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ABSTRACT - This paper aims to analyze the effect of surface roughness on the hydromagnetic
squeeze film in porous circular step bearing. The stochastic model of Christensen and Tonder has
been employed to characterize the random roughness of the bearing surfaces. The concerned
stochastically averaged Reynolds’ type equation is solved with appropriate boundary conditions to
get the pressure distribution leading to the calculation of the load carrying capacity. The results
presented in graphical forms ensure that the transverse roughness affects the bearing system
adversely. However, the magnetization tends to rescue the situation in the case of negatively skewed
roughness, particularly when variance (-ve) is in place. Of course, the radii ratio and the supply
pressure contribute towards reducing the negative effect of porosity and standard deviation
associated with roughness.
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1. INTRODUCTION

Now a days it is well known that gears, braking units, hydraulic dampers, skeletal
bearings and synovial joints make use of squeeze film mechanism. Mostly, an electrically
conducting fluid with high thermal and electrical conductivity is used as a lubricant for
squeeze films to work under severe circumstances. The application of external magnetic field
then improves the lubrication performance.

Majmudar (1) discussed the performance of an oil lubricated circular step bearing.
This study underlined the importance of radii ratio. Lin (2) investigated the couple stress
effect on the performance of an externally pressurized circular step bearing. It was found that
the couple stress fluid modified the performance of the bearing system. Deheri et. al. (3)
modified and developed the analysis of Majmudar (1) to incorporate the magnetization effect
by taking a magnetic fluid as the lubricant, the flow being governed by Neuringer-
Rosensweig’s model (4). Vadher et. al. (5) considered the hydromagnetic squeeze films
between two conducting rough porous circular plates. It was established that the negative
effect of roughness got minimized due to the magnetization. Patel and Deheri (8) analyzed
the performance of a ferrofluid squeeze film in rotating rough curved circular plates making
use of Shliomis model. The findings proved that Shliomis model based ferrofluid lubrication
was relatively better than the model of Neuringer-Rosenweig (4). Patel et. al. (6) extended the
study of Deheri et. al. (3) to investigate the effect of transverse surface roughness. Here, it
was shown that the performance of the bearing system was adversely affected by the
roughness of the bearing surfaces. But the situation was found to be a little better in case the
variance (-ve) was involved. Lin et. al. (7) presented a modified lubrication equation for
hydromagnetic non-Newtonian cylindrical squeeze films. The hydromagnetic non-Newtonian
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effects provided better performance for circular squeeze films in comparison with the case of
a non-conducting Newtonian lubricant.

Here, it has been sought to analyze the effect of transverse surface roughness on the
behavior of a hydromagnetic squeeze film in porous circular step bearings.

2. ANALYSIS

The geometrical configuration of the bearing system is shown below.
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Figure: I Configuration of bearing system

In order to obtain the behavior of different performance characteristics, usually, the
following two assumptions are made:

(1) The recess is deep enough for the pressure in it to be uniform.
(2) The bearing has low rotational velocity and its effect is neglected for the pressure

development.
As shown in the Figure–I a thrust load W is applied and the bearing supports the load without
metal to metal contact. This load W is supported by the fluid within the pocket and the land.
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The fluid escapes radially through the restrictions by a land or sill around the recess. An
electrically conducting lubricant is used and a uniform transverse magnetic field is applied.
The flow in the porous medium stands by the modified form of Darcy’s law (9), while in the
film region the equations of hydromagnetic lubrication theory hold. In view of the
discussions of Christensen and Tonder (10, 11, 12) the film thickness is given by

sh(x)hh(x) 

where (x)h is the mean film thickness and hs is the deviation from the mean film thickness
characterizing the random roughness of the bearing surfaces. This stochastic model of
Christensen and Tonder (10, 11, 12) has been deployed in various investigations (13 – 17).
The details regarding hs and the related aspects can be culled from Christensen and Tonder
(10, 11, 12).

Under usual assumptions of hydromagnetic lubrication, the associated Reynolds’ type
equation leads to the pressure induced flow for a circular step bearing as

dpAB 2 r drQ = - 12



… (1)
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one arrives at the governing equation for the film pressure p given by
rln r0p = ps riln r0

 
 
 
 
 
 
 
 

… (3)

wherein,
r6

μQ
0p lns πAB ri

 
 
 
 

 … (4)



Eastern Academic Journal ISSN: 2367–7384
Issue 3, pp.71-87, October, 2015

74

Introduction of the non-dimensional quantities
16 ln k*P  =s  A B
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paves the way for the expression of non-dimensional pressure distribution:
rln r0*P = Ps riln r0

 
 
 
 
 
 
 
 

… (5)

Then, the load carrying capacity obtained by integrating the pressure, assumes the
dimensionless form:

 * 2P 1 - ksW = 12 ln k
 
 
 

… (6)

3. RESULTS AND DISCUSSION

The expression for non-dimensional pressure is presented by (5) while the
dimensionless load carrying capacity is determined by (6). It is clearly seen that the load
carrying capacity w  ps and

Qps A B

This indicates that for a constant flow rate the load carrying capacity increases as
stochastically averaged film thickness decreases. Therefore, the bearing becomes self
compensating provided the flow rate is treated as constant. It is observed that the effects of
conductivity on the pressure distribution and load carrying capacity is decided by the factor
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1
0 1

0 1
 
 

for large M because tanh(M)  1. As both of these functions are increasing functions of
0 + 1 it may be observed that the pressure and load carrying capacity increases with
increase in 0 + 1.

That, the hydromagnetization induces a sharp increase in the load carrying capacity
can be seen from Figures (1) – (6).

Figure: 1 Variation of load carrying capacity with respect to M and 

Figure: 2 Variation of load carrying capacity with respect to M and 
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Figure: 3 Variation of load carrying capacity with respect to M and 








Figure: 4 Variation of load carrying capacity with respect to M and 
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Figure: 5 Variation of load carrying capacity with respect to M and 


Figure: 6 Variation of load carrying capacity with respect to M and k
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The effect of conductivity on the variation of load carrying capacity is presented in Figures
(7) – (11).

Figure: 7 Variation of load carrying capacity with respect to and *









Figure: 8 Variation of load carrying capacity with respect to and *
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Figure: 9 Variation of load carrying capacity with respect to and *









Figure: 10 Variation of load carrying capacity with respect to and 
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Figure: 11 Variation of load carrying capacity with respect to and k


It is clearly observed that the load carrying capacity increases sharply up to some extent (0

+ 1  1.32) and then the rate of increase gets slower.
The fact that the standard deviation associated with roughness causes reduced load

carrying capacity can be viewed from Figures (12) – (15).

Figure: 12 Variation of load carrying capacity with respect to and *
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Figure: 13 Variation of load carrying capacity with respect to and *


Figure: 14 Variation of load carrying capacity with respect to and 




Eastern Academic Journal ISSN: 2367–7384
Issue 3, pp.71-87, October, 2015

82

Figure: 15 Variation of load carrying capacity with respect to and k


It is noticed from the Figures (16) – (18) that the load carrying capacity decreases with
increase in positive variance while the variance (–ve) increases the load carrying capacity.

Figure: 16 Variation of load carrying capacity with respect to and 
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Figure: 17 Variation of load carrying capacity with respect to and 





Figure: 18 Variation of load carrying capacity with respect to and k
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The trends of load carrying capacity with respect to skewness are similar to that of the
variance as found in Figures (19) – (20).

Figure: 19 Variation of load carrying capacity with respect to and 


Figure: 20 Variation of load carrying capacity with respect to and k


This means for this type of bearing system the combined effect of negatively skewed
roughness and variance (–ve) may go a long way in improving the performance of the
bearing system.
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Lastly, Figure (21) demonstrates that the combined effect of radii ratio and porosity is to
bring down the load carrying capacity.

Figure: 21 Variation of load carrying capacity with respect to and k


It is observed that for both small as well as large values of M the bearing performance
suffers when the plates are taken to be electrically conducting, in comparison with the
hydromagnetic case, when the plates are considered to be non-conducting. However, this can
physically be explained by fringing phenomena which occurs when the plates are electrically
conducting. Lastly, the load carrying capacity is found to be more in comparison with the
Neuringer Rosensweig model based ferrofluid squeeze film (Deheri et. al. (3), Patel et. al.
(6)).

4. CONCLUSION

Although, the bearing suffers owing to transverse surface roughness, this article offers
some measures that this adverse effect of roughness can be minimized by the combined effect
of hydromagnetization and supply pressure in the case of negatively skewed roughness when
variance comes out to be negative. Of course, in augmenting the performance of the bearing
system the plate conductivities and radii ratio may play a crucial role. Therefore, it becomes
inevitable that the roughness aspects must be evaluated from longevity point of view while
designing the bearing system.
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NOMENCLATURE

ri Inner radius (meter)
ro Outer radius (meter)
H Thickness of the porous facing (meter)
 Permeability of the porous matrix

M =
1/2

μ
sh0B 







= Hartmann number

ps Supply pressure (N/m2)
Ps* Dimensionless supply pressure
p Pressure distribution (N/m2)
P Non-dimensional pressure
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s Electrical conductivity of the lubricant
w Load carrying capacity (kgm/s2)
W Dimensionless load carrying capacity
B0 Uniform transverse magnetic field applied between the plates.

c2 =
m2h

2KM1

'
0h Surface width of the lower plate (meter)
'
1h Surface width of the upper plate (meter)

s0 Electrical conductivity of lower surface
s1 Electrical conductivity of upper surface

0(h) =
sh
hs '

00 = Electrical permeability of the lower surface

1(h) =
sh
hs '

11 =  Electrical permeability of the upper surface

 = 3h
H = Porosity

 Viscosity (kg/ms)
* Non-dimensional standard deviation (/h)
* Non-dimensional variance (/h)
* Non-dimensional skewness (/h3)
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