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Abstract— Journal bearings are used to support the rotors in 

high speed applications such as turbines, i.c. engines etc. 

Most of the design formulae used in the design of journal 

bearings are based on isothermal hydrodynamic model which 

is not realistic. In this work, different input parameters effect 

on thermo hydrodynamic lubrication model (i.e. Effect of 

temperature on  the viscosity is include in the computation) is 

performed to arrive at the various performance parameters 

such as pressure developed, load carrying capacity etc. by 

availing Ansys Fluent. Computational fluid dynamics is a 

branch of numerical methods which finds increasing use 

nowadays in the lubrication industry.  Finite volume method 

is the basic framework of fluent software. 
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I. INTRODUCTION 

The current modern industries require machineries which 

should be rotating at high speed and also it should carry heavy 

loads. Hydrodynamic journal bearings are extensively used in 

such machineries as they meet this requirement. When a 

journal rotates at high speed, it continuously supplies energy 

to a layer of lubricant. This leads to rise in the temperature of 

the lubricant film due to friction and shearing of lubricant 

layer. A large shearing rate in the lubricant film lowers the 

viscosity of the lubricant. So the rmo hydrodynamic analysis 

is to be carried out in order to obtain the realistic performance 

characteristics of the bearing. 

II. LITERATURE REVIEW 

Gertzos et al. [1] worked on CFD analysis of journal bearing 

hydrodynamic lubrication by Bingham lubricant. They 

observed that the load carrying capacity, the film pressure, 

and the frictional force of a Bingham solid are larger than 

those of a Newtonian fluid. Shau et al. [2] investigated the 

thermohydrodynamic analysis of three dimensional energy 

equations using CFD technique for the accurate prediction of 

performance characteristics of a plain journal bearing. From 

their observation by considering thermal effect on lubricant 

property actual value of performance parameters can only be 

obtained. 

III. THEORY 

Computational fluid dynamics (CFD) is a branch of fluid 

mechanics that uses numerical methods and algorithms to 

solve and analyse problems that involve fluid flows. The 

Finite Volume Method (FVM) is the discretization technique 

used in CFD Fluent solvers. Domain is discretized onto a 

finite set of control volumes (or cells). General conservation 

(transport) equations for mass, momentum, energy, etc. are 

solved on this set of control volumes. The Navier-Stokes 

equations are the basic governing equations for a viscous, 

heat conducting fluid. It is a vector equation obtained by 

applying Newton's Law of Motion to a fluid element and it is 

also called as the momentum equation. 

The useful form of Navier-Stokes equations used in 

finite volume method is described below. 
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Where, μ is viscosity; SM is momentum source the 

three dimensional energy equation for steady-state and 

incompressible flow is given as 
∂

∂t
 (ρCpT) + ∇ (ρu CPT) = ∇ (K. ∇T) +QV            (4) 

 

Where, QV represents volumetric heat source; CP and K 

represents the Specific heat and thermal conductivity of the 

lubricant respectively. 

The lubricant viscosity is assumed to vary with the 

temperature which is given by Barus equation as 

μ(T) = μOe−β(T−To)                               (5) 

Where μO is the oil viscosity at TO and β is the Temperature 

viscosity coefficient. 

Temperature viscosity coefficient (β) = 0.034℃-1 

IV. COMPUTATIONAL RESULTS 

The CFD analysis was made on the hydro dynamically 

lubricated journal bearing to study the performance 

parameters such as pressure distribution and load carrying 

capacity using ANSYS® FLUENT 18.1. The results obtained 

in the present work on the journal bearing were obtained by 

varying the L/D as 0.5 to 2 and with different speed range of 

shaft from 1500 rpm to 3000 rpm. If the viscosity is kept 

constant and the pressure obtained is called isothermal 

pressure whereas when temperature dependent viscosity is 

taken into consideration, then the pressure obtained is called 

thermal pressure. 

Parameter Value 

Journal diameter, mm 100 

Radial clearance, mm 0.1 

L/D ratio 0.5,1,1.5,2 

Eccentricity ratio 0.5 

Attitude angle 40ᵒ 

Table 1: Input Parameters for Design 

Parameter                              Value 

Lubricant density, kg/m3 850 

Lubricant viscosity, Pas 0.04986 and .057 

Specific heat, J/kg ᵒC 2000 

Thermal conductivity, W/m ᵒC 0.13 

Rotational speed, rpm 1500-3000 

Temperature viscosity coefficient, ℃-1 0.034 

Table 2: Input Parameters for Simulation 
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Fig. 1: Thermal pressure contour for Full-Sommerfeld’s and 

Half-Sommerfeld’s boundary conditions at viscosity 

0.04986 Pas and 2500rpm for L/D =1. 

 
Fig. 2: Maximum Pressure for Various Speed for μ= 0.049 

Pas. 

 
Fig. 3: Maximum pressure developed for different L/D ratio 

at 2500 rpm 

Summary of the simulation results are given in the table as 

follows. 

Speed(rpm) Max. Pressure (MPa) 

 L/D=0.5 L/D=1 L/D=1.5 L/D=2 

1500 0.246 1.23 3.008 5.254 

2000 0.306 1.62 3.984 6.98 

2500 0.366 2.013 4.97 8.698 

3000 0.427 2.405 5.95 10.4 

Speed(rpm) Max. Pressure (MPa) 

1500 0.265 0.866 1.842 3.19 

2000 0.332 1.15 2.434 4.35 

2500 0.398 1.40 2.964 5.447 

3000 0.464 1.66 3.605 6.49 

Table 3: Maximum Pressure in Isothermal & Thermal 

Condition for Μ = 0.04986 Pas 

Speed(rpm) Max. Pressure (MPa)   

 L/D=0.5 L/D=1 L/D=1.5 L/D=2 

1500 0.24 0.776 1.636 2.844 

2000 0.298 1.027 2.149 3.798 

2500 0.3559 1.24 2.61 4.802 

3000 0.414 1.47 3.15 5.653 

Speed(rpm) Max. Pressure (MPa) 

 L/D=0.5 L/D =1 L/D =1.5 L/D = 2 

1500 0.272 1.40 3.465 5.95 

2000 0.341 1.84 4.55 7.96 

2500 0.411 2.29 5.979 9.88 

3000 0.479 2.739 6.79 11.87 

Table 4: Maximum Pressure in Isothermal & Thermal 

Condition For Μ = 0.057Pas 

V. CONCLUSION 

CFD analyses have been performed for a journal bearing. 

From the results presented, it is inferred that when the input 

parameters such as lubricant viscosity, operating speed of 

bearing and L/D ratio increase, the performance parameter of 

journal bearing such as pressure developed increases. 

By considering the temperature effect on the 

viscosity of the lubricant, the pressure developed decreases 

when compared to simulation of simple hydrodynamic 

lubricated journal bearing. 
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