.8.5 



4-The dimensionless oil film thickness )(h  of the mid-plane of the journal is 

calculated from equation (3.4). 

5-Then the values of ( GF , ) are obtained by using the numerical integration( 

trapezoidal method) to solve  equations (3.2) and (3.3 ). 

6-The initial value of oil pressure for all the grid points are assumed to have  

zero value except at the inlet zone when the value  is assumed the inlet pressure 

value. 

4-An  iterative scheme with successive under relaxation method is employed to 

solve  equation (3.52) with the boundary conditions (3.10),(3.29) and (3.21) to 

obtain the dimensionless pressures of  the oil film grid points which they are set 

at zero value for the negative pressures during the computation of the equation. 

The iterations are stopped when the converging criteria for the pressure 

equation, which can be calculated from the bellow equation, reach to ( 410 ). 
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p                                                           …(3.66) 

 

4-After  equations (3.14,3.14) have been solved by using  numerical integration 

technique, a new value of the attitude angle is computed from equation (3.16) 

and compared with an old  one, the solution procedure is repeated by using the 



new value of the attitude angle until the difference between the angles of the last 

two steps are reached less than one degree.  

0-The dimensionless values of the fluid velocities ( wvu ,, ) are  calculated 

according to  equations (3.5),(3.6), and (3.4). 

19-The values of the recirculation flow rate ( recQ ) and leakage flow rate ( lQ ) are 

evaluated as follows: 

 The recirculation flow rate ( recQ ) for any section can be evaluated form the 

below integration. 

  dyuLQ

h

rec 
0

                                                                                       …(3.64) 

which can be rearranged as follows: 

  

1

0

ydhuLUcQrec                                                                                 …(3.68) 

 The leakage flow rate ( lQ ) from the two edges of the journal bearing can 

be determined from: 

  

R h

l wdydxQ

2

0 0

                                                                                  …(3.69) 

 which can be rearranged as follows: 

 

2

0

1

0

xdydwRUcQl                                                                                …(3.70) 

 Numerical integration is used to solve the above equations.   



11-The mixed oil temperature in the inlet zone is computed from equation 

(3.22) and this temperature is used as an initial inlet temperature to solve the 

energy equation. 

12-The energy equation (3.56) and the heat transfer equation at the solids (3.64) 

subjected to the boundary conditions (3.23),(3.24)and(3.25), the shaft can be 

treated as an isothermal component for a full journal bearing as[12,14], are 

solved simultaneously to get the temperature filed. The mixed oil temperature is 

used as an inlet temperature. They are solved by the successive under relaxation 

iteration technique. 

13-The new oil-film temperature is used to compute a new viscosity field which 

is subsequently used to solve the Reynolds' equation and simultaneous solutions 

for the equations are obtained iteratively until the converging criteria of the 

temperatures for all points on the boundary between the oil film and the bush 

(inner bush face ) for two successive iteration steps is less than ( 610 ). 
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14-The applied load is computed form the equation below  after the equations 

(3-14,3-14) have been solved: 

   W= 222)/( trin wwcRUl                                                     …(3.42) 

15- If error ratio of the applied load is less than 310 the solution  moves to the  



      next step, other wise modifies the value of   and returns to step 1. 

16- The results are printed. 

    

 

      

   The same above procedure is used to solve the equations in the case of the 

120 partial arc journal bearing, as shown in figure(3-4), but the following 

modifications must be used: 

1- Instead of the boundary conditions (3-10) used: 

At    3/2x          0.0p                                                 …(3.43) 

2- Instead of the boundary conditions (3-21) used: 

At     3/4x         0.0p                                                 …(3.44) 

3- Instead of the equation (3-22) used: 

     At    3/2x          inmix tt                                                 …(3.45) 

 

 

   

 

   A suitable computer program was prepared and written in          

(FORTRAN – 90) language , to solve governing equations which govern the 

Solution  procedure for partial journal bearing  3.8.6 

Computer program  3.9 



performance of the journal bearing. The flow chart of the computer 

program can be shown in figure (3-5).  
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           Fig.(3-1) Geometry of Journal Bearing and Coordinate System 

                                                                                                                                     

                       

 

 

 

                                      

                               

                                

 

     

                                                              

 

 

 

 

 

kk-1 

kk 

kk 

journal surface 

j 

i-1 i i+1 

bush  surface 

x 

i 

jj 

j 

j+1 

z 

y 

1 

j-1 

2 3 



 

 

 

 

 

 

 

 

 

             

 

            Fig.(3-2) Grid generation for oil film of  journal bearing  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

                     Fig.(3-3) Finite different grid for bearing bush 
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                         RESULTIS AND DISCUSSION 

 

 Numerical results of a steady state performance for a finite length journal 

bearing obtained during this work are investigated through this chapter. The 

bearing  was considered to have  a single  groove located at the crown of the 

bearing, on the line parallel to the load direction. The proposed bearing 

operating characteristics are presented in table (4-1). 

The effect of different operation parameters and geometric factors, 

namely, rotational  speed, applied  load, type of lubricant, inlet oil temperature, 

ambient temperature, and bearing clearance on the thermal behavior of the full 

and partial  journal bearing are discussed below. 

 

 

 

The maximum oil film temperature and pressure are calculated for a 

bearing working under different loading conditions and constant journal rotation 

speed (4999 rpm). The maximum oil film temperature and pressure are presented 

at the mid-plane of the bearing. The results obtained are compared to that result 

obtained by  J.Ferron et al. [5] as shown in figures (4-1) and (4-2). The results are 

seem to be in a good agreement with. The maximum deviation was found to be 

Verification of the proposed modal        2.1 



33 for the maximum oil film temperature and 53 in the case of maximum oil film 

pressure.     

The results obtained in the present work are also  compared to the 

numerical results obtained by Nassab et al. and the experimental results 

obtained by J.Ferron et al.[10] as shown in figures (4-3) and (4-4). It seems from 

these figures that the results are in a good agreement with. The above 

comparisons represent a good verification to the computer program prepared to 

solve the problem of this work. 

 

 

 

The effect of journal speed on the maximum oil film temperature is 

presented in figure (4-5). It can be shown from this figure that the maximum 

temperature in the oil film is greatly affected by the rotational speed. This is 

attributed to the effect of rotational speed on the shearing phenomenon. The 

maximum oil film pressure was also found to be greatly enhanced by rotational 

speed of the journal due to increasing the hydrodynamic effects as shown in 

figure (4-6).   

The effect of journal speed and the eccentricity ratio on the location of 

the maximum bearing metal temperature can be shown in figure (4-4). It can be 

shown that the location of the maximum bearing bush temperature (t b) moves in 

the direction of journal rotation as the journal speed increases while it moves in 

the reverse direction with the increase of the eccentricity ratio for the same 

journal speed.    

       The effect of the lubricant type on thermal behavior of journal bearing at a 

certain journal speed (4999 rpm) and the eccentricity ratio(9554) can be shown in 

figures (4-4), (4-0), and (4-19). Three types of lubricants are used in this case 

(No.1, No.2, and No.3). The oil viscosity coefficients (
21 ,, kkko
) of No.1and 3 are 

Thermohydrodynamic analysis of full journal bearing         2.0 



calculated from the viscosity-temperature curve published in [4]. The 

specification of these lubricants are presented in table (4-2). The temperature 

distribution of the bearing bush surface and the oil film at the mid-plane of the 

bearing were increased as the lubricant viscosity increased as shown in figures 

(4-0), and (4-19). This is due to the increase in friction force with the increase of 

viscosity but it is not at the same degree because of the oil temperature rise and 

it's effect on oil viscosity. The effect of the lubricant viscosity on the oil film 

pressure distribution at the mid-plane of the bearing can be shown in figure (4-

4). It is clear that using more viscous oil lead to a higher oil film pressure and 

applied load since oil film pressure is a function of oil viscosity as shown from 

the Reynolds’ equation. On the other hand, the effect of the lubricant viscosity, 

at the same applied load, on oil film pressure, oil film temperature, and bearing 

bush temperature can be presented in figures (4-11), (4-12), and (4-13). Using   

more viscous oil leads to greater viscous dissipation and temperature rise in the 

oil film and bearing metal. An increase in the minimum oil film thickness was 

also seen, this is due to the reduction in the eccentricity ratio (from 9560 with 

lubricant No.1 to 9540 with lubricant No.2). It can be concluded  that the effect of 

the lubricant viscosity on the temperature rise of the oil film and metal bearing 

in this case when the bearing working at the same load is less than that when the 

bearing working at the same eccentricity. This is  due to the cooling effect of the 

oil flow. 

         The effect of the inlet oil temperature on the distribution in the bearing 

bush and oil film at the mid-plane of the bearing are presented in figures (4-14) 

and (4-15). It can be seen from these figures that the oil film temperature and the 

bush metal temperature are increased as the inlet oil temperature increases. It 

can also be shown that as the inlet oil temperature changed from 35 C  to 49 C

the maximum bearing bush temperature was increased only by 254 C . This  can 

be attributed  to the decrease in  oil viscosity which causes a reduction in the   

viscous dissipation in this case. 



 The effect of the clearance on the thermal behavior of the journal bearing 

is presented in the figures (4-16), and (4-14). These figures show that the increase 

of bearing clearance leads to increase in the eccentricity ratio, decrease in the 

minimum oil film thickness (hmin) which causes the maximum oil film pressure 

at the mid-plane to be  higher as shown in figure (4-16). The increase of the 

bearing clearance causes an increase in the axial flow rate, and due to the low 

velocity gradient across the oil film, all the bearing temperatures decrease as 

can be observed for bush metal temperature in figure (4-14). 

 

 

 

 Thermohydrodynamic behavior of a partial journal bearing with hollow 

shaft, in condition pertinent to that used in supporting the two necks of cement 

ball mills was also studied. The main data related to this bearing are presented 

in table (4-3). The effect of the temperature of the hollow shaft which  receives 

the heat from the ball mill body and the hot fluid passing through on the 

performance of the journal bearing coupled with the other operating parameters 

were studied as bellow: 

 The inner temperature of the hollow shaft (tsi) was appended to cover the 

effect of the two sources of heat(process effect) on the shaft temperature. 

The effect of the inner temperature of the hallow shaft (tsi) on the behavior of 

the  bearing can be shown in figures (4-14), (4-10), and (4-29). 

For the same applied load and journal rotational speed, when the shaft 

temperature(tsi) increases the maximum oil film pressure increases as a result of  

increasing the oil film temperature causing an increase in eccentricity ratio and  

hence, reduced  minimum oil film thickness (hmin) as shown in figure (4-10). 

More clear insight into the effect of the inner temperature of the hallow shaft on 

the temperature distribution in the bearing bush and the oil film can be gained 

by examining figures (4-29) and (4-21). It can be shown that when the shaft inner  
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temperature was changed from 59 C  to 69 C the maximum bearing bush 

temperature was increased by 451 C  suggesting that the higher temperature of 

the shaft causes  higher conduced heat to the oil film and the bearing bush 

metal. 

          

 The effect of the inlet oil temperature on the temperature distribution in 

bearing bush metal  can be shown in figures (4-21), (4-22), (4-23), and (4-24). 

Figure (4-21) shows the influence of the inlet oil temperature on the 

circumferential temperature distribution in bearing bush metal at the mid-plane 

of the bearing neglecting the effect of the hallow shaft as a heat source. It can be 

shown from these figures that when the inlet oil temperature increased by 19 C

(from 35to 45 C ) the maximum bearing bush temperature increased only  by 4.0

C  due to reduction in viscous dissipation in oil film with the decrease in the oil 

viscosity. 

 Figures (4-22), (4-23), and (4-24) show the combined effect of the inlet oil 

temperature and the inner temperature of the hallow shaft on temperature 

distribution in the bearing bush metal and oil film. It can be shown from these 

figures that the increase of the inlet oil temperature causes a remarked effect on 

the temperature distribution in the first half of the bearing bush metal. At the 

inlet zone, the temperature of the bearing bush was effected by the inlet oil 

temperature and the bearing surrounding temperature(in this case 49 C ) the 

effect of surrounding temperature becomes negligible at the second half of the 

bearing which is clear that as a small difference in the temperature distribution.     

 The effect of bearing surrounding temperature on the temperature 

distribution at the mid-plane of the bearing of partial journal bearing bush and 

oil film  can be shown in figures (4-25) and (4-26). As shown in figure (4-25) 

when the bearing surrounding temperature increases by 19 C (from 35 to 45 C ) 

the maximum bearing bush temperature increased by 256 C . This can be 

attributed to the effect of the surrounding temperature on the heat lost from the 



bush surface. When the inner temperature of the hallow shaft reaches 69 C as 

shown in figure (4-26) with the  same  surrounding  temperature  the   maximum  

 

bearing bush temperature at the mid-plane increased by 254 C as shown in figure 

(4-26). 

The effect of lubricant type on the behavior of  the partial journal bearing 

at the same applied load and journal rotational speed can be shown in figures (4-

24), (4-24), (4-20) and (4-39). Two types of lubricant were used in this case (No.1) 

and (No.2). The oil viscosity coefficients(
21 ,, kkko
) are calculated from the 

viscosity-temperature table of the Midland Refineries company-Iraq as 

presented in table (4-4). Figures (4-24) and (4-24) show the influence of lubricant 

type on circumferential temperature distribution in bearing bush metal and oil 

film pressure at the mid-plane of the bearing neglecting hallow shaft 

temperature. The effect of the lubricant viscosity on the oil film pressure 

distribution can be shown in figure (4-24). The more viscous oil at the same 

applied load leads to increase minimum oil film thickness, decrease maximum 

oil film pressure,  and increase maximum temperature in the bush metal at the 

mid-plane. Maximum bush metal temperature  in this case was increased by 2 C  

as shown in figure (4-24). In other case as the effect of inner temperature of the 

hallow shaft is taken into consideration a small increase in maximum bush 

temperature is noticed  and there is shifting in the temperature distribution 

curve. This can be attributed to the effect of larger oil film thickness when using 

more viscous oil as shown in figure (4-39). 

The effect of the bearing clearance on the behavior of the  journal bearing 

is presented in the figures (4-31), and (4-32). Suggesting that for the high applied 

load (459999N in this case) a decrease in minimum oil film thickness for higher 

bearing clearance in order to obtain an equilibrium in applied load as shown in 

figure(4-31). The decrease in minimum oil film thickness in this case can also be 

seen as an increase in oil film temperature as shown in figure (4-32).   



 

 

      

Table(4-1): bearing characteristics used in test cases as reported by [5].  

  

Value  Unit                   Symbol      Parameter 
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      Table(4-2): Partial  bearing characteristics used in test case.   

                    

Value  Unit                   Symbol      Parameter 
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Table(4-3)  Lubricants  specification*. 

 

 

* The lubricants  specification were reported by [4].   
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    # 09 Turbine oil 

No.2 ISO VG 

32 

    No.3 

0149Turbine oil 



 

 

 

 

Table (4-4) Lubricants specification*.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* The lubricants  specification were reported by the Midland Refineries 

company-Iraq. 
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            Fig.(2-1) The maximum oil film temperature versus eccentricity ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               Fig.(2-0) Max. values of oil pressure versus eccentricity ratio 
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               Fig.(2-3)Temperature distribution for Ferron[5] bearing bush                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig.(2-2) Oil film pressure distribution for Ferron bearing  
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         Fig.(4-5) Maximum values of temperature versus eccentricity  

                        ratio for different speeds  

 

 

 

 

 

 

 

 

 

 

 

 

 

              Fig.(2-6)Maximum values of oil pressure versus eccentricity     

                             ratio for different speeds   
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             Fig.(4-7) Location of maximum bearing metal temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig.(2-9) Effect of lubricant viscosity on the oil film pressure distribution 
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                      ( No.1  0.0192 pa.s, No.2  0.0277 pa.s, No.3 0.0469pa.s)    

 

 

 

 

 

 

 

 

 

 

 

 

  Fig.(2-8) Effect of lubricant viscosity on the temperature distribution        

                  of  the bearing bush                                                                                   
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       Fig.(2-12) Effect of lubricant viscosity on the temperature  

                         distribution of the mid-plane oil film.       

 

 

 

 

 

 

 

 

 

 

 

         Fig.(2-11) Effect of lubricant viscosity on the oil film pressure  

                           distribution with same applied load 

                    ( No.1  0.0192 pa.s, No.2  0.0277 pa.s, No.3 0.0469pa.s)    
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 Fig.(2-10) Effect of lubricant viscosity on the temperature distribution of     

            the bearing bush with same applied load  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig.(2-13) Effect of lubricant viscosity on the temperature distribution on     

               the med-plane of the oil film with same applied load  
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    Fig.(4-14) Effect of the inlet oil temperature on the temperature distribution 

                    of  the bearing bush  
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   Fig.(2-11) Effect of inlet oil temperature on the oil film temperature           

                     distribution  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig.(2-16) Effect of clearance ratio on the oil film pressure distribution 
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 Fig.(2-11) Effect of clearance ratio on the temperature distribution of   the     

                   bearing bush 

 

 

 

 

                           

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.(2-19) Effect of inner temperature of the hollow shaft on the  oil film        

         pressure distribution for a partial journal bearing   
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   Fig.(2-18) Effect of inner temperature of the hollow shaft on temperature                                                   

           distribution of a partial journal  bearing bush 
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    Fig.(2-02) Effect of  inner temperature of the hollow shaft on the oil film 

                      temperature distribution a partial journal  bearing 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig.(2-01) Effect of inlet oil temperature on the temperature distribution of 

the    

        partial bearing bush without effect of inner temperature of the hollow 

shaft 
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    Fig.(2-00) Effect of inlet oil temperature on the temperature distribution 

            of the partial bearing bush (tsi=50 Co ) 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

      Fig.(2-03) Effect of inlet oil temperature on the oil film temperature    

              distribution of a partial bearing (tsi=50 Co ) 
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Fig.(2-02) Effect of inlet oil temperature on the temperature distribution 

                 of the partial bearing bush (tsi=60 Co ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Fig.(2-01) Effect of ambient temperature on the temperature distribution   
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                         of partial bearing bush(tsi=50 Co ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Fig.(2-06) Effect of ambient temperature on the temperature distribution   

                         of partial bearing bush(tsi=60 Co ) 
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  Fig.(2-01) Effect of lubricant viscosity on the oil film pressure distribution of  

            a partial bearing with out effect of inner temperature of the hollow 

shaft 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Fig.(2-09) Effect of lubricant viscosity on the temperature distribution of the  

      partial bearing bush with out effect of inner temperature of the hollow 

shaft                      
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Fig.(2-08) Effect of lubricant viscosity on the oil film pressure distribution of  

                 a partial journal bearing (tsi=50 Co ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(2-32) Effect of lubricant viscosity on the temperature distribution of a 

                  partial journal bearing bush(tsi=50 Co ) 
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Fig.(2-31) Effect of clearance ratio on the oil film pressure distribution of a        

                 partial journal bearing(tsi=59 Co ) 
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Fig.(2-30) Effect of clearance ratio on the temperature distribution of a    

                       partial journal bearing bush(tsi=50 Co ) 
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CONCLUSIONS AND SUGGESTIONS  FOR 

 FUTERE WORK 

Thermohydrodynamic lubrication model for a finite length full and 

partial journal bearings have been implemented in this work. The primary 



purpose of this thesis was to investigate the effect of different operational and 

geometrical parameters on the steady state operation of such bearings.   

 

The results obtained during this work leads to the following concluding 

remarks. 

 

 

1- The maximum oil film and bearing bush temperature at the mid-
plane of the journal bearing increases with the increase of journal 
speed, lubricant viscosity, oil supply temperature and with the 
decrease of bearing clearance. 

2- The angular position of maximum bearing bush temperature moves 

in the direction of rotation as the journal speed increases, while 

contrary happens with the increase of eccentricity ratio. 

 

 

In the case of the partial journal bearing with hollow shaft and hot 

materials flow through it, the following concluding remark can be drawn: 

Conclusions 5.1 

Full journal bearing 5.1.1 

Partial journal bearing 5.1.2 



1- The maximum oil film and bearing bush temperatures increases 

with the increase of the hollow shaft temperature. 

2- The maximum oil film pressure increases and the minimum oil film 

thickness decreases with the increase of the hollow shaft 

temperature. 

3- Due to the effect of the shaft temperature on the bearing, a small 

change in the maximum bearing bush temperature remarked with 

the change of supplied oil temperature, bearing surrounding 

temperature, clearance ratio, and lubricant viscosity. 

It is clear that  the effect of the temperature of the hollow shaft on the 

thermal behavior of the partial journal bearing in this case study is the dominant 

operation parameter. As remarked above the increase of the shaft temperature is 

led to an increase in the eccentricity ratio and, a reduce in the minimum oil film 

thickness which is limited the operation temperature of the journal bearing. To 

prevent metal-to-metal contact and increase the running times of cement mills, 

firstly the grinding process  must be controlled to reduce the generative heat by 

increase the flow rate of air and water inside the mill body, increase the feeding 

rate of the mill, and reduce the temperature of the fed material, secondly the 

face of the hollow shaft of the bearing must be cooled by splashing  oil on it. 

                     

  

 

 

Suggestions  for future work 5.2 



The partial journal bearing is one of the must important type of 

supporting device in heavy machines. It needs expansion in the study of the 

performance of such bearings. Further work should be carried out, 

accounting for the following points: 

1- An experimental study concerning the effect of operation 

parameters on the  thermal behavior of the partial journal 

bearing.  

2- An experimental and a theoretical study concerning the 

effect of the partial arc length on dynamic performance 

and the  thermal behavior  of the partial journal bearing. 

3- A theoretical study concerning the dynamic performance 

and the thermal behavior of the partial  journal bearing 

lubricated with Bi – phase (liquid – solid) lubricant.  

4- A study of the chamfering effect on the thermal behavior  

and the dynamic performance journal bearing.  
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