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Abstract

This paper analyzes the performance of a squeeze film in an infinitely long rough journal bearing
using the ferrofluid flow model of Jenkins. A random variable with non-zero mean, variance and
skewness characterizes the random roughness of the bearing surfaces. The associated
stochastically averaged Reynolds type equation is solved with suitable boundary conditions to
obtain the expression for pressure distribution resulting in the calculation of load carrying
capacity. It is shown that the eccentricity increases the load carrying capacity in spite of the fact
that the bearing suffers owing to transverse surface roughness in general. It is observed that the
Jenkins material constant decreases the load carrying capacity while the negatively skewed
roughness increases the load carrying capacity. The bearing system registers a comparatively
enhanced performance in the case of non-uniform magnetic field than in the case of a uniform
magnetic field. It is interesting to note that the negative effect of porosity and the Jenkins
material constant can be compensated up to some extent in the case of negatively skewed
roughness. This compensation becomes more manifest when large negative values of variance
are involved.
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1. Introduction

As the things stand today, the physics of magnetic fluids is among the most promising and
rapidly developing parts of the physics of magnetic phenomena. The investigations of
(Neuringer-Rosensweig 1964) provided a new impetus to the interest in the magnetic fluid, now
undiminishing, which was supported, above all, by a wide variety of their applications in
industry, technology and medicine. (Tipei 1982) studied the magnetic fluid lubrication of a
short bearing by deriving a Reynolds type equation. Here it was shown that the ferrofluid
lubricant improved the performance of the bearing system and bearing stability and stiffness.
Also, the magnetic fluid caused reduced wear. Here, of course, the Neuringer-Rosensweig
model was used for the flow of the lubricant. (Berkovsky and Vislovich 1983) developed a
mathematical model of non-equilibrium thermo mechanics of magnetic fluids as a logical
generalization of the well-known Neuringer- Rosensweig model for equilibrium magnetization.
(Shukla and Kumar 1987) derived the differential equation for ferrofluid lubrication resorting to
Shliomis model (Shliomis 1972). It was established that the Brownian motion of the liquid
together with rotation of the magnetic moments with in the particles produced rotational
viscosity which supported more load. (Ram and Verma 1999) discussed the performance of a
porous inclined slider bearing lubricated with a ferrofluid flowing as per the Jenkins model
(Jenkins 1972). (Shah and Bhat 2004) studied ferrofluid squeeze film in a long journal bearing
taking different models into consideration. They deduced the results for Neuringer-Rosensweig
model from the Jenkins model (Jenkins 1972).

All these above investigations assumed the bearing surfaces to be smooth which in fact is
far from being so, especially, after receiving some run in and wear. The random character of the
roughness was recognized by (Tzeng and Saibel 1967). They used a stochastic method to
describe the random roughness. This method of Tzeng and Saibel was developed and extended
further by (Christensen and Tonder 1969a, 1969b and 1970) was employed by (Gupta and
Deheri 1996) to study the effect of surface roughness on the squeeze film behavior in a
spherical bearing. (Andharia et al. 1997) considered the effect of surface roughness on the
hydrodynamic lubrication of slider bearings. Subsequently, Andharia and Patel analyzed the
configuration of Andharia, (Gupta and Deheri 2001) in the presence of a magnetic fluid
lubricant. Recently, (Patel and Deheri 2011) considered the effect of transverse surface
roughness on the performance of a magnetic fluid based parallel plate porous slider bearing
taking velocity slip in to account, here the Jenkins model was employed.

An attempt has been made to analyze the performance of an infinitely long rough porous
journal bearing lubricated with a ferrofluid adopting Jenkins model.
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2. Analyses

Fig. 1. Configuration of the bearing system.

The bearing shown in Fig. 1 has a journal of radius R inside a bearing and the gap between them
is filled with a ferrofluid under an external magnetic field of strength H. The origin o is chosen
on the circumference of the journal, the X-axis along its circumference and the Z-axis
perpendicular to it. It is considered that it is infinitely long along its axial axis direction, with
length L. The film thickness h is taken as,

h=c(l+ecosd), 6:% €

where c is the radial clearance, e is the eccentricity ratio and @ is the angular coordinate. When
the lubricant flows, as per the Jenkins model, and H is uniform, the equation governing the film
pressure is (Ram and Verma 1999), (Jenkins 1972), (Mauginb 1980) and (Andharia et al. 2001)

d| gh) dp

=12h (2)
dx . pazﬁH dx
2n
where
_th
ot
and

g(h):{ h3 +30h2 +3(a2 +02jh+302a+a3 +g+12¢h}

Making use of Equation (1) and the dimensionless quantities
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Solving Equation (3) under the boundary conditions
dP
— =0 when #=7, p(0)=0
" p(0)

one gets the pressure distribution in dimensionless form as

9 sing
P=12(1- — dé 4
( ﬂ)éah—) @

and the load carrying capacity in non-dimensional form can be expressed as
27 4in2 g

W =12(1- —— d@ 5
( ﬁ)(})—gw (5)

When the lubricant flow is as per the Jenkins model with non-uniform H, H is defined as
follows

H2 = KR20 (27-0) ©)

vanishing at@=0, 2z, K being a quantity introduced to suit the dimensions of both sides of

Equation (6) and the strength of the external field, which is maximum at & = like P so that
the magnetic pressure augments the film pressure. In this case the Reynolds type equation
determining the film pressure is (Ram and Verma 1999; Jenkins 1972; Maugin 1980; Andharia
et al. 2001)
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Using Equations (1) and (6), Equation (7) assumes the form
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Solving Equation (8) under the boundary conditions discussed before, one obtains the pressure
distribution in non-dimensionless form as

6 .
P=y0(r-0)+12[ 3% 4o )
O A
which results in the expression for dimensionless load carrying capacity
- 27T cin2
W=dr" 4127 39 g (10)
0

3. Results and Discussion

It is clearly observed that equations (4) and (5) present the non-dimensional pressure
distribution and load carrying capacity with respect to uniform magnetic field and equations (9)
and (10) give the distribution of pressure and load carrying capacity with respect to non-
uniform magnetic field. From all these equations it is clear that the load carrying capacity is
comparatively greater in the case of non-uniform magnetic field, for a smooth non porous
bearing this discussion reduces to the findings of (Shah and Bhat 2004). Further on, for a non-
porous smooth bearing with convential lubricant this study gets down to the discussion of (Basu
et al. 2005).

For the graphical representation of the results the following fixed values are adopted (Bhat
2003; Prajapati 1995) p*=0.3, 6=0.05, €=0.05, 6=0.25, y=0.01, e=0.5, $=0.3 and p’=0.051.

It can be seen that Fig. 2-12 deal with uniform magnetic field while Fig. 13-29 deal with
non-uniform magnetic field.

The variation of load carrying capacity presented in Fig. 2-5 indicates that the load carrying
capacity decreases due to Jenkins material constant. However, increasing values of standard
deviation and porosity cause reduced load carrying capacity, while the increasing values of the
eccentricity induce an increase in the load carrying capacity. Furthermore, the negatively
skewed roughness increases the load carrying capacity while the load carrying capacity
decreases due to positively skewed roughness.
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The effect of eccentricity on the load carrying capacity shown in Fig. 6-8, makes it clear that it
increases the load carrying capacity.
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The effect of standard deviation displayed in Fig. 9-10 suggests that the standard deviation has a
considerable adverse effect on the performance of the bearing system in the sense that it
decreases the load carrying capacity. Also, the decrease is greater in the case of variance.
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The effect of variance on the load carrying capacity is depicted in Fig. 11. It becomes clear that
variance (-ve) increases the load carrying capacity while variance (+ve) decreases the load
carrying capacity, thereby, following the path of skewness.
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The effect of porosity on the load carrying capacity displayed in Fig. 12 suggests that the effect
of porosity is negligible when porosity is greater than or equal to 0.03.
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The variation of load carrying capacity with respect to magnetization parameter displayed in
Fig. 13-17 indicates that the magnetization increases the load carrying capacity. However, the
increasing values of standard deviation, positively skewed roughness, Jenkins material constant
and porosity cause decreased load carrying capacity while the increasing values of eccentricity
ratio induce an increase in the load carrying capacity.
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The effect of Jenkins material constant on the distribution of load carrying capacity is shown in
Fig. 18-21 which makes it clear that it decreases the load carrying capacity sharply. Further,
initial effect of porosity is not that sharp.
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The effect of standard deviation presented in Fig. 22-24 suggests that the standard deviation
adversely affects the performance of the bearing system in the sense that it decreases the load
carrying capacity. Besides, the rate of decrease is higher in the case of eccentricity.
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The effect of variance on distribution of load carrying capacity is depicted in Fig. 25-27. It
becomes evident that variance (-ve) increases the load carrying capacity while variance (+ve)
decreases the load carrying capacity.
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The effect of porosity on the distribution of the load carrying capacity can be seen in Fig. 28. It
is manifest that porosity decreases load carrying capacity. However, the effect of skewness on
the porosity is negligible beyond porosity value 0.03. It is observed that negatively skewed
roughness increases the load carrying capacity while the load carrying capacity decreases owing
to positively skewed roughness, thus, following the path of variance.
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The effect of eccentricity on the load carrying capacity is displayed in Fig. 29. It is found that
the load carrying capacity increases negligibly with the increasing values of skewness.
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It is found that the effect of negatively skewed roughness is more sharp in the case of non-
uniform magnetic field rather than uniform magnetic field. However, the reverse is true in the
case of variance. A comparison of the present investigation with the study of (Shah and Bhat,
2004) reveals that the performance of the bearing system is relatively better here in spite of the
fact that transverse surface roughness adversely affects the bearing system. Further, the effect of
£’ is more pronounced here. Besides, the effect of eccentricity is equally sharp.

4, Conclusions

The negative effect of standard deviation, porosity and Jenkins material constants can be
compensated up to some extent by the positive effect of magnetization in the case of negatively
skewed roughness especially when variance is involved. Furthermore, the bearing can support a
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load even in the absence of flow. Looking to the overall scenario, the case of non-uniform
magnetic field presents a better picture with regards to the performance.
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c Radial clearance
Eccentricity ratio

D

h Fluid film thickness at any
point

p Lubricant pressure

w Load carrying capacity

Cs Bearing centre

C, Journal centre

H strength of the magnetic field

L Length of the bearing

P Dimensionless pressure

W Dimensionless load carrying
capacity

n Fluid viscosity

p Fluid density

B, B Jenkins material constant

o Standard deviation

a Variance

€ Skewness

W Porosity

o Dimensionless standard
deviation

a Dimensionless variance

& Dimensionless skewness

U The permeability of the free

O space

u Magnetization parameter in
non-dimensional form

w Magnetic susceptibility

Table 1. Nomenclature.
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N3Box

IMoama3uBame OeckapajHo ayre xpanape Nopo3He NOBpIIMHe Hoceher
Jexaja ¢pepodayuaom
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Pe3ume

OBaj pan aHamu3upa neppopMaHce MoaMa3yBaya Ha OSCKOHAYHO IYroM XpamaBoM Hocehem
Jexajy npuMeHoM LleHkuHCOBOr Mopena mnpoTtoka ¢epoduymma. Hacymmuny XpamaBocT
HocelinX MOBpIIMHA KapaKTepHIIe Clly4ajHa MPOMCHJPMBA Ca MAaTeMaTHYKUM OYCKHBAHEM
pa3IMYUTUM O] HyJle, BapWjaHca M 3aKOIICHOCT. [loBe3aHa CTOXacTUYKH yCpeomeHa
PejHONICOBA jemHauMHA pelIeHa je MPUMEHOM OATOBapajyhnx rpaHUYHUX yCIIOBa Kako OW ce
J00Hu0 U3pa3 3a pacnojely PUTHCaKa KOjU je JOOHjeH U3 padyHama HOCHUBOCTH. [lokazamu cMo
Jla eKCLEHTPUYHOCT MoBehaBa KanaluTeT HOCHBOCTU YIIPKOC YMI-EHUIM J1a Hocehie moBpuinHe
TpHe 300r TpaHCBep3aJlHe XPalaBOCTU MOBPLIMHE. YO4miIu cMo Ja lleHkuHCOBa MatepujanHa
KOHCTaHTa CMamYyje HOCHBOCT, JIOK HEraTUBHA 3aKoleHocT nosehasa Hocusoct. Ilepdopmance
cucteMa Hoceher jexaja cy moOoJblane y Cly4ajy MPOMEHJFHMBOI MarHEeTHOT I0Jba Yy OJHOCY
Ha CTAJIHO MarHeTHO MOJbe. 3aHMMJBHBO je HAllOMEHYTH J1a HEraTUBHU €(EeKTH MOPO3HOCTH M
[leHKMHCOBE KOHCTaHTE MOTY OHTH [OHEKIC YMamCHH Yy ClIy4ajy HEraTHBHO 3aKOIICHE
xpanaBoctd. OBO yMameme IOCTaje OYMIVICAHHMjE Kaja Cy YKJbYYeHE BEJHMKE HEraTHBHE
BPEHOCTH BapHjaHce.

Kbe‘-lHe peun: LICHKI/IHCOB MozeCJ, CEKCHCHTPUYHOCT, MaTepI/IjaHHa KOHCTaHTa, KallalluTeET,
XpanaBoCT, HOPO3HOCT
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