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Abstract— Recent papers on the journal bearing made of 

aluminium alloy have highlighted a lack of guidance of 

structural deformation made by Computational Fluid 

Dynamics (CFD). With this mind, the current paper presents 

a review of existing data on journal bearing in 

Computational Fluid Dynamics and reported measurements 

of key geometric and material parameters. A probabilistic 

analysis using CFD is then presented and the results are 

used to identify parameters like pressure, stress, 

temperature, deformation for which additional data collected 
would be beneficial for improving or understanding of the 

material alloy used in various journal bearing and how this 

behaviour affects the working condition in rotors. 
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I. INTRODUCTION  

Journal bearings have been widely used to support high 
speed rotating machinery such as turbines and compressors, 

etc. because of its superior durability and load carrying 

capacity. Therefore, the bearings are important machine 

elements of the rotating machinery. As the performance 

characteristics of high-speed, hydrodynamic journal 

bearings operated in both laminar and turbulent flow 

regimes are governed by a number of bearing parameters, 

the bearing designers usually try to select the design 

variables within constraints by a trial and error method using 

many design parameters obtained from the bearing 

characteristic analysis. However, this approach gives 

approximation solutions or results, and it does not give the 
optimum solutions. Moreover, high temperature during 

work may cause to expansion of the bearing, which leads to 

wear of the bearing. This temperature rise is due to the load 

acting in the bearing by the rotors when there is insufficient 

flow of lubricants. Different bearing materials are used for 

specific operating conditions. And the flow of lubricants is 

the main factor that would decide the temperature rise of 

bearing. Temperature rise of the bearing will increase the 

chances of bearing dimension change. And this leads to 

change in interference of the bearing, which reduces the gap 

for the lubricant to flow and causes direct contact with the 
bearing. This deformation and temperature distribution of 

the bearing will be studied in this paper through 

Computational Fluid Dynamics (CFD). 

II. LITERATURE STUDY 

A. Effect of Lubrication on temperature distribution:  

Lubricant is a substance that reduces the friction, heat, and 
wear when introduced as a film between solid surfaces. 

Using the proper lubricant helps maximize the life of the 

bearing and machinery, and hereby saving time, money, 

manpower, thus making the operations more effective and 

more reliable. And therefore, the effect of lubricant has been 

stated in various papers.  

B. S. Shenoy, et. al [1] Conventional method of 

performing an EHL analysis on a bearing involves 

development of complex codes and simplification of actual 

physical model. This paper presents a methodology to model 

and simulate the Overall Elasto-Hydrodynamic Lubrication 

of a full journal bearing using the sequential application of 

Computational Fluid Dynamics (CFD) and Computational 
Structural Dynamics (CSD). The pressure field for a full 

journal bearing operating under laminar flow regime with 

various L/D ratios is obtained by CFD. This reduces the 

bearing inner surface temperature by the means of elasto-

hydrodynamic lubricant analysis (EHL analysis). 

K. M. Panday, et. al [2] The thermoelasto-

hydrodynamic study for analysis of elliptical journal bearing 

(Two-lobe) operating with Newtonian lubricant has been 

presented and thermoelastic deformations of the solid parts 

are taken into account. To solve the Reynold's equation 

generalized form, equation of energy and the displacement 
field, respectively, using two analytical techniques 

Computational Fluid Dynamic (CFD) and Fluid Structure 

Interaction (FSI). 

P. L. Choudhury, et, al [3] in his study used CFD to 

determine the pressure, temperature and velocity fields in 

the lubricant film and the FSI simulation is used to obtain 

the stress intensity and displacement field. The effect of the 

operating conditions on the fields‟ pressure, temperature, 

displacement and stress intensity is also analysed. 

B. Effects of Deformation:   

Deformation is a state when the bearing’s dimension varies 

from its actual dimension due to inappropriate load 

conditions. 

 It also occurs when there is uneven distribution of 

lubricant through the bearing interference. This could be 

avoided by checking various bearing material in various 

loading conditions and use the bearings for the specific load 
conditions.  

Kuznetsova et al [4] developed a model to 

investigate the effect of a polymer liner compliance on the 

bearing characteristics. They used a simple plane strain 

hypothesis for the calculation of elastic deformations. When 

they compared standard bronze bearing, polymer hybrid 

bearings with a 2mm PTFE liner has higher load carrying 

capacity, more oil film pressure distribution with up to 40% 

lower maximum pressure, similar or slightly higher 

maximum oil film temperature, more favourable (pocket 

shape) oil film distribution, increased minimum oil film 

thickness at the bearing midplane and slightly lower at the 
bearing edges and similar or higher power loss depending on 

operating conditions. 
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Thomsen and Klit, et. al [5] studied the effect of 

polymer layer on large scale dynamically loaded bearings. 

Thermal response is calculated by a constant viscosity 
method and the equivalent temperature rise. Elastic 

deformation of the polymer liner is easily found with the 

bearing is tested under the load condition. The paper 

concluded that, the eccentricity increases slightly with the 

compliant layers, but the maximum pressure decreases 

significantly. 

Fatu et al [5] developed a full TEHD-model for 

journal bearings with dynamic loading conditions. They 

used a finite element method for the calculation of both 

elastic and thermal deformations while the hydrodynamic 

solution was calculated using the Reynolds equation. 

C. Effect of Temperature Distribution: 

Temperature distribution in bearing may cause plastic 

deformation in the bearing material and causes increase in 

wear rate.  

 The temperature imbalance can be controlled by 

using hydrodynamic bearings that uses high flow of 
lubricant through the gap between the rotor and bearing. 

 Hence, it is important to know the physical 

properties of the bearing lubricant and to provide the 

sufficient bearing interference at particular temperature 

variations.   

Chaitanya K Desai, et. al [7] analysed the pressure 

distribution in hydrodynamic journal bearing for various 

loading conditions and various operating parameters. The 

space between the shaft and the bearing is called lubrication 

gap and is filled with lubricant. Test bearing is located 

between two antifriction bearings. The bearing was loaded 

mechanically. 
S. Kasola; M. Ali Ahmad, et. al [8] conducted an 

experiment to determine the temperature distribution around 

the circumference of a journal bearing. A journal diameter 

of 100mm with a ½ length-to-diameter ratio was used. 

Temperature results for different radial loads and speeds 

were obtained. And various values for thermal deformation 

of the bearing tested where found. So, from this we can 

understand that the deformation takes place based on the 

material alloy of the bearing and its working condition. 

Xiaorong Zhou, et. al [9] has said that the bearing 

has obvious effect on the temperature of lubricating oil film, 
maximal film pressure, leakage flow rate of ends and 

misalignment moment. The surface roughness and viscosity 

- pressure effect of lubricant have a great influence on the 

bearing performance and it is misaligned with larger 

eccentric ratio, which causes wear of the journal bearing. 

D. Study of Computational Fluid Dynamics (CFD) 

Computational fluid Dynamics is one of the easiest ways to 

compare the calculated and analysis value of the stress, 

temperature, deformation, of the fluid flow in the bearing. 

 Analysis using the CFD software will help in 

finding even the slightest variations in the fluid flow and 

FSI gives the change in the bearing dimension. 

Priyanka Tiwari, et. al [10] analysed hydrodynamic 

journal bearings   by using Computational fluid dynamics 

(CFD) and fluid structure interaction (FSI) approach in 

order to find Pressure profile and temperature distribution in 

the bearing structure, satisfying the boundary conditions and 

the thermal deformation values where equivalent to the 

calculated values. 
Deligant M, et. al [11] has concluded that three-

dimensional computational fluid dynamics model are to be 

in very good agreement with experimental and analytical 

data from previous investigations on Bingham fluids. The 

validated Computational Fluid Dynamics (CFD) model is 

used to extract a series of diagrams in the form of the 

Raimondi and Boyd graphs and can be use in the smart 

bearing design. 

N. P. Kumar, et. al [12] solved the Reynold's 

generalized equation of energy and the displacement field, 

respectively, using two numerical techniques Computational 

Fluid Dynamic (CFD) and Fluid Structure Interaction (FSI). 
The CFD is used to determine the pressure, temperature and 

velocity fields in the lubricant film and the FSI simulation is 

used to obtain the stress intensity and displacement field. 

The effect of the operating conditions on the fields‟ 

pressure, temperature, displacement and stress intensity is 

also analysed clearly with precise values. 

E. Study on effects of Stability: 

Modern turbine rotors of small and medium size steam 

turbines do not always rotate at synchronous speeds but 

towards more efficient thermodynamics the geared turbines 

of higher range of operating speeds do apply in many power 

plants. 

In order to avoid instability issues the tilting-pad 

bearings are often implemented in such applications. 

However, the multi-lobe elliptical bearings do offer stable 

operation and they are quite often implemented in the design 

having also the advantage of lower cost.  

 
Fig. 1: M. C. Majumdar, et. al [13] Wear due to overloading 

M. C. Majumdar, et. al [13] deal with a theoretical 

investigation of stability using a non-linear transient method 

for an externally pressurized porous gas journal bearing. 

Their analysis gave the journal centre locus and from that 

the system stability was determined. With the help of 
graphics, several trajectories of the journal centre have been 

obtained by them for different operating conditions. 

Anjani Kumar, et. al [14] considered the effects of 

geometric change due to wear on stability of hydrodynamic 

journal bearings following Constantinescu's turbulent 

lubrication theory in their analysis. Stability curves had been 

drawn for various values of wear depth parameter 
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considering turbulence. Their analysis shown that wear 

causes the instability of the rotor to deteriorate in the case of 

lightly loaded bearings, and in case of worn bearings a lower 
L/D ratio gives better stability. 

 Kim, et. al [15] investigated the stability of a disk-

spindle system supported by coupled journal and thrust 

bearings considering the five degrees of freedom of a rotor-

bearing system. The Reynolds equations and their perturbed 

equations of the coupled bearings were solved by FEM to 

calculate the stiffness and damping coefficients. Theoretical 

mass of the rotor-bearing system was determined by them 

by solving the linear equations of motion. As a result of 

their analysis the tilting motion was a major design 

consideration to determine the stability of the rotor-bearing 

system. 

F. Effects of Vibration: 

The excess flow of lubricant, change in interference value of 

bearing may cause damping in the opposite side of the load 

applied in the bearing. This causes vibration in the rotor 

component creating noise and friction between the bearing 
and shaft. 

 To overcome this, the bearing surface should be 

thoroughly inspected for interference and bond material 

used.  

Chen-Chao Fan, et. al [16] described an 

experimental investigation of whirl elimination of a 

hydrodynamic bearing with an electromagnetic exciter (EE) 

and included a stability analysis through a root locus plot in 

their analysis. The test apparatus incorporated the EE, which 

provided additional stiffness through a PD algorithm in 

order to stiffen a rotating machine to resolve fluid-induced 

in stability. The stiffness of the hydrodynamic bearing gave 
a significant contribution to the occurrence of unstable 

vibrations as the speed or the load of a rotating machine was 

increased. With regard to the whirl- eliminated 

investigations the Electromagnetic exciter is used to raise 

the stiffness of the rotating machine that causes important 

changes in the stability of the rotating machine. 

 
Fig. 2: M. Miyatake, et. al [17] Wear due to vibration 

M. Miyatake, et. al [17] investigated the whirling 
instability of a rotor supported by aerostatic porous journal 

bearings with a surface restricted layer. Their analysis 

revealed that a surface-restricted layer can greatly improve 

the static stiffness and the whirling stability of a rotor at 

high speeds. 

Anjani Kumar, et. al [18] studied the analysis of 

conical whirl instability of an unloaded rigid rotor supported 

in a turbulent flow hybrid porous journal bearing. The effect 
of bearing feeding parameter (b), Reynolds number (Re), 

ratio of wall thickness to journal radius (H/R) and 

anisotropy of porous material on the stability of rotor-

bearing system had been investigated by her. It was 

observed in her analysis that higher values of feeding 

parameter, gives a better and higher stability to the rotor. 

III. CONCLUSION 

From the above context we come to a conclusion that, a 
bearing used for the modern high-speed rotor conditions, 

should consist the following need;  

 A good lubricant should have a viscous nature and 

should be previously tested for the work. 

 It is important to know the physical properties of the 

bearing lubricant and to provide the sufficient bearing 

interference at particular temperature variations. 

 Journal bearing deformation could be avoided by 

checking various bearing material in various loading 

conditions and use the bearings for the specific load 

conditions. 

 Analysis using the CFD software will help in finding 

even the slightest variations in the fluid flow through 

the bearing and FSI gives the change in the bearing 

dimension. 

 To overcome damping, the bearing surface should be 

thoroughly inspected and interference between the 

bearing and shaft should maintained without 

deformation. 
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