
Chapter 5
Squeeze Film Bearing Characteristics
for Synovial Joint Applications
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Nomenclature

B Width of parallel plate, m
C Partial journal bearing radial clearance, m
h, H Film thickness, m; H = h/ho for parallel plate; H = h/C for partial journal

bearing
ho Reference film thickness, m
k1, K1 Permeability of porous layer in region I, m2; K1 = k1/h20 for parallel plate;

K1 = k1/C2 for partial journal bearing
L Length of parallel plate; length of partial journal bearing, m
p Pressure distribution, N/m2; P = ph30/μL2(−dh/dt) for parallel plate, P =

pC2/μR2(dε/dt) for partial journal bearing
q, Q Flow rate (volume) per unit length, m2/s; Q = q/L(−dh/dt) for parallel

plate; Q = q/RC(dε/dt) for partial journal bearing
R Journal radius, m
ui, Ui Fluid velocity in surface (or porous) layer region I, couple stress

fluid film region II, surface layer region III, respectively, m/s; Ui =
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ui/[(L/ho)(−dh/dt)] along x direction in parallel plate; Ui =
ui/[R(dε/dt)] along θ direction in partial journal bearing, i = 1, 2, 3

uj, Uj Fluid velocity at the interface of surface (or porous) layer region I and couple
stress fluid film region II, couple stress fluid film region II and surface layer
region III, respectively, m/s; Uj = u j/[(L/ho)(−dh/dt)] along x direction
in parallel plate; Uj = u j/[R(dε/dt)] along θ direction in partial journal
bearing, j = 12, 23

w, W Static load, N; W = wh30/μL3B(−dh/dt) for parallel plate; W =
wC2/μR3L(dε/dt) for partial journal bearing

x, X X direction coordinate, m; X = x/L for parallel plate; θ = x/R for partial
journal bearing

y, Y Y direction coordinate, m; Y = y/ho for parallel plate; Y = y/C for partial
journal bearing

Greek Letters

δi, �i Thickness of surface (or porous) layer region I, couple stress fluid film region
II, surface layer region III, respectively, m; �i = δi/ho for parallel plate,
�i = δi/C for partial journal bearing; i = 1, 2, 3

ε Partial journal bearing eccentricity ratio
μ Core layer (base fluid) viscosity, Ns/m2 ; μ = μ2

μi Dynamic viscosity of surface (or porous) layer region I, couple stress fluid
film region II, surface layer region III, respectively, Ns/m2; i = 1, 2 ,3

β i Dynamic viscosity ratio of surface (or porous) layer region I to core layer,
dynamic viscosity ratio of surface layer region III to core layer, respectively;
βi = μi/μ; i = 1, 3

η Couple stress material constant, kgm/s
λ Couple stress parameter; λ = (√

η/μ
)
/ho for parallel plate, λ =(√

η/μ
)
/C for partial journal bearing

θ Angle measured from the center position in partial journal bearing

1 Squeeze Film Bearing Lubrication in Synovial Joints

Squeeze film lubrication characteristics for synovial joints identified as bearings
are influenced by surface and lubricant properties. In squeeze film lubrication, fluid
between two lubricated surfaces approaching each other is squeezed out and pressure
is built up to support the applied load. The load capacity mostly relies on the pres-
sure field induced by the squeezed fluid velocity caused by the approaching surfaces.
There is an increasing focus on research on tribological mechanisms and lubrication
of synovial joints applications. Mattei et al. [1] reviewed literature on lubrication and
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wear models of hip implants that have been used to investigate the effects of geo-
metric and material parameters. The need for including both lubrication and wear
aspects that can help in the development of hip implants is highlighted. Myant and
Cann [2] reviewed lubrication models of artificial hip joints and suggested that inter-
facial film formation is driven by aggregation of synovial fluid proteins in shear flow
to high viscosity which is entrained into the contact zone. Boedo and Coots [3] inves-
tigated the wear characteristics of a novel squeeze film hip implant design based on
geometry coupled with kinematic and load characteristics of the human gait cycle.
The squeeze film design employing low modulus elastic elements with high modu-
lus metallic coatings showed a promising alternative to contemporary artificial hip
joint designs. Pascau et al. [4] investigated the role of fluid film lubrication in total
knee replacement systems during the stance phase of walking under various joint
conformity conditions. The hydrodynamic lubrication at the early stance phase, cou-
pled with high conformity, helps to decrease significantly the compressive stresses.
The synovial joint lubrication investigations are significant in design of total knee
replacement (TKR) with large variations in conformity and total hip replacement
(THR) based on significant conformity.

This study aims to explore layered squeeze film parallel plate and partial jour-
nal bearing described through porous–surface adsorbent layers with couple stress
fluid film core region. The porous–surface adsorbent Newtonian layers are of higher
viscosity than couple stress fluid core layer of conventional viscosity.

1.1 Squeeze Film Bearings in Synovial Joints

Ruggiero et al. [5, 6] presented synovial fluid film force for squeeze film lubrication
of the human ankle joint using closed-form description. The synovial fluid motion
through a porous cartilage matrix is depicted as fluid transport across the layered
articular cartilage medium [5]. The couple stress characteristics of synovial fluid and
porosity of cartilage matrix are considered in the evaluation of fluid film force acting
on the synovial human ankle joint during squeezemotion [6].Mongkolwongrojn et al.
[7] presented transient investigation of artificial knee joint in elasto-hydrodynamic
lubrication for point contact with non-Newtonian lubricants. Under similar operating
conditions, theminimumfilm thickness obtained for a shear thinning non-Newtonian
fluid is lower than a Newtonian fluid. Bujurke and Kudenatti [8] presented squeeze
film behavior of poroelastic bearings considering surface roughness of cartilage and
couple stress behavior of synovial fluid. Abdullah et al. [9] investigated surface
roughness and hydrodynamic lubrication impact on the performance of articular
cartilage of synovial human knee joint while gait cycle. Sinha et al. [10] analyzed
behavior of synovial fluid lubrication of human joints governed by micro-polar fluid
theory. Synovial fluid contains long-chain hyaluronic acid chain molecules causes
an increase in the effective viscosity near the porous cartilage, by way of an increase
in the micro-motions and the couple stress.
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1.1.1 Parallel Plate

Lin et al. [11] investigated the performance of two parallel squeeze filmplates consid-
ering non-Newtonian couple stresses and convective fluid inertia forces. Combined
response of surface quality as well as couple stress fluid in squeeze film poroelastic
bearings of synovial joints was investigated by Bujurke et al. [12]. The effects of sur-
face quality and elasticity are more prominent for poroelastic bearings with couple
stress fluids.

1.1.2 Partial Journal Bearing

Walicki andWalicka [13] investigated an enhancement in couple stress fluid squeeze
film behavior of a synovial joint using hemispherical bearing. Lin [14] predicted the
performance of infinitely long partial journal bearing considering the couple stress
fluid squeeze film.

1.2 Couple Stress Fluids

The long-chain molecules as polar additives in synovial fluid are characterized as
couple stress fluids. Stokes [15] couple stress fluid model derived based on micro-
continuum theory is the simplest generalization of the classical theory of fluids.
The effect of couple stresses might be expected to appear to a noticeable extent in
lubricants containing additives with long-chain molecules. Stokes couple stress fluid
model allows for the polar effects such as the presence of couple stresses and body
couples. The effects of couple stresses on the squeeze film motion of the synovial
joints were analyzed. These investigations on the presence of couple stresses in
synovial fluids have led to the enhancement in the load carrying capacity of joints in
comparison with the Newtonian lubricant case.

1.3 Layered Lubrication Analysis

The additives have proved to improve the performance of thin film hydrodynamic
lubricated contacts forming a thin porous layer adhering to bearing surfaces.

1.3.1 Porous Layer

Many researchers have considered the effects of porosity [16] of cartilage surfaces
of the synovial joints. Li and Chu [17] and Elsharkawy [18] presented the effect of
porous adsorbent layers and couple stress fluid core layer for improvement in thin
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film lubrication performance of journal bearing. To investigate the effects of lubricant
additives, the boundary layer microstructure of lubricating surfaces are modeled as
thin porous films adsorbed on bearing surfaces. The Brinkman model is used to
analyze flow in the porous region and Stokes micro-continuum theory is utilized
to model the couple stress effects. Rao et al. [19] presented an analysis of journal
bearing with double-layered porous adsorbent film on bearing surfaces with couple
stress fluid. The surface layer is simulated as a porous layerwith infinite permeability.
A low-permeability porous layer interface with core conventional viscosity layer in
a lubricant film with double-layered porous layer configuration improves journal
bearing performance characteristics.

1.3.2 Surface Layer

Tichy [20] derived generalizedReynolds equation using surface layermodelwherein,
surface layers possessed higher viscosity than core layer which is pertinent to thin
film lubrication. With an increase in thickness and viscosity of surface layers, higher
load capacity and lower coefficient of friction are obtained for journal bearing. Szeri
[21] investigated significant savings in journal bearing power loss due to reduction
in viscous friction based on a structure of a composite film that combines high-
and low-viscosity fluids. Rao et al. [22] evaluated three-layered film journal bearing
for improvement in load capacity and decline in friction coefficient lubricated with
nanoparticle mixed couple stress fluid.

2 Parallel Plate Layered Lubrication with Couple Stress
Fluids

This study investigates adsorbent layered couple stress squeeze film lubrication in
parallel plate. Figure 1 shows parallel plate with layered lubrication. An adsorbent
layered lubrication with couple stress fluid film core region is described through the

(a) Porous surface double layer (b) Porous (or surface) – surface layer 
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L x

y h 

Surface layer region II 

Porous Layer region I 

Couple stress fluid film region III 

h- δ1-δ2 δ1
δ2

W 

L x 

yh

Couple stress fluid film region II 

Layer region I 

Surface layer region III 

h- δ1-δ3 δ1

δ3

Fig. 1 Parallel plate with layered lubrication



60 T. V. V. L. N. Rao et al.

following configurations: (i) porous–surface adsorbent double layers (I, II) on station-
ary plate (Fig. 1a), (ii) porous–surface adsorbent layer (I, III) on stationary–moving
plate (Fig. 1b), and (iii) surface–surface adsorbent layer (I, III) on stationary–moving
plate (Fig. 1b). The fluid viscosity in the porous layer is considered as conventional
core layer viscosity while the surface adsorbent layer viscosity is considered higher
than conventional core layer viscosity. A one-dimensional modified Reynolds equa-
tion is derived based on Newtonian fluid model in surface layer region, Brinkman
model in porous layer region and Stokes model in couple stress fluid film region.
The non-dimensional film thickness in layered parallel plate is H. The variation of
squeeze film pressure across the layered fluid film is assumed to be negligible. The
thickness of surface (or porous) adsorbent layers is considered as constant. Rao et al.
[23] analyzed the squeeze film load capacity characteristics of three-layered par-
allel plate lubricated with couple stress fluids for skeletal joint applications using
one-dimensional analysis.

2.1 Porous–Surface Double-Layer Parallel Plate

Themomentum equations for porous layer (region I: 0 ≤ y ≤ δ1), Newtonian surface
layer (region II: δ1 ≤ y ≤ δ1 + δ2), and the equations of motion for Stokes’ couple
stress fluid film (region III: δ1 + δ2 ≤ y ≤ h) based on thin film lubrication theory
are

1

μ1

dp

dx
= − u1

K1
+ d2u1

dy2
(1)

1

μ2

dp

dx
= d2u2

dy2
(2)

1

η

dp

dx
= μ3

η

d2u3
dy2

− d4u3
dy4

(3)

The boundary conditions for velocity at the stationary plate, at the interface of
stationary plate adsorbent porous and surface layer, at the interface of surface and
core couple stress film, and at moving plate, respectively, are

y = 0 : u1 = 0 (4)

y = δ1 : u1 = u2 = u12, μ1
du1
dy

= μ2
du2
dy

(5)

y = δ1 + δ2 : u2 = u3 = u23, μ2
du2
dy

= μ3
du3
dy

,
d2u3
dy2

= 0 (6)
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y = h : u3 = 0,
d2u3
dy2

= 0 (7)

Integrating Eq. (1) for porous layer (0 ≤ Y ≤ �1), Eq. (2) for surface layer (�1 ≤
Y ≤ �1 + �2), and Eq. (3) for couple stress fluid film (�1 + �2 ≤ Y ≤ H ) using
the boundary conditions in (4)–(7), the non-dimensional fluid velocity distribution
in porous layer (0 ≤ Y ≤ �1), surface layer (�1 ≤ Y ≤ �1+�2), and couple stress
fluid film (�1 + �2 ≤ Y ≤ H ) are expressed as

0 ≤ Y ≤ �1 : U1 = U12

sinh
(

Y√
K1

)

sinh
(

�1√
K1

) − K1
dP

dX
C1 (8)

�1 ≤ Y ≤ �1 + �2 : U2 = 1

2β2

dP

dX
(Y − �1)(Y − �1 − �2)

−U12

(
Y − �1 − �2

�2

)
+U23

(
Y − �1

�2

)
(9)

�1 + �2 ≤ Y ≤ H : U3 = −U23

(
Y − H

H − �1 − �2

)

+ 1

2

dP

dX
(Y − H)(H − �1 − �2) + λ2 dP

dX
C2 (10)

where the coefficients are derived as

C1 = 1 −
sinh

(
Y√
K1

)

sinh
(

�1√
K1

) +
sinh

(
Y−�1√

K1

)

sinh
(

�1√
K1

) ,

C2 = 1 + sinh
(
Y−H

λ

) − sinh
( Y−�1−�2

λ

)

sinh
( H−�1−�2

λ

) (11)

U12 = −dP

dX
I1, U23 = −dP

dX
I2 (12)

I1 = E22E13 − E12E23

E11E22 − E12E21
, I2 = −E21E13 + E11E23

E11E22 − E12E21
(13)

E11 = 1√
K1

coth

(
�1√
K1

)
+ β2

�2
,

E12 = E21 = − β2

�2
,

E22 = β2

�2
+ 1

(H − �1 − �2)
,

E13 = H∗
1 + �2

2
, E23 = −λH∗ + 1

2
(H − �1)
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H∗
1 = √

K1

[
coth

(
�1√
K1

)
− csch

(
�1√
K1

)]

H∗ =
[
coth

(
H − �1 − �2

λ

)
− csch

(
H − �1 − �2

λ

)]
(14)

The continuity equation across the film in non-dimensional form is

Q =
�1∫

0

U1dY +
H−�3∫

�1

U2dY +
H∫

H−�3

U3dY, Q = −G
dP

dX
(15)

where the coefficient of continuity across the film yields

G = I1

(
H∗

1 + �2

2

)
+ K1

(
�1 − 2H∗

1

) + 1

2
I2(H − �1)

+ 1

12

(
(H − �1 − �2)

3 + �3
2

β2

)
− λ2(H − �1 − �2) + 2λ3H∗ (16)

For �2 = 0, G in Eq. (16) reduces to

G = E13

E11

(
H∗

1 + 1

2
(H − �1)

)
+ K1

(
�1 − 2H∗

1

)

+ 1

12
(H − �1)

3 − λ2(H − �1) + 2λ3H∗ (17)

where the coefficients are shown in Eq. (18).

E11 = 1√
K1

coth

(
�1√
K1

)
+ 1

(H − �1)
,

E13 = H∗
1 − λH∗ + 1

2
(H − �1)

H∗ =
[
coth

(
H − �1

λ

)
− csch

(
H − �1

λ

)]
(18)

For �1 = 0, G in Eq. (16) reduces to

G = 1

2

E13

E11
H + 1

12

(
(H − �2)

3 + �3
2

β2

)
− λ2(H − �2) + 2λ3H∗ (19)

where the coefficients are

E11 = β2

�2
+ 1

(H − �2)
, E13 = −λH∗ + 1

2
H,
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H∗ =
[
coth

(
H − �2

λ

)
− csch

(
H − �2

λ

)]
(20)

For �1 = 0 and �2 = 0, G in Eq. (16) reduces to

G = 1

12
H 3 − λ2H + 2λ3H∗ (21)

Thenon-dimensionalmodifiedReynolds equation for squeezemotion is expressed
as

−1 + dQ

dX
= 0 (22)

The squeeze film boundary conditions are

dP

dX

∣∣∣∣
X=0

= 0, P|X=±0.5 = 0 (23)

Integrating the Eq. (22) and substituting the boundary conditions in Eq. (23), the
non-dimensional squeeze film pressure and load capacity in layered parallel plate
are derived as

P = −
X∫

−0.5

X

G
dX, W =

0.5∫

−0.5

PdX (24)

The parameters employed to investigate outcomeof non-dimensional squeeze film
load capacity (W ) of porous–surface double-layer parallel plate are: non-dimensional
film thickness of parallel plate (H)= 0.5–0.9; couple stress parameter (λ)= 0.0–0.2;
porous–surface adsorbent double-layer thickness ratios (�1) = 0.0–0.12; (�2) =
0.08; non-dimensional permeability of porous layer (K1)= 10−1–10−5; and dynamic
viscosity ratio of surface to core layer (β2) = 10. The impact of non-dimensional
thickness of porous layer (�1) and non-dimensional-film thickness of parallel plate
(H) on the squeeze film non-dimensional load capacity enhancement are analyzed.

Figure 2a, b illustrate the non-dimensional load capacity (W ) of parallel plate with
porous–surface double layer. The non-dimensional load capacity (W ) increases with
increase in the non-dimensional thickness of porous layer (�1) and decrease in the
non-dimensional film thickness of parallel plate (H). Higher couple stress parameter
(λ = 0.2) and lower non-dimensional permeability (K1 = 10−5) have a significant
effect on the increase in non-dimensional load capacity (W ) compared to higher
non-dimensional permeability (K1 = 10−1). The decline in the non-dimensional
permeability of porous layer increases resistance for fluid flow in porous layer.
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(a) K1=10-5, β2=10, Δ2=0.08 (b) β2=10, Δ1=0.12, Δ2=0.08

Fig. 2 Non-dimensional load capacity of porous surface double-layer parallel plate

2.2 Porous–Surface Layer Parallel Plate

The coefficient of continuity across the film in porous– surface layer parallel plate
used in determination of non-dimensional squeeze film pressure and load capacity
is derived as [22]

G = I1

(
H∗

1 + 1

2
(H − �1 − �3)

)
+ K1

(
�1 − 2H∗

1

) + 1

2
I2(H − �1)

+ 1

12

(
(H − �1 − �3)

3 + �3
3

β3

)
− λ2(H − �1 − �3) + 2λ3H∗ (25)

where the coefficients are

I1 = E22E13 − E12E23

E11E22 − E12E21
, I2 = −E21E13 + E11E23

E11E22 − E12E21
(26)

E11 = 1√
K1

coth

(
�1√
K1

)
+ 1

(H − �1 − �3)
,

E12 = E21 = − 1

(H − �1 − �3)
,

E22 = β3

�3
+ 1

(H − �1 − �3)
,

E13 = H∗
1 − λH∗ + 1

2
(H − �1 − �3), E23 = −λH∗ + 1

2
(H − �1)

H∗
1 = √

K1

[
coth

(
�1√
K1

)
− csch

(
�1√
K1

)]
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(a) K1=10-5, β3=10, Δ3=0.08 (b) β3=10, Δ1=0.12, Δ3=0.08

Fig. 3 Non-dimensional load capacity of porous–surface layer parallel plate

H∗ =
[
coth

(
H − �1 − �3

λ

)
− csch

(
H − �1 − �3

λ

)]
(27)

The factors employed to examine results of non-dimensional squeeze film load
capacity (W ) of porous–surface layer parallel plate are: non-dimensional film thick-
ness of parallel plate (H) = 0.5–0.9; couple stress parameter (λ) = 0.0–0.2;
porous–surface adsorbent layer thickness ratios (�1) = 0.0–0.12; (�3) = 0.08; non-
dimensional permeability of porous layer (K1) = 10−1–10−5; and ratio of dynamic
viscosity of surface to core layer (β3)= 10. The influence of non-dimensional thick-
ness of porous layer (�1) and non-dimensional film thickness of parallel plate (H)
on the squeeze film non-dimensional load capacity enhancement are analyzed.

The influence of porous–surface film parallel plate is investigated in Fig. 3a,
b. Similar to Fig. 2a, b at lower non-dimensional permeability (K1 = 10−5), the
non-dimensional load capacity (W ) increases with increase in the non-dimensional
thickness of porous layer (�1) and decrease in non-dimensional film thickness of
parallel plate (H)with couple stress fluid core layer (λ=0.2). Lower non-dimensional
permeability (K1 = 10−5) with couple stress fluid core layer (λ = 0.2) has a crucial
impact on the rise in non-dimensional load capacity (W ) than higher non-dimensional
permeability (K1 = 10−1).

2.3 Surface–Surface Layer Parallel Plate

The coefficients of continuity across the film in surface–surface layer parallel plate
used in determination of non-dimensional squeeze film pressure and load capacity
is derived as [22]
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G = 1

2
I1(H − �3) + 1

2
I2(H − �1)

+ 1

12

(
�3

1

β1
+ (H − �1 − �3)

3 + �3
3

β3

)
− λ2(H − �1 − �3) + 2λ3H∗ (28)

where the coefficients are

E11 = β1

�1
+ 1

(H − �1 − �3)
, E13 = −λH∗ + 1

2
(H − �3) (29)

The coefficients I1, I2, E12 = E21, E22, E23, H∗ described in Eqs. (26)–(27) are
considered in the analysis.

The parameters used to analyze results of non-dimensional squeeze film load
capacity (W ) of surface–surface layer parallel plate are: non-dimensional film thick-
ness of parallel plate (H)= 0.5–0.9; couple stress parameter (λ)= 0.0–0.2; surface—
surface adsorbent layer thickness ratios (�1) = 0.0–0.12; (�3) = 0.08; and dynamic
viscosity ratios of surface to core layers (β1) = 2, 5, 10; (β3) = 10.

The influence of non-dimensional thickness of surface layer (�1) and non-
dimensional film thickness of parallel plate (H) on the squeeze film non-dimensional
load capacity enhancement are analyzed in Fig. 4a, b. The non-dimensional load
capacity (W ) increases with increasing non-dimensional thickness of surface layer
(�1 = 0.0–0.12) and decreasing non-dimensional film thickness of parallel plate
(H = 0.9–0.5) for couple stress fluids (λ = 0.2). The non-dimensional load capac-
ity (W ) increases with decreasing non-dimensional film thickness of parallel plate
(H) and increasing dynamic viscosity ratio of surface layer to core layer (β1 =
2–10). The non-dimensional load capacity (W ) increases with increasing squeeze
filmpressure.Augmented non-dimensional load capacity (W ) is achievedwith higher

(a) β1=10, β3=10, Δ3=0.08 (b) β3=10, Δ1=0.12, Δ3=0.08

Fig. 4 Non-dimensional load capacity of surface–surface layer parallel plate
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non-dimensional surface layer thickness (�1 = 0.12) and lower non-dimensional film
thickness of parallel plate (H = 0.6) for couple stress fluids (λ = 0.2).

3 Partial Journal Bearing Layered Lubrication
with Couple Stress Fluids

This study investigates adsorbent layered couple stress squeeze film lubrication in
partial journal bearing. Figure 5 shows an adsorbent layered lubrication in partial
journal bearingwith couple stress fluid film core region described through the follow-
ing configurations: (i) porous–surface adsorbent double layers (I, II) on stationary
plate (Fig. 5a), (ii) porous–surface adsorbent layer (I, III) on stationary–moving plate
(Fig. 5b), and (iii) surface–surface adsorbent layer (I, III) on stationary–moving plate
(Fig. 5b). The fluid viscosity in porous layer is considered as conventional core layer
viscosity while the surface adsorbent layer viscosity is considered higher than con-
ventional core layer viscosity. The thickness of porous (or surface) adsorbent layers is
considered as constant. Squeeze film non-dimensional load capacity of couple stress
fluid lubricated layered partial journal bearing is presented. Rao et al. [21] analyzed
the squeeze film load capacity characteristics of three-layered partial journal bearing
lubricated with couple stress fluids using one-dimensional analysis.

3.1 Porous–Surface Double-Layer Partial Journal Bearing

The non-dimensional squeeze film pressure and load capacity in layered partial jour-
nal bearing are obtained as

(a) Porous surface double layer (b) Porous (or surface) – surface layer 

ε

Couple stress fluid film region III 
Surface layer region II 
Porous Layer region I 

h 

h-δ1-δ2

x 

y

W 

δ1

δ2

ε

Surface layer region III 
Couple stress fluid film region II 

Layer region I 

h 

h-δ1-δ2

x 

y

W

δ1

δ2

Fig. 5 Partial journal bearing with layered lubrication
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P = −
θ∫

−0.5π

sin θ

G
dθ, W =

0.5π∫

−0.5π

P cos θdθ (30)

The coefficients of continuity across thefilmderived inEq. (16) for porous–surface
double-layer partial journal bearing is used in the analysis. The non-dimensional film
thickness in layered partial journal bearing is H = 1 − ε cos θ .

The parameters used to analyze the results of non-dimensional squeeze film load
capacity (W ) of porous–surface double-layer partial journal bearing are: partial jour-
nal bearing eccentricity ratio (ε) = 0.1–0.5; couple stress parameter (λ) = 0.0–0.2;
porous–surface adsorbent double-layer thickness ratios (�1) = 0.0–0.12; (�2) =
0.08; non-dimensional permeability of porous layer (K1)= 10−1–10−5; and dynamic
viscosity ratio of surface to core layer (β2) = 10. The influence of non-dimensional
thickness of porous layer (�1) and partial journal bearing eccentricity ratio (ε) on
the squeeze film non-dimensional load capacity enhancement are analyzed.

Figure 6a, b show the non-dimensional load capacity (W ) of partial journal bearing
with porous–surface double-layer configuration lubricated with couple stress fluids.
The non-dimensional load capacity (W ) increases with increasing porous adsorbent
layer thickness ratio (�1 = 0.0–0.12) and increasing eccentricity ratio (ε = 0.1–0.5).
The resistance to fluid flow in porous layer increases for lower non-dimensional
permeability parameter (K1 = 10−5). Higher partial journal bearing eccentricity
ratio (ε = 0.4) and lower non-dimensional permeability (K1 = 10−5) show significant
influence on increase in non-dimensional load capacity (W ) with couple stress fluid
core layer (λ = 0.2).

(a) K1=10-5, β2=10, Δ2=0.08 (b) β2=10, Δ1=0.12, Δ2=0.08

Fig. 6 Non-dimensional load capacity of porous–surface double-layer partial journal bearing
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(a) K1=10-5, β3=10, Δ3=0.08 (b) β3=10, Δ1=0.12, Δ3=0.08

Fig. 7 Non-dimensional load capacity of porous–surface layer partial journal bearing

3.2 Porous–Surface Layer Partial Journal Bearing

The parameters used to analyze results of non-dimensional squeeze film load capac-
ity (W ) of porous–surface layer partial journal bearing are: partial journal bearing
eccentricity ratio (ε) = 0.1–0.5; couple stress parameter (λ) = 0.0–0.2; porous–sur-
face adsorbent layer thickness ratios (�1)= 0.0–0.12; (�3)= 0.08; non-dimensional
permeability of porous layer (K1) = 10−1–10−5; and dynamic viscosity ratio of sur-
face to core layer (β3) = 10. The influence of non-dimensional thickness of porous
layer (�1) and partial journal bearing eccentricity ratio (ε) on the squeeze film non-
dimensional load capacity enhancement are analyzed.

The influence of porous–surface film partial journal bearing is investigated in
Fig. 7a, b. The variation of non-dimensional load capacity (W ) with increasing non-
dimensional thickness of porous layer (�1) and increasing partial journal bearing
eccentricity ratio (ε) is presented. The non-dimensional load capacity (W ) increases
with increase in the non-dimensional thickness of porous layer (�1 = 0.0–0.12) at
lower non-dimensional permeability of porous layer (K1 = 10−5). Higher partial
journal bearing eccentricity ratio (ε = 0.4), higher non-dimensional thickness of
porous layer (�1 = 0.12), and lower non-dimensional permeability (K1 = 10−5)
have significant effect on increase in non-dimensional load capacity (W ) for couple
stress fluids (λ = 0.2).

3.3 Surface–Surface Layer Partial Journal Bearing

The parameters used to analyze results of non-dimensional squeeze film load capac-
ity (W ) of surface–surface layer partial journal bearing are: partial journal bearing
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(a) β1=10, β3=10, Δ3=0.08 (b) β3=10, Δ1=0.12, Δ3=0.08

Fig. 8 Non-dimensional load capacity of surface–surface layer partial journal bearing

eccentricity ratio (ε) = 0.1–0.5; couple stress parameter (λ) = 0.0–0.2; surface–sur-
face adsorbent layer thickness ratios (�1) = 0.0–0.12; (�3) = 0.08; and dynamic
viscosity ratios of surface to core layers (β1) = 2, 5, 10; (β3) = 10.

The influence of non-dimensional thickness of surface layer (�1) and partial jour-
nal bearing eccentricity ratio (ε) on the squeeze film non-dimensional load capacity
(W ) enhancement are analyzed in Fig. 8a, b. The non-dimensional load capacity
(W ) increases with increase in non-dimensional thickness of surface layer (�1 =
0.0–0.12) for couple stress fluids (λ = 0.2). The non-dimensional load capacity (W )
increases with increasing partial journal bearing eccentricity ratio (ε = 0.1–0.4) for
couple stress fluids (λ = 0.2) with increasing dynamic viscosity ratio of surface layer
to core layer (β1 = 2–10). Higher non-dimensional load capacity (W ) is obtained
for couple stress fluids (λ = 0.2) with higher non-dimensional thickness of surface
layer (�1 = 0.12) and higher partial journal bearing eccentricity ratio (ε = 0.5).

4 Conclusions

An improvement in squeeze film load capacity of layered parallel plate and partial
journal bearing lubricated with couple stress fluids is evaluated using (i) porous–sur-
face double layer, (ii) porous–surface layer, and (iii) surface–surface layer. Adsorbent
porous and surface layers are analyzed using permeability and viscosity ratio (surface
to core layer) parameters, respectively. Modified Reynolds equation is derived for
wide-layered parallel plate and long-layered partial journal bearing based on one-
dimensional analysis. Squeeze film boundary conditions are used to solve modified
Reynolds equation to determine squeeze film pressure.
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The non-dimensional squeeze film load capacity (W ) increases significantly with
lower non-dimensional permeability of porous layer (K1 = 10−5), higher non-
dimensional porous–surface layer thickness (�1 = 0.12), higher dynamic viscosity
ratio of surface layer to core layer conventional viscosity (β1, β2, β3 = 10), and
higher couple stress parameter for core fluid layer (λ = 0.2).

Higher viscosity and thickness of adsorbent low-permeable porous or surface
layers with core couple stress fluid increases the squeeze film load capacity of lay-
ered parallel plate and partial journal bearing. Couple stress fluids with adsorbent
porous–surface layers enhances load capacity of squeeze film bearings for skeletal
joint applications.
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