ISSN: 2320-5407

Int. J. Adv. Res. 10(10), 861-888

ISSN NO. 2320-5407

Journal Homepage: -www.journalijar.com

, \ INTERNATIONAL JOURNAL OF
' ADVANCED RESEARCH (IJAR)

Article DOI:10.21474/1JAR01/15557
DOI URL.: http://dx.doi.org/10.21474/1JAR01/15557

INTRENATION L MCRNAL O
ARV ANCED PSR AROW SJAR)

RESEARCH ARTICLE

MICROPOLAR FLUID LUBRICATION OF FINITE ROUGH POROUS JOURNAL BEARING

WITH SQUEEZING EFFECT

“Santosh Huggi

Associate Professor, Department of Mathematics, Government First Grade College, Afzalpur(Karnataka) India.

Manuscript History

Received: 28 August 2022

Final Accepted: 30 September 2022
Published: October 2022

Key words:-

Surface Roughness, Porous Journal
Bearings, Squeeze Films, Micropolar
Fluids, Static And Dynamic Behaviors

Nomenclature

In this paper, a theoretical analysis of the effect of surface roughness on
the squeeze film lubrication of finite porous journal bearings with
micropolar fluids is studied. A more generalized form of surface
roughness is mathematically modeled by a stochastic random variable
with non-zero mean, variance and skewness. The generalized average
Reynolds type equation is derived for the squeeze film lubrication of
finite rough porous journal bearings with micropolar fluids as lubricant.
The closed form expressions are obtained for the fluid film pressure,
load carrying capacity, journal centre velocity and locus of the journal
centre. The cases of a constant applied load and an alternating applied
load are analyzed under a cyclic load the micropolar fluids provide a
reduction in the journal centre velocity. Further, it is numerical
computations of the results show that the negatively skewed surface
roughness pattern increase fluid film pressure, load carrying capacity
and decreases the journal centre velocity. Where as adverse effects
were found for the positively skewed surface roughness pattern. The
effect of porous parameter causes reduction in fliud film pressure, load
carrying capacity and enhances the journal centre velocity.
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C radial clearance

¢ maximum deviation from the mean film thickness
e eccentricity

E expectancy operator

h(6) mean film thickness (h=C+ecos®)

h, random variable
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non-dimensional film thickness (= h/c)

minimum film height
film thickness (: h(6)+ hs)
porous layer thickness

permeability of the porous matrix

characteristic length of the polar suspension =(4L]

non-dimensional form of | (= I/c)

bearing length

1

2

coupling number :[ 4 j
X+2u

lubricant pressure

E(p)c®

(%)
ot

non-dimensional pressure | =

radius of the journal

time

u,Vv,w components of fluid velocity in x, y and z directions, respectively

Vi,V V3

r,0,z cylindrical co-ordinates

\Y

. oH ( o€ j
squeeze velocity, —| =C—Cc0S &
ot ot

W (S) steady load

w (t) applied load

microrotational velocity components in the x , y and z directions
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m N . _ E (W, )c?
W non-dimensional load carrying capacity | =
3 o€
ULRY| —
ot
W, amplitude of the applied cyclic load
W (S) mean steady load
2
(uN) (R
S sommerfeld number | =————4<—X| —
E (W) c
2LR
X, Y, Z Cartesian co-ordinates
o non-dimensional form of & (: a*/c)
a* mean stochastic film thickness
2 . . 2f_ .2
o non-dimensional formof 6° |=0o /C
*2 ;
o variance
& eccentricity ratio (=e/c)
& non-dimensional form of & (= g /C3)
5* measure of symmetry of the stochastic random variable.
X spin viscosity
4 viscosity co-efficient for micropolar fluids
y7] viscosity co-efficient
. . ) 27N
T dimensionless response time | = Wt

v permeability parameter (= kHo/c®)

0 circumferential co-ordinate (= x/R)

A length to diameter ratio (=L/2R)
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w frequency of applied cyclic load
A gradient operator

Introduction:-

The journal bearings have been extensively studied for a long time. In most of the studies the common assumptions
made where, the lubricants are Newtonian and the bearing surfaces are perfectly smooth. However, these
assumptions are unrealistic as most of the modern lubricants are non-Newtonian in their character and all bearing
surfaces are rough on mircoscale. Even early attempts to develop a theory of friction recongnized the fact that all
practically prepared surfaces are rough on the microscopic scale. The aspect ratio and the absolute height of the
asperities and vallys observed under the microscope very greatly, depending on material properties and on the
method of surface preparation, surface roughness height may range from 0.05 £z m or less on polished surface to 10

4 mon medium-machined surfaces. For the past few decades, the trend has been towards the increasing of viscosity

index to manifolds. This is due to the fact that, base oils with high viscosity index exhibit improved response to
additives of various chemical compositions which upgrades their quality and makes for reduced additives
consumption in the production of additives blended oils. Thus, the current paper presents theoretical study of non-
Newtonian behaviour of the lubricants by considering Eringen [1] constitive equations for the micropolar fluids.
Micropolar fluids contain a suspension of particles with individual motion. These particles support stress and body
moments [1-2] and are subject to spin inertia and hence microscopic effects generated by the local structure and
micro motion of fluid elements are exhibited. This fliud model is applicable for the study of flow properties of non-
Newtonian fluids such as polymers, paints, lubricants, suspended fluids, blood etc. The micropolar fluids theory has
been used by several investigators for the study of different bearing systems such as journal bearings [3-5], Slider
bearings [6-7], Squeeze film bearings [8-12] and porus bearings [13-15]. These studies revealed some of the
advantages of micropolar fluids over the Newtonian lubricants, such as increased load carrying capacity and delayed
time of approach for squeeze film bearings. The effect of surface roughness on the hydrodynamic lubrication of
bearings has been studied by several investigators. The random character of the surface roughness prompted several
researchers to adopt a stochastic approach to model a surface roughness [16-17]. The stochastic model developed by
a christensen [15] for the study of hydrodynamic lubrication of rough surfaces formed the basis for several studies
[18-21]. In recently Naduvinamani et.al [22-23] studied the hydrodynamic lubrication of journal bearings by
including the micropolar lubricants. Hence, in the present paper, the surface roughness on the bearing surface is
modeled by a stochastic random variable with non-zero mean, variance and skewness.

Mathematical formulation of the problem :-
The physical configuration of the problem under consideration is shown in the figure 1. The journal of radius R

approaches the porous bearing surface at a circumferential section, 0 with a given velocity, V[=Hj. The

lubricant in the film region is assumed to be micropolar fluid [1]. For the mathematical representation of the surface
roughness, the fluid film thickness H is considered to be consisting of two parts and is given by

H =h(8)+h 1)

where h (9) = C(1+ £CO0S 9) is the mean film thickness. ‘C’ is radial clearance and ‘ £ ’ is the eccentricity ratio

parameter, and N, is a randomly varying quantity measured from themean level and this characterizes the surface
roughness of the bearing.
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Figure 1:- Physical configuration of a finite porous journal bearing.

Let f (hs) be the probability density function defined over the domain —C < hS <c" where ¢ being maximum

deviation from the mean film thickness. The mean¢ , standard deviation & and the parameterg*, which is
measure of the symmetry of random variable hS are defined as [24].

o =E(h,) 2)
o €| (n-a) | ©
& =E|(n-a) | @

Where E is an expectancy operator defined by
E(e)="(e) f(h)dh, (5)

It is to be noted that, the parameters a, o and g are independent of x. The mean a and parameter g can
assume both positive and Negative values, however, o can always assume positive values. The particular case of
g =0 refers to the symmetrical distribution, negatively values of g refers to negatively skewed surface
roughness and positive values of & refers to positively skewed surface roughness pattern on the bearing surface.

The constitutive equations for micropolar fluids proposed by Eringen [2] simplify considerably under the usual
assumptions of hydrodynamic lubrication. The resulting equations under steady—state conditions are

Conservation of linear momentum:

2
2 Joy? “oy ox
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2
oV
( +£j6—\2’—z—1—@=0 @)
2) oy oy oy
Conservation of angular momentum:
7@_2;[\, +Z@_O 8)
R
0%V, au
y———2yVy;—y—=0. ©)
vt 7 Ty

Conservation of mass:

ou ov ow
—+—+—=0

(10)
ox oy oz

Where (u,v,w) are the velocity components of the lubricant in the x, y and z directions, respectively, and

(Vl,Vz ,V3) are micro rotational velocity components, y is the spin viscosity and y is the viscosity coefficient for
micropolar fluids and 4 is the Newtonian viscosity coefficient.

The flow of micropolar lubricants in a porous matrix governed by the modified Darcy law, which account for the
polar effects is given by [25]

—* _k *
q=——VD (11)

(1+2x)

Where q* =(u*,v* , W*) is the modified Darcy velocity vector, with

e Y e S M e S 12)
(n+z) ox (u+z) oy (n+y) o

K is the permeability of the porous matrix and p* is the pressure in the porous region.

Due to continuity of fluid in the porous matrix, p* satisfies the Laplace Equation.

2 . 2 . 2 .
62+62+62=0 (13)
OX oy oz

The relevant boundary conditions are

(a) at the bearing surface (y:O)

u=0, v=v", w=0 (14a)
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v, =0 ,v3=0 (14b)

(b) at the journal surface (y =H )
_oH

u=0,v=—, w=0 (15a)
ot

v,=0, v3=0 (15h)

Solution of the problem:-

The generalized Reynolds equation is given by [23]
SNt (N ) 22K o |0 O g (g )4 224K e 1O _gp  OH )
OX (u+x) Jox | oz (u+x) )oz ot

where  f (N,I,H)=H>+121°H -6 N1 H?coth NAD M % so .
21 ot ot
Multiplying both sides of equation (16) by f (hs) and integrating with respect to hS from —C  to ¢" and also

using equations (2) to (4), the averaged modified Reynolds equation is obtained in the form

ag{E[f (N1 22K H(,JaE(p)}+ 0 {E[f (N 222K HOJGE(p)}leﬂaE(H)

X (u+x) ) ox oz (u+yx) ) oz ot

(17)

Where

F(N,I,h)=E[f(N,,H)~ R+ F (F3+F,)
* * *2 <2 I *3 «
R=h3+e +3h%a" 13h (¢ +0" )13a 0" +a” +1212(h + &),

*2 *2 *
F,=—6NI(h>+&" +o +2ha’),
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3« W3 )
F3={1—coth2(Nh/2|)}M—N— e +a” +3dc | and
21 2413

N2 «2 %2 oH  de
Fs=coth (Nh/21)1-—(a +0 )¢. — =Cc—cCosd
412 ot dt

Introducing the non-dimensional scheme into equation (19)

— - - — — - H
o-% 7-2 121 A-Hopin m=Potiscose, n= k=X F =P g X
R L c c c c c? c R
a5, o g L kH,
a=—,0"=—,&=—7% , A=— , W="—
c 2aTa r Y 3

The modified Reynolds equation (17) can be written in a non- dimensional form as

a—Z{E{f_(N,I—, I—_|)+121//G:L Ezﬂ aé(;)}+£4/112j%{E{f_(N,l_, I-_I)+12y/[i; Ezﬂ aEa(:)}ﬂZcose

(18)

where f‘(N,I‘,H):H‘3+1zr2ﬁ_amrﬁzcom(ﬂ].

As the permeability parameter 7 — 0O, equation (18) reduces to the corresponding solid case. For the 180° partial
porous journal bearing, the boundary conditions for the fluid film pressure are

3T

p=0 at 0=—,—
p a >

NN

and p=0 at

N|

Il

[+
N

(19)
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The modified Reynolds equation will be solved numerically by using a finite difference scheme. The film domain
under consideration is divided by grid spacing shown in figure2. In finite increment format, the terms of equation

(18) can be expressed as

i, j+1
f
i, j+—
f f
- i+ =
B J ) PisL |
Pi-1j ¢ 1
. ) N A
Pi, j
- AZ
fo1
it
17
0 v
Pi,j-1 D AG "

(20)
I LN P |
42" o1 1+N2 J[oz |
1 1\(¢ 1-N2\\ (PP, (- 1-N2\\(P -P
- f i, j+1 I,j_f.. 12 i i,j-1
4,12XA7H itk ”{1+N2N Az j(w—%’L W(1+N2D( Az H
(21)
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Substituting these expressions (20) and (21) into the Reynolds equation (20) we get

=GR +1J+C2 i 1]+C3PI j+1+C4PI i-1+Cs (22)

SN P (S KPR
(T (2 M o(529)

C, =422 T, +12p| L= N® C
! i Y N2 o
C,=4A%r*| f ,, +12 1-N° C
2 i Y Nz )

where

The pressure, P is calculated by using the numerical method with grid spacing of A@ = 9% and AZ = 0.05.

The load carrying capacity of the bearing, W (t) generated by the film pressure is obtained by

9=3% z=%

EW(t))=-LR [ [ pcosododz (23)

o9=% z:—%
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For the bearing operating under steady load, W (S)the generated load, W (t) due to the squeeze film equals the

applied load, W (S)
(W (1) = EW(5)) @)

Using equations (22) and (24) in equation (23) the non-dimensional load carrying capacity, W is obtained in the

form

W:M—_ J. J. R, j cos6d6.dz (25)

de)
uLR3 (dtj o= 7=-%

M N
zZZﬁi’jcos@iAQ.AZ:g(g,l_,N,y/,a,a,gl) (26)

i=0 j=0
where M+1 and N+1 are the grid point numbers in the X and z directions respectively.

In many practical applications, the squeeze film journal bearings operate under dynamic conditions. Under
such conditions, the path of the rotor centre fluctuates in a manner compatible to the variations in the applied load.

To simulate this type of situation, the applied load is considered as a sinusoidal function of time.
E (W (t)) =W, sin(et) (27)

Where W, is the amplitude and @ is the frequency of the applied load oscillations. Using equations (26) and (27) in

equation (25) the velocity of the journal centre is obtained as

de 60sinz

dr Srg (g,l_, N,z//,a,a,gl) #)

uN (R ?
Where S=—"——| — | isthe Sommerfeld number and
(W0/2LR)\ C

27N ). ) _ _
T=0l= Et is the dimensionaless response time.
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Results and Discussions:-

To solve squeeze film pressure in the equation (22) the mesh of the film domain has 20 equal intervals along the
bearing length and circumference. The co-efficient matrix of the system of algebraic equations is of pentadiagonal
form. These equations have been solved by using Scilab tools.

The effect on the static and dynamic behaviors of squeeze film in finite rough porous journal bearings has been
studied on the basis of Eringen [ 22] microcontinuum theory for micropolar fluids.

The squeeze film lubrication characteristic of a finite rough porous journal bearings lubricated with micropolar
fluids are obtained on the basis of various non-dimensional parameters such as the coupling number,

Y
N| = which characterizes the coupling between the Newtonian and microrotational viscosities, the

y+2u

parameter, |_(= %) in which | has the dimension of length and may be considered as chain length of

microstructures additives. The parameterl_, characterizes the interaction of the bearing geometry with the lubricant
properties. In the limiting case as | — 0 the effect of microstructures becomes negligible. The effect of

kH
permeability is observed through the non-dimensional permeability parameter, l//[z —30 and it is to be noted
c

that as 7 — 0 the problem reduces to the corresponding solid case and as | ,N — 0 it reduces to the

corresponding Newtonian case. The non-dimensional parameters &, &, and o characterizes the type of roughness

asperities on the bearing surface. The values of these parameters are so choosen that the corresponding film shapes
be feasible. The static and dynamic squeeze film characteristics for finite rough porous journal bearings with no
journal rotation have been computed by using equation (22), (26) and (28) and are presented in figures 3 to 23.

Squeeze film pressure:-

The effect of Micropolarity on the variations of non-dimensional squeeze film pressure P with the circumferential
co-ordinate @ for different values of | and N is depicted in the fig .3 and 4. It is observed that P increases
significantly for increasing values of | and N. The effect of roughness parameters &, & and o on the variation of
P with @ is depicted in the Figs 5 to 7. it is observed that P increases for negatively increasing values @ and &,

where as positively increasing values of ¢ and & decreases P ( Figs 5 and 6). The increasing values of o
decreases P significantly. The effect of permeability ¥ on the variation of P is shown in fig.8. It is observed that
the increasing values of permeability parameter i/ decreases p .

Load carrying capacity:-
The variation of non-dimensional mean load carrying capacity W with the eccentricity ratio parameter, & for
different values of | and two values of the permeability parameter, i = 0.1,0.01 is depicted in the figure 9. it is

observed that the increasing values of | increases W as compared to corresponding Newtonian case (I_ - O).

The variation of non-dimensional load carrying capacity W with the eccentricity ratio parameter, & for different
value of N and two values of the permeability parameter, y =0.1,0.01 is depicted in the figure.10. It is

observed that the increasing values of N increases W for both the values of V.

The effect of roughness parameters &, &, and o on the variation of W with the eccentricity ratio parameter, & is

depicted in Figs 11 to 13. it is observed that the negatively skewed surface roughness increases W , where as the
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positively skewed surface roughness decreases W (Figs 11 and 12). Further, it is observed that W decreases for
increasing values of 0.

Journal centre velocity:-
= de
The effect of micropolar parameters | and N on the variation of the journal centre, (E with non-dimensional

time parameter 7 is depicted in the fig. 14 and 15 respectively and two values of permeability parameter . It is
observed that the journal bearing lubricated with micropolar fluid experiences high resistance to be motion of the
journal centre as compared to the Newtonian case. This is an encouraging result for the lubrication engineers,
because it implies that the journal centre will take a longer time to come in contact with the bearing surface which in

de
term increases the bearing life. The effect of the roughness parameters «, &, and o on variations of (E with

non-dimensional time parameter 7 is depicted in the fig. 16 and 18, respectively. It is interesting to note that
negatively skewed surface roughness on the bearing surface experience more resistance to the motion of the journal
centre, where as the positively skewed surface roughness causes the increases in the journal centre velocity.

Locus of the journal centre:-
The locus of the journal centre, & is obtained by solving the equation (28) with an initial condition, 8(0) =0.0.1t

is observed from Figs 19 and 20, that the rough journal bearing lubricated with micropolar fluids operates with
lesser eccentricity ratio & than that with Newtonian lubricant. It is due to the fact that, the micropolar fluids offer
greater resistance to the journal motion. Therefore, the same load can be applied for a longer time period for the
journal bearings with micropolar fluids as lubricant.

These effects are more pronounced for the journal bearing with negatively skewed surface roughness on the bearing
surface (figs 21 and 22). Fig.23 Shows the variation of & with 7 for different values of o . It is observed that &
increases for increasing values of o .
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Figure.3:- The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of
1 with N=0.6, ¥ =0.1,&=0.1,6=0.15,, =0.1, A =0.75and £ =0.2

O—
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Figure 4:- The Variation of non-dimensional film pressure with circumferential co-ordinate for different
values of N with | =0.2, v=01a0=01056=0.15¢g =0.1,41=0.75and £ =0.2
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O—

O|—

Figure 5:- The Variation of non-dimensional film pressure with circumferential co-ordinate for different
values of & with N =0.6,1 =0.2, v =0.106=015¢ =0141=0.75and £=0.2
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Figure.6:- The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of
g with N=0.6,1 =0.2, y =0.L, & =0.1, 5=0.15, A =0.75and £ =0.2
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Figure 7:-The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of &
with N=0.6,1 =0.2, ¥ =0.1,a=0.1, & =0.1, 1 =0.75and £ =0.2
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Figure 8:- The Variation of non-dimensional film pressure with circumferential co-ordinate for different values
of y with N = 0.6,1 =0.2, #=0.1,5=0.15, & =01 1=0.75and £=0.2
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20
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Cme —=— _1=0.0 [Newtonian]
B —— T1=01

e A —A— |1=0.2

0.0

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure.9:- Variation of non-dimensioffal load W with & for different values of |

with N =0.6, y =0.1, « = 0.1, 5 = 0.15, g =0.1andx=0.75

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 10:-Variation of non-dimensional 10ad W with ¢ for different values of N
with1=0.2,y=0.1,*=0.1,5=0.15,g =0.1and A =0.75
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Figure.11:- Variation of non-dimefisional ioad W with & for different values of o
withN=0.6,1=0.2,y=0.1,5 =0.1,5=0.15and » = 0.75.

6.0
55
5.0
4.5

4.0

w 3.5

3.0

2.0

15 I I I I I I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 12:- Variation of non-dimensfonal foad W with ¢ for different values of g,
withN=0.6,1=0.2, y=0.1a=0.1,5=0.15and » = 0.75.
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Figure 13:- Variation of non-dimensional Ioad W with ¢ for different valuesof o
withN =0.6,1=0.2, y =0.1,a=0.1,& =0.1and A = 0.75.
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Figure 14:- Velocity of the Journaf center, (d&/dt) verses 1 for different values of |
withN=0.6,=0.1,65=0.15,5 =0.1,2=0.75¢=0.2and s = 0.9.
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15
vy=0.1 y¢=0.01
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Figure 15:- Velocity of the Journal center, (d&/dt) verses t for different values of N
with 1=0.2,¢=0.1,5=0.15,¢ =0.1,. =0.75,¢ =0.2and s = 0.9
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Figure 16:- Vecolicty of the Journal cetnter, (d&/dt) verses < for different values of o with
N=06,1=02y =01,5=0.157¢ =01,4=0.75¢=02and s = 0.9
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Figure 17:- Velocity of the Journal cehter, (d</dt) verses t for different values of g, with

N=0.6,1=02,y=0.1,0=0.1,6=0.151=0.75,¢ = 0.2 and s = 0.9
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Figure 18:- Velocity of the Journal center, (de&/dt) verses = for different values of o with

N=06,1=0.2,y=0.1%=0.1, g, =01,2=0.75¢=0.2ands=0.9
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Figure 19:- Variation of locus of thé journal center « verses t for different values of |
withN =0.6,a=0.1,5=0.15,5 =0.1,2=0.75,¢ =0.2and s = 0.9
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Figure.20. Variation of locus of the journal center  verses t for different values of N
with1=0.2,a=0.1,5=0.155 =0.1,2=0.75,¢ =0.2and s = 0.9
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Figure 21:- Variation_of locus of the Journal center ¢ verse t for different valuesof o
withN=0.6,1=0.2, y =0.1,5=0.15,5, =0.1, A =0.75,¢ =0.2and s = 0.9
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Figure 22:- Variation of locus of the Jobirnal center ¢ verse = for different values of g, with
N=06,1=02 y=0.1,a=0.1,06=0.152=0.75 ¢=0.2 and s =0.9
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Figure 23:- Variation of locus of the J&urnal center ¢ verses t for different valuesof o
withN=0.6,1=0.2, y =0.1,a=0.1,g =0.1, A =0.75, ¢ = 0.2 and s =0.9

Conclusions:-

On the basis of Eringen [1] micropolar fluid theory and general stochastic method for the study of surface
roughness, this paper predicts the effect of surface roughness on the static and dynamic characteristics of pure
squeeze film lubrication of finite porous journal bearing with no journal rotations lubricated with micropolar fluids.
The film pressure distribution is solved numerically by using finite difference technique with a grid spacing of

AO=9° and AZ = 0.05. On the basis of the results computed the following conclusions are drawn below.

1. The presence of microstructure additives in the lubricant provides an enhancement in the fluid film pressure
and the load carrying capacity whereas the journal center velocity reduces.

2. The micropolar fluids offer the more resistance to the journal motion and hence the same load can be
applied for longer period of time for the journal bearings with micropolar fluids as compared to the
corresponding Newtonian lubricant.

3. The positively skewed surface roughness on the bearing surface increases the fluid film pressure, load
carrying capacity and decreases the journal center velocity hence the life of the journal bearing can be
improved due to the presence of negatively skewed surface roughness on the bearing surfaces.

4. The presence of positively skewed surface roughness on the bearing surface adversely affects the
performance of the journal bearing.
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