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ARTICLE INFO  The main objective of this study was to design a journal bearing, such that it can withstand the forces that 

arise in context to increasing the length of the shaft in an automotive turbocharger. The work will also provide 

information on how the design changes affect the overall performance of the bearing. The design changes 
include the thickness of the oil film, the number of grooves, the dimension of the grooves, the number of inlets 

and outlets, the dimension of the babbitt and mainly the length of the journal bearing. The simulation models 

were created using CATIA V5 and the analysis is done using ANSYS 19.2. The flow is considered to be laminar 
and is calculated using Reynold’s Equation. The new concept gave insight on how the design considerations 

affect the pressure distribution and the pressure developed. From the results, it was interpreted that the new 

design can withstand the four times the pressure while distributing the pressure over twice the original design. 
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1. Introduction 
The development of internal combustion engine has led 

to the discovery of new components which improve not 

only the power but the emission also. The thirst for power 

paved the way for the construction of turbochargers. Turbo-

charging has now become a very popular way of increasing 

the power output of internal combustion engines. This sim-

ple and compact piece of machinery is typically imparting  

a boost of 0.4 to 0.6 bar.  

The turbocharger became popular due to fact they are 

light weight power packs, which not only improve the pow-

er but the emissions as well. But the turbocharger on its 

own is not that efficient. To increase the efficiency, inter-

coolers were provided to improve the density of air that is 

compressed using the turbocharger. The high operating 

temperature of a turbocharger causes the air to expand after 

compression [20]. The level of expansion determines the 

size of the intercoolers required. The increase in the tem-

perature of the inlet gases, also increases the NOx emissions 

due to peak in-cylinder temperatures [12]. The longer 

length of the exhaust system also tends to increase the pres-

sure loss in the system. The longer exhaust system also 

increases the turbo-lag which is a primary concern in turbo-

charging.  

The turbochargers are considered to be very inefficient 

at low speeds, which increases the turbo-lag. There is also a 

heat transfer from the turbine to the bearings, which causes 

damages due change in mechanical properties of the bear-

ings [5, 15]. The oil properties are also varied extensively 

since it has been proved that the oil takes out about 30% of 

heat from the turbines [8, 20]. The insulation of the turbine 

is a solution which has been widely used to decrease the 

heat transfer between turbocharger components [18].  

A solution to some of these problems were found out by 

Mercedes in the Formula-1 endeavours, as they introduced 

the first split turbocharger engine. The splitting of the tur-

bine (hot) and the cold (compressor) side was done to re-

duce the heat interactions of the high temperate gases from 

the exhaust to the inlet air. This in turn helps in decreasing 

the exhaust system length. The split turbocharger system 

contains a longer shaft which increases the separation be-

tween the hot and cold side. The shaft is supported by  

a special bearing system, which sustains the load of the 

shaft which rotates by 50,000–250,000 rpm. The longer 

shaft also has given a possibility of introducing a special 

energy recovery system called MGU-H (Motor Generation 

Unit–Heat). 

2. Turbocharger bearing systems  
The arrangement of the bearings is based on where the 

turbocharger is installed and used. The regularly used ar-

rangement of the bearings are in between the turbines as 

shown in Fig. 1A. This configuration makes it easier to 

supply oil, since all the housings are separated. The bearing 

access is provided by removing the turbine housing. The (B 

– Fig. 1) configuration decreases the need for a long shaft, 

thus decreases vibration and forces produced by the shaft. 

But the configuration also increases the problem of intro-

ducing a more complex lubrication system. The layout of 

the bearing system (C – Fig. 1) causes a large heat transfer 

between the turbines, which decreases the density of the 

compressed air [2, 14]. 

 

Fig. 1. The different bearing arrangements in a turbocharger [19] 
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The advantage of this configuration is the separation of 

the gases system and the lubrication system. The turbo-

chargers used in marine or large-scale application uses the 

(D – Fig. 1) configuration. This configuration enables easy 

maintenance options, but the bearing capacity at high 

speeds are decreased. 

3. Research methodology  
This publication presents the results of design works of 

new slide bearing solutions. The research methodology was 

based on the characteristics of the oil film which, through 

the required pressure, can support the shaft. The starting 

point was standard bearing journal designs from one of the 

automotive turbochargers. The design changes included the 

thickness of the oil film, the number of grooves, the dimen-

sion of the grooves, the number of inlets and outlets, the 

dimension of the babbitt and mainly the length of the jour-

nal bearing.  

The simulation models were created using CATIA V5 

and the analysis is done using ANSYS 19.2 – education 

version [1]. The flow was considered to be laminar and was 

calculated using Reynold’s Equation.  

The journal bearings were designed to support the long-

er shaft, with pressures exceeding the twice the existing 

condition. The design concepts focused on decreasing the 

efficiency losses by improving rotor dynamic stability and 

pressure distribution [10, 24]. The journal bearings were 

designed in two parts, journal and the steel backing. Each 

of the parts were designed individually and were analyzed 

to understand more about how the parts work separately. 

The forces acting on the oil film were only radial forces. 

The same radial forces were administered on the face of the 

babbitt and the steel backing of journal bearing. The fric-

tional forces or the axial forces were not considered here, 

since axial forces were supported by the thrust bearing and 

absence of the shaft nullifies the frictional force.  

The bearing analysis was only considered for the inner 

oil film and whether the new design can sustain the pres-

sure of oil film, even though the journal bearing used for 

the analysis is a fully floating bearing. The data which was 

experimentally found was used to estimate the pressure 

output of the oil film. The assumptions which were taken 

are as follows:  
 the flow was considered to isoviscous [22], 

 the pressure was taken as ambient, 

 the outlet pressure was considered as zero, 

 no external heat was added to the system, 

 the property of the oil remained the same throughout the 

analysis, 

 the oil was considered isotropic and incompressible [16]. 

The babbitt was designed such that the clearance be-

tween the babbitt and the shaft should produce the desired 

oil film. The babbitt was developed in 2 different dimen-

sions, this was to test how the thickness of the babbitt influ-

ence the factor of design safety and deformations.  

The final piece of the puzzle was the steel backing of 

the journal bearing. The dimension of this was decided by 

the thickness of the babbitt used. The steel backing was 

taken the shape of the outer surface of the babbitt to com-

plement the stress distribution. Together with the babbitt 

and the steel backing, the whole design of journal bearing 

which produced the required oil film was completed. 

The assumptions taken while using the methodology 

were, no lubricant flows in the axial direction, there is no 

eccentricity between the shaft and the bearing, and the oil 

film cannot support the load acting on it. 

The research temperature ranges have been adopted 

from other publications [6, 13, 21] and were ranging from 

310 K to 350 K. The viscosity of lubrication oil is termed to 

be a non-linear function in the range of 310–370 K [6]. In 

paper [21] states that the bearing temperature ranges from 

290 K to 290 K during operation. Thus, it was assuming the 

case of 370 K as inlet temperature to avert any problems 

that may occur in the future. The inlet pressure was set 

0.101325 MPa and velocity was 12.5 m/s during the initial 

setup [13]. The pressure under operating conditions reaches 

up to be 4.0 MPa at 60,000 rpm (based on the load acting). 

To support an excess load and excess pressure created, the 

journal bearings are to be designed for 12.0 MPa pressure 

and for a rpm of 200,000 to 250,000. Because it was very 

hard to have an overall good pressure distribution, the 

worst-case scenario was taken [17]. The oil is taken to have 

a density of 889 kg/m
3
 and a dynamic viscosity of 1.06 

kg/ms. This is the engine oil configuration used in ANSYS 

system. The specific heat of the oil is taken as 1845 J/kgK 

and the thermal conductivity is taken as 0.145 based on the 

literature [2, 21]. 

4. Model designing  
The considered designs of oil films were introduced af-

ter different analysis which provided how the changes af-

fect the pressure distribution. The one inlet design (Fig. 2) 

helps in reducing the complexity in production. This first 

design was simple, using one inlet around the circumfer-

ence and using the periphery as the only outlets. Since the 

size of the outlet is small, the restriction for the flow was 

more hence the pressure increases significantly [3]. 

 
Fig. 2. Design of the oil film 1 

 

The second model (Fig. 3) consists of 2 inlets and 2 out-

lets opposite to each other with a groove connecting them 

to regulate the flow of oil. The thickness of the oil film was 

reduced to by 25%. 
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Fig. 3. Design of the oil film 2 

 

The third oil film model (Fig. 4) consisted of 3 grooves 

instead of one, which was a design progression which was 

led by the previous analyses. The length of bearing was also 

increased from 12 mm to 20 mm. 

 

Fig. 4. Design of the oil film 3 

 

The final design (Fig. 5) consists of 4 inlets and two 

outlets which are place perpendicular to each other. To 

incorporate the changes in pressure distribution due to in-

crease in length, the inlets and outlets were modified.  

 

Fig. 5. Design of the oil film 4 

The journal bearing (Fig. 6) was designed in according 

to last mentioned oil film design. The overlay is made in 

three thicknesses to check whether which thickness is suit-

able for the pressure distribution and oil flow. The three 

thicknesses where selected based on the data obtained on 

the commonly used thickness for the material. They are 100 

µm, 50 µm, 35 µm and according to the thickness of the 

overlay, the thickness of the backing changes to reach the 

chosen diameter [23]. 

  

Fig. 6. Design of the bearing 1 (1 mm) 

5. Data and results analysis 

5.1. Computation  

The simulation was done using the CFD/FEM software 

ANSYS. The available version was an education version 

which had several limitations in analysis. The maximum 

number of the nodes which were usable in the design was 

512k nodes. The maximum number of faces that the model 

can have is 300 and the number of bodies was limited to 8. 

5.2. Model meshing 

The analysis for the oil film is done using the fluent ana-

lyser module of ANSYS 19.2. The element size was selected 

to 0.0007 mm for the accuracy. The mesh growth rate was 

program controlled. The model was set as solid structure 

with the material as babbitt. The babbitt was given boundary 

conditions, the ends are constrained in x, y, z axis for zero 

movements. The pressure was imported from the oil film 

analysis and is applied on the selected faces of the babbitt.  

The number of nodes were 18609 and the elements were 

to be 8933. The whole journal bearing model with the steel 

backing was imported and meshed. The pressure is imported 

and is applied to the inside faces of the babbitt. The boundary 

condition remains same for the babbitt and the steel backing. 

The analysis is repeated for all the models of the babbitt. 

5.3. Materials 

The most sound operation of a journal bearing is ob-

tained when the material used to make the bearing combine 

both high strength with softness [9, 11]. This in a little 

paradoxical but most of the bearing materials have the 

combination of these properties with a little compromise on 

their side. There were three components which required 

materials to consideration during the analysis, like the two 

parts of the journal bearing and the oil film. The overlay is 

a smooth material which can produce less wear and tear if 

there is any contact with the journal, the backing is usually 

a hard material which can absorb the load and withstand it 

for a long time.  
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The oil is taken as the lubricant for the operation. The 

materials which comes into contact with shaft was made of 

a metal matrix composite called babbitt [4, 7]. The material 

which is backing the babbitt was selected from three op-

tional steels which are available in the market. The steels 

which were selected are AISI 1018, 1020, 1022, in which 

the AISI 1020 provided the required mechanical properties. 

5.4. Oil film analysis 

When considering the analysis of the first design, the oil 

film was having the highest pressure near to the inlet and 

was decreasing at a rapid rate while moving away from it. 

The groove has allowed the oil to produce some pressure at 

the bottom of the film. But it can be observed (Fig. 7) that 

the pressure is too high, reaching up to 50.0 MPa. This 

means there should be a change in velocity to decrease the 

pressure formed. 

 

Fig. 7. Pressure distribution inside oil film 1 

 

By introducing a second inlet parallelly opposite to the 

first one (Fig. 8), increase in the flow to all the circumfer-

ence of the oil film. The overall bearing capacity was in-

creased and there is less pressure losses in the film. 

 

Fig. 8. Pressure distribution inside oil film 2 

 

Fig. 9. Pressure distribution inside oil film 3 

Next oil film had 3 grooves to flow which was used to 

transfer the oil to the extreme ends of the film (Fig. 9). By 

establish the new grooves, pressure was distributed in  

a more uniform manner. 

The final design (Fig. 10) showed promising results 

compared to first one The pressure on the oil film was less-

er than 10.0 MPa, which was the initially expected pres-

sure. The placement of the inlets and holes ensures a wide 

range of support for the shaft without any significant reduc-

tion in pressure. 

 

Fig. 10. Pressure distribution inside oil film 4 

 

By placing the holes in between the inlets, more oil is 

removed and thus decreasing the pressure at the edges of 

the inlet. It was decide that this oil film design to be used 

for design of the actual journal bearing. There are here (Fig. 

11) the diagram for the pressure formed in each oil film 

design. This is showing how each design affected the pres-

sure, but the graph is for a soft visual comparison since a lot 

of design changes were experimented between different 

stages to verify the effectiveness. 

 
Fig. 11. Maximum pressure exerted by all the oil films 

5.5. Babbitt analysis 

The babbitt with 1 mm thickness was analysed using 

static structural analysis by applying the pressure exerted 

by the desired oil film. The result shows that, the highest 

pressure noted is near the inlet to the Babbitt (Fig. 12). The 

animation of the expansion due to the pressure shows, the 

babbitt expands at faster and higher rate near the inlet of the 

babbitt. This is due to pressure exerted at the inlet end was 

high in the oil film analysis. The holes in the babbitt design 

decreases the deformation at that point by a large value.  
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Fig. 12. Deformed babbitt 1 under pressure from oil film 

 

In the 0.35 mm (Babbitt 2 – Fig. 13), the result showed 

a large difference in how the circumference, which is per-

pendicular to the inlet, deforms due to the pressure. This 

surface does not undergo a deformation compared to the 

other locations. The amount of deformation near the holes 

also increases which is a noted pattern as the thickness 

decreases. Since the material is a metallic, the stress-strain 

graph shows us that there can be an elastic deformation 

which changes to plastic after a certain value. This is noted 

here, the material deformation is easier near the inlet, thus it 

continues to deform to relieve the increase in pressure. 

 

Fig. 13. Deformed babbitt 2 under pressure from oil film 

 

The below table shows a comparison between the bab-

bitts in mechanical properties. 

 
Table 1. Comparison of the results for each Babbitt 

Parameter Unit 

Design No 

Babbitt 1 

(1 mm) 

Babbitt 2 

(0.35 mm) 

Maximum deflection µm 1.21E–02 6.52E–02 

Maximum stress Pa 3.53E+08 1.64E+09 

Maximum elastic strain m/m 7.10E–03 3.31E–02 

Total strain energy J 2.14E–02 6.93E–02 

Factor of 

Safety 

Minimum – 7.08E–01 1.50E–01 

Average – 6.14E+00 2.69E+00 

5.6. Full bearing analysis 

The bearing with 1mm babbitt is seen considerable im-

provements in deformation due to support provided by the 

steel backing. The babbitt is deforming in a uniform man-

ner starting from the inlet to the periphery. The maximum 

stress developed also decreased by 10 times compared to 

just the babbitt supporting the pressure. The other parame-

ter were also decreased by a considerable value except 

Factor of Safety (FoS). The average FOS value as seen in 

the Table 2 is a very good value which reinforce the safety 

factor of the bearing under operation. The maximum de-

formation is seen on the corner edge of the grooves near the 

inlet of the oil supply, since the stress concentration is more 

due to sharp edges present at those points. 

 

Fig. 14. Deformed bearing 1 under pressure from oil film 

 

While analysing the bearing with 0.35 mm babbitt, the 

deflection further decreased in value, which means that as 

the thickness of the babbitt is decreased, the bearing proper-

ties are improved. Since the deflection was tending to de-

crease, we can see a relation which affects the strain energy 

acting on the bearing. The FOS value and the stress devel-

oped are closely related, thus the stress developed still re-

mains the same. 

 

Fig. 15. Deformed bearing 2 under pressure from oil film 

 

The table below shows a comparison of the bearings 

with their corresponding mechanical properties. 

 
Table 2. Comparison of the results for each bearing 

Parameter Unit 

Design No 

Bearing 1 

(1 mm) 

Bearing 2 

(0.35 mm) 

Maximum deflection µm 1.218–02 9.00E–03 

Maximum stress Pa 6.24E+07 5.85E+07 

Maximum elastic strain m/m 4.49E–04 3.98E–04 

Total strain energy J 2.62E–03 2.00E–03 

Factor of Safety 
Minimum – 4.73E+00 5.04E+00 

average – 1.44E+01 1.46E+01 



 

Design of the turbocharger bearing arrangement to increase the overall efficiency of the combustion engine 

88 COMBUSTION ENGINES, 2022, 188(1) 

5. Summary 
It seems that the main objectives of the project which 

was to design a slide bearing, so that it can withstand the 

forces generated due to the increased length of the shaft in 

the turbocharger has been achieved. The paper introduces  

a series of modernization of the bearing structure, consider-

ing the most favorable oil pressure distribution. The study 

takes into account changes in thickness of the oil film, the 

number of grooves and their dimensions, the number of 

inlets and outlets and the length of the slide bearing. Simu-

lation models were created using CATIA V5 and the analy-

sis is performed using ANSYS 19.2. With the help of the 

oil film, the babbitt plate was designed. It was having  

a higher deformation near to the inlet due to the higher 

pressure which is formed. The grooves were producing 

sharp ends near the inlet which also increases the stress 

concentration. The irregularity in deformation of the babbitt 

is caused by the holes reducing the pressure in its zone. 

During the babbitt analysis, it was observed that as the 

thickness increased the babbitt showed better properties 

under the pressure acting on them. 

The babbitt was supported by the steel backing and was 

analysed, which showed that the lesser the babbitt thickness 

the more better the journal bearings performance. This 

property can be explained by the transfer of stress from one 

material to the other. The stress transfer is high when the 

distance between the point of stress application and the 

location of the second material is less. As stress travels over 

a longer distance, the material absorbs the energy and de-

forms. This cause less energy to be transferred to the sec-

ond material, and making too much stress allocation on the 

first material. Thus, after using the steel backing, the bab-

bitt with 0.35mm proved to show more Factor of Safety and 

less deformation compared to the other bearings.  

The currently constructed bearings can withstand about 

150 bar of pressure in the oil film without having a signifi-

cant change in dimensions. From the two bearings that were 

designed according to the oil film required, it can conclude 

that the 0.35 mm thick babbitt bearing is better than 1 mm. 

The length of the bearing can be increased to without com-

promising in the pressure exerted at different location by 

making changes to the oil film design. Removing the edges 

in the grooves can decrease the concentration of stress and 

increase the Factor of Safety. All of the mentioned above 

items directly affect to overall efficiency of the engine due 

to the fact that the energy necessary to overcome frictional 

resistance is reduced. 
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