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ABSTRACT 

 

The purpose of this paper is to theoretically study the effect of aspect ratio on the performance of fluid-film 

bearing system .Based upon the dynamic Reynolds governing equation for the different aspect ratio, the various 

performance parameters: eccentricity ratio, maximum pressure, coefficient of friction, minimum film thickness, 

attitude angle, direct and cross-coupled stiffness and damping coefficients, threshold speed, whirl-frequency 

ratio and critical mass of hydrodynamic journal bearings are evaluated. The aspect ratios (L/D) are considered 

0.5, 1.0 and 1.5 for the analysis of purpose. The influence of L/D ratio on bearing performance parameters for a 

wide range of Somerfield number has been presented. The results could be useful to give more insight to 

bearing designer for predicting a suitable L/D ratio for enhanced stable bearing operations. 
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1.0 Introduction 

 

Hydrodynamic journal bearing are useful in 

rotating machinery for supporting radial loads. These 

bearings allow for transmission of large loads at mean 

speed of rotation and are susceptible to large 

amplitude lateral vibration due to self exited 

instability which is known as oil whirl or 

synchronous whirl. Under certain unexpected 

disturbances the bearing system is prone to an 

oscillating behavior.  

If the amplitude of oscillation grows too much, 

it may cause the undesired journal-bearing contact 

and endanger safe operation of the whole machine 

system. The important parameters such as surface 

roughness, fluid inertia, rehology of lubricant and 

bearing size (aspect ratio) and geometry may have an 

influence on bearing performance and its stability.  

Many researchers [1-9] have theoretically 

investigated the performance and stability of 

hydrodynamic journal bearings. Owing to various 

influencing factors Zhang, et al. [1] considered the 

effect of L/D ratio and slip on the stability analysis of 

gas-lubricated journal bearing in micro-electro-

mechanical systems (MEMS). Das, et al. [2] used 

first order perturbation for dynamic characteristics of 

hydrodynamic bearing with respect to micropolar 

property for varying eccentricity ratios and L/D 

ratios. Osman, et al. [3] studied the static and 

dynamic characteristics of the magnetized journal 

bearings lubricated with ferrofluids.  

By using finite perturbation technique, the 

eight-oil film stiffness and damping coefficients were 

determined with L/D ratio as 1.0. Zhang, et al. [4] 

determined the stiffness coefficient of hydrodynamic 

plain journal bearings lubricated with water.  

The relationship between the stiffness 

coefficients and the load for bearing with different 

relative clearance, different L/D ratios and different 

rotational speed are obtained. Singhal and Khonsari 

[5] investigated the stability of a journal bearing 

system, including the effects of inlet viscosity. 

Simplified thermo-hydrodynamic design charts 

for the rapid prediction of stiffness coefficients, 

damping coefficients, and threshold speed have been 

developed. Jang and Yoon [6] presented analytical 

method to investigate the stability of a hydro dynamic 

journal bearing with rotating herringbone grooves.  

The dynamic coefficients of the hydro 

dynamic journal bearing are calculated using the 

FEM and perturbation method. Sharma and Krishna 

[7] considered the effect of L/D ratio on the dynamic 

performance characteristics and stability of two-lobe 

pressure dam bearing. Dwivedi, et al. [8] theoretically 

computed the static and dynamic performance 

parameters of hydrodynamic bearing considering  
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short bearing approximation aspect ratio (L/D < 0.5) 

under different flow regime. Mehta, et al. [9] 

analysed the static and dynamic performance 

parameters of a four-lobe pressure-dam bearing 

which is produced by incorporating two pressure 

dams on the upper two lobes and two lobes and two 

relief-tracks on the lower two lobes of an ordinary 

four- lobe bearing with L/D ratio as 1.0  

 A study of bearing dynamics is important for 

enhancing smooth bearing life. An understanding on 

how bearing size (aspect ratio) influences bearing 

performance in particular bearing dynamics is still 

not been fully revealed.  

 The current study has been undertaken with 

the objective of through understanding about the role 

of aspect ratio on static, dynamic and stability aspect 

of fluid-film journal bearing. Thus the current study 

presents the influence of aspect ratio on bearing 

performance for a wide range of sommerfeld number.  

 

2.0 Theory  

 

 The conventional Reynolds equation for an 

incompressible, Newtonian lubricant in the clearance 

space of a finite journal bearing system is given 

below in non-dimensional form as [16]: 

 
 The conventional Reynolds Eq. (1) is solved 

using FEM, which is described below.  

 

2.1 FEM Formulation  

 The weighted residual of Eq. (1) using 

Galerkin’s criteria may be expressed as [16]: 

 

where  is the interpolation function relating the 

nodal pressures  to the pressure in the e
th

 

element of the discretized pressure field of N finite 

elements, i.e., 

 

where  is the elemental shape function and 

 is number of nodes per element of two-

dimensional flow-field discretized solution domain. 

With simplifications, Eqs. (2) and (3) give the 

element Eq. as [16]: 

 

 
 

 

 

 

 
 

2.2 Boundary conditions  
 The boundary condition used for the solution 

of lubricant flow field are described as: 
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 Eq. (10) can be solved to give both pressure 

and flow simultaneously because at each node one of 

the two variables is known.  

 Fig.1 shows the coordinate and the 

schematic of a simple plain journal bearing in a 

steady-state configuration. The static performance 

characteristics are computed for the steady-state 

condition, For the computation 

of performance characteristics, it is essential to 

establish the journal center equilibrium position for a 

given vertical load. The solution process is expressed 

in flow chart shown in fig.2. 

 

Fig. 1. Definition of the Coordinate and the 

Schematic of A Simple Plain Journal Bearing. 

 

 
 

2.3 Journal Center Equilibrium Position 

 

For a given vertical external load  or 

eccentricity ratio and operating and geometric 

parameters of the bearing, the journal center position 

 is unique. This journal center 

equilibrium position is not known a priori and is 

obtained iteratively. For a specified vertical external 

load  which acts parallel to the Z-axis and 

when the journal center occupies its equilibrium 

positions, the fluid-film reaction components must 

satisfy the following conditions [16]. 

 

 
 

Initially the tentative values of journal center 

coordinates ( ) are fed as input to 

compute the nominal fluid-film thickness  

that is required for the computation of fluid-film 

pressures. The fluid-film reaction components 

and are computed using Eqs. (13) and 

(14), respectively. 

 

2.4 Load Carrying Capacity  

 

Fluid-film reaction components along X and Z 

directions are respectively given by [12, 13]  

 
 

 
 

2.6 Sommerfeld Number  

The characteristics in steady running of a journal 

bearing of specified design are usually expressed 

non-dimensionally as functions of a single parameter 

called the Sommerfeld Number [10].The Sommerfeld 

Number can be determined as: 
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2.7 Attitude Angle  

 The angle between the line joining bearing, 

journal center and load line is defined as attitude 

angle. The attitude angle,   is calculated by [16]: 

 

 
For different positions of journal centre, the 

expressions to the attitude angle will be different. 

2.8 Friction power loss  

 The power loss/ torque in a journal bearing 

is computed from the following equation [16]: 

 

where   is the normalized turbulent couette 

shearing stress. 

 A journal bearing system has two degrees of 

freedom to define the journal position during its 

oscillation. Considering two degrees of freedom 

system, 2x2 fluid-film stiffness and 2x2 fluid-film 

damping coefficients can be computed using the 

expressions given below.  

 

2.9 Fluid-Film Stiffness Coefficients  

 The fluid-film stiffness coefficients are 

defined as [16]: 

 

 

2.10 Fluid-Film Damping Coefficients  

 The fluid-film damping coefficients are 

defined as [16]: 

 
 

2.11 Critical mass 

 

 
 

 
 

2.12 Threshold speed 
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2.13 Whirl frequency ratio 

 
 

 The simulated data for non dimensional 

bearing performance parameters have been generated 

and plotted to gain understanding. The results have 

been discussed in the following paragraphs.  

 

3.0 Result and Discussion  

 

 The present results for hydrodynamic 

journal bearing as shown in fig.3 shows the variation 

of eccentricity ratio with respect to Sommerfeld 

number for varying L/D ratio. Figure shows that the 

bearing with L/D ratio of 0.5 has higher eccentricity 

ratio than other L/D ratios. It is observed that the 

increase in L/D ratio decrease the eccentricity ratio 

(i.e increases the load capacity). The similar 

reduction trend in the value of eccentricity ratio was 

reported in ref. [8, 11]. 

 

Fig. 3: Eccentricity Ratio Versus Sommerfeld 

Number 

 

 
 

 Fig. 4 shows the variation of maximum 

pressure with respect to Sommerfeld number for 

varying L/D ratio. Figure shows that the bearing with 

L/D ratio of 0.5 has higher maximum pressure than 

other L/D ratios. It is observed that the value of 

maximum pressure for a specified Sommerfeld 

number decreases with the increases in L/D ratio. The 

similar reduction trend in the value of maximum 

pressure was reported in ref. [11].  

 Fig. 5 shows the variation of minimum fluid-

film thickness with respect to Sommerfeld number 

for varying L/D ratio. It is observed that the value of 

minimum fluid-film thickness for a specified 

Sommerfeld number increases with the increases in 

L/D ratio. The reduction in the value of fluid-film 

thickness is quite significant at lower L/D ratio of 0.5. 

 The similar reduction trend in the value of 

 was reported in ref. [8, 9] 

 The variation of attitude angle with respect 

to Sommerfeld number for different values of L/D 

ratios, is shown in Fig.6. Attitude angle increases 

with increases in Sommerfeld number and L/D ratio. 

Figure also shows that the change in the values of 

attitude angle at L/D ratio of 0.5 has more variation 

with other L/D ratios.  

 The similar trend in the value of attitude 

angle was reported in in ref. [7,8].  

 The variation of friction coefficient with 

respect to Sommerfeld number for varying L/D ratio 

is shown in fig.7 Friction coefficient is increased with 

increasing L/D ratio. The behavior of coefficient of 

friction with different L/D ratios is similar as in 

ref.[9,11].  

 The results shows, that there is judicious 

need to select optimal L/D ratio from the view point 

of frictional power loss and load carrying capacity of 

fluid film journal bearing. 

 
is less corresponding to L/D ratio equals to 0.5, 

indicate better stability. 
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Fig. 2: Overall solution scheme 

 

 
 

Fig.4 : Maximum Pressure Versus Sommerfeld 

Number 

 

 

Fig. 5: Minimum fluid-film thickness versus 

Sommerfeld number 

 

 
 

Fig. 6: Attitude angle versus Sommerfeld number 

 

 
 

Fig. 7: Coefficient of Friction Versus Sommerfeld 

Number 

 

 



Effect of aspect ratio on the performance and stability of Hydrodynamic Journal Bearings 225 
 

 

Fig. 8: Direct Fluid-Film Stiffness Coefficient 

Versus Sommerfeld Number 

 

 
 

Fig.9: Direct Fluid-Film Stiffness Coefficient 

Versus Sommerfeld Number 

 

 
 

 

Fig. 10: Cross-Coupled Fluid-Film Stiffness 

Coefficient Versus Sommerfeld Number 

 

 
 

Fig. 11: Cross-Coupled Fluid-Film Stiffness 

Coefficient Versus Sommerfeld Number 
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Fig.12: Direct Fluid-Film Damping Coefficient 

Versus Sommerfeld Number 

 

 
 

Fig. 13: Direct Fluid-Film Damping Coefficient 

Versus Sommerfeld Number 

 

 

 

Fig. 14: Cross-Coupled Fluid-Film Damping 

Coefficient Versus Sommerfeld Number 

 
 Variation of the whirl frequency ratio with 

Sommerfeld number with L/D ratios 0.5, 1.0 and1.5 

respectively is shown in fig.15. It is observed that the 

whirl ratio remains constant at higher L/D ratios and 

decreasing exponentially with the increase in 

Sommerfeld number, which indicates better stability 

from the view point of whirl motion. It can be seen 

that the whirling frequency ratio equals to 0.5 at all 

aspect ratio. The similar trend in the value of whirl 

ratio parameter was reported in ref. [1]. Fig.16 shows 

variation of the stability threshold speed with respect 

to Sommerfeld number with L/D ratios 0.5, 1.0 

and1.5 respectively. The value of stability threshold 

speed is increased with decrease in L/D ratio. This is 

due to the variation in the value of pressure gradients 

changes, and hence the value of bearing dynamic 

coefficient gets altered. Thus, the bearing stability 

threshold speed margin is expected to change. The 

similar trend in the value of threshold speed 

parameter was reported in ref. [7]. 

 

Fig.15. Whirl ratio versus Sommerfeld number 
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Fig.16. Threshold Speed Versus Sommerfeld 

Number 

 

 
 

Fig.17 Critical Mass Parameter Versus 

Sommerfeld Number 

 
 

 Fig.17 shows critical mass parameter, which 

is also an indicator of stability of hydrodynamic 

journal bearings. The lower and upper sides of each 

curve correspond to stable and unstable regions, 

respectively. It is observed that the stability of 

hydrodynamic journal bearings deteriorates with an 

increase in L/D ratio. The similar trend in the value of 

critical mass parameter was reported in in ref. [7, 8]. 

 

 

 

 

4.0 Conclusions  
 

 This study investigates the effect of aspect 

ratio on the performance of hydrodynamic bearings. 

Based on results, following conclusions can be drawn 

for a plane circular hydrodynamic bearing.  

1) The minimum fluid- film thickness, attitude 

angle, coefficient of friction, Sxz, damping 

coefficient (Cxx, Czz and Cxz) increases with 

increase in L/D ratio.  

2) The eccentricity ratio, maximum pressure, direct 

stiffness coefficient, Szx, Critical mass parameter 

decreases with increases in L/D ratio.  

3) The value of threshold speed is increases with 

decrease in L/D ratio.  

4) The whirling frequency ratio is independent of 

L/D ratio and always equals to or approximate to 

0.5. The high-frequency whirling frequency ratio 

is decreasing exponentially with the increase in 

Sommerfeld number.  

5) The stability of hydrodynamic journal bearings 

deteriorates with an increase in L/D ratio.  
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1.1. Non-Dimensional Parameters 

 

 

 
 

 
 

Matrices 

 

 

 

Subscripts and Superscript 

 

 
 

x,y,z : Components in X, Y and Z directions  

. : First derivative w.r.t. time 
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