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HYDRODYNAMIC LUBRICATION: 

 
Journal bearings – Analytical solutions 
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1. Introduction 
Journal bearings are used to support shafts and to carry radial loads with minimum power loss 
and minimum wear. The journal bearing can be represented by a plain cylindrical sleeve 
wrapped around the shaft (journal), but the bearings can adopt a variety of forms. The lubricant 
is supplied at some convenient point in the bearing through a hole or a groove. If the bearing 
extends around the full 360° of the journal, it is described as a "full journal bearing". If the 
angle of wrap is less than 360°, the term "partial journal bearing" is used. 
 
Journal bearings rely on shaft motion to generate the load-supporting pressures in the lubricant 
film. The geometry of the journal bearing is shown in figure 1. The shaft does not normally run 
concentric with the bearing. The displacement of the shaft center relative to the bearing center 
is known as the 'eccentricity'. The shaft's eccentric position within the bearing clearance is 
influenced by the load that is carries. The amount of eccentricity adjusts itself until the load is 
balanced by the pressure generated in the converging lubricating film. The line drawn through 
the shaft center and the bearing center is called the "line of centers". 

 
Figure 1: Hydrodynamic journal bearing geometry 

 
The pressure generated and therefore the load-carrying capacity of the bearing depend on the 
shaft eccentricity, the angular velocity, the effective viscosity of the lubricant, and the bearing 
dimensions and clerance. 
 
The load and the angular velocity are usually specified and the minimum shaft diameter is often 
predetermined. To complete the design, it will be necessary to calculate the bearing dimensions 
and clearance and to choose a suitable lubricant if this is not already specified. 
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After an important discussion on the boundary conditions that can be used, two approximate 
journal bearing solutions will be given: (1) for an infinite-width journal bearing (side leakage 
neglected) and (2) for a short-width-journal bearing. 
 
2. Boundary conditions 
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3. Infinitely wide-journal-bearing solution 
 

1. Show that the lubricant film thickness h(q)=C(1+e.cosq) 
2. Give the simplified form of the Reynolds equation in the case where 

2.1 the reference frame is attached to the bearing 
2.2 the reference frame is attached to the shaft 

 
4. Short-width-journal bearing theory 
 
 

3. Determine the pressure profile 
4. The load-carrying capacity W and the attitude angle F. 
5. The side-leakage fluid flow 
6. The friction torque 

6.1 Acting on the shaft 
6.2 Acting on bearing 
6.3 Check the equilibrium of the bearing 
 
 



 4 

 


