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Abstract— An endeavor has been made to analyze the effect of slip velocity on the performance of a hydromagnetic squeeze film in 

rough porous circular plates considering the rotational inertia of the lower plate. The stochastic modeling of Christensen and Tonder 

has been used to account for roughness. The concerned Reynolds, type equation is solved to obtain the pressure distribution leading to 

the calculation of load carrying capacity. It is observed that the magnetization tries to compensate the adverse effect of roughness 

especially, for lower values of rotational inertia. However, for an enhanced performance the slip parameter is required to be 

minimized. Here, the negative skewness associated with roughness offers some assistance to the magnetization for reducing the 

adverse effect of porosity and rotational inertia. It is seen that a suitable choice of plate conductivities may go to some extent for 

improving the performance of the bearing system particularly when variance negative is involved. Lastly, it is noticed that this type of 

bearing system can support certain amount of load even in the absence of flow, unlike the conventional fluid based bearing systems. 
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I INTRODUCTION 

 

The normal approach of non-rotating parallel plates using conventional no-slip condition at the porous interface was discussed in [1 

– 4]. The effect of velocity slip at the porous interface was taken into consideration for squeeze film studies in [5 – 7]. The squeeze film 

behavior between rotating disks for annular geometry was analyzed in [8] incorporating rotation induced inertia effects. Usual no-slip 

condition at the porous surface was assumed which does not comply with the actual physical situations as discussed in [9 – 10]. Squeeze film 

behavior between porous disks to include the effect of velocity slip at the fluid and porous material interface was considered in [11]. Further, 

the velocity slip effect on the squeeze film behavior between two rotating porous annular disks was investigated in [12]. In this investigation 

the slip model of [9] was used and concluded that the velocity slip decreased the load carrying capacity. 

Owing to the large electrical conductivity of liquid metals, the possibilities of electromagnetic pressurization from the application of 

an external magnetic field have been explored and investigated to modify the performance of the bearing systems. This electromagnetic 

pressurization comes into existence when a large external electromagnetic field through the electrically conducting lubricant is employed to 

induce circulating currents which in turn, interacts with the magnetic field to produce a body force which pumps the fluid between the bearing 

surfaces. As the liquid metals are good electrical conductors it becomes possible to increase the load carrying capacity by using the 

electromagnetic force thereby, overcoming the drawback associated with the lubricants at high temperature and low viscosity. 

The hydromagnetic lubrications of porous as well as plane metal bearings have been investigated in a good number of theoretical 

and experimental studies [13 – 15]. The hydromagnetic theory of squeeze films for conducting lubricants between two non-conducting non- 

porous surfaces in the presence of a transverse magnetic field was dealt with in [16]. The study of hydromagnetic effect on the porous squeeze 

films wherein, annular and rectangular plates were respectively considered in [17, 18]. The behavior of hydromagnetic squeeze films between 

porous annular disks with tangential velocity slip was analyzed in [19]. 

By now, it is well established that the roughness of the bearing surfaces significantly affects the performance of the bearing systems 

[20 – 29]. The magnetic fluid based squeeze film behavior between rotating porous rough circular plates with a concentric circular pocket was 

treated in [30]. The behavior of hydromagnetic squeeze films between two conducting rough porous circular plates was discussed in [31]. The 

combined effect of rotational inertia and surface roughness on the squeeze film performance in parallel circular disks was analyzed in [32]. 

Although, the transverse surface roughness adversely affected the bearing system the investigations carried out in [33 – 35] indicated that the 

negative effect of roughness could be minimized by the positive effect of magnetization at least in the case of negatively skewed roughness. 

Therefore, it was deemed fruitful to investigate the problem of squeeze films between electrically conducting rough porous surfaces with 

electrically conducting lubricant in the presence of a transverse magnetic field for circular shape of the bearing surface considering velocity 

slip at the porous interface and rotation of the lower plate. 
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ANALYSIS 
The geometry and configuration of the bearing system is presented in Figure – 1. 

 

 

 

Figure – 1 Configuration of the bearing system 

The lower plate with a porous facing is assumed to be rotating while the upper plate moves along its normal towards the lower plate. The 

plates are considered electrically conducting and the clearance space in between are filled by an electrically conducting lubricant. A uniform 

transverse magnetic field is applied between the plates. 

When the bearing material is porous, the flow of the lubricant takes place not only in the film region but also in the porous matrix 

across the bearing surface – film interface. In this case, there is a coupling between the flow in the film region and that in the porous matrix. In 

such a situation equation governing the flow of lubricant in the porous matrix; called Darcy law is required to be solved along with Navier – 

Stokes equations governing the flow fields in the film region. The conventional Darcy law for velocity of the lubricant in the porous region is 

Q = - 
k 

p 
μ 

where k is the permeability of the porous matrix and p is the lubricant pressure in the porous region. 

The modified Darcy law for velocity Q of the magnetic fluid lubricant in the porous region turns out to be 

Q = - 
k 

p - 
μ 

Following the discussions in [20 – 22] the film thickness is assumed to be of the form 

h(x) =h(x) + hs(x) 

J × B ) 
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whereh(x) is the nominal film thickness between the mean level of the bearing surfaces and hs(x) is the random deviation from the mean film 

thickness governed by a probability density function f(hs); – C  hs  C; where   C is the maximum deviation from the mean film thickness. 

The mean , the standard deviation  and the measure of symmetry  are defined and discussed in [37] and [20 – 22]. 
In view of Beavers and Joseph’s slip model [9], following the method in [35], equation (E20) leads to the following: 

• 

1   p  
=

   h    
+ G

  (1) 

 
 

where 

r r  r  D0E 0 

 
3(2α 2+ h) 

ξ = 0 , 
h(+ h) 

D = h3 (1+ξ) 
  ψ 

−
 2   

tanh(M/2) −(M/2)
 

, 

0 μc2 μM3  

  

E = 
 

0 
+ 

1 
+ 1  

 

 


0 
+ 

1 
+ tanh(M/2) 


 

 

and 
 (M/2)  

3ρ
l
2h3(1+ ξ) 

 

G0 = 
5[h3(1+ ξ) +12kH] 

.
 

As a result with usual assumptions of hydromagnetic lubrication theory and following the method 

of [38] and [33], one arrives at the associated stochastically averaged Reynolds’ type equation resorting to 

the roughness model discussed in [20 – 22]: 
• 

1   p  
r r 

 
r 


 

h 
+ G DE … (2) 

  
where 

g(h) = h3 + 32h + 3h2 + 3h2 + 32 + 3 + , 

 ψ D = g(h)(1 + ξ) −
  2 

tanh(M/2) − (M/2)
 

, 

 

and 


μc

2
 μM

3 

 

3ρl
2g(h)(1 + ξ) 

G = 
5[g(h)(1 + ξ) +12kH] 

.
 

With the aid of boundary conditions 

p(a) = 0; 
p 

= 0 at r = 0 … (3) 
r 

solving equation (2), one obtains the pressure distribution in the form 
• 

p = 
 h

 
 

+ G
 2 − a2  

 
 

 
… (4) 

 DE 
 

  
  

Using the dimensionless quantities 

R = 
r
 

a 
σ* = 

σ
 

h 
α* = 

α
 

h 
ε* =

 ε   

h3 

= 

 
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S = − 
h3ρΩ2 

μ h 

one derives the expression of non-dimensional pressure distribution: 
ph3 

P = − 

 
 

 
• 

μ ha 2 
1 

 

 (1− R2) 
 

 =  −S G    … (5) 

 
where 

 D E  

g(h ) = 1 + 3*2 + 3* + 3*2 + 3*2* + *3 + *, 
D = g(h)(1+ ξ)

 ψ 
−

 2 tanh(M/2) −(M/2) , 

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  
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 

0 
+ 
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 
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+ tanh(M/2) 
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and 
 (M/2)  

 

G = 
3g(h)(1 + ξ) 

.
 

5[g(h)(1 + ξ) + 12] 

In fact, the load is the internal pressure generated between the opposite surfaces due to the dynamic action. 

The load carrying capacity given by 
a 

w = 2π p(r)  rdr , 
0 

is obtained in dimensionless form as 

W = − 
wh3 

 
 

• 

μ ha 4 
π    1  

=  −S G 
 

 

… (6) 

8  D E  
 

RESULTS AND DISCUSSIONS 
 

One can easily notice that the effect of conductivity on the pressure distribution and load carrying capacity comes through the factor  
 +  

+ 
tanh( M / 2)  

 

 0 1 
(M / 2) 


 

  

 0 + 1 + 1  

 

0 + 1 
 

It is clear that for large values of M this tends to 
0 + 1 + 1 

because tanh(M) → 1, (2/M) → 0. But both these functions are 

increasing functions of 0 + 1. It may be seen from the mathematical analysis that as 0 + 1 increases the pressure and load carrying capacity 

increase. 
In Figures (2) – (8) one finds the variation of load carrying capacity with respect to the magnetization parameter M for various 

values of 0 + 1, *, *, *, S, 0 and  respectively. It is easy to see that the load carrying capacity increases considerably due to 

magnetization. Probably, this may be due to the fact that the magnetization induces an increase in the viscosity of the lubricant. Further, the 

4 

 
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load carrying capacity gets increased due to negatively skewed roughness. Similar is the trend of load carrying capacity with respect to the 

negative variance. It is observed that the combined effect of standard deviation and porosity causes reduced load carrying capacity. 

Figures (9) – (14) depict the variation of load carrying capacity with respect to 0 + 1. These figures suggest that the load 

carrying capacity increases significantly with respect to 0 + 1, the increase being more, initially. It is indicated that the variance has a very 

sharp impact as compared to the skewness. 

From Figures (15) – (19) one concludes that the combined effect of porosity and standard deviation is quite negative. However, the 

situation remains a little better in the case of negatively skewed roughness particularly when variance negative occurs. The fact that variance 

positive decreases the load carrying capacity while load carrying capacity is increased with respect to the variance negative, is manifest in 

Figures (20) – (23). Identical is the trends of load carrying capacity with respect to skewness (Figures (24) – (26)), which means, the 

combined effect of variance negative and negatively skewed roughness may play a crucial role in mitigating the adverse effect of porosity, 

standard deviation and rotational inertia. 

It is seen that a better option may be the lower values of rotational inertia to get an enhanced performance as can be had from 

Figures (27) and (28). The last Figure (29) conveys that for augmenting the performance of the bearing system the slip parameter deserves to 

be reduced. 

A close glance at some of the figures tends to say that the combined effect of magnetization parameter and electrical permeability 

can go a long way in compensating the adverse effect of porosity, standard deviation and rotational inertia keeping, the slip parameter at 

minimum. 

II. CONCLUSIONS 

 

In any case, for an effective performance of the bearing system the slip parameter is required to be minimized. It is noticed that the 

negative effect of transverse roughness can be compensated up to a large extent by suitably choosing the plate conductivities and 

magnetization parameters at least in the case of negatively skewed roughness by keeping the slip parameter at minimum. This compensation 

further enhances when negative variance is involved. Therefore, it is suggested that the roughness aspects must be carefully considered while 

designing the bearing system, even if a suitable magnetic strength is in place. 
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Figure: 2 Variation of load carrying capacity 

with respect to M and + 

 
 

Figure: 3 Variation of load carrying capacity 

with respect to M and  
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Figure: 4 Variation of load carrying capacity 

with respect to M and  
 

 

 

 

 

Figure: 7 Variation of load carrying capacity 

with respect to M and  
 

 

 

Figure: 5 Variation of load carrying capacity 

with respect to M and  
 

 

 

 

 

Figure: 8 Variation of load carrying capacity 

with respect to M and  
 

 

 

Figure: 6 Variation of load carrying capacity 

with respect to M and S 
 

 

 

 

 

Figure: 9 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: 10 Variation of load carrying capacity 

with respect to + and  
 

 

 

 

 

 

 

 

 

 
Figure: 11 Variation of load carrying capacity 

with respect to + and  

Figure: 14 Variation of load carrying capacity 

with respect to + and  

 

 

 

 

 

 

 

 

Figure: 15 Variation of load carrying capacity 

with respect to  and  
 

Figure: 12 Variation of load carrying capacity 

with respect to + and S 
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Figure: 16 Variation of load carrying capacity 

with respect to  and  
 

Figure: 19 Variation of load carrying capacity 

with respect to  and  
 

 

 

 

 

 

 

 

Figure: 17 Variation of load carrying capacity 

with respect to  and S 
 

Figure: 20 Variation of load carrying capacity 

with respect to  and  
 

 

 

 

 

 

 

 

Figure: 18 Variation of load carrying capacity 

with respect to  and  

 

 

Figure: 21 Variation of load carrying capacity 

with respect to  and S 
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Figure: 22 Variation of load carrying capacity 

with respect to  and  

 
Figure: 25 Variation of load carrying capacity 

with respect to  and  
 

 

 

 

 

 

 

 

 

 

Figure: 23 Variation of load carrying capacity    

with respect to  and  Figure: 26 Variation of load carrying capacity 

with respect to  and  
 

 

 

 

 

 

 

 

 

 

Figure: 24 Variation of load carrying capacity    

with respect to  and S Figure: 27 Variation of load carrying capacity 

with respect to S and  
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k Permeability 

m Porosity of the porous matrix 

 s 
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M = B0 h 
μ 

 = Hartmann number 
  

p Pressure distribution (N/m2) 

P Non-dimensional pressure 

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 = 1 + 
KM 2 

 
 

h 2m 
' Surface width of the lower plate (meter) 
0 

' Surface width of the upper plate (meter) 
1 

 

 
Figure: 28 Variation of load carrying capacity 

with respect to S and  

s0 Electrical conductivity of lower surface 

s1 Electrical conductivity of upper surface 

t Response time 

T Non-dimensional response time 
s h ' 

0(h) 
=

 
   0    0  

sh 
= Electrical permeability of the 

lower surface 
s h ' 

1(h) 
=

 
   1    1  

sh 
= Electrical permeability of the 

upper surface 

 = 
kH 

= Porosity 
h 3 

 Viscosity (kg/ms) 

μ Magnetic susceptibility (m3/kg) 
Figure: 29 Variation of load carrying capacity 

with respect to  and  0 Permeability of the free space (N/A2) 

* Non-dimensional standard deviation (/h) 

* Non-dimensional variance (/h) 

* Non-dimensional skewness (/h3) 

0 Slip coefficient 
 

 
α

0
 = Slip parameter 

 Fluid density 

l Angular velocity of the lower plate 
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h3ρΩl
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a Radius of the plates (meter) 
h Lubricant film thickness (meter) 

H Magnetic field component 

S = 
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μ h 

= rotational inertia 
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