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Abstract: This Paper investigates the influence of Magneto hydrodynamic (MHD) fluid on rough short
porous journals bearing, operating under conventional hydrodynamic regime. Using Christensen theory,
average Reynolds equations are derived and expression for pressure and load carrying capacity is carried
out. It is found that suitable combinations of roughness parameter, permeability parameter and Hartmann
number increases the bearing performance.
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1. INTRODUCTION

The basic concept of MHD is that the magnetic fields induce a current in a moving conducting fluid,
then each particle experiences a force that depends on the magnetization of the material and strength
of the applied field. It changes the fluid as a magnetic fluid namely, hydrodynamic magnetic fluid,
magneto gas dynamics etc. Analysis of infinitely long journal bearing in the presence of magnetic
field for the case of electrically conducting fluid was presented by Kuzma [1]. N S Patel et al [2]
have made an attempt to study and analyze the performance of a magnetic- fluid - based
hydrodynamic short journal bearing. Tze-Chi and Hsin [3] presented the performance of lubrication of
short journal bearing by considering surface roughness and magnetic field and showed that load
carrying capacity increases and reduces the friction coefficient. Bujurke and kudenetti [4] studied the
surface roughness effect in MHD lubrication flow between the rectangular plates and found that the
bearing performances are improved. Nada and Osman [5] investigated the problem on finite
hydrodynamic journal bearings lubricated by magnetic fluid considering the effect of couple stress
fluid. Gururajan & Prakash [6 -10], have studied the surface roughness effect on journal bearings with
Newtonian fluid and found that roughness effect increases the bearing performance and also
investigated that performance of bearing characteristics decreases with slip. Rajashekar and Biradar
Kashinath [11] have studied the effect of surface roughness on MHD Couple Stress Squeeze-Film
Characteristics between a sphere and a porous plane surface. Recently, Kalavathi et al. [12-15]
examined the surface roughness effect in an infinitely narrow, long and finite journal bearing surface
with heterogeneous slip/no-slip surface. Authors found that the effect of surface roughness increases
the performance of bearing. They also studied the effect of MHD on narrow porous journal bearing
with a heterogeneous slip/no-slip surface and found that suitable combination of MHD, roughness and
permeability parameters increases the bearing performance.

In this paper, effect of Hartmann number on an infinitely short journal bearing is carried out by using
Christensen stochastic model. The generalized Reynolds equation is derived and the expressions for
pressure and load carrying capacity for both the types of roughness patterns like (i) longitudinal and
(i) transverse are obtained.
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2. ANALYSIS

The geometrical configuration of a journal bearing is shown in the Fig. 1, Here, ‘R’ is the radius of
bearing, U is the rotating velocity, e is the eccentricity of the journal centre. The space between

bearing and the journal is filled with a magnetic fluid. Since the bearing is infinitely short a_;; > ‘;—z

Considering the assumptions of hydro dynamic theory, equations for the oil flow are givenaby
i W= @
‘;—”; -0 ®3)

(A) LONGITUDINAL ROUGHNESS  (B) TRANSVERSE ROUGHNESS

Fig.1 Bearing Geometry and Journal bearing configuration

Non-

dimensionalising M, = Bofo called Hartmann Number, where B, is applied magnetic field in y-

I
direction, o is conductivity of fluid, and A is viscosity of fluid, h,, is the smooth part of the film
geometry. Then equations (1), (2) and (3) are written as

%u  M¢ _ 1 ap”
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a%w M¢ __ 1 ap”

e m W T 1% ®)
op* _
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Here, u,v,w are circumferential, radial and axial velocity components respectively. p* is pressure
component. x,y, z are Cartesian coordinates.

continuity equation is given by

Jdu v ow

E + a + E = (7)
Boundary conditions for the velocity components by considering slip and porous media are mentioned

below
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Aty=0, u=0v= -V, w=0 (8)
Aty=Hu=U v=0, w=0. 9
where H is the film thickness, V is velocity component in porous media, and is given by

— ¢ [

where, ¢ is permeability.
The bearing wall thickness H, assumed to be small [7] and showed that

ap* - azp* aZP*
[E]y=0 ~ —Hy [ dx?2 + dz2% ] (11)
Substituting (11) in to (10) we have
a*p*  a%*p*
VO Y HO [6:2 + 6sz ] (12)

Solving eq. (4) and eq. (5) for u and w, and using the boundary conditions of eq. (8) and eq. (9), we
obtain

1 h% ap* b M, L Usinh(M—(?y) 1 h% ap {1—cosh(M—(§)y)} mh Mo 13
;. M_ga_ {COS (Ey) - } —Sl”h(h—g )+; M_ga sinh (MOH)_ sin (Ey) ( )
and
1 h2 ap* M, smh(h y) 1 K2 ap {1—cosh(m )} . M
W‘Zﬁw{““ﬁﬁy*%*%m@@+;ﬁ£smw% sink (5,7) a4

Substituting eq. (13) and eq. (14) into continuity equation (7) and integrating across the film thickness
H, we obtain

L o (2 )_%H)+%(wsh(f_glq)_l)}g_ﬂ

w1t 2 (o (1) - M_H)+%(h () - 1))2]

= U;—j 2 ((cosh (IZ—(‘)’H) —1) = Wy — Vo). (15)

Since the journal surface is non-porous, Vi = 0. The velocity component V, across porous media is
given by eq. (12). Substituting for Vi and V, in eq. (15), simplifying and non-dimensionalising, the
modified Reynolds equation is given by

AU *26

= [fav 1y + M7 Yo |+ S fam, 1Y+ M Y] = L

dz

~[B(M",H)]  (16)

—2 4+2cosh (M*H* )-M*H*sinh (M*H")

where, a (M* ,H*) = RO : (17)
% prey _ 1—cosh(M*H™)
:8(M lH ) - sinh(M*H*) ' (18)
e My _hy g _ H o oHo
M= hm'hm_Ar' _Ar’l/)_(Ar)z' (19)

where, M* is non-dimensional Hartmann number

Mathematically, the local film geometry of lubricant is written as
H* = Ar(1 + & cos@) + h, (x,z, «f)
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Here, Ar(1 + € cos@) denotes the nominal smooth part of the film geometry, h; is the part due to the
surface asperities measured from the nominal level and is regarded as a randomly varying quantity
with zero mean.

Taking expected values on both sides of eq. (16), we get

M [E(B(M", H)]
(20)

[E{atu, 1) + p M2 YT |+ 2 [Elaar,m) +w M} = 55

9
dx dz

Here, E(*) is the expectancy operator, defined by

E(m) = [17(m)f (hy) dh, (21)
and f (hy) is the probability density function for the stochastic variable hg. In engineering field, nature
of roughness striations on bearing is of Gaussian type. The Gaussian can be derived from the
polynomial distributions. Such a density function is

35 3
flh) = 55(c*—h’)", —c<hs<g,
= 0, elsewhere, (22)
The function eliminates at c = +3c, where ¢ is the standard deviation.

2.1 Longitudinal One-dimensional Roughness:

The one-dimensional longitudinal roughness pattern, can be manifest as

;—X[E{a(M*,H*) + 1/)M*3};—x[E(p*)]] + }[{m + wM*3};—Z{E(p*)}] =
(zTU)ZM*ZE (= (B, 17)}). (23)

where, H* = Ar(1 + € cosf) + hy(x, &)

For the approximation of short journal bearing, the variation of pressure in circumferential direction is
neglected in favour of axial variation. Hence eq. (23) reduced to

a 1 «3 i % _ AU %2 i x Tr%

g[{m + yM }az {E(p )}] =M 5 [EBMT, HD}). (24)
Film pressure boundary condition for infinitely short journal bearing is given by

E(p") =o0atz= =+ % (25)

L is the length bearing length. On integrating eq. (24) and using eg. (25), we obtain an expression for
pressure as

d
 EQGOMUN 1. aglEBMH) , 12
p=—"—"7—=< M T . Z4 — — (26)
AULR? 2 {4E(1/Q(M*,H*))+¢M 3} ( 4)
where z=2z/L, 6 =x/R, C =c/Ar. (27)

Load carrying capacity of the short journal bearing is obtained by integrating the pressure, taking the
direction into account and by using Half Somerfield boundary conditions, the mean component acting
along the line of centre is given by

E(Wy) = E(W)cos¢p = —LR fon E(p) cosO db

and that acting along the normal to the line of center is given by

E(Wy ;) = E(W) sing = LR [, E(p) sinf df

Integrating eq. (26), the load components W and W, can be written as
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Vs

« _ EW@r)? _ M §1(M*H") :
Wy=——"——=—2¢ X sinf X cos6 db. 28

0 AU LR? 12 j {mﬂp 3] (28)

0 o

W, = EWap)dn? M7, SIUMWHD o in26 de (29)

n/2 AULR? 12 {mﬂp 3} :

o .

where, §;(M*,H*) = E [—COSh(M*H*)_l].

{sinh(M*H*)}?
The resultant of non-dimensional load capacity is evaluated as

1
we = [ + (w;,)°] (30)

2.2Transverse One-dimensional Roughness:
The one-dimensional transverse roughness pattern, can be manifest as

o + M EE + 5 [(B(aa 1)+ M)} 2B ()

_ AU 22 0 (BMNHY)
T (4r)2 M Ax [E {a(M*,H*)}] (1)

where H* = Ar(1 + € cosf) + hy(x, §).
In accordance with narrow bearing theory, the eq. (31) reduces to

Elirteormy cpw o) = g 2 e E)| @)

On integrating eq. (32) and using boundary condition of eq. (25), we obtain an expression for pressure
as

4 {E{B (M*.H*)}}

_ _E(n@r? _ do||"lamrHh ( 5 _ﬁ) )
TTAULR [Eamranrp u) \F T 1)

Integrating eq. (33), the load components are given as follows:
* E(Wo)(AT)Z _ M"3 S T 51(M*,H*) )

Wo=—lre -1 ) B ) X sinf X cos6 db. (34)
* = —E(W”/Z)(Ar)z __M7 " §1(M*H™) )

Wﬂ/z - AULR? - 12 0 [E{a(M* H)+9 M3 }] X sin“0 do. (35)

where, §;(M*,H*) = E [—COSh(M*H*)_l ]

{sinh(MH*)}2 |’
The non-dimensional load capacity W* can be evaluated using eq. (30)
3. RESULTS AND DISCUSSION

The bearing characteristics depends on some parameters such as Hartmann number (M) roughness
parameter (C), bearing eccentricity by the bearing ratio (&), porosity by the permeability parameter
(¥). The study of surface roughness effects of MHD in porous narrow journal bearings are presented
in graphs. The following are the range of values used for the preparation of results: M* = 0.0 to 1,
€C=01t009,e=0.1to09suchthat(C+¢e)—1landy =0to 1.

The variation of load carrying capacity with permeability parameter (y) for different values of
Hartmann number is shown in Fig. 2. It is observed that due to the effect of Hartmann number M*,
the load carrying capacity increases/decreases as compared to longitudinal/transverse pattern. The
similar type of effect is seen in the Rajashekar and Biradar Kashinath [11]. Large permeability means
there are more voids available in porous facing, for the quick escape of fluid and porous facing is
main channel for the fluid discharge, therefore the modification of film thickness have negligible
effect due to the presence of surface roughness. This result is also in accordance with the fact that for
higher values of permeability the resistance offered by fluid film is very small. Therefore the
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roughness effect for a fixed value of C decreases with increase of . It is highly pronounced for
M* =0.1andy = 0.1.

Load carrying capacity, W* versus C for different M* is plotted in Fig. 3 with ¢ = 0.5, ¥ = 0.01. It
is observed that for increasing values of C, the load carrying capacity increases for longitudinal
roughness as compared to transverse roughness. Also, it is highly significant for M* = 0.1

1.2 1 .
1 1] —— Longitudinal Roughness | 1:M'=0
{.—%— Transverse Roughness | 3.\1'=0 1 .

-

4:M'=0.5

W
-0.1 T L T il T
1E-6 1E-5 1E-4 1E-3 0.01 0.1 1
¥
Fig. 2 Load Carrying capacity, W * versus Permiability parameter,y
for various values of Hartmann Number,M "~ with = 0.5 and C = 0.5
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Fig. 3 Load Carrying capacity, W * versus Roughness parameter,C

for various values of M~ with £ = 0.5 and y = 0.01

Figure 4 shows that the variation of non-dimensional mean load carrying capacity W* with Hartmann
number M* as a function of C for both types of roughness patterns, it is observed that the effect of
longitudinal/transverse patterns is to increase/decrease W* as compared to smooth case (i.e., C = 0).
Also, load carrying capacity for longitudinal roughness pattern as compared to the transverse
roughness is high.
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Fig. 4 Load Carrying capacity, W * versus Hartman number,M )
for various values of C with ¢ =0.5 and v =0.01

The variation of non-dimensional mean load carrying capacity W* with Hartmann number for
different values of ¥ is shown in the Fig. 5, it is observed that the effect of permeability parameter y
is to decrease load carrying capacity as compared to both types of roughness pattern. Addition of
magnetic field increases load carrying capacity as compared to without magnetic field.

1.4 1

1.3 J| —*— Longitudinal Roughness 1:¥=0.1

12 ] —®— Transverse Roughness 2:v=0.01

L ) 3:w=1

1.1

1.0

0.9

0.8
i * ]

L0.7 ° ‘*\*\*

-1 I

0.6 ]

0.5

0.4

0.3

0.2 4 3 2 1

0.1

0.0 : : : : : : . .
0.0 0.2 04 . 0.6 0.8

M

Fig. 5 Load Carrying capacity, W * versus Hartmann Number,M )
for various values of Hartmann Number,M * with e= 0.5and C = 0.5

4. CONCLUSION

Effects of magnetic field in a narrow porous rough journal bearing are studied using Christensen
stochastic model. It is observed that the load carrying capacity increases for increasing values of
roughness parameter C for longitudinal roughness whereas; it decreases for transverse roughness
pattern. The load carrying capacity is found to increase for the values of Hartmann number M* = 0.1
and permeability parameter, 1 = 0.1.
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