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Abstract: In hydrodynamic lubrication of journal bearing pressure of the fluid film is generated as a
result of the viscous drag of the fluid into the wedge shaped gap between the journal and bearing
due to relative motion of the journal with respect to the bearing. The pressure development of fluid is
important in this type of lubrication to ensure performance of journal bearing. On the other hand,
every surface has some degree of roughness that affects relative motion of the journal bearing
system. This paper, thus, aims to present a detailed study of hydrodynamic pressure built up of a
journal bearing including the roughness of the surfaces. The modified Reynolds equation is derived
on the basis of theory of micropolar lubrication incorporating suitable roughness model. The resulting
equation is solved numerically at steady state operating condition using cavitation boundary condition
to observe distribution of pressure. The effects of variations in operating variables in terms of
characteristic of lubricant and parameters defining roughness model are computed. The analytical
results are compared with the available published results to validate the theory and computer code.
The numerical result shows that for same geometrical condition maximum pressure developed in
micropolar fluid always remain higher than that in Newtonian fluid. The steady state pressure is
found to be decreased as the values of the roughness parameters are increased.
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NOMENCLATURE i Non-dimensional steady
c Radial clearance. state film thickness, h= j:
£q Eccentricity ratio.
H Steady state film thickness
FIN, Iy, ha&d,&) Non-dimensional considering roughness of
micropolar fluid function. journal bearing.
g(A,N,H) Micropolar fluid function H Non-dimensional steady
h Steady state film state film thickness

considering roughness of
journal bearing H =H/C.

thickness.
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"I:J:I
A

Non-dimensional steady
state film thickness
corresponding to the
cavitation considering
roughness of journal
bearing.

b Non-dimensional
characteristic length of the

micropolar fluid, {=.= /.

L

N Coupling number,

W= [“,:- J_

p Micropolar film pressure in
the film region.

B Non-dimensional
micropolar film pressure in

pC*

the film region, P = 7 .

R Radius of the journal.

X Cartesian coordinate axis
along the circumferential
direction.

yA Cartesian coordinate axis
along the bearing axis.

L

Non-dimensional Cartesian
coordinate axis along the

=

ir

(S]]

bearing axis,

X Spin viscosity of micropolar
fluid.

=

Characteristic length of the
micropolar fluid.

A Newtonian viscosity
coefficients.

) Angular velocity of the
journal.

& Circumferential coordinate.

6,, 65

Circumferential coordinates

where the fluid film starts
and cavitates respectively,

(rad).
U Velocity of journal, U = wR.
Vv Velocity vector, [L T (m/
S).
v Microrotational velocity

vector, [L T-1] (m/s).

o Mean surface roughness.

a Non-dimensional mean
surface roughness, .

o Standard deviation of
roughness pattern.

P Non-dimensional standard
deviation of roughness
pattern, .

& Skewness of surface
roughness.

£ Non-dimensional skewness

of surface roughness,
1. INTRODUCTION

The rapid technological advancements and the
increasing operating speed of machines in recent
days demand more exact and realistic bearing
characteristic data for the design of the bearings.
The hydrodynamic lubrication in rotating bodies
is advantageous due to its self ability to develop
high pressure. The mechanism of hydrodynamic
lubrication was first explained by Osborne
Reynolds. The fluid used for lubrication of machine
in general industrial conditions gets contaminated
with dust and wear out particles. Sometimes
external additives which are generally long-chained
carbon polymers are added with the fuel as
lubricant. In those cases the behavior of the
lubricant can more clearly be explained with the
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concept of micropolar fluid rather than the
Newtonian lubrication theory, as developed by
Eringen[1] and applied by other researchers[1-
5]. In such fluids the added sub-structures undergo
translational and rotatory motions generating a
spin viscosity () apart from the Newtonian
viscosity (1) and gyroscopic viscosity (¥). As a
result the lubricant shows an effective enhanced
viscosity equals to [_;.! + —1 This enhances the load
capacity but decreases the friction parameter in
smooth straight hydrodynamic journal bearings
[2, 5, 7]. However as no surface can be
manufactured perfectly smooth journal surface
and bearing inner surface always have some
microirregularities. Theoretical analysis of rough
surface in lubrication was first investigated by
Hamilton et. al. [7] and he presented a theory that
depicted hydrodynamic lubrication within two
parallel surfaces having roughness on one or
both. The theoretical and experimental results
verified that surface roughness helped the
pressure generation between the surfaces and
maintained the sufficient load to keep the surfaces
from direct collapsing. Christensen [8] in 1969
presented two separate models of hydrodynamic
lubrication for rough bearing surfaces based on
stochastic concept. The models were associated
with one dimensional roughness one in
longitudinal direction and the other in transverse
direction. The study exhibited that the operating
characteristic of a bearing became more affected
by the surface roughness as the surfaces were
brought closer together, conversely the effect of
the roughness become insignificant when sliding
surfaces were kept at an average separation larger
than the roughness amplitudes. Christensen and
Tonder [9] in their analysis of hydrodynamic
lubrication for a finite width bearing using a
stochastic surface roughness theory commented
that the surface roughness might have beneficial
or adverse effect on load capacity or friction
parameter. Guha [10] investigated on the effect
of isotropic roughness on steady state
characteristic of a hydrodynamic journal bearing
system having misalignment. He observed

increased roughness parameter to result in
lowering of load capacity. Cheng & Chien [11]
worked on linear stability of a journal bearing
having short length considering the influence of
surface roughness and flow rheology. They
concluded rough journal bearing (except
transverse roughness) to provide higher stability
than that having highly finished surface. The study
of Rao et. al. [12] on the effect of surface
roughness on a porous inclined hydrodynamic
slider bearing lubricated with couple stress fluid
established that for the consideration of bearings
life period the surface roughness needs be
considered during bearing system design.
However, in general the roughness is basically
categorized into three patterns viz. longitudinal,
transverse and isotropic. Longitudinal pattern
offers less resistance to flow, whereas transverse
roughness offers more resistance to flow and is
better for pressure development for sealing
devices, and finally the isotropic roughness is
equally good for lubricant flow and hydrodynamic
action [13]. Under mixed elastohydrodynamic
lubrication for point contact, Yan et. al. [14]
explored the influence of skewness and kurtosis
on fatigue life of a material. It showed a drop in
film thickness with increased skewness. Possible
reason behind this may be that a negative
skewness produces more flat surface with some
deep valleys which after being filled up with
lubricant, may have provided higher film thickness
on an average. Oppositely a surface having
positive values of the skewness is flatter with
random peaks which disrupt the development of
fluid film.

Though in all previous studies the roughness
models were considered stochastic, especially
being represented in the terms of mean, standard
deviation and skewness, however no literature
were found available that explicitly presented the
effect of variation of those statistical parameters
on hydrodynamic pressure generation.

The goal of this analysis is, thus, limited to study
the expected steady state pressure profile by
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solving the modified Reynolds equation using
technique of finite difference method with
appropriate boundary condition and to present the
pressure generation for different parametric
condition of lubricating fluid as well with respect
to the variation of the statistical properties of the
roughness model.

In this study the fluid flow is considered as
incompressible, laminar, and isothermal and
satisfies other assumptions of hydrodynamic
lubrication. As the surface roughness is random
in nature, the computed pressure profile is also a

0 dp 3} dp 0H
—{g(/l, N,H) a} + a{g(/l, N,H) a_z} = 6Ua

0x

random quantity. Asymmetric probability density
function is assumed for the random variable that
characterizes surface roughness with non-zero
mean.

2. ANALYSIS

A hydrodynamic journal bearing in the
circumferential coordinate system (shown in Fig.
1) is used in this analysis.

The modified Reynolds equation of a
hydrodynamic journal bearing under micropolar
lubrication in steady-state condition becomes [6]:

(1)

3 2
Where, g(A,N,H) = % (1 +12 A—z — 6%/1 coth%) and H is the lubricant film thickness.

H

Incorporating the surface roughness the thickness
of the fluid film for a hydrodynamic journal may

be represented as follows:

H(6) = h(6) + hs ()

\ Centres

Fig. 1 Schematic diagram of geometrical configuration of journal bearing system.
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Where, hlf) = C{1+ &, cosé), represents the
average fluid film thickness, C is the radial
clearance, £z = &5/ C, is the eccentricity ratio. The
effect of roughness of the bearing surface is
incorporated in the fluid film by adding stochastic
film thickness (-} measured from mean level of
film thickness. f{h.} represents the probability
density function of %. defined over the domain
—C.=h.=+C,, where C: is the maximum
deviation of film thickness from its mean. The
mean (cx), standard deviation (z) and skewness
(£) representing the nature of random variable /-
is defined as [11].

Mean, a = E (hy)
Standard deviation, 62 = E[(hs — a)?]
Skewness, & = E[(hs — a)?] (3)

Where, E( ) represents the expectancy
operator and is defined as:

+Cs

f()fChs)dhs
(4)

E[f(x)] = f_ ::of(x)f(hs)dhs - f

_CS

This function terminates at £. = 30 where ¢
represents the standard deviation.

Now multiplying both side of eq. (1) by f(h,) and
integrating with respect to h_in the limit—C_ and
+C,and E{(H) = h + a, E{p) = p and = being the
mean of surface roughness does not vary with
either time or position, the modified Reynolds
equation becomes as follows:

9 ecan, 2P+ Llecan, 1 2P) = 6uv
ax{ P 6x} 62{ P az}_ HY 5%

()

In which
F(A,N,H) = u[G(A,N,H)]

1 +Cs +Cs
-2 [ f H3 £(hy) dhy + 1242 f H(hy) dh,

Cs ~Cs

+Cs NH
- 6NAf H? coth—- f(h) dhs
~Cs 2A

(6)

Eq. (6) with the following non-dimensionalisation
scheme becomes:

g_x __z E_h __ pC?
"R PTwy T PTueRre
_C __«a __a __5 (7)
m=7. @=¢, 750 553
9 o op 1 0
—I|F(N a g &)— —
35 |F (VT ..5.6) 55 T @y 2z
- = _ _0p]_ 0h (8)
[F(V.Tn h25.8) 52 | = 52
Where,
_ _ 1
F(N, Iy, h,a,5,&) = o F(A, N, H)

=h®+ a® + &+ 3h%a + 3ha? + 3ha? + 3ac?
12(h+a) 6N _ _
+—(_ > %) —=— (3% + h* + @ + 2ha)
I Im
Nin(h+a)
— ©)
Eq. (8) represents the modified Reynolds equation

of rough hydrodynamic journal bearing under
micropolar lubrication its non-dimensional form.

coth

As per the configuration of a journal bearing
(Fig.1), as the expression of non-dimensional
thickness of fluid film & is a function of &y F will
also be a function of ¢,. Hence eq. (8) can be
expressed as:
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FaZﬁJraF 6;5_'_ 1 [_0?p] _oh
962 90 96 ' (L/D)?| 0z 00
Boundary condition:

1. The pressure distribution bears a reflection symmetry
over the mid-plane of the bearing

0p(6,0) _
0z
2. The pressures at the ends of the bearing are zero i.e.

{25(9;2)}2= +1 = {25(9' Z)}Z= 1=0

3. Cavitations boundary condition as stated by Floberg [15]:

a6

Where, 0, and 6, represents the angular positions where the film starts and cavitates. ]

Numerical Solution:

The finite difference method is applied for the
solution considering rectangular meshes of size

a_ — —
( p) =0 and PO2 o g <p<p,
at6,,z =0

GENERATION
(10)

along the journal axis )

> (11)

(A€ x AZ) each in which the first and second
order derivatives of non-dimensional pressure p
and the micropolar function F are represented by
central difference method as follows:

9 _ ®i+1,j — @)i-1j p _ ®@ij+1— @ij-1
00 _2(40) 0z . 2(42)
oF _ (Fiv1,j — (Fi=1,j oF _ (Fijs1— (F)ij-1 (12)
20 2(4A06) 0z 2(AZ)
0°p  D)i+1; —2@)ij+ @1 0% @)ijr1 —2®0)ij + @i j-1
962 (A0)2 0z2 (AZ)2
With the above finite difference scheme the non- by expanding eq. (10) as follows:
dimension pressure at every grid point is obtained
®@)ij = C1 P41, + C2 P)i—1,j + C3 )i j+1 + Ca (D) j—1 + Cs (13)
Where, C,=2|1+ ! (Aa)z
R (L/D)2\AzZ
C—1<1+CF1) d C—1<1 CFl)
7% 4 and %2 =72 4
o1 (A9)2 and ¢, L (AH)Z L e
37 Cy(L/D)?\AZ * 7 C,(L/D)? \Az (14)
6 £0(00)% 0
= ——=_—"SIn/o;
; Co_(F)i,j ~ '
F)ivq:=(F); 4 ;
In which, CF, :( )Hl']_ Fi-1,
(F)i
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Table 1. Comparison of the result obtained in the ongoing study with those obtained by S. Das[6]

Newtonian | N2=0.1, | N2=0.5, | N2=0.9, | N2=0.3, | N2=0.3, | N2=0.3,
l,=10.0 |I,=10.0 |1,=10.0 |1,=1.0 ,=10.0 |1,=30.0

Pmax Obtained 1.93268 2.12732 | 3.03422 | 450274 | 2.75726 | 2.54267 | 2.21738

in ongoing study | at 142.5° | at 142.5° | at 142.5° | at 150.0° | at 142.5° | at 142.5° | at 142.5°

Pmax Obtained 1.93027 2.12469 | 3.0305 | 4.49757 | 2.75382 | 2.54131 | 2.21464

by Das, S. [6] at1425° | at 142.5° | at 142.5° | at 150.0° | at 142.5° | at 142.5° | at 142.5°
All p,.x have occurred at the midplane of the journal.

Eq. (13) is then solved with successive over
relaxation scheme as discussed by Castelli
et al. [16] with the help of the boundary
condition as stated in eq.(11) and the

o o N O
Ly Ly

convergence criteria = 0.001, and

Zpm

taking over-relaxation factor as 1.03.
3. RESULTS AND DISCUSSION

The results obtained in this study for a smooth
journal-bearing system is compared with the
results obtained by S. Das[6] and is presented in
Table 1, that validates the theory and computer
code developed In this analysis, the film
pressure # under steady state condition is found
to depend on the characteristics of lubricating
fluid, i.e. the micropolar parameters— Coupling
number (V) and non dimensional characteristic
length (Im), the geometric parameters—
eccentricity ratio (&), slenderness ratio (L/D) and
the Stochastic roughness part of the fluid film i.e.
h, which as per roughness model considered can
be expressed trough three statistical parameters
viz. the mean (), standard deviation (7} and
skewness (E_}. The detailed study on pressure
profile is therefore done and presented for those
parameters. Respective film pressure
generations in Newtonian lubrication are also
studied for the comparison with the results of the
micropolar fluid.

3.1. Effect of Coupling Number (¥)

Effect of coupling number (N) on non-dimensional
pressure profile is shown through Figs. 2 to 5 for
increasing values of N, keeping other values fixed
atl =10.0,L/D=1.0, ¢,=0.5 and non-dimensional
values of roughness parameters viz mean, standard
deviation and skewness as &=0.1, 7=0.1 and c::=
0.01. Fig.6 shows the pressure profile at the mid-
plane of the bearing, which also is the position of
the peak pressure due to the reflection symmetry of
the system over the mid-plane of the bearing for
parametric variation of N keeping other parameters
same as before. The figures show that the three-
dimensional structure of the pressure profiles though
are similar, the pressure generated at every grid point
increases as the coupling number is increased.
Coupling number (N) couples the translation and
rotational momentum arising as the result of the
microspin effect of the micropolar particles in the
fluid; thus results the generation of an extra viscosity
¥ which is called the spin viscosity of the micropolar
fluid. As y increases with increase in N, the effective
viscosity gradually increases from the Newtonian
value as N increases. This enables the fluid to
generate higher pressure as the coupling number
enhances. On the other hand as N =0, y =0, the
equations representing linear and angular
momentums become uncoupled resulting eq. (7)
to reduce to that of classical steady state Reynolds
equation.
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Newteniane Fioid
£y = 0.5, LD = 1.0,

Poax= 121485 a8 —|

Micropolar Fluid

2.50 2.50 . P-li= I'jjljx ar I u-.l‘ 'w 5 m'l,]‘
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. . . . . . 2
Fig.2. Pressure profile for the Newtonian fluid. Fig.3. Pressure profile for N>=0.1.
Micrapelar Fluid j‘i:.,‘= 206218 at Micropelar Fluwd
Pow= L7809t —| V=051, =100, 2.50 #=142507 =050 ]  N=0.70, =100,
230 0 5= 0.5, LD = 10, 5 £= 05 LD=10,
2.00 T Roughmess parameters 2.00 T Roughness parameters
- Ja=01, s=0.1, =001 . a=01, =01, =001
~1.00 r
P 1.00
0.50 0.50
0.00 0.00
1,00
= 0.75 Py
o - 0.50 e 50
™ ‘3 . - -
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Fig.4. Pressure profile for N2=0.5. Fig.5. Pressure profile for N2=0.7.
P:.“z 238600 Micropelar Flusd .50 For Micropokar fluid N — Newtonian (= 121485
2.50 LQTlEFmes0 ] M=03,0,- 100, I A ar 0= 135,005 0.50)
— : g=05 LD=10, =il = 0 .‘..- - ‘-.. - N'=OI(F., = 133138 at
2.00 | Routhnesparameters | | 200 JRETI S0 | emmssedRasy
1.50 - L1 @ Ak . =il S NF=03 r"i-“=]_55”3ar
= 1.50 & =135.0° = 0.50)
F1.00 - seeNF= 05 (= 178909 ar
0.50 r 0= 142,55 5= 0.50)
1.00 = NTE LT [, = 206218 af
0.00 b | #=142.55=0.50)
= 1.00 ) ¥ \'I ----- N=00(F =2718600ar
0.95 0.50 | p=142.59 7= 0.50)
. : 0.50
[=] -
B . i =
é NE B z 0.00 =
N 8 E g 0 30 60 90 10 150 180 210 240 170 300 330 360
o 4
Fig.6. Pressure profile for N2= 0.9 Fig.7. Pressure profile at the mid-plane for
varying N.

3.2. Effect of Non-dimensional Characteristic
Length (I,,)

The effect of | is observed in the series of figure
Figs. 8 to 13 along with Fig. 2 for N>=0.3, ¢, =
0.5,L/b=10and&=0.1,5=0.1and £ =0.01.

Fig. 8 to Fig. 12 and Fig. 2 show that the pressure
generation is gradually drooping down to the
Newtonian value as | is increased. The strong
micropolar effect is evitable with the enhancement

in the value of characteristic length (1) or
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decrease in clearance in between the journal and
bearing (C) i.e. with the fall in the value of non-
dimensional characteristic length | . So the effect
of | is very important in lubrication theory as C is
usually very small here. In the limiting situation

when | — o, /i - 0 the micropolar effect is
diminished and the lubrication problem diminishes
to a Newtonian lubrication. Hence the pressure
generation gradually reduces to the Newtonian
value as | increases.

Fig.10. Pressure profile for | =20.0.

Poaa™ L.76260 at Micrapolar Fluwid Frny= LESIIS at Micropolar Fluid
2.50 P= 14250, 2 =080 N =030, =3.0. 2.50 = 13505, 2 = 0,50 o V=030, =100,
Bl £ =05 LD=10, : — £ =05, LD =10,
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a=01, =01, =001 - c=0.1, o=0.1, J=10.
150 . i 2 a=01, a=0.1, &= 001
P100 1,00
0.50 0.50
0.00 - 0.00
- 1.00 1.00
0.75 0.75
S oo T 0.50 0.50
29y =
w4 rﬁd' = b a b
“"RE8b. Z N~ BBy z
- 2 " e B
o "
Fig.8. Pressure profile for|_=3.0. Fig.9. Pressure profile for| =10.0.
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2.50 = 135002 =050 - Uy fpg = ST, 2.50 = 135.0° =050 J V=030, =40.0,
i £ =05, LA = 1.0, — 8= 0.5, LD = 1.0,
2.00 | Roughmess parameters 2.00 | Roughness parameters
r=0.0, &= 0.1, =001 =01, a=0.1, &=0.
_LSCI o T & 150 a=01, =01, J=0.01
P 1.00 #1.00
0.50 iy 0.50 3
0.00 j' 0.00
1.00 1.00
0.75 0.75
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E g
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_1.50
P 1.00
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Lo

=y = 3.0 (fi = 1. 76260118
= [42.5°, 7= 0.50}

=l 5.0 (= 166905 a0
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= A= 10.0(F,, =155 18 at
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= 135.0° T= 0.56)
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Fig.12. Pressure profile for| =60.0.
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3.3. Effect of Non-dimensional Mean (ir) of
the roughness

Variation of pressure profile at the bearing’s mid-
plane for the parametric variation of non-
dimensional mean (&) of roughness model is
presented in Fig. 14 for in the range
[-0.10, 0.10] keeping ¢, = 0.5, L/D = 1.0,
o = 0.1, and ¢ = 0.01 for both Newtonian and

micropolar lubricants. For micropolar fluid | and
N2 are taken as 10.0 and 0.5 respectively. The
peak pressures and its points of occurrence are
summarized in the figure, which establishes that
pressure generation in micropolar lubricant always
exceeds the pressure in the Newtonian fluid. The
peak pressure always generates at the mid-plane
as expected, though it occurs a little away in the
angular position in micropolar fluid than that in the

Newtonian fluid. As the  shifts from the negative
maximum to the positive maximum in the range
the pressure generation gradually is decreased.
This is because the average film thickness
gradually decreases as , increases in its range.
With same value of ,, pressure generation in
micropolar fluid also is higher in comparison to
the Newtonian fluid. Change of , has no effect

on the position of p_ .The combined effect of

micropolar parameters N and | _along with , are

shown in Figs. 15 and 16 respectively. In both
cases pressure generation decrease as

increases as the local film thickness decrease.
Again p approaches gradually to its Newtonian

value as the micropolar effect gradually
diminishes i.e. as N decreases or | _increases.

@ =—010 —..—g =—-005 —.—.-g =—001 ——-a = 000
vt = D0l ——ec—g = 005 -ceee-- g = 0.10
4.50 - -
For Micropolar fluid é Newtonian Micropolar
4.0 4 l’m= lﬂ.[l.. MN=10.5 ] [t j’:'ﬂu & z iimn & z
%=05, LD=10 I
. , 005 1.63355 | 135 |0.5 [3.20612]142.5°] 0.5
3.50 1 Roug_llncss |;=_i_ramﬂers -0.01]1.44655|135° [0.5 [2.77310]142.5°[0.5
6=0.1,¢=0.01 0.00]1.40444[135° [0.5 | 2.6602 [142.5°[0.5
3.00 3 SO MR TSR0 (2SI AL P IS
1 Micropolar 0.05]1.2008 |135° 0.8 [2.17040]142.5°( 0.5
2 50 3 Fluid 0.10]1.04453[135° [0.5 [1.78009]142.5°[0.5
| & ]
2.00
1.50 1 )
] Newtonian
1.00 _ Fluid
0.50 3
0.00 F—— — ——— e r e i S S— ——rr— S —
0 30 6l o0 120 150 180 210 240 270 300 330 360
()

Fig.14. Pressure profile at the mid-plane for varying Non-dimensional Mean ¢ of the roughness model.
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Fig.15. Variation of peak pressure with é& for Fig.16. Variation of peak pressure with & for

varying N.

3.4. Effect of Non-dimensional Standard
Deviation (&) of the roughness

Fig. 17 exhibits the effect of non-dimensional
standard deviation (Z) of roughness model on
pressure g_eneration forg, =05, L/ID=1.0,&=
0.1 and £ = 0.01 for both Newtonian and
micropolar lubricant. For micropolar fluid | and
N2 are chosen as 5.0 and 0.5 respectively. The
values of Pmax are mentioned in the figure with
their points of occurrence. It is observed that Zis
always high in the micropolar fluid in comparison
to the Newtonian fluid in the same operating
condition. The peak pressure again generates at
the midplane and a little further angular position
in micropolar fluid than that in the Newtonian fluid.
p drops in both lubricants with the increase in

- This is because the increase of 5 for a

varying | .

particular ,, indicates acceptance of wider range
of roughness over the specified mean , resulting
the increase in average fluid film thickness. In Fig.
18 and Fig. 19 the combined effect of N, 5 and |,
o are presented, which show that the pressure
generation gradually falls to its Newtonian values
as the effect of micropolarity diminishes. Both
curves show increase in pressure with a
decreasing rate as 5 decreases. This also can
be explained by the fact that as , decreases the
roughness approaches slowly to its mean value,
resulting the film to converge to its minimum value
slowly for that . This is because as variance
decreases the local film thicknesses not only
increases but also gradually stabilizing to a value
corresponding to the mean value of the roughness
considered.
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Fig.17. Pressure profile at the mid-plane for varying Non-dimensional Standard Deviation & of the

roughness model.
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3.5. Effect of Non-dimensional Skewness (&)
of the roughness

Effect of skewness of the roughness model
on the film pressure under both lubrications
are shown in Fig. 20 for the range -0.01 <
£<0.10 and the combined effects of N and

| along with ¢ are presented in respective

Figs. 21 and 22. Fig. 20 exhibits similarity
with Fig. 17 and Figs. 21, 22 shows the
similar trend as exhibited in Figs. 15, 16.
This is because as the skewness increases
the average film thickness decreases
resulting lower pressure generation.
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Fig.20. Pressure profile at the mid-plane for varying Non-dimensional Standard Deviation Z of the
roughness model.
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Fig.21. Variation of peak pressure with £ for
varying N.
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Conclusion

The steady state pressure is always
higher in micropolar fluid than that in
Newtonian fluid and it increases with the
increase in the degree of micropolarity i.e.
with increase in N and decrease in |,
because in such cases the degree of
micropolarity enhances resulting
generation of higher effective viscosity.

The steady state pressure decreases with
the increase in the mean of surface

roughness (&), standard deviation () and

skewness of roughness model (¢) , as
increase in the values of each of these
parameters result the decrease in the
steady state film thickness.
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