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Abstract. This study analyses the effect of viscous shear over a permeable boundary. A viscous shear term
called structural parameter is considered to derive a generalized Reynolds equation that governs the lubricant
flow. The performance of structural parameters is then analyzed using infinitely long journal-bearing
approximation. Reynolds boundary condition is considered in long bearing approximation. It is found that
structural parameter adversely affects the load carrying capacity (LCC) and decreases friction, however attitude
angle is not affected significantly. Also, the analysis indicates that the effect of viscous shear force is prominent
when the bearing operates at a lower eccentric ratio and lower permeability. It is then used to analyse the narrow
bearing approximation. Analysis shows that the combination of the structural parameter, permeability parameter
and eccentricity ratio will significantly increase the effect of the boundary layer region within the porous region,
this boosts load-carrying capacity and reduces friction.
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Introduction: In industries, porous journal bearings. J R Linn and C C Hwang [5-6] studied

bearings have been widely used for a long time
because these bearings do not need exterior oil
once the oil is impregnated in porous material. The
porous material injects oil and forms a
hydrodynamic oil film when the journal bearing
takes speed. Morgan and Cameron [1] are original
authors who have studied the hydrodynamic theory
of porous journal bearings. P R K Murthi [2-4]
studied the hydrodynamic lubrication of metal
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the viscous shear effect over a permeable region of
porous journal bearing. Tyrone Dass etal [7]
examined the combined effect of velocity slip,
variable viscosity and the couple stress lubricant on
a finite journal bearing. Kumar M etal [8]
investigate how the hydrodynamic journal bearing
performance is affected by the transverse and
longitudinal sinusoidal, full, and half-wave texture
roughness pattern. Zhu S [9] analyses the
Thermohydrodynamic  lubrication of journal
bearing considering surface roughness and couple
stress. Additionally, the finite difference numerical
method is used to get the performance parameters
under the influence of journal misalignment,
surface roughness, couple stress, and temperature
impact. Tian Z et.al [10] Talking about the study,
which concentrated on the dynamic characteristics
of long journal bearings, it aimed to show how
surface  roughness  affects the  dynamic
performances of long bearings. The improved
Reynolds equation was established using the long-
bearing assumptions and the Christensen stochastic
model. The numerical integration method was
utilized to determine the updated Reynolds
equation. K Gururajan and J Prakash [11-14]
effect of roughness and arbitrary wall thickness of
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porous journal bearing. Salant and Fortier [15-16]
studied the heterogeneous slip/No-slip surface.
Kalavathi etal [17-22] studied the effect of
roughness and magnetic field by considering the
heterogeneous slip/No-slip surface.

The performance of porous journal bearings has
been evaluated by S. Sharma et al. [23] using
spherically generated textures, taking into account
the textures' placement at various eccentricity
ratios. B A Abbas et al. [24] investigate the journal
bearing performance by taking into account the
combined effects of cavitation, bearing liner
elasticity, and the nonlinearity behaviour of the
working fluid. The study conducted by Nur Cahyo
and colleagues [25] explores the impact of
engineered surface roughness on the performance
of bearings lubricated with Bingham plastic. They
utilized a three-dimensional computational fluid
dynamics (CFD) model of a journal bearing for
their investigation, which also took cavitation into
account. Dhanishta Sirohi along with colleagues
[26] researched the fact that apocket is more
advantageous than a pad with bumps or grooves for
increasing the minimum film thickness and
lowering the coefficient of friction. Rolling Contact
Fatigue (RCF) was evaluated by Shuhei Kajiwara

POROUS BEARING

and colleagues [27] revealing issues such as wear,
flaking, and crack propagation. To thoroughly
examine the effect of cycle count on surface
roughness, the RCF test was carried out in water
with a thrust stress of 2,300 N. Hwang et al. [28]
have studied the wunique characteristics of
electrohydrodynamic rotational lubrication analysis
in  journal-bearing  systems. To simulate
electrohydrodynamic lubrication, they created a
virtual environment by integrating Elasto-Hydro-
Dynamic (EHD) and Multi-Body Dynamic (MBD)
solvers, incorporating lubricant into the model.

In this study, the viscous shear term is included in
the Navier-Stokes equation and Brinkmann-
extended Darcy equation to derive a modified
Reynolds equation. This investigates the effects of
viscous shear force in a porous medium called a
structural parameter on bearing characteristics. This
viscous shear force penetrates the permeable region
to form an effective boundary layer. The
generalized Reynolds equation is derived by
considering Navier slip boundary conditions for
heterogeneous slip/No-slip surfaces. Then the
analysis is given for the hydrodynamic infinitely
long journal bearing by considering the Reynolds
boundary condition.

Fig. 1a. Porous Journal Bearing.

Surface 2

Surface 1

=0 f=n 6=2n

Region II
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Fig. 1b. Slip/No-Slip BC

2. Analysis

The physical configuration of the porous journal
bearing and the bearing surface with heterogeneous
slip/No-slip surface are shown in Figure 1(a) and
Figure 1(b). The porous bearing is press-fitted in a
housing and fluid film supports non-porous journal
bearing. Some of the assumptions are made while

_0%u  u_ _ 6_p

deriving Reynolds equations namely Laminar flow
of fluid is considered, the fluid flow in steady state
condition, on oil film external force is not acting
and across the fluid film, there is no variations of
pressure.

The reduced Brinkman-extended Darcy equation
[29] is given by

Ao "k T o @

_0°w p_ _ 9p

Ha_yz - EW oz
)

op _

By 0. 3)
Solving equation (1) by dividing f.
The continuity equation in the porous medium is given by

%ax | Jdy | 04z _ 4)

dx ady 0z
Journal and bearing are assumed to be designed in such a way that bearing film thickness assumes
h=C( + € cosb) + h;. (5)

Navier boundary condition is modelled by considering slip, since in region-1 slip velocity is directly
proportional to surface shear stress [12]

Aty=0u=u,, v=-V,, w=0. (6)

Aty=h;ﬁ=—ay—3,17=0,W=—aua—w. )

1 1

T AT i LA CIE N

u = C;cosh [(u) I y] + C,sinh [(ﬁ) I y] S ox (8)
71 71 K

— _ ﬁ 2_ . ﬁ 2_ ___p

w = C5 cosh [(ﬁ) I y] + C, sinh [(ﬁ) I y] er 9)

Using boundary condition (6) and (7), we obtain the velocity components

N

cosh 1 +—smh
— Ko
U= {(cosh[ Y ]—smh[ ]>+| gzl pr? BKZ us+——p{<cosh [Ll] +
pKz pKz sinh| +—lcosh I RS
BKZ BKZ BKZ )
h a )
1-cosh|—x ——ulsinh —
sink |2 ) | —lesl o locl |y} (10)
pKz sinh 1 +u—”1cosh h
BKZ| BK2 BKZ
1-cosh|—¢ h - 1smh h1
BKZ BKZ BKZ

h
sinh —1 +—1cosh —
BKZ| BK2

a ( \ )
W= %i{(cosh [é] + sinh LKZD + I\ /I 1)}. (11)
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where 8 = (g)%

Integrating equation (10) and (11) & ¥ with respect y we have

n] ) ( )
| co 1 +—1$m —1| | ———1 sin|—5 + 2——1><—1 cos|—gx —2|
1 1
I sml 1 +—1cos I I sml T +—1€os h ] I
k BKZ| BKZ BKZ ) k BKZ| BK2 BK2 J
(12)

h _
qy = fO vdy = (Vh - VO)

A

| (—1——1>sml ]+<2——x—1>cosl ]—2 |

: { BKZ pKZ BKZ BKZ BK2 BKZ ¥
I

sml I
sz

Kap

= Jy wdy =222 BK

1cosl ]
BKZ BKZ )

(13)

(14)

Substitute (12), (13) and (14) in continuity equation (4) we obtain the Reynolds equation in porous medium.

d

w1
Zax] +6z[ Zaz Sa [Ml] KC(Vh VO)
where
\
cos|—5 |+ sin|—= -1 |
M, - £ szl gz g2
oo |
sin[ 1 +—1cos[
BKz] BKZ BKZ }
\
_1__1 sin|— -2+ 2——><— cos|—5| |
B ) \pkz pKz BKZ BKZ BKZ BK ¥
M,=L
oo I |
1 + 1cos
BK2| K2 ﬁKz

(15)

(16)

an

The journal surface in x- direction is fixed and non-porous, V,= 0 and in z-direction velocity component V, =

_X [ﬂ + ﬂ] substituting V,, and V, in equation (15) & simplifying we get
u Olaxz " 822 h 0 !
KHO ap a KHyp ap Hug 0
sl (Ma + 72203 ) 2+ [ (0, + 550 03) 32 = — Bl
Using non-dimensional parameters:
_ o < _h =K
A=-—",00= 1 H=-,0=7"
the dimensionless equation (18) is given by
2 s
2 (M, + 02 0) 2] + o [(My + 0 0) 2| = =222 [,

Using Christensen's stochastic theory [30], the modified Reynolds equation becomes

2 [EMs + 030} 32| + = [E(M; + o0} 52| = - 222 B { (M1},

where
i B cosh(Hgo)+A;°s nh(Hgo)—l
Ml N U_o sinh(%)+%cosh(%) '

(18)
(19)
(20)
(21)
(22)
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£[(m—m)sinh(m)—2+(2—M><ﬂ)cosh(m)]

M = agl\ B B B B B B ) 2
2 sinh(%)+%cosh(%) ( 3)

According to Christensen, roughness is classified as Longitudinal roughness & Transverse roughness pattern.

Longitudinal roughness is given by

3 [rems o 2,1 0E@Y 2]} 1 2 (0E®)| _ _pus 0 ooy
dx [E{Mz + % QD} ox ] + dz |:{E(1/M*) + % QD} dz l - K 0x [E{Ml}] (24)

2

Transverse roughness is given by

o)1 2 [0E®)
ox [{E(l M;) + %0 (P} ox

By journal-bearing theory neglecting %E(p) in equation (24) we have

-
+ 2| E(M; + 03y ER] = e [5{ V)

K ox {1/M;}

l. (25)

2 B + 03} B = 222 (g, (26)
or
L EM) + 3oy (E@)Y] = -5 RE{EM}. (27)
here, x = RO

For the lubricant in the film region, the Reynolds boundary conditions are given by

E)=0 @6=0. (28)
SE@)=0 @0=0, (29)
E()=0 @86 =06,. (30)

3. Mean pressure

By Integrating equation (27) twice w.r.t to 8 and using boundary conditions (28) and (29) we get

UugR f6 {(E(M7)}- [E(M7)

]9=92
- de. (31)

0 {E(M3)+ade}

E(p) = —

Non-dimensionalizing,

o EMD)- [F0Dlgs,
A T 2)

The cavitation angle is calculated by using the condition

p(8,) = 0. (33)
This gives
1y Grsags 46 — (E(MD)o=, Jy Gy iazay = O 3a)itis

0 {E(M3)+od 0}
difficult to solve equation (34) analytically. Hence the angle 0, is evaluated numerically using the bisection
method.

0 < 8 < 6, of bearing arc, the oil film extends and

4. Bearing characteristics . . )
ignores the negative pressure region 8, < 6 < 2.

Characteristics of the bearing are determined using
equation (32) by depicting film pressure
distribution. Hence, it is customary to assume over

5. Mean load capacity
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Integrating equation (32) in the circumferential
direction between the limit 6 = 0 to 8 = 6, and by
neglecting the negative region, the load capacity
across the line of center, w, is obtained as

W, = —fogzﬁcosﬁ as.
(35)

The load capacity across the line of center, wr is
obtained as

Wr = [

2 0

p sinf d6. (36)

6. Mean friction force

On the journal bearing, shear stress t; given by

_ B -1 30
Ts = 2 | B{sinn(f20)+420 cosh(m)}] Ko [B{sinh(

B B B

Hw=ﬁ%w®w[

Ho
cosh(—BQ)—l ]
. Ho Ao Hao
plsinn(F52)+752 cosn(52)}
Mean friction force acting on journal surfaces is

62

B(F) = <2 { ) (S EIF(H, 00,2, B)] — E[G(H, 00, A, B)]}

y E(MD)-E((M1)g=
where ap __ [[ 1 ( 1/0 92)}]

a8 (E(M3)+00}

7. Result and discussion

The concept enhances understanding of fluid film
behaviour under load, supporting the development
of lubrication theories. Engineers use this to assess
lubricant flow, load capacity, and friction before
Eccentricity, € = 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8

HUs
—— E

a0 — J;

cosh (H—;Q) -1
+% COSh(%)}]. (37)

Ho :10 Ho . 38
[B{sinh(—0)+—0 Cosh(—o)}] (38)

B B B

2m [%92) E[G(H, 0, A, B)]de]}

2

(39)

adjusting for finite-length effects. To evaluate the
bearing characteristics the values of the parameter
as listed as follows

Permeability parameter, ¢ = 0.00001, 0.0001,0.001,0.01,0.1,1

Structural parameter, 8 = 0.1,0.2,0.3,0.4, 0.5 [5]
Roughness parameter, ¢ = 0.1,0.2,0.3, .......,0.8
Slip parameter, A = 0, 5,10, 15,20

The structural parameter (B) depends on the
permeability of the porous medium, B is set to
equal to zero implies within the porous media
effective viscosity j is neglected hence Brinkman's
[5] equation (1) and (2) reduces to the Darcy
equation. In the lubricant film, a boundary layer
region is formed since viscous shear penetrates the
porous medium due to this pressure inside the
bearing increases. Hence the load-carrying capacity
increases and friction decreases. In this model, the

non-dimensional parameter ¢, = C/ 1 takes the
Kz

values 0.1 and 0.2.

Bearing characteristics depend on the non-
dimensional parameters like structural parameter 3,
Eccentricity &, Permeability parameter 1,

Roughness parameter C and Slip parameter A. It is
interesting to note that as structural parameter g —
0, the Reynolds equation obtained is identical to
that derived by Kalavathi et.al [7]. It is also noted
that structural parameter 8 — 0 and slip parameter
A — 0 the expression so obtained is identical to the
case study Gururajan and Prakash [8]. The definite
integrals in various expressions are evaluated using
the Gaussian16 point quadrature formula, as it
gives the correctness up to four decimal places. The
cavitation (6,) is found by using the Bisection
method.

8. Angular extent of the oil film

International Journal of Intelligent Systems and Applications in Engineering

JISAE, 2023, 11(11s), 663-676 | 668



The angular extent of the oil film (8,) for different
values of eccentricity ratio is shown in Fig. 2 for
different values of g, for the fixed values of ¥ =
0.1, € = 0.2 and Slip parameter A = 5. Says that
the maximum roughness pattern is 20% diameter
clearance of the bearing. Fig. 3 is plotted cavitation
angle 6, versus permeability i for different

Structural parameters £. In all these graphs it is
observed that as structural parameter increases 6,
decreases. Fig. 4 is plotted cavitation angle 6,
versus eccentricity for different Roughness
parameter C. It is noted that 6, decrease with
increasing roughness parameter.

o— B=0.1
H--..
451 —o—p=02
~__ 4 =03
< —v— =04
~a_
82 T
450 -
e
~ N
——4——— A
ad94 0 _ A
e
v T—~
) ) I I
0.1 0.2 0.3 0.4 05

Fig. 2: 0, verses Eccentricity € for different Structural parameters g withy = 0.1 and C = 0.2.
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Fig. 3: 0, verses ¢ for different Structural parameters g withe = 0.3 and C = 0.2
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4.51+ o s A
) .
4.50 - o-
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Fig. 4: 6, verses & for various Roughness parameters € withy = 0.1 and g = 0.1.

9. Load carrying capacity (LCC)

Variation of mean LCC is shown in Fig. 5 to Fig.
8. When the bearing runs at eccentricity ratios
approaching the hydrodynamic limit, substantial
deviations are observed. An increase in LCC is
found for higher values of A shown in Figure 5.

The roughness pattern will not affect the LCC
shown in Fig. 6. LCC decreases with increasing
values of B but increases with increasing € shown in
Fig. 6, Fig. 7 and Fig. 8 shows LCC verses y for
fixed €, A and C. It is found that LCC decreases
with increasing y and lower values of .

70 4 1 B=0_1 0
—o— p=0.2 )
609 —»—p=03 ,
v p=0.4 el
01| «— B=0.5
40
o
-] 4
g s
— 30 4 -~
20 '].--"/
) _—©
10 4 o e
'?. — '_ __7 o . B :é
03— —_— ———————
7 1 T T I e
6 8 10 12 14 16 18 20 22

Fig. 5: Load versus A for Different values of Structural parameter g with ¢ = 0.5, ¥ = 0.1 and C = 0.3.
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4 4 & s 4
0 |l 1 T T T
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Fig. 6: Load variation of load with C for various Structural parameter g with € = 0.5, ¢ = 0.1 and

A=5.
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Fig. 8: Load versus ¢ for various Structural parameters g with €e=0.5, A=5 andC=0.3
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10. Friction

Variations of frictional forces are presented in Fig.
9 to Fig. 11. Fig. 9 shows Friction increases with
increasing values of C and decreases for lesser

values of S decreases. No variation of friction is
observed for variations of iy and friction decreases
with a lesser value of § as shown in Fig. 10. Fig. 11
shows friction increases with an increase in .

O =01 v
109 | ——p=0.2
] 4 $=0.3 v
—v—p=0.4 P A
LS e e
J v - - A
— A B
= r
.2 0.6 Pt o
— —&
044
0.2 __ g— ¢
I b
|'___ — —
I E | 4 I ' 4 I ' T
0.1 0.2 0.3 0.4 0.5 0.6
C
Fig. 9: Variation of friction with C for different g with e =0.1and ¥ = 0.1

o~
v '
0.5 4 et
=] 4
=}
5 B —— - S
2 0.4 ® ®
&=
0.3
0.2
3 1 u, 0
0.1 L
1E-5 1E-4 1E-3 0.01 0.1

]

Fig. 10: Friction versus i for different g with ¢ = 0.8 and C = 0.1
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Friction

254

——g=0.1
o—g=0.1
#—=0.1

Fig.11: Friction versus Structural parameter 8 for various values eccentricity ratio € with p = 0.1 and C =

11. Attitude angle

The focus of the journal center for different values
of y is shown in Table 1 with fixed C =0.2, 4 =

12. JUSTIFICATION

0.1
5 And £ =0.3. It is observed that the effect of
viscous shear is not very significant for most of the
operating parameters.
Table 1:
€ Y=1 Y =0.01 Y=0
0.1 75.27468 75.65541 75.65971
0.2 77.62191 78.46446 78.47405
0.3 80.16419 81.53897 81.55467
0.4 82.8749 84.83667 84.85911
0.5 85.7209 88.304 88.33355

It is observed from Fig. 12 that cavity angle 6, for A — 0,8 — 0 and ¢ = 0.1, C = 0.2, ¢ = 0.1 is at most
the same as the case studied by K Gururajan and J Prakash [11].

4.6

4.4 4
4.2

&;

4.0

3.6

3.4

1: =03
2:8=0.5
3:e=0.7

Plots of present analysis
Plots of [11]

Fig. 12: Cavitation angle 6, verses Permeability parameter 1 for different values eccentricity.
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13. Conclusion

A complete characteristics analysis of infinitely
long journal bearing by considering heterogeneous
surfaces are analyzed. Christensen's stochastic
model is used to study the effect of roughness. To
analyze the hydrodynamic lubrication of long
porous journal bearing, Brinkman's extended Darcy
model is used. The viscous shear term is made
active in the porous region, due to the presence of

the viscous shear term a boundary layer region is

formed.

(i)

Presence of Structural parameter S, a

significant increase in LCC is found as also
found the reduction of friction.

(i)

The combination of structural parameters

B, ¢ and ¢ respectively significantly increases
the effect of boundary layer region within

porous

region. This results in good

characteristics of infinitely long journal bearing.

Nomenclature

. z-component of velocity in the porous
b Breadth of bearing w me diu?n y P
C Radial clearance w Total load capacity of the bearing
. . Maximum allowable load per unit length
d Diameter of journal Wy P g
of central
Eccentricit Wy 0 ﬁ(non—dimensional)
e ccentricity A uh 72
- - Maximum load acting in a direction
ff f fi wr . .
f Coefficient of friction 2 perpendicular to the center line
. FiC . . * WE 2 . .
F; oy (non-dimensional) wr iz (non-dimensional)
h Film thickness Greek Symbol
h Roughness parameter € Eccentricity ratio, e/C (non-dimensional)
2
H h/C (non-dimensional) A% Ocvrik number (non-dimensional)
1
" : : Structural ~ parameter (5)2 (non-
K Permeability of bearing material B ' I
dimensional)
p Pressure in the oil film A b/2r, (non-dimensional)
2
p* % (non-dimensional) u Oil viscosity
1,0,z | Cylindrical coordinates i Effective viscosity
R Radius of the journal o H/KY2 (non-dimensional)
n Inner radius of porous bearing Oy C/K*2 (non-dimensional)
x-component of wvelocity in the porous . .
u .p y P T, Shearing stress on the journal
material
. . Permeabilit arameter, Kr/C3 non-
Ug Surface velocity of the journal d dimensiolnlai/) P (
-component of velocity in the porous .
v y-comp y P Y Attitude angle
material
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