Jimit R. Patel

Research Scholar
Department of Mathematics,
Sardar Patel University,
Vallabh Vidyanagar-388120,
Gujarat,

India

G.M. Deheri

Associate Professor
Department of Mathematics,
Sardar Patel University,
Vallabh Vidyanagar-388120,
Gujarat,

India

Jenkins Model Based Magnetic
Squeeze Film In Curved Rough Circular
Plates Considering Slip Velocity: A
Comparison Of Shapes

An endeavour has been made to compare the performance of a Jenkins
model based magnetic squeeze film in curved rough circular plates
considering slip velocity for different shapes of the surfaces. Three
different shapes (exponential, hyperbolic, secant) have been taken for
comparison. Beavers and Joseph’s slip model has been considered to
analyze the effect of slip. The statistical averaging model of Christensen
and Tonder has been adopted to study the effect of surface roughness. The
concerned generalized Reynolds type equation is solved to obtain pressure
distribution leading to the calculation of load carrying capacity. The
results presented in graphical forms establish that Jenkins model modifies
the performance in the case of Neuringer-Rosensweig model. The Jenkins
model based ferrofluid lubrication moves to a certain extent in reducing
the adverse effect of roughness and slip velocity. The extent is more in the
case of exponential shape. It is interesting to note that for the exponential
shape the combined effect of magnetism and negatively skewed roughness

is relatively more, even for higher values of slip parameter.

Keywords: Jenkins model, Curved Circular plates, Roughness, Magnetic
Fluid, slip velocity.

1. INTRODUCTION

Ferrofluid, a kind of stable colloid mainly, consisting of
magnetic nano particles, surfactant and liquid carrier,
has both the magnetism of solid magnetic material and
fluidity of liquid. One of the most important properties
of the magnetic fluid is that it can be retained at a
desired location by an external magnetic field. Owing to
the properties of magnetic fluid, it is found to be useful
in engineering, science and biomedical applications.
Ferrofluid is also used in sealing of hard disc drives,
rotating-ray tubes under engineering application. The
flow behaviour of magnetic fluids has been analytically
studied, basically, by using two models, one given by
Neuringer- Rosensweig and the other one proposed by
Shliomis. Later on, Jenkins modified the model of
Neuringer- Rosensweig. A number of authors [1-8] have
discussed the applications and theory of ferrofluids. [9-
12] analyzed the steady-state performance of bearings
with Jenkins model based magnetic fluid flow. It was
manifest that the load carrying capacity of bearing
system increased with increasing magnetization of the
magnetic fluid.

The squeeze film performance between different
geometrical configurations is discussed in a number of
investigations [13-17]. [17-22] dealt with the effect of
curvature parameters on the performance of squeeze
film in rough plates.
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Reduction of friction is quite essential for the effective
performance of a bearing system. It is investigated that
slip velocity supports to reduce the friction. Beavers and
Joseph [23] studied the interface between a porous
medium and fluid layer in an experimental study and
proposed a slip boundary condition at the interface.
Flow with slip becomes useful for problems in chemical
engineering for example, flows through pipes in which
chemical reactions occur at the walls. [24] analyzed the
performance of hydro-magnetic squeeze film between
porous circular disks with velocity slip. Many
investigations have discussed theoretically and
experimentally the effects of slip on various types of
bearings [25-31] and [12]. In all the above studies, it
was found that the slip effect significantly affected the
bearing system. [32] analyzed the effects of velocity slip
and viscosity variation in squeeze film lubrication of
two circular plates. Recently, [33] investigated the
performance of slip Velocity and roughness on
magnetic fluid based infinitely long bearings.

In all the above studies bearing surfaces were
considered to be smooth. But it is unrealistic because,
the bearing surfaces develop roughness after having
some run-in and wear. Several methods have been
mooted to deal with the effect of surface roughness on
the performance characteristics of squeeze films. [34-
36] modified the stochastic model of [37] to study the
effect of surface roughness in general. A number of
investigations adopted the stochastic model of [34-36]
to study the effect of surface roughness [38-49]. [50]
studied the effects of various porous structures on the
performance of a Shliomis model based ferrofluid
lubrication of a squeeze film in rotating rough porous
curved circular plates. It was noticed that the adverse
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effect of transverse roughness could be overcome by the
positive effect of ferrofluid lubrication in the case of
negatively skewed roughness by suitably choosing
curvature parameters and rotational inertia when
Kozeny- Carman’s model was deployed for porous
structure. [51] theoretically analyzed the effect of
Shliomis model based ferrofluid lubrication on the
squeeze film between curved rough annular plates with
comparison between two different porous structures. It
was shown that the effect of morphology parameter and
volume concentration parameter increased the load
carrying capacity.

The objective of this study is to theoretically
compare the performance for wvarious geometrical
shapes of surface on the behaviour of a squeeze film in
rough curved circular plates considering slip velocity
and Jenkins model based ferrofluid lubrication.

2. ANALYSIS

The bearing configuration consists of two circular plates
separated by a lubrication film, each of radius a. The
bearing geometry is displayed in Figure 1.

Figure 1. Configuration of the bearing system

The bearing surfaces are considered transversely
rough. According to the stochastic theory of [34-36], the
thickness h of the lubricant film is taken as

h=h+hg (1)

where h is the mean film thickness and hy is the
deviation from the mean film thickness characterizing
the random roughness of the bearing surfaces. hg is

governed by the probability density function
35 3
——(cz2-h2) ,c<hs<c
f(hs)= nd( ) °
0,elsewhere

wherein c represents the maximum deviation from the
mean film thickness. The mean o, the standard
deviation ¢ and the parameter ¢ which is the measure
of symmetry of the random variable h, are defined and

discussed in [34-36].
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To study the quantitative effect of surface roughness
of the bearing on its performance characteristics three
different lubricant film shapes for the curved circular
plates bearing are considered. In the light of [17] and
[52-53], the following shapes are considered
[I] The upper plate lying along the surface governed by

7, =hyexp(-Br2);0<r<a

approaches with normal velocity ho to the lower plate
lying along the surface specified by

7 = ho[exp(—yrz)—l];os r<a

[II] The upper plate lying along the surface described
by

z,=hy ! ;0<r<a
1+ pr

approaches with normal velocity ho to the lower plate
lying along the surface given by

Z =
: h0_1+7/r

—1}0£r£a

[III] The upper plate lying along the surface given by

7, =hy :sec(ﬂrz)};0£ r<a

approaches with normal velocity ho to the lower plate
lying along the surface governed by

= ho[sec()/rz)—lji;os r<a

where £ and y denote the curvature parameters of the
corresponding plates and hy, is the central film

thickness. The film thickness then, are respectively
determined by ([17, 52, 54]),

h(r)= hO[exp(—ﬂrz)—exp(—}/rz)Jrl};OS r<a

L.
1+ p4r 1+yr

hU)zho{

+1};0£r§a

and
h(r)= ho[sec(ﬂrz)—sec(yr2)+1}0§ r<a

In 1972, a simple model to express the flow of a
magnetic fluid was proposed by Jenkins. In this paper
the magnetisable liquid was regarded as an anisotropic
fluid and added to the motion and the temperature, the
vector magnetization density to complete the description
of the material. The use of local magnetization as an
independent variable allowed Jenkins to treat static and
dynamic situation in a uniform fashion and to make a
natural  distinction between paramagnetic and
ferromagnetic fluids. A uniqueness theorem was
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recognized for incompressible paramagnetic fluids and
determined that in these materials the magnetization
vanished with the applied magnetic field. So the Jenkins
model is not only a generalization of the Neuringer-
Rosensweig model but also modifies both the pressure
and the velocity of the magnetic fluid.

With Maugin’s modification, equations of the model
for steady flow are ([55] and [10])

p(av)a=-V,+7v2q+p (MV)H +”A2

x{%x{(VX&)XM}} @)

together with
Vq=0,VxH = oﬂzﬁ,v(mrﬁ) =0

([17]), p is the fluid density, a is the fluid velocity in

the film region, H s external magnetic field, ,L_t is
magnetic susceptibility of the magnetic fluid, p is the
film pressure, 7 is the fluid viscosity, g, is the

permeability of the free space and A being a material
constant. From the above equation one concludes that
Jenkins model is a generalization of Neuringer-
Rosensweig model with an additional term

pfjv{%x{(vxq)xm }}

ppj'qu|:E><{(qu) _}} 3)

which modifies the velocity of the fluid. At this point
one observes that Neuringer-Rosensweig model
modifies the pressure while Jenkins model modifies
both the pressure and velocity of the ferrofluid.

Let (u,v,w) be the velocity of the fluid at any point

(r,@,z) between two solid surfaces, with OZ as axis.

Making the assumptions of hydrodynamic lubrication
and remembering that the flow is steady and axially
symmetric, the equations of motion are

1_pAZZH ’u_1d _,uo;Hz
2w a2 garlt 2
4)

li(ru)Jr%:O
ror oz (5)

Solving the above equation (4) under the boundary
conditions, u =0 when z =0,h, one obtains

U Z(Z—h) i(p—MHZ\J ©)

270\ dr 2
2n(1—pA #H J
2n
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Substituting the value of uin equation (5) and
integrating it with respect to z over the interval (0,h)
one gets Reynolds type equation for film pressure as

3 .
I [p_MH J 120k
rdr 1—'0A2'UH dr

2n

For the stochastic averaging theory of this differential
equation, a method has been proposed in [34-36]. Here
an attempt has been made to modify this method, which
on certain simplifications yields, under the usual
assumptions of hydro-magnetic lubrication [17, 56-57]
the modified Reynolds type equation,

h - .
1d L)_ri[p_Msz 12y ()
rdrl (| _pAtuH ) drl” 2

2n

where

g(h):(h3 +3h2a+3(62 +O(2)h+3620t+(13+8)

4+sh
2+sh

Following dimensionless quantities are considered;

_ h3
=D R=Lpo— 0P B parcoya2,
hO a :
nazhy
3
H2 kr2(a r)) * _ kHOMhO ’C_T:hi’
nhy 0
_ pA2l:\/Ea _—&_—iEZShO )
21’] ’ hO’ h(:;”

Using the equation (8), equation (7) transforms to

=-12 (9)

where

o) <[ 4377 5+3(F 43 s’ +a’ +3)

4+sh
2+sh

Solving equation (9) under the boundary conditions

dpP
P(1)_0,(EJR=O =0 (10)
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one derives the expression for the dimensionless
pressure distribution as

P =“7R2(1—R)—6?L_(1—K2Rx/1—R)dR (1)
1

o(h)
The dimensionless load carrying capacity of the bearing
system then, is determined by

h3
W 0y

2mad b,

1 * 1 3 -
— (RPAR =Z—O+3JR—_(1—A2R\/1—R)dR (12)
0

og(h)

3. RESULTS AND DISCUSSION

It can be easily seen that the non-dimensional load
carrying capacity gets increased by

*

i

40
as compared to the case of conventional lubricant based
bearing system, for all three geometrical cases. The
expression involved in equation (12) is linear with
respect to the magnetization parameter and hence an
increase in magnetization parameter will lead to
increased load carrying capacity. This is not surprising
as the magnetization increases the viscosity of the
lubricant and consequently, resulting in increased load
carrying capacity. It is also found that Jenkins model
modifies the performance in the case of Neuringer-
Rosensweig model based magnetic flow.

Besides, the combined effect of surface roughness
and slip velocity is relatively adverse. In fact, this
investigation makes it clear that for an improved
performance of the bearing system the slip parameter is
required to be kept at minimum.

Comparison of various shapes, so far as load
carrying capacity is concerned, is presented graphically.
It can be easily noticed that the situation is fairly good
in the case of exponential bearing.

The effect of magnetization on the load carrying
capacity presented in Figures 2-6 shows that the load
carrying capacity is registered to be more in the case of
exponential bearing system.

The fact that material parameter induces an adverse
effect is depicted in Figures 7-9. Here, the load carrying
capacity is found to be more decreased in all the cases.

The effect of upper plate’s curvature parameter on
the load carrying capacity is comparatively more in
exponential and hyperbolic shapes but this effect is just
marginal in the case of secant shape bearing (Figures
10-12).

The fact that the effect of lower plate’s curvature
parameter on load carrying capacity is almost opposite
to that of upper plate’s curvature parameter, is found in
Figures 13-16. Thus, a judicious choice of both the
curvature parameters is required for providing a better
performance.
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to u* and A .
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The standard deviation associated with roughness
decreases the load carrying capacity in all the cases.
However, this effect is negligible for secant shape
bearing system (Figures 17-19).

The positively skewed roughness decreases the load
carrying capacity while the load carrying capacity gets
enhanced by the negatively skewed roughness, as can be
seen form Figures 20-21. Lastly, the trends of load
carrying capacity with respect to variance are akin to
that of skewness (Figure 22). Therefore, the combined
effect of variance (-ve) and negatively skewed
roughness becomes crucial for improving the
performance of the bearing system.
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It is revealed that the effect of slip is more in the
case of lower plate’s curvature parameter for all the
shapes.

A close scrutiny of some of the graphs tends to
suggest that the combined effect of standard deviation,
slip parameter and the material constant parameter is at
the most nominal for the case of secant shape bearing
system.

It is noticed that the trends of load with respect to
curvature parameters for exponential and parabolic
shapes are almost opposite to that of secant shape
bearing system.

4. CONCLUSION

It is clearly visible that Jenkins model modifies the
performance in the case of Neuringer- Rosensweig
model for all the shapes. The roughness is required to be
accounted for while designing the bearing system even
if Jenkins model is adopted as the material constant and
slip parameter cause reduced load carrying capacity.
However, for an improved performance the slip
parameter deserves to be kept at minimum. Considering
all the aspects it is revealed that the exponential bearing
scores over the other two bearing systems. It is also
appealing to note that this type of bearing system
supports certain amount of load even in the absence of
flow unlike the case of conventional lubricant based
bearing system.
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ITEHKMHCOB MOJEJI 3ACHOBAH HA
MAT'HETHOM ®JYHUAY BASUPAHOM HA
CTUCHYTOM ®UJIMY KOJJ CABUJEHHUX

XPAITABUX OKPYI'JIUX IIVIOYA CA ACIIEKTA
BP3UHE KVIN3AIbA: IOPEBEIBE OBJIMKA

Jimit R. Patel, G. M. Deheri

Y pany ce ymopehyjy mnepdopmance IleHkuHCOBOT
MoJiela 3aCHOBaHOT Ha MarHeTHOM (urynny OazupaHoM
Ha CTHCHYTOM (HUIMYy KOJ CaBHjeHHX XpalaBHX
OKpYyIJIUX IUIoYa ca acreKkTa Op3uHe KiIu3ama, IpH
pazmmuuTEM  obnuiuMma  moprimHe.  [lopeheme  je
BpPLUIEHO KOJ TPH pa3Iu4yuTa OONMKa IIOBPIIMHE
(eXCTIOHEHIIjaITHH, XWUIIEPOOJTMYHN W CEKaHTHH). 3a
aHaJIM3y yTulaja Kiu3ama kopuithen je busepcoB u
[JosedpoB monen. KpucrencenoB u TonmepoB mozen
MPOCCYHMX CTATUCTHYKUX BPEIHOCTH j€ YCBOJCH 3a
npoyuyaBamke yTHIAja IOBPIIMHCKAX  HEpaBHHHA.
PemaBa ce renepanucana jemHaumHa PejHonmcoBor
TUTA a Ou ce JoOmia AUCTpUOYIHja MPUTUCKA KOja ce
KOPUCTH 3a W3pauyyHaBame Kamnamurera ontepehema.
Pesynratn npukazanu y o0nuky rpaduka moTBphyjy na
[lenkuHcOoB  Momen — moaupukyje  mepdopmaHce
Hojpunrep-Pocencrajrosor monena. [IeHKHHCOB MOAen
3aCHOBaH Ha MOAMAa3WBamy TBO3ACHHM (IyHAoM je
JIOHEKJIE HANpeIHUjU jep pelyKyje HEeloBOJbaH YTHIA]
XpanaBoCTH U Op3uHE Kiu3ama, mTo je y Behoj mepu
U3PKEHO KOJI CKCIIOHCHIIUjATHOT 00JIMKA. 3aHUMJbHUBO
jé TPUMETUTH Ja je KOA CKCIOHCHIIMjATHOT O0JuKa
KOMOWHOBaHM yTHLAj MarHeTH3Ma W HETaTUBHO
yKpiITeHe XxpamaBocTh Behw, uyak W kox Behux
BPEAHOCTH MapaMeTpa KIH3amba.
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