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5.1.7 Wedge Film Journal Bearings 
The load carrying ability of a wedge-film journal bearing results when the journal and/or the bearing 

rotates relative to the load. The most common case is that of a steady load, a fixed (nonrotating) bearing 

and a rotating journal. Fig. 5.4 (a) shows a journal at rest with metal to metal contact at A on the line of 

action of the supported load. When the journal rotates slowly in the anticlockwise direction, as shown in 

Fig. 5.4 (b), the point of contact will move to B, so that the angle AOB is the angle of sliding friction of 

the surfaces in contact at B. In the absence of a lubricant, there will be dry metal to metal friction. If a 

lubricant is present in the clearance space of the bearing and journal, then a thin absorbed film of the 

lubricant may partly separate the surface, but a continuous fluid film completely separating the surfaces 

will not exist because of slow speed. 

 

When the speed of the journal is increased, a continuous fluid film is established as in Fig. 5.4(c). The 

centre of the journal has moved so that the minimum film thickness is at C. It may be noted that from D to 

C in the direction of motion, the film is continually narrowing and hence is a converging film. The curved 

converging film may be considered as a wedge shaped film of a slipper bearing wrapped around the 

journal. A little consideration will show that from C to D in the direction of rotation, as shown in Fig. 5.4 

(c), the film is diverging and cannot give rise to a positive pressure or a supporting action. 

 

Fig. 5.5 shows the two views of the bearing shown in Fig. 26.4 (c), with the variation of pressure in the 

converging film. Actually, because of side leakage, the angle of contact on which pressure acts is less 

than 180°. 

 

 

 
 

Fig 5.4. Wedge film journal bearing. 

 

 
 

Fig 5.5. Variation of pressure in the converging film. 
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5.1.8  Materials used for Sliding Contact Bearings 
The materials commonly used for sliding contact bearings are discussed below : 

 

1. Babbit metal. The tin base and lead base babbits are widely used as a bearing material, because they 

satisfy most requirements for general applications. The babbits are recommended where the maximum 

bearing pressure (on projected area) is not over 7 to 14 N/mm2.  

2. Bronzes. The bronzes (alloys of copper, tin and zinc) are generally used in the form of machined 

bushes pressed into the shell. The bush may be in one or two pieces. The bronzes commonly used for 

bearing material are gun metal and phosphor bronzes. 

3. Cast iron. The cast iron bearings are usually used with steel journals. Such type of bearings are fairly 

successful where lubrication is adequate and the pressure is limited to 3.5 N/mm2 and speed to 40 metres 

per minute. 

4. Silver. The silver and silver lead bearings are mostly used in aircraft engines where the fatigue strength 

is the most important consideration. 

5. Non-metallic bearings. The various non-metallic bearings are made of carbon-graphite, rubber, wood 

and plastics.  

 

5.1.9 Viscosity. 
The viscocity of the lubricant is measured by Saybolt universal viscometer. It determines the time 

required for a standard volume of oil at a certain temperature to flow under a certain head through a tube 

of standard diameter and length. The time so determined in seconds is the Saybolt universal viscosity. In 

order to convert Saybolt universal viscosity in seconds to absolute viscosity (in kg / m-s), the following 

formula may be used: 

 

 

 
The variation of absolute viscosity with temperature for commonly used lubricating oils is 

shown in Table 5.1 

Table 5.1. Absolute viscosity of commonly used lubricating oils. 
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5.1.10  Bearing Characteristic Number and Bearing Modulus for Journal Bearings 

The coefficient of friction in design of bearings is of great importance, because it affords a 

means for determining the loss of power due to bearing friction. It has been shown experiments 

that the coefficient of friction for a full lubricated journal bearing is a function of three variables,  

 

i.e. 

 

 
The factor ZN / p is termed as bearing characteristic number and is a dimensionless number. 

5.1.11 Coefficient of Friction for Journal Bearings 
In order to determine the coefficient of friction for well lubricated full journal bearings, the following 

empirical relation established by McKee based on the experimental data, may be used. 
 

Coefficient of friction, 

 

where Z, N, p, d and c have usual meanings as discussed in previous article, and 

= Factor to correct for end leakage. It depends upon the ratio of 
length to the diameter of the bearing (i.e. l / d). 

                                    =0.002 for l / d ratios of 0.75 to 2.8. 

The operating values of ZN / p should be compared with values given in Table 5.2 to ensure safe margin 

between operating conditions and the point of film breakdown 
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Table 5.2. Design values for journal bearings. 
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5.1.12 Critical Pressure of the Journal Bearing 
The pressure at which the oil film breaks down so that metal to metal contact begins, is known as critical 

pressure or the minimum operating pressure of the bearing. It may be obtained by the following 

empirical relation, i.e. 

Critical pressure or minimum operating pressure, 

 

  
 

5.1.13 Sommerfeld Number 
The Sommerfeld number is also a dimensionless parameter used extensively in the design of journal 

bearings. Mathematically, 

 

 
 

5.1.14 Heat Generated in a Journal Bearing 
The heat generated in a bearing is due to the fluid friction and friction of the parts having 
relative motion. Mathematically, heat generated in a bearing, 

 

Qg = 𝜇.W.V N-m/s or J/s or watts ...(i) 
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where 𝜇  = Coefficient of friction,  
W = Load on the bearing in N, 

 
After the thermal equilibrium has been reached, heat will be dissipated at the outer surface of 

the bearing at the same rate at which it is generated in the oil film. The amount of heat 
dissipated will depend upon the temperature difference, size and mass of the radiating surface 

and on the amount of air flowing around the bearing. However, for the convenience in bearing 
design, the actual heat dissipating area may be expressed in terms of the projected area of the 

journal. 

Heat dissipated by the bearing, 

 
Qd = C.A (tb – ta) J/s or W ... ( 1 J/s = 1 W) ...(ii)  

where C = Heat dissipation coefficient in W/m2/°C,  
 = Projected area of the bearing in m2 = l × d, 
tb = Temperature of the bearing surface in °C, and  
ta = Temperature of the surrounding air in °C. 

 

The value of C have been determined experimentally by O. Lasche. The values depend upon 
the type of bearing, its ventilation and the temperature difference. The average values of C (in 
W/m2/°C), for journal bearings may be taken as follows : 

For unventilated bearings (Still air)  
 =140 to 420 W/m2/°C 

For well ventilated bearings  
 =490 to 1400 W/m2/°C 

It has been shown by experiments that the temperature of the bearing (tb) is approximately 
mid-way between the temperature of the oil film (t0) and the temperature of the outside air 
(ta). In other words, 

 

5.1.15 Design Procedure for Journal Bearing 

The following procedure may be adopted in designing journal bearings, when the bearing 

load,the diameter and the speed of the shaft are known. 

 

1. Determine the bearing length by choosing a ratio of l / d from Table 5.2. 

2. Check the bearing pressure, p = W / l.d from Table 5.2 for probable satisfactory value. 

3. Assume a lubricant from Table 5.1 and its operating temperature (to). This temperature should be 

between 26.5°C and 60°C with 82°C as a maximum for high temperature installations such as steam 

turbines. 

4. Determine the operating value of ZN / p for the assumed bearing temperature and check this value with 

corresponding values in Table 5.2, to determine the possibility of maintaining fluid film operation. 

5. Assume a clearance ratio c / d from Table 5.2. 

6. Determine the coefficient of friction (𝜇) by using the relation as discussed in Art. 5.11. 
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7. Determine the heat generated by using the relation as discussed in Art. 5.14. 

8. Determine the heat dissipated by using the relation as discussed in Art. 5.14. 

9. Determine the thermal equilibrium to see that the heat dissipated becomes at least equal to the heat 

generated. In case the heat generated is more than the heat dissipated then either the bearing is redesigned 

or it is artificially cooled by water. 

 

Example 5.1. Design a journal bearing for a centrifugal pump from the following data : Load on 

the journal =   20 000 N; Speed of the journal = 900 r.p.m.; Type of oil is SAE 10, for which the 

absolute viscosity at 55°C = 0.017 kg / m-s; Ambient temperature of oil = 15.5°C ; Maximum 

bearing pressure for the pump = 1.5 N / mm2. Calculate also mass of the lubricating oil required 

for artificial cooling, if rise of temperature of oil be limited to 10°C. Heat dissipation coefficient 

= 1232 W/m2/°C. 

 
Given Data :  

W = 20 000 N  
 N = 900 r.p.m.  
 t0 = 55°C  
 Z = 0.017 kg/m-s  
 ta = 15.5°C ; 
p = 1.5 N/mm2  
 t = 10°C  
 C = 1232 W/m2/°C 
 
To Find 
 Design a journal bearing 
 
Solution. 
 
The journal bearing is designed as discussed in the following steps : 
 
1, First of all, let us find the length of the journal ( l ). Assume the diameter of the 
journal ( d ) as 100 mm. From Table 26.3, we find that the ratio of l / d for centrifugal 
pumps varies from 1 to 2. Let us take l / d = 1.6.  

 l = 1.6 d = 1.6 × 100 = 160 mm Ans. 

2,We know that bearing pressure, 

𝑝 =
𝑤

𝑙. 𝑑
=

20000

160𝑋100
= 1.25 

 
Since the given bearing pressure for the pump is 1.5 N/mm2, therefore the above value 
of p is safe and hence the dimensions of l and d are safe. 

3, 

𝑍. 𝑁

𝑝
=

0.017𝑋900

1.25
= 12.24 

 

From Table 5.2, we find that the operating value of 
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𝑍. 𝑁

𝑝
= 28 

 

We have discussed in Art. 26.14, that the minimum value of the bearing modulus at which the 

oil film will break is given by 

 

 

 
 

 

4. From Table 5.2, we find that for centrifugal pumps, the clearance ratio (c/d) = 0.0013 

5. We know that coefficient of friction, 

 

 
=0.0031+0.002=0.0051 

... [From Art. 26.13, k =0.002] 

 
We see that the heat generated is greater than the heat dissipated which indicates that 

the bear-ing is warming up. Therefore, either the bearing should be redesigned by 

taking t0 = 63°C or the bearing should be cooled artificially. 

We know that the amount of artificial cooling required 
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 = Heat generated – Heat dissipated = Qg – Qd 

 = 480.7 – 389.3 = 91.4 W 

 Mass of lubricating oil required for artificial cooling   
Let      m = Mass of the lubricating oil required for artificial cooling in kg / s.   
 We know that the heat taken away by the oil,   

Qt = m.S.t = m × 1900 × 10 = 19 000 m W 
  

... [ Specific heat of oil (S) = 1840 to 2100 J/kg/°C] 

  
 Equating this to the amount of artificial cooling required, we have   
 19 000 m = 91.4   
 m = 91.4 / 19 000 = 0.0048 kg / s = 0.288 kg / min Ans. 

 

 

Example 5.2. A full journal bearing of 50 mm diameter and 100 mm long has a bearing 

pressure of 1.4 N/mm2. The speed of the journal is 900 r.p.m. and the ratio of journal diameter 

to the diametral clearance is 1000. The bearing is lubricated with oil whose absolute viscosity at 

the operating temperature of 75°C may be taken as 0.011 kg/m-s. The room temperature is 35°C. 

Find : 

1. The amount of artificial cooling required, and 2. The mass of the lubricating oil required, if 

the difference between the outlet and inlet temperature of the oil is 10°C. Take specific heat of 

the oil as 1850 J / kg / °C. 

 

Given Data :  

d = 50 mm = 0.05 m  

l = 100 mm = 0.1 m 

 p = 1.4 N/mm2  

N = 900 r.p.m.  
d / c = 1000  
 Z = 0.011 kg / m-s  
 
 t0 = 75°C  
 ta = 35°C  
 t = 10°C  
S = 1850 J/kg / °C 
 
Solution. 
 
1. Amount of artificial cooling required 

We know that the coefficient of friction, 
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