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 Maximum film pressure and its angular position (figs. 12-21 and 12-22) 
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Lubricant Temperature Rise  

The lubricant temperature will increase until a heat balance is reached (heat 

generated by shearing the lubricant = heat lost to the surroundings). 

  
Let 

Q = volumetric oil-flow rate into the bearing, in
3
/s 

Qs = volumetric side-flow leakage rate out of the bearing and to the sump, in
3
/s 

Q − Qs = volumetric oil-flow discharge from annulus to sump, in
3
/s 

T1 = oil inlet temperature (equal to sump temperature Ts ), ◦F 

∆T = temperature rise in oil between inlet and outlet, ◦F 

ρ = lubricant density, lbm/in
3
 

Cp = specific heat capacity of lubricant, Btu/(lbm · ◦F) 

J = Joulean heat equivalent, in · lbf/Btu 

H = heat rate, Btu/s 

It can be shown that heat balance calculations (assuming side flow) will give the 

following equation: (see derivation in text) 

For common petroleum lubricants ρ = 0.0311 lbm/in
3
, Cp = 0.42 Btu/(lbm · ◦F), and 

J = 778(12) = 9336 in · lbf/Btu; therefore the left term of Eq. (c) is 

 
Or in mm 
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 The RHS of this equation can be evaluated using charts in  figs. 12-18, 19 & 20 or 

easier using fig. 12-24 where it  combines the three charts together which makes 

the  iterative approach to find  easier.  

 
 

Steady-State Conditions in Self Contained Bearings  

In self-contained bearings the lubricant stays within the bearing housing and it is 

cooled within the housing by dissipating the heat to the surroundings. This type of 

bearings is also called pillow-block bearings. In this type, the sump is expanded 

peripherally in the top half of the bearing and the bushing covers the lower half(

). As the oil film exits the lower half of the bearing it mixes with sump 

contents, then heat is transferred to the surroundings. 

 The heat lost from the housing to the surroundings can be estimated as:  

  

where  

Hloss = heat dissipated, Btu/h 

hCR = combined overall coefficient of radiation and convection heat 

transfer, Btu/(h · ft
2
 · ◦F) 

A = surface area of bearing housing, ft
2
 

Tb = surface temperature of the housing, ◦F 

T∞ = ambient temperature, ◦F 

 Some representative values of   are given as:  
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 Similar expression can be written for the temperature difference between the 

lubricant film and housing surface (  ). If we define  as the average film 

temperature between the inlet  and the outlet ( ), then the following 

proportionality can be observed:  

                   

Where α depends on lubrication system and housing geometry 

 Table 12-2 gives representative values of α .  

 
 

 Solving for  we get:  

 

 Substituting in the heat loss equation, we get:  

  
 

 Because of the shearing of lubricant film heat is generated. In steady-state 

condition, the heat generated in the lubricant film is equal to the heat dissipated 

from the housing to the surrounding. 

  

 The heat generated can be found as:  
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And in inches; 

 

 

 

 

 

 In steady-state analysis, the average film temperature  is unknown and therefore 

the viscosity is unknown. Thus, a trial value of  is used (the corresponding µ is 

found) and both  are evaluated. Then, iterations continue until we get =

 .  

 Equating  and solving for  we get,  

   

And in inches; 
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Clearance  

When designing journal bearings for thick film lubrication, the designer selects 

the lubricant and suitable values for the bearing parameters to give satisfactory 

performance. However, the clearance “C” is difficult to hold accurate during 

manufacturing. Also, clearance increases with time because of wear. 

 The figure shows the effect of wide range of clearances on the performance of a 

bearing (for bearing parameters bgiven in examples 12-1 to 12-4). It can be seen 

from the figure that lubricant flow increases with increased clearance and this 

decreases the generated heat and outlet temperature. The minimum film thickness 

“  ” increases with clearance then it starts to decrease.  

 If the clearance is too small, dirt (debris) may block the oil flow and therefore 

cause overheating and failure.  
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 If the clearance is too high, the bearing becomes noisy  and decreases.  

 Thus, the optimum range of clearances is shown by shaded area in the figure. If 

clearance value is within this range the performance of the bearing will improve 

with wear.  

Pressure-Fed Bearings  

The load carrying capacity of self-contained bearings is limited because of the 

limited heat-dissipating capability. To increase the heat-dissipation, an external pump 

is used to increase the lubricant flow through the bearing. The pump supplies the 

bearing with lubricant of high pressure therefore increasing the lubricant flow and 

heat dissipation. The lubricant sump may also be cooled with water to reduce 

temperature further. 
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 A circumferential groove at the center of the bearing, with an oil-supply hole 

located opposite to the load zone, is usually used to feed the lubricant (fig. 12-27).  

 

 
 

 The oil flows from the groove in the middle towards the ends of the bearing.  

 Note that in this type of bearings, the lubricant is supplied at high pressure 

(pressure is not created by the sliding of the journal surface).  

 When determining the lubricant flow, eccentricity is first neglected, then a 

correction factor for eccentricity is applied. Also, rotation of the shaft is 

neglected.  

 For lubricant supplied at pressure “  ”, the average velocity of lubricant flowing 

towards the ends of the bearing can be found as (see derivation in text):  
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where is length of each half of the bearing (see fig. 12-28)  

 

 Note that minimum film thinness “  ” is assumed to be at the bottom of the 

bearing (fig. 12-30) because rotation is neglected.  

 Thus, lubricant flow out of both ends of the bearing is:  

 

          

 In this type of bearings, the pressure per projected area for each half of the bearing 

is:  

                    

 

 Therefore, the Sommerfeld number is;  
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 The heat generated and heat loss can be found as:  

 
 

 Equating  , the temperature rise can be found as:  
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Thrust Bearings  

Journal bearings are designed to take radial loads only, if there is a thrust 

component, a sliding thrust bearing can be used.  
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 The working principle of thrust bearings is similar to that of journal bearings. The 

figure shows a fixed-pad thrust bearing consisting of a runner sliding over a fixed 

pad. The lubricant is brought into the radial grooves and pumped into the wedge 

shaped spaces (see fig. 12-36).  

 

 

 

 Hydrodynamic lubrication is obtained if the speed of the runner is continuous and 

sufficiently high and lubricant is available in sufficient quantity.  

Boundary-Lubricated Bearings  

When two surfaces slide relative to each other with only partial lubricant film between 

them, boundary (or thin-film) lubrication is said to exist.  

 Boundary lubrication occurs in hydrodynamically lubricated bearings on starting 

or stopping condition, or when load increases or if lubricant supply or rotational 

speed decreases.  
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 To reduce friction in boundary lubricated bearings, animal or vegetable oils can 

be mixed with mineral oils because they form a soap film that sticks to metallic 

surfaces.  

 “Mixed-film lubrication” is said to exist if the bearing operates partly under 

hydrodynamic conditions and partly under boundary lubrication conditions. 

Mixed-film lubrication condition occurs if lubricant is supplied manually using 

drop or mechanical feed, viscosity is too low, bearing speed is too low, the 

bearing is overloaded, the clearance is too tight, or the journal is not properly 

aligned.  

Linear sliding wear:  

Considering a block with surface area “A ” sliding over a fixed surface with contact 

pressure “P ” where the coefficient of sliding friction “  ” and define a linear wear 

measure “w ”. 

 

 

 The work done by the frictional force “ ” during displacement “S” is “  ” 

or “  ” (where “V” velocity and “t ” time).  

 

 The volume of material removed because of wear “wA ” is proportional to the 

work (  ), or we can write:  

 

Where “K” is the proportionality factor which includes the coefficient of friction “ ”. 

The unit of “  ” in SI units is:  

 Table 12-8 gives the values of “K ” (which are determined from testing).  
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 Cancelling “A ” from both sides, “ w” can be expressed as:  

 

                              
 

 Additional correction factors  can be included such that:  
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Bushing wear:  

 
For the case of journal bearing of diameter “D ” and Length “ L” rotating at speed “ 

N” , the wear of the bushing “ W” can be found from the prvious equation knowing 

that: 

     

Thus, the wear is found to be: 

 

And  the same; 
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