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This article examines the performance of squeeze film properties in various finite plates
lubricated with couple-stress fluid and subjected to a transverse magnetic field and surface
roughness. On the basis of Stokes couple-stress fluid theory and Christensen's stochastic
model are used to derive a modified Reynolds equation. The squeeze film pressure and
workload were calculated using the resultant equation with boundary conditions. The study
found that the bearing systems with surface roughness performed better than those with a
smooth surface when a magnetic field was present. Additionally, the presence of viscosity

variation resulted in a significant increase in the workload of finite plates compared to non-
viscosity variation cases. The study also revealed that the load was reduced in the presence
of porosity compared to the non-porous case.

1. INTRODUCTION

The use of a non-Newtonian fluid as a lubricant has piqued
the curiosity of many researchers due to the increased use of
non-Newtonian fluids in contemporary technology. Ariman et
al. [1, 2] and Stokes [3] developed several microcontinuum
models to describe the flow behaviour of various types of non-
Newtonian lubricants. The performance of different bearing
systems has been widely studied wusing Stokes’
microcontinuum theory. Couple-stresses have an impact on
this performance. The use of couple-stresses leads to a greater
workload and a longer response time, as shown by Lin [4],
Naduvinamani et al. [5], Naduvinamani and Patil [6],
Ramanaiah [7] and Bujurke and Jayaraman [8], among others.

Magnetohydrodynamics (MHD) is a field of study that
explores the interaction between conducting fluids and
electromagnetic phenomena. The existence of a magnetic
field plays a significant role in influencing and controlling
tribological properties. Bearings that utilize conducting fluids
in MHD exhibit exceptional properties such as high thermal
conductivity and electrical conductivity, which outperform
traditional bearings.

Surface roughness has typically had a direct impact on solid
thin film electrical, optical, and mechanical devices. Any solid
material’s surface roughness will have a significant impact on
the analysis of the macroscopic contact angle on its flat
surface, which is crucial for many processes including
lubricating, spreading, and wetting. Many techniques have
been used to examine the effects of rough surfaces, Tzeng and
Saibel [9] and Christensen [10] both wused stochastic
approaches and stochastic theories to slider bearing.
Christensen and Tonder [11-13] examined the effects of
roughness on slider and journal bearings, whereas
Naduvinamani et al. [14] investigated a sphere and flat plate,
and Rajani et al. [15] employed conical bearings. Based on
their study, it has been concluded that surface roughness
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increases squeeze film pressure, squeeze film load capacity,
and squeeze film approach time.

In practice, assuming a constant viscosity for the lubricant
under consideration is a generalization. In this problem the
viscosity of lubricants is not constant throughout their entire
height, and it can vary with the operating temperature.
Therefore, to account for the change in viscosity with
temperature, an empirical relation of the form is used [16].
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The parameter p; represents the known viscosity at the
minimum film thickness h = h. The variable Q, which takes
on values between 0 and 1 depending on the lubricant
properties, is used in the equation; Q equals 0 for perfect
Newtonian fluids and 1 for perfect gases. The situation being
analyzed assumes the presence of thermal equilibrium.

In the current work, the effects of surface roughness and
hydro-magnetic interactions on the couple-stress fluid
squeeze film between different finite plates are investigated.
Non-Newtonian hydro-magnetic Reynolds equation is
produced by using the stochastic model of Christensen and
Stokes microcontinuum theory and the hydro-magnetic flow
theory, considering the lubricant to be of the form of a very
thin film. The impacts of surface roughness, hydromagnetic
aspect and couple-stress fluids with viscosity variation are
studied via the variation of the Hartmann parameter M,
couple-stress parameter [*, viscosity variation parameter Q
and permeability parameter V.

Q

2. MATHEMATICAL FORMULATION

Figure 1 displays the configuration of distinct finite plates.
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The lubricant that is taken into account within the film area is
a couple-stress fluid. The upper plate moves towards the

lower plate at a uniform velocity, represented by v = %. The
lower surface is considered to be both porous and rough, with

asperities contributing to the roughness of the surface. This
roughness can be expressed mathematically as follows,

H = h(t) + hs(x,y, )

where, the first half of the above expression represents the
deterministic part of the film thickness and the second half
stands for the random part of the film thickness. ¢ is the index
parameter which determines exact roughness pattern.

Figure 1. Different geometries (a) Annular, (b) Circular, (c)
Elliptic, (d) Triangular, (¢) Rectangular

The expression defines the expectancy operator, denoted by
E(*)

Ex) = [7 ()f(hs)ds

The equation expresses the probability density function
f(hs) of the stochastic variable hy, which is used in the
calculation of the expectancy operator.
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f(hs) = {E

(c*>=h2)? —c<hs<c

otherwise

The Stokes equations for continuity and momentum for the
couple-stress fluid may be formulated as follows, assuming
the fundamental hypotheses of hydrodynamic lubrication of
thin films as stated in Fathima [17],

o*u

%u oB2

dp
2t ~-P-9 1
dy? ay* u ax (1
2%w o*w oB3 0
2 4 Sw—P= 0 @)
ady oy u 0z

731

ap

3y 3)
ou  Ov  Ow __
ax Tay Taz = 0 )

The following equation describe the boundary conditions
for the problem being considered.
(i) At the lower plate (y=0)

%u  3*w .

u=w=0,ﬁzay2=0,v=—v (5)
(ii) At the upper plate (y=h)
o lu_ P
u—W—O,W—ayz—O.v—dt (6)

Within the porous matrix, the velocity component in the y-
direction, denoted by v*, is subject to a modified Darcy’s law
and is given by:

-k 9p*
v =
u(1-p) oy

where, p* represents the pressure in the porous medium, % is
the permeability of porous matrix and [ denotes the ratio of
micro-structure size to the pore size.

The Laplace equation is satisfied by the pressure with in
porous material, p*.

azp* azp*
dy? 9z2

a%p*
dax2

=0
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Egs. (1) and (2) are integrated with respect to (5), (6)
boundary conditions.
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Solving the Eq. (8) and (9) by applying the boundary

condition (5), (6) and integrating throughout the film
thickness h gives:
rN\Q odh
a%p | 3*p _ ul(h_o) MZW
a2 a2 (10)
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where,

R

2 h h
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The stochastic average of Eq. (10) is obtained by applying
expectation operation on both sides with respect to f{A),
which takes the form.
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Eq. (11) represents the average modified Reynolds
equation for radial roughness pattern.
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Eq. (12) represents the average modified Reynolds
equation for azimuthal roughness pattern.
Combining the above equations gives

r\Q ,dn
o o _ i) M 13)
ax2  9z2 h0<G(thc)+(126§)>

where,

E(g(h,I,M)) Radialroughness
G(h,l,M,c)={[ 1

-1
W] Azimuthalroughness

2.1 Annular plates

The flow is axisymmetric and the Eq. (13) reduces to:
10 ap\ _
ror (r 5) -

Solving (14) with the boundary conditions

dh
H1(%) MZ

hquM@4ggD

(14)

P(a) =P(b) =0

the non-dimensional equation for annular plates pressure is
obtained by:

h3p
w(§p)@>-b2)m

h 2
r)OM (logr* r*z)
) loga* a*?

(g
amG*(H* 1 M.0)(

The expression for work load in non-dimensional form for

annular plates is given by,

P*=—

(15)
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where,

G*(H", 1, M, ¢) = h2(G(h, 1, M, c))
=l =H =h +h,

ho

a 21 T
a=-¥ = —3,l*—( )r*z—
b h ho b

2.2 Circular plates

The Eq. (13) is solved using the boundary conditions
specific to circular plates, which are as follows:

— [ —
P(a) = 0and (3T)r:0 =0
The following equation provides the dimensionless
expression for pressure.

oy —y2

n3p () "M7[1-77]
dh

m(Gpan

P =

(17

N amG* (H % M,0)+( 12 )

(1-B)

The non-dimensional expression for work load for circular
plates is given by:

h
Whi () M?

wW* = — =
8mG*(H*, l*Mc)+(

(18)

=)

#1(%)‘14”2
the radius of plates is represented by the parameter a.
2.3 Elliptic plates

The Eq. (13) is solved by using boundary conditions
specific to elliptic plates as given in Eq. (19).

p(x1,2,) =0 (19)

where,

xf

2
21 __
a2+b_2_1

The following equation represents the non-dimensional
expression for the pressure distribution for elliptic plates.

h *
(h—O)QMZa

p* _ hgp
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the following equation provides the non-dimensional
expression for the workload associated with elliptic plates.
whd (L)QM2 a*

dh
w1 (Gpa2v2n?

w*=—

2
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2.4 Triangular plates
Solving Eq. (13) with the boundary conditions

p(x,2) =0
(% — a)( —V3Z+2a)(x —V3Z+2a) =0

In the above equation, the parameter 2v/3a denotes the
length of the equilateral triangle.



The following equation provides the equation for pressure
in non-dimensional form is given by:

np Go)om?
p* = 0 = 77y X -
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V3z V3z | «x
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the following equation provides the expression for workload
in non-dimensional form.
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2.5 Rectangular plates

When the Eq. (13) is solved with boundary condition:

p(i%,z) =0

p(x22) =0

the following equation provides the expression for pressure
distribution in rectangular plates in non-dimensional form,

o2
P* = — h(:’;p = (ho) " X
u@ab  2a*6*H M)+ (Gor)
thde ) (24)
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The work load in non-dimensional form is given by:
h
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s a
[ - _Zn 1
In the above equation, a and b denote the sides of the

rectangular plate. The values of the series solution in Egs. (24)
and (25) are computed up to n=100.

3. RESULTS AND DISCUSSIONS

This study delves into the exploration of squeeze film
properties across different shapes under the influence of rough
surface, magnetic field, and couple-stress. The analysis
focuses on the effect of three dimensionless parameters (¢, M,
and [*) on the squeeze film, with ¢ representing the roughness
parameter, M is the Hartmann number and the existence of
polar additives in the lubricant leads to the emergence of the
parameter [*, which can be thought of as the chain length of
the polar additives within the fluid. [* influences the way in
which the fluid interacts with the bearing geometry.

For all the shapes analyzed, the general equation for the
load is as follows:

_Whi
w* = = S;K

( )A2
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with S representing the shape-factor provided by Table 1, A
symbolizing the key area of the plate, and K =

2
M a parameter that considers the impacts of
GrHM MO+ (F)

12¥
a-A
couple-stresses,
roughness.

Table 2 displays the changes in the non-dimensional
workload, W™, as a result of the variation in the couple-stress
parameter [* , roughness parameter ¢, and magnetic
parameterM. It can be observed that the use of couple-stress
fluid in conjunction with magnetic field and surface
roughness significantly improves the workload compared to a
smooth surface Fathima et al. [8] and traditional non-
conducting Newtonian fluids. The reason for this is that the
externally applied magnetic field, which is perpendicular to
the flow, causes a reduction in the velocity of the fluid in the
film region. Additionally, surface roughness minimizes
sideways fluid leakage and slows down the fluid velocity,
thereby retaining a large amount of fluid in the fluid film
region, resulting in a substantial pressure distribution.

Table 3 showcases the variation of non-dimensional
workload with variation in viscosity with porous and non-
porous cases. The data suggests that, for both non-porous and
porous cases, the workload increases as the viscosity variation
parameter O increases. However, it is observed that the
workload of the non-porous case is higher than that of the
porous case.

The impact of plate shape on the workload is displayed in
Figure 2. From the graph it is observed that workload
increases as Hartmann number increases with surface
roughness c¢. The variation of workload with changes in
viscosity is shown in Figure 4, it is noted that load increasing
as Q increases. The results of the study show that circular
plates, when lubricated with couple-stress fluid and subjected
to surface roughness in the presence of a transverse magnetic
field, perform better in terms of squeeze film performance
compared to the conventional scenario of using a non-
conducting Newtonian fluid and a smooth surface. The impact
of plate shape with porosity on the workload is displayed in
Figure 3 and the variation of workload with viscosity variation
and porosity are shown in Figure 5. Among all geometries,
lubricated with couple-stress fluid with surface roughness in
the presence of a transverse magnetic field exhibit lower
squeeze film performance compared to the non-porous case.

hydro-magnetic effects, and surface

¥ Radial — % — Circular —— Circular
12 — — = Azimuthal — 8 — Annular —8— Annular
\ Elliptic Elliptic
\ — € —Triangular —— Triangular
10 \ Rectangular Rectangular
Y
A\ )
Sh H 6
g 5 \ 5

E(
[=2]
///
7 7
7
/ j' -
X
s
/ / A
P 7\ <
g
/!
/
24

Figure 2. Plot of non-dimensional workload W™ and H* for
various geometries with ¢=0.3, [* = 0.3, M=3, a* = 2



Table 1. Shape-factor of various plates

Different Geometry  Characteristics Area A Shape-factor S Spata* =2
1 (a?+1 1
Annular (a®> - bH)n ———-— 0.0089116
8m\a?2—1 loga*
1
Circular ma? — 0.0397880
8w
. 1 a*
Elliptic mab E a*z—+1 0.0318310
Triangular 3v/3a? g 0.0288680
2n+1 .
1 [m*a* 160> tanh(—5—)ma
Rectangular ab — | —- —Z s 0.0285850
mta*2\ 12 T Lup=1 (2n+1)>°

Table 2. Non-dimensional W™ work load for diverse values of M with roughness c and [* at a* = 2 and H* = 0.3

¥=0,Q=0,C=03 _ C=0.0[17]

Different Geometries Work Load M Azimuthal . Radial M

78.1304 155817 62.0957

Circular 78.2699  15.7651 62.2591
78.6886 16.31 62.7481

79.3864 17.2014 63.563

62.5043  12.4653 49.6765

Elliptic 62.6159 12.6121 49.8073
62.9509 13.048 50.1985

63.5091 13.7611 50.8504

56.6851 11.3048 45.0516

. 56.7864 11.4379 45,1702

Triangular

57.0901  11.8332 45.525
57.5964 124799  46.1162
56.1304  11.1942  44.6111
56.2306 11.326 447285
56.5314  11.7174  45.0798
57.0327  12.3578  45.6652
17.4989 3.4898 13.9077
17.5302 3.5309 13.9443

17.624 3.65298 14.0538
17.7803 3.8526 14.2363

Rectangular

Annular

WNEFRPOWNEFEOIWNEFEOWNE OWNEF O

Table 3. The non-dimensional workload variation with height is shown for distinct values of the viscosity variation parameter
Q,withM=3,¢=0.3,[* =03,and H* = 0.5ata* = 2

Different Plates C=0.3, ¥=0.0 C=0.3, ¥ =0.001

Q Azimuthal Radial Azimuthal Radial

0 6.5521 3.5499 3.3663 2.6494

Circular 0.1 9.3040 4.7899 4.5420 3.5748

0.2 13.2117 6.4629 6.1285 4.8235

0.3 18.7606 8.7203 8.2691 6.5082

0 5.2417 2.8400 2.6930 2.1196

0.1 7.0725 3.8319 3.6336 2.8599

Elliptic 02 95429 130480 49028  3.8588
03 128760 69762  6.6153  5.2066

0 47537 25756 24423  1.9222

Trangular O 64141 34752 32053 25036

0.2 8.6544 4.6890 4.4463 3.4995
0.3  11.6772 6.3267 5.9994 4.7219

0 4.7072 2.5504 24184 1.9034
0.1 6.3513 3.4411 3.2631 2.5682
0.2 8.5697 4.6431 4.4028 3.4653
0.3 115630 6.2648 5.9407 4.6756

0 1.4675 0.7951 0.7539 0.5934
0.1 1.9801 1.0728 1.0173 0.8007
0.2 2.6717 1.4475 1.3726 1.0803
0.3 3.6048 1.9531 1.8520 1.4577

Rectangular

Annular
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Figure 4. Plot of non-dimensional workload W* and H* for
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M=3, a* = 2
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4. CONCLUSION

This article delves into the analysis of the performance of
various geometries under the effect of surface roughness,
MHD and couple-stress fluid. The results show that the
workload, with its sensitivity to surface roughness and
viscosity variation, increases as the magnetic parameter M,
roughness parameter ¢, and couple-stress parameter [*
increase. It’s noteworthy that the non-dimensional workload
depends solely on the shape-factor Sf. Therefore, circular
plates demonstrate the greatest work load compared to other
plate shapes, as indicated in Table 2. Furthermore, Table 3
shows that the work load decreases in the presence of porosity
for all plate geometries.
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