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Abstract- The current work aims on the prediction of theeeffof journal speed on the pressure and
temperature distribution in the circular journablirg. The model has been simulated using the ANBNgnt
Software which solves 3-Dimensional Navier Stoked Bnergy equation for finding the thermal perfonce
characteristics of the bearing. The lubricant floas been considered as laminar. The distributiopregsure
and temperature throughout the bearing has beeninebt by iso-thermal approach and by thermo-
hydrodynamic approach. The clearance space fdubreant film between the journal and bearing acef has
been considered as 200 microns. The analysis has ¢erried out at eccentricity = 0.8 and with speéd
journal varying from 2500 rpm to 5500 rpm. It haseb observed that the rise in temperature is feiseirmo-
hydrodynamic analysis as compared to iso-thermallyais at all the journal speed because of theideration

of viscosity variation along the temperature. Alke pressure, temperature and oil force rises thighncrease

in the journal speed both in case of iso-thermdltarrmo-hydrodynamic analysis.

Index Terms- Circular journal bearin;, ANSYS; iso-thermal; theriydrodynamic.

conduction and convention effect of the fluid domai
1. INTRODUCTION Previously, the researchers investigate the

Hydrodynamic Journal Bearing is used to support th%erfor.mance of the _'UPfica_”t by solving the CQmp'eX
rotating shaft extensively in high speed machinenfgduations through F|n|te Difference Method. Witk th
example turbines, electric motors etc. Circularinga.  Progress of analysis softwares, many researchers us
is the most commonly used profile of these bearing§ommercial computational fluid dynamics (CFD)
These bearing support the external load and tf@ftware to solve this complex equation. CFD codes
presence of thick film of lubricant between theProvides a solution to flow problems by solving the
clearance spaces avoid the metal contact of rgtatift! Ngwer-Stokes equations instead of Reyn_old's
part of machinery with the surface of bearing. bgri Equation. Moreover, the CFD packages are applicable
operation of the bearing, due to high journal speed® the complex geometries to solve the complex
the variation in temperature along the lubricatihfi Simultaneous governing equations. The most of the
significantly affects the properties of the lubting eSearches does the THD analysis by solving the
oil. Hence it affects the performance of the bepeis R€ynolds and Energy equation only in the two
the lubricating oil inside the bearing depends uthan dimensions by neglecting the variation of pressure
pressure and the temperature. The increase in tABJ temperature across the film thickness. CFD
temperature of the oil film causes the breakagién software solves these equations in three dimensions
layers of the lubricating film which consequentlybY considering its variation along film thicknedsaa .
leads to metal contact between the bearing anagbur First @ remarkable work on Thermo-hydrodynamic
surface. Here, the lubricant film between the jaurn Study of journal bearing was done by Hughes and
and the bearing is responsible for low friction andSterle [1]. The authors have found out a relation
high load carrying capacity of such bearings. ThBetween viscosity as a function of temperature and
variation in temperature and pressure of lubrigant Préssure of the lubricant inside the journal bepfor
journal bearings affects the performance of thgdlaba_tm conditions. The authors have presented a
bearing. Therefore the investigation of bearinguMmerical example to illustrate the method. Gertaos
performance based on a thermo-hydrodynamic (TH@)L [2] have investigated journal bearing perforoen
analysis requires simultaneous solution of th¥ith ~a Non-Newtonian fluid i.e. Bingham fluid
complex equations of flow of lubricant, Reyn0|dscon3|der|ng the thermal effect. Chauhan et alhg8je
Equation and the energy equation by consideration Bresented a comparative study on the thermal
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characteristics of elliptical and offset-halvesrjtal effectively predict the transient flow filed of the
bearings. It has been reported by the authorstligat system under consideration. Panday et al. [11] have
offset-halves bearing run cooler when compared wittlone the numerical unsteady analysis of thin film
elliptical bearing with minimum power loss and goodournal bearing using ANSYS fluent software and
load capacity. Ouadoud et al. [4] have considened t calculated the various bearing parameters like
numerical methods, the finite volume is used t@ressure distribution, wall shear stress at differe
determine the pressure, temperature and velocieccentricities ratios.
distributions in the fluid film, the displacemenel Still the correlation of thermo-hydrodynamic
radial is obtained by the finite element methodnalysis and FSI is incomplete. Also the effect of
respectively by using numerical simulationthermal analysis on the pressure distribution is
Computational Fluid Dynamic "CFD” and Fluid reported by few of the researchers using CFD asla t
Structure Interaction "FSI”. The authors havebut the variation of temperature has not been
analyzed the influence of the operating conditions analyzed. An effort has been made to analyze the
the pressure, temperature and displacement. Qupillahermohydrodynamic  effect on variation of
et al. [5] presented an analysis of a lubricatetemperature in the lubricant of the journal bearing
conformal contact to study the effect of surface
texture on bearing friction and load carrying cayac >  GOVERNING EQUATIONS
using computational fluid dynamics. The work mainly
concentrates on a journal bearing with severad 1. Journal Bearing Geometry
dimples. The authors have reported that th
coefficient of friction can be reduced if a textwe
suitable geometry is introduced and the same can
achieved either in the region of maximum :
hydrodynamic pressure for a bearing with higﬁNlt_h respect to bearing. The amount of ecc.ent.rlty
- . : . adjusted by the generated pressure inside the
eccentricity ratio or just downstream of the maximu . -
film for a bearing with low eccentricity ratio. Salet converging oil film balances the external load.
al. [6] have carried out THD analysis of a journal
bearing as a tool. The authors have presented 2-
dimensional distribution and 3-dimensional pressure
of the lubricating film. Basri and Gethin [7] have
investigated the thermal aspects of various non-
circular journal bearings using adiabatic model.
Hussain et al. [8] presented a work is on the
prediction of temperature distribution in noncimul
journal bearings: two-lobe, elliptical and orthogtin
displaced bearings. The authors have presentetisresu
for these geometries including the conventional
circular bearing. Liu et al. [9] have used
computational fluid dynamics and fluid structure
interaction method to study rotor-bearing systete T
authors have investigated the dynamic responseeof t
system with both the rigid and flexible bodies and Fig. 1 Schematic diagram of circular journal begrin
made a assumption of isothermal behaviour fornall t ) o )
models. Further, the author have considered the Fig.1. represents the schematic diagram of circular

o - o journal bearing. It has been clear that the geiwarat
cavitation within the fluid film and reported thtte of pressure inside the journal bearing dependshen t

elastic deformation and dynamic unbalanced |°adirl9ccentricity, the viscosity of the lubricant, beari

of the rotor have significant effects on the positof internal surface geometry and the clearance space
its locus. Li et al. [10] have presented a new weth petween the journal and the bearing. The pressure i
for studying the 3D transient flow of misalignedthe lubricant film depends upon the film thickness.
journal bearings in a flexible rotor-bearing systemThe equation for calculation of film thickness far
The results presented by the author indicate theat tCircular journal bearing can be written as [4]:

bearing performances are greatly affected by h(g)=C+ecosd=C (k& cod (1)
misalignment and method presented by them can

sI:‘he journal which rotates inside the bearing getesra
E)hee relative rotational velocity with each othert A
stable position, the journal takes an eccentridtipos

Rb

Rj
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where,C represents the radial clearance space where,a is the Barrus viscosity pressure index

between journal and bearinge represent the constant andd is the temperature viscosity index
eccentricity ratio of the journal bearindl gives the constant

value of film thickness along the circumferential

direction, being measured from the maximum filrré COMPUTATIONAL PROCEDURE
thickness. '

CFD package of ANSYS Fluent software has been
2.2. Navier Stokes Equation used to solve the Navier Stokes equation. Three

The basic lubrication theory is based on the soiuti dimensional simulation model of circular journal
of a particular form of Navier-Stokes equations aB®aring has been developed by modeling the fluid
described below. In this work the viscosity is kepflomain available between the journal and the bgarin
constant and the pressure obtained is called isodie Surface. The clearance for the lubricant to supiiert
pressure whereas when temperature dependé‘i’taﬁ between journal and bearing surface has been
viscosity is taken into consideration, then thespuee considered as 200 microns. The eccentricity ratio i
obtained is called thermal pressure. Similarly sami@kén as 0.8 with attitude angle of 56° The

convention is followed in the case of temperatdije [ dimensions of the plain journal bearing used i thi
simulation along with the lubricant properties are

ou_ o . given in the Table 1. The analysis has been caaiigd
P o div(7 gradu) +S,, at different journal speed varying from 2500 to 850
rpm.
% = —?+ div(7gradv)+S,,
y Table 1 : Operating Parameters
ow_ 0p, .
S _E"'d'v(” grad w) + S, ) Shaft radius 50 mm
) Internal bush radius 50.2 mm
2.3. Energy Equation Bearing length 100 mm
Lubricant density 850 Kg/tn

The energy equation in mechanics of viscous th

n e -
films is a particular form of shape differs from a Specific heat of the lubricant 2000 J/kg

.Thermal conductivity of

author to another depending on changes made to|if,pricant 0.13 W/m°C
The energy equation written for an incompressiblEcnvective heat transfer
Newtonian fluid and the simplified calculation| coefficient 100 W/nt°C
domain is as follows [4] Clearance 0.2 mm

. Inlet lubricant temperature 3c

;':_.’J Cz T+ 'l,_l:_p l:l:; Tl =ViK.VT) 4 (3) ] 2500 to 5500

where, Qy represents volumetric heat sour€; Rotational Speed rpm

and K represents the Specific heat and thermallnitial viscosity 0.04986 Ns/f
conductivity of the lubricant respectively. Pressure Viscosity Indexa) 2.3e-8

Temperature Viscosity Indeg) | 0.034

2.4. Thermo-hydrodynamic Consideration

The effect of temperature is considered on the The steady state condition has been assumed. The
properties of the lubricating oil for calculatiorf o fluid flow is considered as laminar. The equations
bearing parameters. For this User Defined Functidmave been solved without assuming the body forces.
code is developed in the ANSYS software. By thié\ constant load has been assumed to be appligakeon t
method a governing function is coded which wouldournal surface. For meshing, a hexahedral stractur
control the variation of property of the fluid with mesh is used. Name selection for various boundaries
respect to pressure or temperature or both. Tlhike fixed wall for bearing surface and moving wall
following relation has been used for the variatafn for journal surface is done in ANSYS Meshing.
viscosity as a function of pressure and temperatur8IMPLE algorithm is chosen for the solution of
This equation has been adapted from the referelfjce [velocity pressure coupling equation. A first order
1 (0-po) Blt—to) upwind scheme is used for the solution of energy an
H=H€ et (4) momentum equati Gravity f h b
quation. Gravity forces have been
considered on the journal bearing and axis of imtat
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has been taken at the eccentricity value of thengdu as the viscosity of the lubricant varies as thecfiom
The convergence criteria of have been used for all of pressure and temperature

the residual terms. The pressure distribution curve along the
circumference of circular bearing at 3500 rpm has
4. RESULTSAND DISCUSSION been shown in Fig. 2. It has been observed that the

The bearing performance parameters have be8}pXimum pressure rise in Iso-thermal analysis is
carried out by two different approaches. In thetfir 9-962 MPa while 6.653 M Pa was observed in case of
approach, the viscosity of the lubricant has begiff€rmo-hydrodynamic Analysis. ~The variation of
considered as constant. This approach is named B&Ximum pressure built in the oil film with differe
Iso-thermal approach that is there would not be ad§urnal speed ranging from 2500 rpm to 5500 rpm has

change in the viscosity of the lubricant due tespree  P€€N plotted in Fig. 3. It has been observed froen t
and temperature rise inside the oil film. In secondraph that there was steep rise in pressure distng
thermal analysis as compared to thermal analysis

(A) Iso-thermal Analysis (B) Thermo-hydrodynamic Analysis

Fig. 2. Comparison of Pressure Distribution Profile fasthermal and thermo-hydrodynamic analysis at journa
speed = 3500 rpm
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Fig. 3. Vvariation of oil film pressure with the increasejaurnal speed from 2500 rpm to 5500 rpm for iserthal
and thermal analysis

approach, the viscosity of lubricant is varying.isTh
approach is named as thermo-hydrodynamic approach
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Fig. 4 represents the temperature of the lubricatémperature has been changed from 19 K to 45 K
film along the periphery of circular journal beayiat only. Therefore, there was steep rise in tempegatur
eccentricity = 0.8 with journal speed = 5500 rprheT during iso-thermal analysis as compared to thermal
maximum rise in temperature of the oil film hasmeeanalysis.
observed as 95K in case of iso-thermal analysis but The variation of wall shear stress at 5500 rpm of
the maximum temperature rise has been observedjasrnal speed has been represented in Fig. 6.9t ha
only 45 K in thermal analysis. The variation ofbeen found the maximum value of wall shear stress
maximum temperature rise in the oil film withwas 6.354e+4 and 2.94e+4 for iso-thermal and
different journal speed ranging from 2500 rpm tdhermo-hydrodynamic analysis respectively.

5500 rpm has been plotted in Fig. 5. During Iso- The variation of oil film forces on the journal
thermal analysis, the rise in temperature has bespeed has been presented in Fig. 7. It has been
occurred from 29 K to 95 K when journal speedbserved that the 20 N oil film force at 2500 rpnd a
increases from from 2500 rpm to 5500 rpm whereds rises to 45 N when the journal speed varies from
during thermo-hydrodynamic analysis, this rise irR500 to 5500 rpm in case of iso-thermal analysie T

A. Iso-Thermal Analysis B. Thermo-hydrodynamic Analysis

3.000e+002

Fig. 4. Comparison of Temperature Distribution Profile festhermal and thermo-hydrodynamic analysis atrjal
speed = 5500 rpm
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Fig. 5. Variation of oil film temperature with the increasgournal speed from 2500 rpm to 5500 rpm for
iso-thermal and thermo-hydrodynamic analysis
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A. Iso-thermal Analysis B. Thermo-hydrodynamic Analysis
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Fig. 7. Variation of oil film forces with the increasejwournal speed from 2500 rpm to 5500 rpm for
iso-thermal and thermo-hydrodynamic analysis

rise of oil film force for thermo-hydrodynamic clearance = 200 micron and L/D ratio of 1. It hasib
analysis has been found from 19 N to 36 N when thfeund that when viscosity is kept constant the
journal speed varies from 2500 rpm to 5500 rpm.  temperature rise is more in the lubricant and the
maximum pressure obtained is also high. But it does
not represent real life time scenario as when
5. CONCLUSIONS temperature increases, viscosity of lubricant ceses

Thermo-hydrodynamic analysis for circular journaIWhiCh affects the load carrying capacity of bearing
bearing has been carried out using the applicatfon Therefore —obtaining the bearing performance
Computational Fluid Dynamics. The bearingcharacteristics by keeping constant viscosity may
performance  parameters such  as pressur%i,"es wrong prediction about the bearing. So the
temperature, oil film forces and wall shear stiess Present analysis may be helpful in prediction of
been evaluated at a journal speed varying from 25®§aring performance parameters in actual working

rpm to 5500 rpm taking eccentricity ratio = 0.8jiea conditions and may help in increased life of the
bearing.
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