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ABSTRACT

The analysis and design of hydrodynamic journalrings has a great attention to the engineers. Emsjghhas
been given to design those bearings so as to aweidl-to-metal contact .To design these eleméntsimportant
characteristics, like load-carrying capacity, maxim pressure and their location lubricant flow regument
between mating surfaces and so on are to be pedliaccurately. These parameters can be determintua

pressure within the clearance space between costataces is known. To study and find this pressmeshas to
solve in general the Reynolds’s equation that gosehe flow of lubricant inside the clearance spadereover
the accuracy of the results obtained by FEM is yailepends on the proper finite element modeliag itrcludes
proper selection of the type and size of finitemaats and solution algorithm. As computing cost &éinte

increases the size (i.e. the number) of elementeases, one has to determine the minimum numbelenfents
those can be used to obtain the accurate solufibierefore this work is aimed to study tHeaf of number
of finite elements on the computed result hgfirodynamic journal bearing and to determin@nimum
number of finite elements to be used in dhalysis of the journal bearing.

Key words: Hydrodynamic journal bearing, Reynold’s equatiod &EM modeling.

INTRODUCTION

Hydrodynamic bearing is an important member of titotamachines and it comes under the sliding faroily
bearings with the simplest construction. A largenber of rotating machines use this class of beaaimjoperate
continuously at high speed and heavy loads. A tErcshaft, called the journal is made to rotata ifixed sleeve
or bush called bearing. The bearing may form a detegcircle (360) or part of it (<360) in which tfi@rmer is

called full journal bearing and the latter one adled partial journal bearing. The bearing andjthenal operate
with a small clearance of the order of 1/1000 & jhurnal radius. Fig. 1.1 shows the principle p&ration of a
typical hydrodynamic journal bearing. When the brgrat rest Fig.1 (a), the radial load W squeezeistbe

lubricating oil from the clearance space and metahetal contact is established at A. When therjalbegins to
rotate, it climbs up the bearing wall due to figctiup to point B. The minimum fluid film thicknessll remains
zero at point B as shown in Fig. 1(b). As the ja@lrattains higher speed, it will build up a wedbegsed film at B
and more oil is drawn towards the converging weddhéh begins to build up pressure with increasiogrpal

speed as shown in Fig 1.2. At particular speedptbsesure developed becomes enough to suppouabe |

(a) [L:)]
Fig. 1 working principle of hydrodynamic journal bearing

W and the journal is thrown to the other side & ttertical load line as shown in Fig.1(c). The mmam film
thickness ‘k,;,’ between the bearing and journal surfaces is fawndccur at point D. The value of film thickness
‘h’, the angle of line of centres with the vertidahd line, called attitude angle g and locatiomaiximum fluid
film pressure Raxare the important considerations in the analysisyodfodynamic journal bearing.
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Fig2 Pressure profile in hydrodynamic Fig.3 Lubrication Regimes

As discussed above the hydrodynamic journal beat@gelops positive pressure by virtue of relativetion of
two mating surfaces separated by a fluid film ardde this class of bring is called se-acting bearing in which
the load is supported by the fluid film pressurealeped due wedging action of lubricant causedHhgyrelative
motion between two surface3erms used in hydrodynamic journal bear Diametric clearance: It is the
difference between the diameter of journal or shatft the inside diameter of bearing in which iates [C=D-d,
here, C=Diametric clearancB=Diameter of bearir andd=Diameter of journal or shi] Radial clearance: It is
one half of the diametriclearances, i.e., it is the difference betweenrtudi of the bearing and the jourr
Diametric clearance ratidt is the ratio of thediametricclearance to the diameter of jouri Eccentricity: It is the
radial distance betweendttentre of the beari and the displaced centre of the journal under dlae (Minimum
oil film thickness) It is the ratio of the eccentricity to the raditéarance

_ € _ _hmin
E—C—l e (1)

LUBRICATION REGIMES

Sliding friction is significantly reduced by an ation of alubricantbetween the rubbing surfacEngine bearings
are lubricated by Engine oitonstantly supplied in sufficient amounts to tharivegs surfaces. Lubricated frictit
is characterized by the presence of a thin filnthef pressurized lubricansqueeze filn) between the surfaces of
the bearing and the journal. The ratio of the squedre (oil film) thicknessh to the surface roughneRa
determines the type of the lubrication regi

Boundary lubrication (h<Ra)

A constant contact between the friction surfacefigh surface points (micro asperities) occurs at bound:
lubrication. This regime is the most undesirablecsiit is characterized by high coefficient of fion (energy
loss), increased wear, possibility of seizure betwthe bearing and journal materials , -uniform distribution of
the bearing load (localized pressure peaks). Vayere engine bearing failuresre caused by boundary
lubrication. Conditions for boundary lubricationearealized mainly at low speed friction (enginerts@nd
shutdown) and high loadExtreme pressure (EP) additi' in the lubricant prevent seizure conditions causg
direct metal-tometal contact between the parts in the boundanydation regime

Mixed lubrication (h~Ra)
An intermittent cordact between the friction surfaces at few high sigfpoints (micro asperities) occurs at mi:
lubrication. Mixed lubrication is the intermediatgime between boundary lubrication ¢hydrodynamic friction.

Hydrodynamic lubrication (h»Ra)

High rotation speed at relatively low bearing loadsults in hydrodynamic friction, which is chamxized by
stable squeeze film (oil film) between the rubbisurfaces. No contact between the surfaces occu
hydrodynamic lubrication. The squeezim keeps thesurfaces of the bearing and the shaft apart duleetdorce
called hydrodynamic lifgenerated by the lubricant squeezed through theergant gap ttween the eccentric
journal and bearing. Bearings working under thedétioms of hydrodynamic lubrication are callhydrodynamic
journal bearingsThe three lubrication regimes are clearly distished in the Steinbeck curve (see Fig.
above), which demonstrates the relationship betwieertoefficient of friction and thbearing paramet n*N/pav
(n - dynamic viscosity of the lultant, N - rotation speed, pavaverage bearing pressure).Stability of differ
lubrication regimes may be explained by means efStriebeck curve :Temperature increase due toderedrate(
by friction causes drop of the lubricant viscosityd the earing parameter. According to the Striebeck ci
decrease of the bearing parameter in mixed regaueas increase of the coefficient of friction faled by furthel
temperature rise and consequent increase of tHéaeet of friction. Thus mixed lubication is unstab Increase
of the bearing parameter due to temperature risgefl viscosity) in hydrodynamic regime of lubricati cause:
the coefficient of friction to drop with consequeddcrease of the temperature. The system corneset. iThus
hydrodynamic lubrication is stable.
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HYDRODYNAMIC JOURNAL BEARING ANALYSIS USING FEM

Wear is the major cause of material wastage argl ddbsnechanical performance of machine elemenis,aauy
reduction in wear can result in considerable sa/iwgich can be made by improved friction contralbtication

is an effective means of controlling wear and rédgdriction, and it has wide applications in thpeoation of
machine elements such as bearings. The princigléydrodynamic lubrication were first establisheg & well-
known scientist Osborne Reynolds and he explaitedmechanism of hydrodynamic lubrication through th
generation of a viscous liquid film between the imgvsurfaces. The journal bearing design paramsieh as
load capacity can be determined from Reynolds éguébth analytically and numerically.

Reynolds Equation

Lubricant pressure distribution as a function ofirjtal speed, bearing geometry, oil clearance ahdiciant
viscosity is described by Reynolds equation: Clémen solution of Reynolds equation cannot be ol&din
therefore finite elements method is used to sdlve i

i[;gz @}i[;; @] P il
& e o F5c4 x (2)
Where:

h — local oil film thicknessy — dynamic viscosity of oilp — local oil film pressurel) — linear velocity of journal,
X - circumferential direction anzl- longitudinal direction.

Analytical Solutions of Reynolds Equation Exist on} for Certain Assumptions
Somerfield Solution: The equation is solved with the assumption thatettie no lubricant flow in the axial
direction {nfinitely long bearing assumption).

_nUr| Ge(2+Ecosg)sin g 4
<2 |l 2+ 21+ ccosg)? o 3)
Ocvirk Solution: Ocvirk solution forinfinitely short bearing assumption neglects circumferential pressure

gradients (first term of Reynolds equation).

U [B_E_Zg] 3esin g

= — T 4
z rt:’f 4 (1+ ccosg) o
or
P 2 4h AEsin g
= =2 _|8° -4z
P ngﬂ( )[1+ FCosd Fo

4)
Where, Cr - radial clearand@r = (D-D;)/2, r - bearing radiusp; - journal diameterg - absolute bearing
eccentricity,B - bearing lengths - Eccentricity ratice = e/Cr, , Po - cavitations pressur&o - Somerfield number
Somerfield and Ocvirk solutions are applicable oimlythe region of positive pressure Numerical asalyhas
allowed models of hydrodynamic lubrication to iradu closer approximations to the characteristicsrea
bearings.. Numerical solutions to hydrodynamic icdmion problems can now satisfy most engineering
requirements for prediction of bearing charactedst To analyze the bearing design parameters, raleve
approximate numerical methods have evolved overydas such as the finite difference method andfitiiee
element method. The finite difference method idiclift to use when irregular geometries are to bbrexl.
Nowadays finite element method becomes more popmdrcan overcome these difficulties.

OBJECTIVES OF THE PRESENT WORK

To develop mathematical modelling of the bearirg,study the effect of number of finite elements the
computed results of hydrodynamic journal bearimgdévelop a computer code to generate finite elémmsh
input data for the different discretization, toiestte the error in the bearing performance reslitained from the
various numbers of elements and to determine tménmim number of finite elements to be used to getieate
results.

METHODOLOGY

Fluid film bearings have been defined as bearimgsvihich the opposing or mating surfaces are coralylet
separated from each other by a layer of fluid ledomi. Thus it is essential to understand the furedaah process
by which the fluid is maintained while supportiftgetioad. This chapter deals with the basic prirsipdf fluid
film bearings, viscosity of fluids, the Reynoldsuatjon and the finite element interpretation of ®Reynolds
equation. The basic principle can be understooddmsidering high-speed fluid flow between two plauefaces
with a converging wedge and lubricant between théases. The convergence coupled with high-spagd flow
and fluid viscosity generates a high-pressure ffilid that supports the load. In the case of arpjaurnal bearing,
the converging wedge is formed at the bottom ofltbaring due to the weight of the shaft and angmoéxternal
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applied load. The fluid is pulled into the regionder the shaft due to the shear forces generatethébghaft
rotation. The fluid is forced into the converginbfthickness at the bottom of the shaft produaniggh-pressure
film. This film supports the weight of the rotatimgachine components and prevents the shaft frohing the
bushing surface. For a given eccentricity the flfildh has converging and diverging geometry, subhtt
cavitations may occur in the diverging portion.idt thus very important to be able to predict thespure
distribution and load capacity of the bearing.
Average Fluid-Film ThicknessHy)
The fluid film thickness in hon-dimensional formegpressed as

h=1X;cosa — Z; sina 5)

£ -
Ry —~— dx —

Fig.4 Geometry and Coordinate System Fig. 5

Reynold’'s Equation Derivation

Body forces are neglected. This means that thereauvinertial or other distributed forces actingtbe fluid. The
effect of gravity of the fluid is neglected. Pressis constant through the thickness of film. Ctuva of surface is
large compared with fluid film thickness. No slip lBoundaries. The velocity of the oil layer adjacenm the

boundary is the same as that of the boundary. [T dttached to the bearing surface is statiomdrife the fluid

near the rotor or shaft has the same angular wglasithe shaft itself. For simplifying the anadyshe following

assumptions are added. (i) Flow is laminar Hiid inertia is neglected.

Force balance of the element considered gives

p.dy.dz — (p + ‘;—zdx) .dy.dz + (r + %dz) dx.dy —t.dx.dy = 0 (6)

ot a_p
Therefore 92— 7% (7
But T=pxX au/ax (8)

o _ 00

ax 0z (u 0z ©)
Similarly 0/ =0/ x(uxdv/ ) (10)
So the momentum equation can be written as

= (% 9u/ 0z) = dp/ dx (11)

a

5, (W.0v/ dz) = dp/ dy (12)

. ou _ 6_p
Integrating n X 92 % ) ) (13)
v _ v _10p u

o= (0p/ dy) z+c3 or P H.ay.z+c3l

(14)
Integrating the above equation again

_(10p 0z

U—I;&Z. dz + C].f I + c2 (15)

v=f%xz—izdz+c3fa”—z+c4 (16)
Boundary Conditions: at z=0 u=ul, v=viw=wl

z=h u=u2, v=v2, w=w2 a7

Substituting in eq 2, we get
c2=ul and

h1 o h
c1:((u2-u1){0 ;.iz dz)/fo doz/u
Let 6=/ dz/u , F15zdz/p
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Therefore, ¢l = (u2 —ul)/F0-F1/Fodp/ 0x
Eq 2 becomes

U=ap/ox [ z. % + (% - ’;—1 dp/0x) [ 0z/u+ul
Using boundary condition in equation 2(b)

c4=v1=0

cSz-fl/fo.a—p

oy
z zd z

v=0p/dy(J, = = f1/fo I 0z/u) (18)
Finally we have velocity components

u=ap/ox [ % + (w2 —ul)/fo — f1/fo.dp/dx) foz% +ul (19)

v=0p/0y(f; 57 = f1/fo [, 0z/u) (20)
Where o[ 02/u5

f1= foh 20z /1) (21)
The lubricant flow per unit width in X and Y diréah may obtained using equation 19 and 20
Flow in X direction sx=f0h u.dz (22)
Flow in Y direction ey = foh vdz (23)

. . h h ou

Integrating eq. 22 part wiser = u.zfo —Jo 3,°% dz
From continuity flow we haveZ—Z = i.g—z + (W2 —ul)fo — f1/fodp/dx)1/u

Substituting the expression gfc

_ hop z? (u2-u1) f1 dpy rh
qx—UZh-fo a:dZ - (f_o_f_o'a) fO z0z/u

Q=uzhdp/ox(fy = dz - f1/fo f zdz/p) = ((u2 - u1)/fo) [y zdz/u (24)

Integrating eq. 23 part wigdxial component of lubricant flow velocity is zebmth at runner and journal)

_ h h ov _ rhzov
a=v.zf, — f, z.5,.dz org=-[—=.dz

. ... 0
using eq. 2 for substltutlngz—

a=-0p/0y(f, 5. dz + L2 op/ay [} 2dz /0 (25)
Continuity of flow in fluid column: Continuity ofiéw is considered to derive continuity equatioritia flow field.
9ex + 92y + L 0 (For constant density)
ox ady at
or 9/0x([ ex) + —— + 282 — (25a)

y(pey) ot
Using 24, 25 and 25a

9/0x{u2h — ap/ox([,' z°2/udz — f1/fo [ zdz/u) — (u2 — ul)/fo [ zdz/u} + 83y (3p/
ay(J, z2/udz — f1/fo [, z/udz)} + dh/3t = 0

a d p rhz? hzd a a 0 hz?% h oh
or - (u2h) = -2 [ dz = 12 [ 50} = {2 ~ub)f1/fo} = 0 (fy S dzy — f1/fo [} 22} + 5 = 0
(" g, Itz
Let f2=( dz— oz M)
Assuming variation in ul and u2 too finally
9 f20p | @ (f20p\ _ u2d (,  f1\ , uld (f1\  0h
E( ox +£(W) T oox (h fo) + dx (fo) + at (26)
Where u2=WR surface speed of shaft ul=0 surface spebdaring
ap f20py _ u2d f1
0/0x (f2 E) +a/0y BB =22 (h =1 + om0t 27)
Where
f2= (fh(zz/u dz —Lzdz/u
0 fo
(28)
_rhz
fl—f0 ;dz (29)
_rhadz
fo‘fo m (30)

Non dimensionalization (Reynolds Equation)
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d (F 6p)+ a (F ap) 6 (hl Fl) dh
ax\ > " ax)  ay\ *ay X ox at
Velocity components: (From 19 & 20)
op (*zdz (u,—u, F,0p\ (?0z
o[t (o) [0z,
oxJ, u F, Foox/ Jy 1
op (“zdz F; (?0z

_E no Folyou

hz?dz  Fy zdz

Where Fy = f’lE 31 (a)F, = f’l% 31M)F- [y =2 - 222 31(0)
0
Non dimensional parameters:
Xy ZH_h S R U LA 4
x_R'ﬁ_R'Z h’ _c'p_ps'u_ur'Q_wr
r t ~ T 7 chy_  _ ldz
= 3 T= C ; 0= <_) 0o~ I = -
(#/ZR /Cz ps) (Ps§> " o K
7 ( 2h2>F z l7dz ; <c3h3>_ - flz‘(_ Fl)d_
= - - = - = - - = —Z—=)daz
1 ur 1 1 o i 2 . 2 2 o i FO
Speed of rotation of Journal is constant, Fluiohfihickness is given byh = ¢ — hx]- COS X —Z; sin «
oh h = 1
=0—Xcos X —zsinx h= - dh = -0h
6t . J J c c
by a
We have t = Tonz orot = m
c2pg C?ps
Substituting forot andoh
coh =<_)6_h= _. iy Ps _ F/Lz L
oR KR} BRTY o . .
Therefore, Frini <C3p )Sx]cos X — (c3p5 6zjsin « (32)

(Substituting non-dimensional parameters in Reyni@duation 5)
0 C3h®_  op ] <c3i_13 7 psaﬁ>

= P
Ro " ' Row ' ROB 2RO

:WRI£—°(<C]_1 _er 5) + 2L e (i @ —%‘)) +(Em) 2

Lo (lzr—gj) at Hoc urR2) ot

CPs(2 (p3p ) 2 (p3F 9P)) = O (1)) 4 EPsy R

or URR? (60( (h F aoc) ap (h F 6E)> = Wwe (aoc (C Fo) h) + urRz) at
c? Ps N _ K _ w
Let( ) w, (33  and 0= = (czps) (34)
UrR?
FINITE ELEMENT FORMULATION

The Reynolds equation is the non- dimensional fcm(r2i8)

(o) (0 5) = aiZ (- 2] + 5

aoc(h Ew h*F B _Q[eoc 1 Foh BT (35)
The expression for fluid film thickness

h = ¢ — xj cos x —z; sin x (36)

X x; _ zj _ t

( /Czps_) 2

- h

h=—

_ c
Therefore hc = ¢ — cXj cos X —cz; sin «
Hence h =1— X cos x — Z sin (37)

dh cdh (c3p5) dh
Now -— = = —

dt (#rR )dt urR?2/ dt

2ps

dh dxj azj .
From Eqn 35 —=0——Lcos x ——Isin «

dt dt dt
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. c*ps\dh _ ¢ dxj _ ¢ az .
Using Eqn 36 (u RZ) e —(H£R2> -7 Cos & —(”§R2> -, Sin «
ceps c“Pps
dh dzx; az;
Hence — = ——2cos « ——ZLsin « (38)
dt dt dt
dh _ - .
or —_— = —Xj CoS X —Zj Sin <
at
From Equation 22 and 38
3F 2 R _ gllf{(1-E2\;)| - % 7 i
= (RPF, 22 ) 5 PR, = Q[ax{@ Fo)h}] %, cos o —7 sin o (39)

Two dimensional |so parametric formulations - Let No. of nodes per element, the fluid flow doma# i
discretized, Using 4-noded quadrilateral iso-pataimeslement. The pressure is considered to beilniged
linearly over an element and expressed as

— n — IV aﬁ _ aIV]_
p ]:1p] e j:16 o P
= 2 SN

p i _
X = Zn-d —
] ]aﬁ T aﬁ pJ

/3_21\/3

Using Galarkin’s orthogonahty criterion
a ap\ =0 AN _ -
mey b, = (RPR, ") + —(h%i) —a(=(1 —Frz)h}+ %jcos o« +Zjsino} Ndocdf  (40)
Wheren, = total number of element,i=1,2,— — — — — n(no. of nodes per element)
Part wise integration of second order terms i.et paf equation 40

_ 9p ONC
ff (h3F2—ledo<dﬁ fh3F2—1vld/3 ff}ﬁ pa d o« dp

dp ONi

—(h3FZa—p)N1docdﬁ [ R3S ledoc [i J, BRI

and f/i e 3
Substltutmg in equatlon 3.5

f f {— (R F, )+ —(h3FZaB)}NLd0<dﬁ f (h®F, pl1+ h3F2—l2)NLdne—

i f {7 (R3t ‘Z’il + FyipSy)}d ecdp (41)
Considering part 2 of equation 40

I, L ﬁ{;—u(l—i—zﬁ}Nidocdﬁ=fﬁﬁ( )thdﬁ I 1 oa(1- O)haMdocdﬁ

d «x dp

a
—fneﬂ(l——)anlldn —0; 4, a9 Fo)ha’:.docdﬁ (42)
Substituting from (3.7) and (3 8) into (3.6)
ap 0 = 0pd =
2l (BRSEL + R IEL ) Nidi® - [, [, (PR 225+ RETD Ydecdp— [ 2 (1 -
)thl are + [, |, n( )“"”‘ddﬁ+ J; [, ¥cos« Nid «df + [, [, Zsin o Nid < df =0 (43)
Fo
The equation 43 is written in the matrix form

Toe [FTe(pY] = Zoe,[{QF° + 2 (Ru} + % (R} + 7 {R )] (44)

_e_ff h3FNaN _ ON; 0N, docd
f§ = (B (Fogsgot Fagggp ) 4 < db

Where

_ - 0P op
0¢ = {(thza_oc_"Q (1——>h}l1 (anﬁ,)lz}NdU
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Newtonian Lubricant, For Newtonian lubricant assugji = constant
SO FO = é; Fl = i_; Fz = L_ ______ 3.12
n 2n 12p

For Newtonian lubricant, the matrix element is defl in Equation 3.11 are reduced to as given below
f f aNaN+aNi6nj dod
12u dxdx 0B 0B A

% _Lamy 4 (2L 1y Nepe
{(12;160< 2 ) L 12408 2} Nipp

Q;ﬂ f f 1 aN

Q3j, = f fcosocNidocdﬁ
' A Je

Q5 = f f sin o N;d o df8
A Je
Herep = 1 for Newtonian isothermal case
After assembling the contributions of all elemeti, global system equation written as
[F][P] =[Q] + @2{Ry}+ X {Ryji + Z{ Ry}
The global (system) equation (3.14) in the exparfded is
Fi Fip Fij Fin D1 Q4 Ry; Ryjj Ry

FaFy Fj Fm  Di Q42 Ry+% Ryi+z Ry

Fjy Fyp Fjj Fn D Q; Ry; Ryjj  Ryjj

Fnl n2....Fnj....an ﬁn Qn RHn Rx]'n szn
RESULTS AND DISCUSSIONS

The performance characteristics of plain hydrodyieajournal bearings for different mesh values héezn
computed using mathematical models presented ipréngous chapter. Also the performance charadtesibave
been computed for comparison of plain hydrodyngoucnal bearing with two axial groove and four dxjeoove
journal bearings. These performance characterigtidside load carrying capacity, maximum pressst#fness
coefficients and fluid film damping coefficientsrfdifferent eccentricity ratios.

Load Carrying Capacity (F,)

Fig. 6 and 7 shows the comparison of load carrytagacity of two axial groove and four axial groove
hydrodynamic journal bearing with load carrying &eipy of plain hydrodynamic journal bearing at dint
eccentricity ratios. From the Fig. 6 it can be abed that the load carrying capacity of two axiabaye
hydrodynamic journal bearing is higher than thaplain and four axial groove journal bearings facentricity
ratios higher than 0.3. Force centricity ratios éosthan 0.3 the load capacity of two axial grooearing is lower
than that of plain hydrodynamic journal bearingeThur axial groove hydrodynamic journal bearing balower
load carrying capacity when compared to plain begriat all eccentricity ratios as evident from ig. 6 and 7.
From Fig. 7 it can be observed that the load cagyiapacity at eccentricity ratio 0.2 in case of @axial groove
journal bearing and four axial groove bearing %B58% and 63.19% less when compared to that dh pla
hydrodynamic journal bearing. As the eccentriciyio is increased to 0.4 the load capacity of twialagroove
bearing increases to 26.64% higher than that ah ghgdrodynamic journal bearing and in case of faural
groove bearings the load carrying capacity is 3%2&ss than that of plain hydrodynamic journal bear

As eccentricity ratio is increased to 0.6 the le@agdrying capacity of two axial groove bearing is6d8% higher
than that of plain bearing. From eccentricity ratiigher than 0.6 a continuous dip in percentage in load
carrying capacity of two axial groove bearings within journal bearings can be observed. In casewf axial
grooves bearings the difference in percentage piddin bearing decreases up to eccentricity ratid.df and
increases further above that eccentricity ratio.
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Fig. 8 and 9 shows the comparison of maximum pressitwo axial grooves and four axial groove hytnsamic
journal bearing with maximum pressure of plain lgimamic journal bearing at different eccentrigigitios.
From the Fig. 8 it can be observed that the maxirpuessure of the two axial groove bearing, fouabhgroove
bearing and the plain bearing is approximately eataccentricity ratio of 0.2 At higher eccenttycratio the
maximum pressure in case of four groove beaririguad to be lesser when compared to the plain andgroove
hydrodynamic journal bearing. It is found that ttveo groove bearing has higher maximum pressure when
compared to plain bearing up to eccentricity rati@bout 0.7, above that the plain hydrodynamicnalbearing
has a higher maximum pressure. From Fig. 9 it cafolond that at eccentricity ratio of 0.2 the twoaye and
four groove bearings have about the same maximwsspre as that of plain bearing. But as the edcéntratio
increases to about 0.4 there is a rise in percentaximum pressure of 26.64% in case of two grdmaging, and
a rise of about 8.8% in maximum pressure in cas@wf groove bearing. At higher eccentricity ratibgan be
found that four groove bearing, have percentageedse in pressure when compared to plain bearidghao
groove bearings have higher maximum pressure wbetpared to plain bearing at higher eccentricitiosat

Fig. 10 and 11 shows the comparison of load cagrgapacity with eccentricity for different meshings seen in
the Fig. 10, by increasing the mesh values i.e.fifter mesh the value of load carrying capacityfdend to
increase. The variation in the load carrying cétyaat each eccentricity ratio with respect to Mésls found to
increase at a greater extent. It is found thadibgretizing further in the circumferential diremtithe load carrying
capacity increases. Mesh D and Mesh E load cajrgapacity values have little variation. Hence, thinimum
number of elements required in this case can baléegiMMesh D. Maximum pressurep(E).

Table -1 Finite Element Meshes used in Patch Test

S No Meshes Number of Elementsiiandp directions Total Number of Nodes
1 Mesh A 12x4 60
2 Mesh B 12x8 108
3 Mesh C 12x6 204
4 Mesh D 24x4 120
5 Mesh E 24x8 216
6 Mesh F 24x16 408
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CONCLUSION

At lower eccentricity ratios, the solution of hydsmamic journal bearing is not significantly affedtfrom the finite
element mesh size while it is significantly affetteom the finite element mesh size at higher etimty ratios.
Finer finite element mesh is to be used to anatigeebearing that operates with high eccentricitijosa As
compared to plain hydrodynamic journal bearing,-ax@l groove hydrodynamic journal bearing systewvjaes
higher load carrying capacity as well as stabtliyeshold speed at higher eccentricity ratios.
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