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Abstract

The main purpose of the journal bearing is to support the rotating parts by providing a
sufficient layer of lubricant to separate the surfaces of the moving parts and to minimize the friction
due to rotation. The misalignment is one of the common problems in the industrial applications of
this type of bearing which has consequences on the general performance of the bearing system. The
consequences include the reduction in the bearing load carrying capacity and the effect on the levels
of the pressure distribution in additional to the asymmetrical pressure distribution along the bearing
width. This study considers extreme cases of misalignment using a 3D model of the shaft deviation
for the case of a finite length bearing. Numerical solution for Reynolds equation is considered in
this work using the finite difference method where the static and dynamic characteristics of finite
length journal bearing are investigated. The results reveal that the film thickness reduces
significantly particularly at the edges of the additional to the presence of pressure spikes at these
locations. Furthermore, the results of the dynamic coefficients have shown that the 3D
misalignment affects these coefficients significantly which may have further consequences on the

stability of the system.
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1. Introduction

Journal bearing (J.B.) consists of two main parts, which are journal (shaft) and bearing where
the shaft is rotating inside the stationary bearing (bush). They are separated with a small clearance
space filled with lubricant to minimize friction and wear. Journal bearings are widely used in many
applications such as cars and trains. Furthermore, journal bearing is used in high-speed rotating
machines such as compressors, gas turbines, water turbines, steam turbines, electric generators and
others.

In the journal bearing, there is a relatively small is placement called eccentricity between the
center of the shaft and the center of bearing. The pressure distribution and the amount of load
depend on this the value of the eccentricity. The minimum film thickness in a hydrodynamically
lubricated bearing, which also depends on the eccentricity, is a function of the applied load [1]. The
determination of static and dynamic characteristics of finite length misaligned journal bearings is
considered as an important subject in the designing of such type of bearings. Therefore, this topic
has drawn the attention of the researchers in order to improve the bearing performance. Lund and
Thomsen [2] used a numerical method for solving Reynolds equation by finite difference method to
calculate the static and the dynamic characteristics of journal bearing with based on Reynolds
boundary conditions for a length to diameter ratio of L/D =0.5 and 1. Maspeyrot and Frene [3]
presented a numerical analysis of journal misalignment problem under high load. Yucel [4]
calculated the dynamic characteristics of a short journal bearing based on the use of analytical
solution of the Reynolds equation. Zhao et al. [5] proposed that both stability and oil film forces of
the hydrodynamic bearing can be expressed by using linear oil film coefficients. lonescu [6]
suggested a new mathematical model for analytical solution of thermo-hydrodynamic lubrication to
make a quick estimation of the main parameters for finite length journal bearings. Chasalevris and
Sfyris [7] proposed a new analytical method to find a solution for Reynolds equation in order to
obtain the static and dynamic characteristics of the finite length journal bearing. Kumar et al. [8]
used analytical solution to investigate the performance of the hydrodynamic bearings for short
bearing only. Xu et al. [9] presented a solution for the static and dynamic characteristics of journal
bearing considering the influence of thermohydrodynamic and turbulent flow. Jang and Khonsari
[10] showed in a review paper that at heavy load, the misalignment significantly affects the system
performance. Feng et al. [11] presented a solution of water-lubricated journal bearing by using a
misaligned thermodynamic (THD) model with a turbulent flow consideration. They recommended
the studying of these two effects on dynamic coefficients, particularly at high eccentricity ratio and
rotary speed. Jamil et al. [2] used analytical solution for short journal bearing to calculate the
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dynamic coefficients of a rotor supported on a worn journal bearing. Zhang et al. [13] presented an
efficient method for water-lubricated circular journal bearing with different working conditions and
bearing geometries to determine the force and stiffness coefficients of bearing. Binu et al., [14]
developed a new test rig to obtain experimentally the hydrodynamic pressure for finite journal
bearings. The results obtained by building a software revealed that the difference between the
experimental maximum pressure and theoretical solution was about 20%. Zhang et al. [15] analyzed
hydrodynamic water lubrication of a circular journal bearing under misaligned effect to select
proper design parameters for the bearing. The obtained results showed a decrease in the load-
carrying capacity of the bearing due to misalignment. Tarasevych et al. [16] studied the effect of
random change of main geometrical parameters of full journal bearings using a mathematical
model. Jamali and Al-Hamood [17] used a 3D model to evaluate the misalignment effect without
considering the dynamic coefficients. Dyk et al. [18] introduced an approximate solution of the
Reynolds equation of finite-length journal bearings to specify the linear dynamic coefficients and
stability of the system. The researchers used a numerical approach but under the assumption of the
Gumble boundary condition (x —film boundary condition).

This paper presents a solution to the problem of misaligned journal bearing using a 3D
misalignment model in order to calculate the static and dynamic characteristics of the system using
Reynolds boundary condition method. Finite length bearings are considered in the analyses where

such range of length to diameter ratio is commonly used in the industry.

2.Basic Equations

The basic equations for the problem of journal bearing are Reynolds equations and film
thickness equation which are given by [17] and [7]:
3 3
a[map}g(m@]w aph , oph

ox\ 12 ox | oz\ 12y oz "ox ot M

Where,

_ Uj+Ub

Un

, U, 1s the mean velocity of two surfaces,

The bearing is fixed which means U,—,, and

] L e
£ = the pressure gradient in circumferential direction.
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B L
a—i = the pressure gradient in axial direction

0

% = the wedge action term

oh

e the squeeze term

Reynolds' equation is considered as one of the complicated non-linear partial differential
equations. Several hypotheses have been formulated and simplified in order to obtain a suitable

solution for this equation. This includes an incompressible flow assumption ( p = constant) and for
the steady-state case, the squeeze term is considered zero ( z—’; = 0). Therefore, Eq. (1), can be

written as:

3 3
o(nap), o(h" ) _g,oh
ox\m ox) o\ n oz OX

The oil film thickness equation is given by [17]:

)

h=c(l+¢, cosh)

(3)

Therefore, using dimensionless presentation, Eq. (2), becomes

8( 36Pj 8[ 38Pj oH
—|H'—= |+ta—|H’—= |-—=0
00 00 oz oL 00

Where:

(4)

q = R% 1
T 127 4(L/D)2

Similarly Eq. (3), is,
H =(1+&,cos0) (®)
Where:

| =

X=R6,Z=—H=

- po(
6nw

- N

U =Rw,P =

Tlo ©

;

3.3D misalignment in journal bearing
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The 3D model for the misalignment is illustrated schematically in Fig. 1, The deviations in the

vertical and horizontal directions are given by A, and Ay, respectively.

Figure 1. Journal bearing model. (a) 3D journal bearing; (b) axes deviations [17].

Figure 2. shows the deviations at any section for the two halves of the bearing. Figure 2a.
illustrates the left side of the bearing (z < L/2) and Fig. 2b, shows the bearing right side ( z > L/2).
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Figure 2. Deviation of the journal center due to misalignment; (a) (z < L/2);
(b) (z> L/2) [17].
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It can be easily derived the following dimensionless equations which represent the

misalignment at any given axial position (z):

—_

5,(2)=96,,,.1-22) forz <1/2
5,(2)=96,,..(22 1) forz>1/2 L (6)
W7 4% Gt 1-22) forz <1/2
6,(Z)= 6w (22 -1) forz>1/2 |
forz <1/2
, ()

&(2)= \/(8r cos B—5y(Z)f +(er sin p+5h(2)f

B & 8in f+5,(2) (8)
B(Z)= Arctan o c0s fo.(2)
forz >1/2
£,(2)=(er cos p+5(2)f + (er sin B-on(2)f )
B(Z)= Arctan £:8in f=54(2) (10)

6,08 f+5,(Z)

The oil film thickness varies along the axial direction because the eccentricity is not constant
along this-direction in case of misalignment. Therefore, the equation of film thickness for

misaligned journal bearing is,

H(8,2) =(1+¢,(Z)cosd) (11)

4. Bearing Characteristics

Swift-Stieber (Reynolds) Boundary Condition is used to calculate characteristics of bearing as
it is a most realistic method for pressure evaluation which involves an iterative procedure to
determine the boundary where the pressure and its gradient in the circumferential direction become

Zero.

4.1. Static characteristic: The considered static characteristics are: load-carrying capacity, attitude
angle and Sommerfeld number. The load components in the radial direction (along the line of the
center) [7] can be expressed in dimensionless form as:

[Pcosododz Wt =
0

S

W, = Psingdodz

O'—.H
ov._,cc

o'—.|—~
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W: Wr tWit (12)

The attitude angle can be given by:

Wt
ol
an Wr (13)

The operating conditions of a journal bearing of aspect ratio L/D can be characterized using a

single dimensionless parameter. An expression which defines the Sommerfeld number can be

written by:

S_nNrDL(Rjz 1

w lc) (62W) 14)

4.2. Dynamic characteristics:

Dynamic characteristics considered eight Dynamic coefficients are considered in this work.
Four coefficients for the stiffness and the other coefficients are for the damping. These coefficients
are customarily denoted by (kyx, kxy, kyx, kyy, Dyxs byy, byx, by,). The coordinate system defined
by [2] is used in the calculation of these coefficients which is illustrated in Fig. 3, where x,, y, Is

steady-state position of the journal center.
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Figure 3. Coordinate system for dynamic characteristics (Lund, 1987)[2].
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In this section, equations of the dynamic coefficients are derived based on the solution of
Reynolds Eq. (1), which can be used in order to calculate stiffness and damping coefficients of

finite-length journal bearing.

ofhr op) ofhn op)_Ush ch
ox\12n ox ) 0z\12n oz 2 0x ot (15)

The equation of film thickness under dynamic condition is [2]:

h = ho+AXC0S@+Aysin 0 (16)

The differentiation of this equation with respect to time yields,

%h:AXcoseJrAysine

(17)
Substituting of this equation into Eq. (15), and using dimensionless forms yields,
i(Hﬁ—P}rai(Hﬁ—P) _H L 2AX cos@+2AY sin g
060 06 o0z o) 06 (18)
Where,
X=Xy Ry
Uc Uc

The resultant force can be expressed using x and y coordinates of the journal center and the

velocity components (x. y) as:

0,

16
1 .
F, =] [Pcosadadz F, =] [Psinododz
00 00

o

(19)

Where the resultant force is,

F:,‘ FX2+Fy2 (20)

The coefficients (stiffness and damping) can be written in the following form of equations

[19]:
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oF, oF,
[k]: kxx kxy _ GX 8Y
ko ky] |OFy OFy
oX oY (21)
oF, oF,
] bo by | oX oY
|bw b, | |OF, R
oX oY 22)

Therefore, differentiation of Eq. (1), based on Eq. (21) and (22), gives:

Koi=Jolo” g—ijcosededz

Koy =l 2—$jcosed 0dz

oP
oX
Clis

12
kyx:J.o 07Z

jsin 0dodz

P sin @d@dz

12
kyy:foo”

The stiffness coefficients can be written in the following form for the purpose of

consistency with reference [2]:

K _ Ckxx K _ CkXy
XX = y Nxy — = o
ck,, ck,, (24)
K X — ley -
*F F

Also, in the same way, the damping coefficients are calculated from using the integration over

the solution domain for the pressure derivatives with respect to X and Y as:
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127 ap

o = —- |cos#dadz
127 ap

N — |cos#dadz

by = lly” S—F.)jsin 6dgdz

X
b, = [ %)Sin 6dodz
(25)
Similarly, the damping coefficients are given by,
cab cob,,
B = = Xy — ?
- (26)
cob,, cob,,
By)( = F ) Byy = F

It can be seen that from the previous equations, to calculate

opP oP 0P

K Byx, By,. The evaluation of the derivatives X 97 3%

yx K

yy! B

Kyx, K Xy

Xy By, B

Xy
andZ—g are required based on the use of Reynolds equation. Therefore, the derivatives are

evaluated by differentiation of Eq. (18), which yields,

0 [H3apxj+a 0 [H3apxj:—i(:%H2cos@£)—a£(3#cos¢9%)—sin9

00\ e0) “oz\'' oz) o0 00) oz (27)
Also, the differentiation with respect to Y, gives:
oP. oP.

9 H>— +ozi H3— __0 3H?2sin eﬁj—ai(Bstin «9@ +c0sd

00 00 oL oL 06 00 oL oZ

(28)

Similarly, the differentiation of Eq. (18), with respect to X and Y respectively, gives:
i(H3@j+ai[H3@jzcosg (29)
00 0o oz oz

(30)

oP, oP,
i H3—L +ai H®—L |=sing
00 00 oz oz

V0l.00,N0.2(2020 ) ISSN:



5. Numerical analysis

The numerical form for Eq. (4), will be explained below using the discretization shown in Fig.

4,
@i+
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C
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! |
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Figure 4. Finite difference discretization
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Similarly, the gradient in the Z direction can be written in the same way that used in the
circumferential direction. After that Substituting these equations in Eq. (4), and solving for P (i, j)

yields:

1
P(i,j):; Hy’ Piaiy+ Ha' Pisy+ @ CoHe P oy + @ CoHd *Pii oy = CiH ey G H(i—l,j)] (33

Where:

R® o A0 - _(a0)

a =

y C1

L2 2 2_(AZ)2
y=H +H +aC,H+aC,H;

The numerical form for oil film thickness is,

H(, j) = (L +e& cosd, ;) (34)

The determination of the dynamic characteristics requires the numerical solution of Eq. (27),
(28), (29) and (30). A similar procedure that used for the steady-state case is adopted to obtain the
solution of these equations which can be written in a general form. Therefore, RHS (27) in a

numerical form becomes,

(3cos 9, H; +3c0s g, He) Py 3¢08 Hang(Hl,,-) _ 3cos g, HbZP(H,j) .
(A9)° (A9)’ (A9)°

2 2
(3c0s 94 Hg +3c0s 9. H7 ) Piijy ““%Wawm.%“@Hﬁﬁﬂqme
“ AZY ey Yy
(AZ) (AZ) (AZ) (35)

A similar procedure can be used to discretize the right-hand sides of the other equations and

therefore these right-hand sides can be written in discrete forms as:

RHS (28) =

(3sin9aHa2 +3sin9bH§)P(i,,—)_ 3Sin9aH§P(i+1,j)_ 35i”‘9b*'|§|3(i—1,i)Jr

(80 (80) (86 (39)
- - i 2 i 2
. (Ssm 9aH? +35|n90Hf)P(i,,-)_a 3sin HdeP(i,Hl)_a 3singcHCP iy +c0s0
(AZ): (Az)’ (Azy
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RHS(31) = cosf (37)
RHS(32) = sinf; )y (38)

Now using Eg. (35), (36), (37) and (38), Eq. (33), can be solved numerically to calculate the
corresponding pressure derivative. Therefore, the dynamic characteristics (stiffness and damping

coefficients) can now be determined by,

Kxxz_%% aP(i,j) COSHAOAZ

COSOAOAZ

sin OAOAZ (39)

sin OAOAZ

Bx = % % aP(|', J) COSOAOAZ
2=\ oX
8= 5 $( P10 cospagaz
j=tizt\ oY
wo NP, )
‘= : SinOAOAZ
By jZ::l E oX (40)
By =2 % Pl 1)) gin gapaz
2=\ oY
6. Results

6.1 Effect of mesh density

The total number of mesh points that required to be used in the solution in both directions is
examined using 50 to 25600 points and it is observed that the results for the aligned and misaligned

cases are sufficient enough when k = 16471.

V0l.00,N0.2(2020 ) ISSN:



6.2 Verification of misaligned model:

A comparison between the geometrical model of 3D misalignment that used in this work and
the results of a recent reference [9] is performed in this section. They presented a study with and
without the effect of thermodynamic and turbulent flow on the misaligned journal bearing. The
validation performed with the later case in which the oil film thickness was determined by the use
of the following equation:

h=c+e,cos(@—¢,) +e'(%—%)cos(0—a—qoo)

In the current work, another expression for the equation of oil film thickness is derived where it
is a function of the eccentricity ratio of journal bearing and it is variable along the axial direction.
The results of several cases of both maximum horizontal and vertical deviations are shown in Fig.
5,. These Fig. 5a and 5b, illustrates a comparison between the two sets of results for three values
of (Snmaxs Ovmax) @ (0.2, 0.2) and (0.2, 0.3), respectively. It can be seen that very close results

have been obtained where the maximum difference for the three cases is less than 0.007%.

052

Hmin
Hmin

L 1 1 1 1 L 1 1 1 1
L3sy 0.2 0.4 0.6 0.8 1 0389 0.2 0.4 06 08 1

z Z
() (b)

Figure 5. Comparison between current work and reference [9] for the min. film
thickness. solid : reference , dashed : current .(a) Snmax= Svmax= 0.2,
(b) 6hmax:0'2- (Svmax:O'S-

6.3 Verification of dynamic coefficients

The dynamic coefficients obtained in the current work are compared with the results of the
well-known work of Lund and Thomsen [2]. The position of grooves relative to the line of the
center is determined by the secant method [20]. The two sets of results are compared using a wide
range of eccentricity ratio as shown in Fig. 6 and 7,
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Figure 6. presents the results for (L/D=0.5) and Fig. 7, shows the results for (L/D=1). It has
been found that the difference is less than 3 percent when the value of eccentricity ratio &, < 0.5

and less than 1 percent when the eccentricity ratio &, >0.5. This result is satisfactory since the most

practical
20 30
& KeglUND  --.- Koo, Current work & CuxgLUND Caxog, Current work
= Ky WD e Kaoy, Current work ® CoylUND  --o- Cxy, Current work
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gr er
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Figure 6. Comparison between the current work and [2] for the dimensionless dynamic coefficients,
L/D=0.5. (a) stiffness coefficients;(b) damping coefficients.
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Figure 7. Comparison between the current work and [2] for the dimensionless dynamic coefficients, L/D=1.
(a) stiffness coefficients; (b) damping coefficients.

6.4 Static characteristics

6.4.1 Effect of L/D and eccentricity ratios on the load-carrying capacity.
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In this section, the load is determined by using different values of length to diameter and
eccentricity ratios for the aligned case as illustrated in Fig. 8,. Figure 8a. Shows that the load is
affected by the L/D ratio where it is calculated for a wide range of (L/D) ratio changes from (0.25 to
2.5) in a step of 0.25. The results demonstrate that the load becomes larger for the high value of L/D
ratio where the amount of load is 0.049 for L/D=0.25 and 0.912 when L/D=2.5. These results are
calculated for an eccentricity ratio of 0.6. Figure 8b. illustrated the load variation with the
eccentricity ratio for a finite length bearing where L/D=1.5. The range of eccentricity ratio is
between 0.4 and 0.95. It can be seen that the load is significantly depending on the eccentricity
ratio. The load varies from 0.333 when the eccentricity ratio is 0.4 to 7.014 for the eccentricity ratio
of 0.95.

1.0 35
4

" 3.0
0.8 /
o / 25 /

©
© ©2.0
S04 // §1.5 /
0.2 1.0
ol 0.5 —
0.0 . . . . . —
0.00 0.50 1.00 1.5'0 2.00 2.50 3.00 0.40 0.60 o 0.80 1.00
L/D Ratio (b;

(a)

Figure 8. Effect of (L/D) and &, ratios on the load. (a) L/D ratio (&, = 0.6); (b) &, (L/D=1.5)

6.4.2 Effect of misalignment on the Attitude Angle and eccentricity ratio.

Figure 9. illustrates the effect of 3D misalignment on the eccentricity ratio and attitude angle.
Figure 9a. shows the effect on the eccentricity ratio and Fig. 9b, illustrates the effect on the attitude
angle. The results at the midplane correspond to the aligned case. It can be seen that the
misalignment has a significant influence on ¢, and 8 where the change is clear along the axial

direction.

1 - 140

08
08
08

'
| -
(& 05

04

03

02

01

0

VA Z
(a (b)

Figure 9. Effect of 3D misalignment (8,max = 0.5, Spmax= 0) for L/D=2 on the
eccentricity ratio and attitude angle along the Z-axis. (a) Eccentricity ratio (&,); (b)
Attitude angle (8).
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6.4.3 Effect of the severe 3D misalignment on the maximum pressure and the minimum

filmthickness.

The effect of 3D misalignment (vertical and horizontal) on PB,,, and H,,;, which have
influences on the performance of the journal bearing, is shown in Figure 10. The results are
calculated for a wide range of 6y,4x: Ovmax IN @ Step of 0.1. Figure 10. shows the effect of 3D
misalignment on PB,,, and H,,;,, when (L/D=2). Regarding this figure, the 3D misalignment
increases P, Significantly and decreases H,,;, particularly when 8nmax, Ovmax >0.3. The
maximum pressure increases from 0.8581 for the aligned case to 1.4392 when 65,14 Ovmax= 0.54.
The corresponding film thickness decreases from 0.3999 to 0.0827. This represents an increase of
67.7% in B4, and a reduction of 79.3% in H,,;,.

0.60

14 4 —&—Pmax
—&— Hmin L
13 | 0.50
1.0 4 - 0.40
a ! g
g 08 030 g
2
0.6 A T
- 020
0.4 A
032 | - 0.0
0.0 : T 0.00
o 0.2 0.4 0.6

Shmax = Ovmax

Figure 10. Effect 3D miS. (8pmax aNd 8,max) ON the dimensionless max. pressure and min.
thickness of the lubricant (L/D=2).

Two cases are considered in this section which are perfectly aligned and misaligned. 2D and
3D pressure distributions for (L/D=2) are shown in Fig. 11,. The left side shows the 2D pressure
distribution and the right side shows the 3D pressure distribution for these cases, respectively. The
maximum pressure for the first case (aligned) is (P4 =0.8581), while in the second case
(misaligned), a significant change can be seen in the pressure distribution where (B4, = 1.4392). It
can be seen in these figures that the misalignment causes pressure spike at a location very close to

the edge.

V0l.00,N0.2(2020 ) ISSN:



0 60 120 180 240 3 360

(b) N

Figure 11.2D and 3D pressure distribution, L/D=2, §pmaex = Ovmax =0.54; left :2D ,right: 3D,
a:aligned,b: misaligned.

6.5 Dynamic coefficients

The effects of 3D misalignment on the dynamic coefficients

(Kyx» Kiyr Kyyer Ky sBixs Byys B

xyr Kyxer Ky y» Byx, Byy) for L/D = 2 are shown in Table 1 for a range of misalignment

values. The first row shows the result of the perfectly aligned case. It can be seen that the 3D
misalignment has significant effects on these coefficients. The results show that K, is 1.8055 in
the aligned case and increases to 2.4947 at the high level of misalignment. This means that the
amount of change in K, in the case of 3D misalignment is 38.2% in comparison with the aligned
case. The other stiffness coefficient K., is 2.6528 in the aligned case and decreases to 2.2874 in

misaligned case. In such range, the percentage change in K, is 13.8%. The percentage change in
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K, and K,,,, is -241.2% and 81.1% respectively due to misalignment. Table 1. illustrates also the
corresponding results for the dimensionless damping coefficients. It can be seen that B, is slightly
affected by the misalignment. The variation is only 5.7% in comparison with the aligned case. The

change in the other coefficients, By, (= By,), B, is 70.8 % and 78.1% respectively.

Tablel. Effect of 3D misalignment on the stiffness and damping coefficients (L/D=2

6Umax
= Kxx Kxy Kyx Kyy Bxx Bxy Byx Byy

6hmax
0 1.805 2.653 -0.531 1.605 5.517 1.746 1.746 2.295
0.4 1.963 2583 | -0.979 | 2.019 5.581 1.238 1.238 3.067
0.45 2.057 2.528 -1.171 2.213 5.623 1.051 1.051 3.347
0.54 2.495 2.287 | -1.811 | 2.906 5.832 0.509 0.509 | 4.088

7. Conclusions

In this paper, a detailed investigation is presented for the effect of misalignment on the
characteristics of journal bearing. The governing equations are solved numerically for a finite length
journal bearing based on the finite difference method where Reynolds boundary conditions method
is used in the solution scheme. All the equations are presented in a dimensionless form for the
purpose of generality of the results. A general 3D model for the misalignment is used in this
analysis where both horizontal and vertical deviations of the journal axis are taken into
consideration. A comprehensive program computer code has been developed which has the ability
to analyse the problem of misaligned journal bearing, regardless of the L/D ratio. The results
revealed that the eccentricity ratio and attitude angle are significantly affected by the misalignment
along the axial direction. In general, the presence of misalignment increases P,,,, and reduce H,,;;,.
Furthermore, it changes the shape of the pressure distribution significantly. The effect of
misalignment on the friction coefficient is not significant and side flow value decreases in the
misaligned case due to the decrease of film thickness. The calculations of dynamic coefficients in
this study are performed for L/D =1.5 and it has been found that the misalignment causes significant
variation in these coefficients. Further investigation is required in order to consider the thermal
effect in the analyses which will be performed in future work.
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Nomenclature

Symbol Description Units
Py Dimensionless damping coefficients -
Byx Byy
c Bearing radial clearance m
D Diameter of shaft m
e Eccentricity of journal m
E, Force in x-direction N
E, Force in y-direction N
F Total Force N
H Non- dimensional oil film thickness, H = % -
Hpin Dimensionless Minimum Oil film thickness -
h Oil film thickness m
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k Total number of mesh k=M X N -
K K
e Dimensionless Stiffness coefficients -
Kyx Kyy
L Bearing length m
y Number of mesh point in the longitudinal
direction (z)
Number of mesh point in the circumferential
N -
direction (0)
N, Rotational speed Rps
Non-dimensional oil film pressure,
c)’ -
P P = _Pf{c
6nw\ R
P Derivative of pressure (dimensionless) -
Prax Non-dimensional maximum pressure -
R Bearing radius m
RF Relaxation factor -
s Somerfeld number -
t Time Sec
U Velocity m/sec
Un Mean velocity m/sec
w Total Load carrying capacity N
A Dimensionless Load in the radial-direction N
W, Dimensionless Load in the tangential-direction N
w Dimensionless total load of journal bearing -
Z Non-dimensional axial coordinate, Z = % -
z Axial coordinate, 0 < z < L m
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Greek symbols

Symbol Description Units
Constant in Reynolds equation -

B Attitude angle degree
Ay Horizontal misalignment m
Apmax Maximum horizontal misalignment m
A, Vertical misalignment m
Apmax Maximum vertical misalignment m

A6 Step in the circumferential direction degree
AZ Step in the longitudinal direction -
6 Dimensionless misalignment 6 = A/c -
& Eccentricity Ratio, &, = - -

Lubricant viscosity Pa.s

Angle in the circumferential direction degree

6, Cavitation angle degree

p Density of oil Kg/m3
Qg4 Dimensionless side —leakage flow -

Journal Angular velocity, w = 2nN rad/sec
f Friction coefficient -
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