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Abstract: This research examines the impacts of additives on lubrication with viscosity
change and temperature effects, published in the Finite Journal. For finite journal bearing,
the generalized Reynolds equation for two-layer fluid is developed and applied. The Finite
Difference Method approach is used to solve the finite journal bearing with modified
Reynolds equation numerically. The pressure and load capacity in the lubrication process
rise as the temperature impact for two-layer fluids grows.
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1.1 INTRODUCTION:

In general, it can be said that the majority of lubricated systems are composed
of moving (stationary) surfaces (plane, curve, or loaded/unloaded) separated by a thin film
of an external substance (lubricant). Such a thin coating between these surfaces not only
reduces friction but also aids in supporting heavy loads. The nature of the surfaces, the
nature of the lubricant film boundary conditions, etc., determine the characteristics of the
system, such as pressure in the film, frictional force at the surface, flow rate of lubricant,
etc.

The "Reynolds Equation"which was initially developed by Reynolds is the
equation that controls the pressure created in the lubricating layer and may be found by
connecting the equation of motion with the equation of continuity. The influences of
temperature, compressibility, viscosity fluctuation, slip at the surface, inertia, and surface
roughness were disregarded in the development of this equation. Later, the viscosity and
density variations along the fluid film are included to the Reynolds equation.

This research analyzes the lubrication of Finite journal bearings under operating
conditions while taking into account the impacts of additives and heat factors. The issue
with lubricant additives is solved using the generalized Reynolds' equation. Applying the
finite difference approach to the pertinent equations allows for the derivation and numerical
solution of the load capacity and pressure expressions. By taking into account changes in
viscosity, thermal impacts are taken into account, and appropriate load capacity graphs are
displayed to see their consequences.

1.2 Governing Equation:
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Fig 1.1: Finite Journal bearing configuration

The Physical configuration of the finite journal bearing in fig (1.1), C be the

clearance of the bearing C =R-r, & = %be the eccentricity ratio and ‘h’ is the total film

thickness, is given by h=c(1+ &cos@) are shown in fig (1.1).

@ =—cegsin@ (1.1
o6
Reynold's equation, which governs the flow of fluid in the bearing, is presented.
ol n | a0 _ap|  on
—| —F—|+—| —F—|=U— (1.2)
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Considering thermal effect and viscosity, 4 can be takenas u= “O(hl)q (1.4)
0

Where q is thermal factor

Then the non-dimensional parameters are

x=R0, dx=Rd0, y = % —y=yLdy=Ldy,u= ﬂ’q— (1.5)
h
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By substituting equation (1.5) in (1.7), then the modified Reynolds equation in a non-
dimensional form can be written as
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- (3-q) = (3q)
0 |h _ Fap +8_h _Fap_:E@ (1.8)
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put 12 — L F-_h ,h=c(l+&cosh) (1.9)
4R? k
By solving the above equation (1.7), we get the non- dimensional pressure as
2
= 1.10
P R (1.10)
Now the equation (1.7) reduced to
——(3-9) op —-(3-9) ap _
OppGp ] 1 0 IEr GNP 15 (L.11)
00 00 | 442 0y oy
The following are the boundary conditions for fluid film pressure
p=0at =0
_ (1.12)
p=0at =nx

The finite difference approach is used to numerically solve the modified Reynolds
equation. Grid points are used to partition the film domain under investigation, as seen in
fig. (1.2). The terms of equation (1.11) can be represented as follows in finite increment

format
{Fi;, ,- [WJHF'l ,- {pnmmm
2 AG 2 AG

5(3—(1)

=G [ P T

h ) 1 Fi,j+1 Pi,j—Pij-1|_ Fi,j—l Pi, j+1— Pi, j 1250
4,¢ Ay 2 Ay 2 Ay

AG

(1.13)
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Fig 1.2: Grid point notation for film domain

By solving the equations

R T UL D SR
(A@)Z{FHZJ Pi,j —Fi+§,j Pi-1,j _Fi_i’j Pi+l, j +Fi—5,j |0i,11+

(1.14)
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By substituting this equation in (1.11), we have

_ _ - _ 23 _
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(1.16)
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Pi,j =C Pi-L,j +Co Pitl, j +Cq Pij-L1Cy Pi,j+1+C5 (1.17)
The coefficient co, 1, C2, C3, C4, Cs, defined as

422r2Fid MerEi-;, j

292(= 1. = 1.) (= .1 = .1 9’ ~
Ch=|4A°r FI+,]+FI—,])+(FI,]++Fl,j—ﬂ = Cop =
0 { ( 2 2 2 2 ,Cl Co 2 Co
= .1 = . 1
Fi,j+= Fi,j— 1012472
Cg = 2 Gy = 2 andcg = 484 _A()é_g)sma (1.18)
% % coh

- A . . . . . - —
r= A—g The pressure p is calculated numerically with grid spacing of A@=9° and Az =0.05

As a result of the film pressure, the bearing W's load carrying capacity is calculated by

1

O=r 2
W= | [ pcos@dédz (1.19)

0=0 z=0

By using (3.12)in (3.17), we get non dimensional load as

7=
wc? o=z

_ 2 _

W=——= | [ pcosfdadz (1.20)
R 6=02z=0

- M N_- _ _

AW= 3 > Pij AO Az (1.21)
i=0 j=0

Where M+1 and N+1 are, respectively, the grid point numbers along the 'x' and 'z' axes.

The analysis, numerical solution, and graphing of the pressure and the dimensionless load
capacity are performed.

1.3 RESULTS AND DISCUSSIONS:

The mesh of the film domain in equation (1.17) for pressure contains 20 equal intervals along
the bearing length and circumference. The system of algebraic equations' coefficient matrix
has a pentadiagonal shape. Sci-lab tools have been used to resolve these equations.

PRESSURE:

The variation of non-dimensional pressure ¢ p ‘for different values of ‘q” with a
=0.1and R=1.5 is shown in fig (1.3). It is observed that ¢ p ‘decreases for increasing value
of ‘q’.
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Fig (1.4) shows the variation of film pressure ‘pand different values of

peripheral layer thickness ‘3> with k=0.5 and R=1.5.1t is observed that  p .decreases for
increasing values of “ a .

Fig(1.5) shows the variation of film pressure ¢ p > and different values of k with

q=0.1. It is observed that ¢ p , increasing for increasing values of ‘k’.

LOAD CARRYING CAPACITY:

Fig (1.6) shows that the variation of the non-dimensional load carrying capacity

‘W “with ‘¢’ for different values of ‘q” at k=0.5. It is observed that the load capacity
increase with increasing values of ‘¢’ and the load capacity decreases for increasing values
of ‘q’. The corresponding values of load for different ‘q’ are shown in table (1.1).

Fig (1.7) shows that the variation of the non-dimensional load carrying capacity

‘W with ‘q’ for different values of ‘¢> at k=0.5. It is observed that the load capacity

decreases with increasing values of ‘q’ and the load capacity increases for increasing values
of “¢> The corresponding values of load at different ‘¢>are shown in table (1.2).

Fig (1.8) shows that the variation of the non-dimensional load carrying capacity

‘W with ‘q” for different values of ‘k’ at a=0.1. It is observed that the load capacity
decreases with increasing values of ‘q’ and the load capacity increases for increasing values

of k’. The corresponding values of the load ‘W * at different ‘k’ are shown in table (1.3).
Fig(1.9) shows that the variation of the non-dimensional load carrying capacity

‘W >with ‘q” for different values of ¢ a’. It is observed that the load capacity decreases with
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increasing values of ‘q’ and the load capacity decreases for increasing values of * a’ atk<l.

The corresponding values of the load ‘W “at different ‘a’are shown in table (1.4).

1.4 GRAPHS:

0

9=0.2, p = 2.214355030045597
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g=0.1, p=2.355465945596239

Fig 1.3: The non-Dimensionless pressure  p *for different values of ‘q’ with a=0.1, R=1.5,
¢=0.4, 2=0.7

a=0.01, p = 2.455285750254697

a=0.001, p=2.522529964714077

Fig 1.4: The non-Dimensionless pressure  p *for different values of ¢a»> with k=0.5, g==0.1,
¢=0.4, 2=0.75

K=1, p=2.530321510631443 K=2, p=2.939949783363757
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K=3, p=3.109080349522665

Fig 1.5: The non-Dimensionless pressure  p *for different values of ‘k’ with a

=0.1,q==0.1,£=0.4, 3=0.75
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Fig 1.6: The dimensionless load ‘W >

with ¢¢> for different ‘q’
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Figl.8: The dimensionless load ‘W - Fig 1.9: The dimensionless load ‘W,

with ¢q’ for different values of ‘k’ with ‘q’ for different values of ‘a’

1.5 TABLES:

Table (1.1): The dimensionless load ‘W - Vs ‘¢’ for different ‘q’

¢ 4=0.001 4=0.01 =0.1 4=0.2

0.4 2.3112 224867 | 1.81281|  1.548982
0425| 245493 |  2.38813 1.924 1.644106
0.45 259852 | 252738 | 2.03478| 1.738926
0.475| 274197 | 2.66642 | 2.14515|  1.833426

05 2.88528 |  2.80521 | 2.25506 |  1.927591
0525| 3.02842 | 2094376 | 236449 |  2.021404
0.55 3.1714 3.08203 | 2.47341 2.11485
0.575 3.3142 322001 | 258179 |  2.207917

0.6 3.45683 | 3.35769 |  2.68959 2.30059

Table (1.2): The dimensionless load ‘W *with ‘q’ for different ‘>

q epc=0.5 epc=0.6 epc=0.7 epc=0.8
0.01 2.88444 3.45537 4.02293 4.58642
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0.03 2.88264 3.45222 4.01785 4.57862
0.05 2.8809 3.4492 4.01297 457115
0.07 2.87924 3.4463 4.0083 4.56401
0.09 2.87765 3.44353 4.00384 455718
0.11 2.87613 3.44088 3.99958 4.55067
0.13 2.87468 3.43836 3.99553 4.54448
0.15 2.8733 3.43597 3.99168 453861
0.17 2.87198 3.43369 3.98803 4.53305
0.19 2.87074 3.43154 3.98458 4.52779

Table (1.3): The dimensionless load ‘W -with ‘q’ for different ‘k’

q K=0.5 K=1 K=15 K=2
0.01 2.88444 2.89365 2.89673 2.89827
0.03 2.88264 2.89182 2.8949 2.89644
0.05 2.8809 2.89008 2.89315 2.89469
0.07 2.87924 2.8884 2.89146 2.893
0.09 2.87765 2.88679 2.88985 2.89138
0.11 2.87613 2.88525 2.88831 2.88984
0.13 2.87468 2.88379 2.88684 2.88836
0.15 2.8733 2.88239 2.88544 2.88696
0.17 2.87198 2.88106 2.8841 2.88563
0.19 2.87074 2.87981 2.88284 2.88436

Table (1.4): The dimensionless load ‘W > with ¢q’ for different <&’

q a=0.1 a=0.2 a=0.3 a=0.4

0.01 2.25877 1.93204 1.7417 1.62517

0.03 2.25785 1.93137 1.74109 1.62453
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0.05 2.25699 1.93075 1.74052 1.62392
0.07 2.25617 1.93018 1.73999 1.62336
0.09 2.25542 1.92966 1.73951 1.62284
0.11 2.25472 1.92918 1.73906 1.62236
0.13 2.25407 1.92875 1.73866 1.62191
0.15 2.25347 1.92836 1.7383 1.62151
0.17 2.25293 1.92802 1.73798 1.62114
0.19 2.25244 1.92772 1.73771 1.62081
1.6 SUMMARY:

e This paper analyzes the lubrication of Finite journal bearings under operating
conditions while taking additive and thermal effects into account.

e Using a grid spacing of 6=9%nd Az =0.05., the finite journal bearing with
modified Reynolds equation is numerically solved using the finite difference
method.For pressure and load capacity, graphs are drawn.

¢ It has been demonstrated that a high viscous layer near the lubricant's perimeter
layer causes an increase in pressure and load capacity, while a low viscous layer
causes a drop.

e |Itis clear that as the thermal impact grows, pressure rises and load capacity falls.

NOMENCLATURE

a peripheral layer thickness

pressures

Film thickness
u Viscosity of the fluid
X,Y,Z Cartesian coordinates
0 Circumference angle
C Clearance
e Eccentricity
R Radius of the shaft
K Ratio of viscosity near the surface to the purely hydrodynamic
u, v,w Velocity component of the film in x,y,z direction
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Velocity
Eccentricity ratio

Thermal factor
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