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Abstract In this article, the combined effect of magnetic field and surface roughness on the
squeeze film lubrication between porous conical bearing lubricated with couple stress fluid is
presented. Based on Christensen’s stochastic theory for rough surface, the modified Reynolds
equation is derived and the expression for mean fluid pressure, mean load carrying capacity and
squeeze film time was examined on the roughness pattern. The results are plotted graphically
for various dimensionless parameter such as Hartmann number, couple stress parameter, perme-
ability parameter and roughness parameter. It was observed that pressure, load carrying capacity
and squeeze film time increases with the effect of magnetic field and couple stress in the pres-
ence of surface roughness compared to non-magnetic case and Newtonian case, whereas these
parameters decrease in the presence of surface roughness as half-cone angle increases.

1 Introduction

The impact of MHD on the squeeze film lubrication is very promising since magnetic field has
significant applications in the industry. Maki and Kuzma[1] performed experimental and theoret-
ical research in MHD hydrostatic bearings and found that use of electrically conducting lubricant
with applied magnetic field gives effective performance of squeeze film bearings. Naduvinamani
et.al [2] analyzed the impact of couple stress and MHD on the characteristics of squeeze-film in
circular stepped plates. In recent year, many research scholars are showing considerable interest
in hydrodynamic lubrication theory for roughness, as all the surfaces of bearing are rough to
some level. Numerous methodologies have been put forward in the literature to understand the
impact of rough surface on bearings. Christensen[4] was the first to study about the rough sur-
faces in hydrodynamic lubrication of solid bearings who investigated a stochastic model. Since
then many researchers[5-8] have embraced this concept and applied this approach to study the
effect of rough bearing surfaces to deploy the stochastic model.

Kudenatti and Bujurke [3] researched on the consequences of roughness across rectangular
plates containing electrically conducting fluid, having a rough surface on the upper plate. The
classical Reynolds equation was generated and showed that the impact of rough surface and
MHD increases the pressure distribution and load supporting capacity.

Tzeng and Saibel [9-10] used stochastic concepts to understand the surface roughness effects
in slider bearings and in short journal bearing. Many investigators [11-15] used Stokes cou-
plestress fluid theory for analyzing the performance of different types of bearing with surface
roughness Hanumagowda et.al [16] explained the impact of CSF between conical bearing with
MHD and surface roughness and noticed that the attributes of squeeze film lubrication performs
better in case of Azimuthal pattern than in Radial roughness pattern. Prakash and Tiwari [17]
studied the impact of rough surface to understand the characteristics of squeeze-film between
porous rectangular plates. Later Ramesh et.al [18] numerically analyzed the effect of magnetic
field and surface roughness on rough and porous rectangular plates. They found that pressure
and load carrying capacity is more dominant for increasing Hartmann-number and roughness
parameter values and decreases for increasing permeability parameter. So far, we have not seen
the joined impact of MHD, CSF and rough surface on the performance of squeeze film across
porous conical bearing. In this chapter we study the joined impact of couple-stress, roughness
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on porous conical bearing with transverse magnetic field.

2 Mathematical formulation and theoretical Solution

A squeezing flow of couple stress fluid between rough (» = 0) porous conical bearing is pre-
sented in figure 1. A uniform magnetic field Byvertically from the bottom of the conical bearing
is applied.

Figure 1. Geometrical representation of Porous Conical plates

The basic equation for MHD couple stress fluid is given by:
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Substituting above equation in (2.3) and integrating across film thickness h we get a modified
Reynolds equation
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Where , ;1 — viscosity coefficient  — material constant characterizing couple stress,p =
(n/p) /k — ratio of microstructure size to pore size,m — porosity, k — permeability of porous
material.

The component of velocity in the z-direction is continuous at the interface between the plate
and the film so that
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The pressure in the porous region is
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Let us integrate above equation wrt z over porous layer thickness §
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Assuming that the thickness § of porous layer is very small & using the pressure continuity
condition p = p* at porous interface z = 0 we get
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Equation (2.13) is the modified Reynold’s equation.
Christensen’s theory[4] for roughness considers two parts of the thickness H ,

H =h+ hy(r,0,¢) (2.14)
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Where h is the smooth part, h, represents the stochastic film thickness and £ represents index
parameter for exact roughness pattern .
Taking the expected values of (2.13) we get Reynolds equation as
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Where F is the expected value, defined as
E(s) = / ()p1 (hs)dhs (2.16)

Here p; is probability density-function and Christensen[4] stochastic model gives:
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Where o = n/3 represents standard deviation
We take into consideration, two types of one-dimensional roughness patterns
Radial Roughness Pattern. The one-dimensional radial roughness structure is in form of ridge,
valley and long that passes in r-direction. The film thickness and generalized Reynolds equation
for radial structure is

H = h(t) + hs(0,)
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Azimuthal Roughness Pattern. The one-dimensional azimuthal roughness structure is in form
of ridge, valley and circular that passes in #-direction .The film thickness and generalized Reynolds
equation for azimuthal pattern is

H = h(t) + hs(r,€)
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Equation (2.17) and (2.18) together can be expressed as
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The non-dimensionless parameters are given as
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Equation (2.19) reduces to
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On Integrating (2.20) using the above condition we get film pressure P* as
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3 Results and discussion

In the present article, the combined impact of MHD, CSF and roughness on the performance of
squeeze-film across porous conical bearing using Christensen stochastic theory and Stokes cou-
ple stress theory is studied. The result are discussed for various non-dimensional factors, such
as Hartmann number My, half-cone angle 6 ,couple-stress parameter [*, parameter of permeabil-
ity ¢ and parameter of roughness C'. For graphical and numerical interpretation on the above
parameter, following ranges are assumed: [* = 0,0.2,0.4,C = 0,0.2,04, My = 0,2,4,¢ =
0,0.01,0.1,0 = %, %, 7.

3.1 Dimensionless Pressure:

Deviation of dimensionless P* versus r* for distinct C' values with My = 2,1* = 0.3, = 7/3
for ¢ = 0.001 is shown in figure 2. It is observe that for larger C' values, P* inclines in azimuthal
structure whereas pressure declines in radial pattern. Figure 3 represents P* with respect to r*
as a function of Hartmann number M, for permeability parameter ¢» = 0.001. It is notice that
pressure raises with the effect of magnetic field for radial and azimuthal structure. Figure.4
presents the impacts of parameter [* with respect to r* and it is noted that the effect of I* is to
enhance the P*. The profile of pressure P* versus r* for distinct values with C = 0.2, My =
2,1* = 0. for permeability parameter ¢» = 0.001 is displayed in figure 5 and noticed that for
both the roughness structure, pressure declines as increases. Figure 6 elaborates, the pressure P*
with respect to r* as a function of permeability parameter for both the roughness structure and
implies that permeability parameter decreases P*
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Figure 2: Variation of non-dimensional P with r' for different values of C with M, =2,1'=0.3, Figure 3: Variation of non-dimensional P~ with ' for different values of M, with C= 0.2, =0.3,
0=r/3,h=12,y =0.001,m=0.6,5=001,¢ =0.2. 0=x/3,h=12,y =0.001,m=0.6,5=001,¢=02.
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Figure 4: Variation of non-dimensional P with r’ for different values of /' with M, =2, C=0.2,

0 =xl3,h=12,y =0.001,m=0.6, 5 =0.01, ¢ =0.2.

r
Figure 5: Variation of non-dimensional P with r for different values of ¢ with M, =2, C=0.2,

[=03,h=12,y =0.001,m=0.6,5 =0.01, 4 =0.2.

3.2 Dimensionless Load supporting Capacity:

Figure 7 shows the variation in load W* against h* as a function of parameter C' with M, =
2,01* =0.3,0 = /3,1 = 0.001. The figure implies that as parameter C' increases, W* increases
in azimuthal pattern compared to radial structure. In Figure 8, it is notice that for the higher
Hartmann number M values, the load W* increases for both the roughness pattern for perme-
ability parameter ¢» = 0.001. The graph W* against h* with parameter [* as a function is shown
in figure 9 and observed that the impact of couplestress parameter is to increase the load W* for
both radial and azimuthal roughness pattern. The variation in load carrying capacity with h* for
distinct values with C' = 0.2, My = 2,1* = 0.3 and ¢ = 0.001 is projected in figure 10. It is no-
tice that as # values increases ,the load carrying capacity reduces for both the roughness pattern.
Variation in load-carrying capacity for different ¢ values with My = 2,{* = 0.3,0 = /3 and
C = 0.2 is shown in figure 11. which implies that for both roughness structure W* reduces for
greater permeability parameter 1 values
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Figure 6: Variation of non-dimensional P’ with ' for different values of y with M, =2, C=0.2,

[=03,h=12,0=7/3,m=0.6,5 =001, 4 =0.2.

3.3 Dimensionless Response time:

Figure 7: Variation of non-dimensional W’ with /" for different values of C with M, =2,/ =0.3,

0 =xl3, y =0.001,m=0.6,5 =0.01,¢ =0.2.

The graph shown in figure 12 is the variation in time 7™ with respect to A} for various C values
for permeability parameter ¢» = 0.001. It is observed that for higher C' values the squeezing
time 7 is greater for azimuthal structure where as reduces for radial roughness parameter. The
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Figure 8: Variation of non-dimensional /" with /" for different values of M, with 1'=03,0=02, Figure 9: Variation of non-dimensional W’ with /" for different values of /" with M,=2, C=0.2,
0=x/3, y =0.001,m=0.6,5=001,¢ =02 0=x/3,y =0.001,m=0.6,5=0.01,4 =0.2.

variation of 7 against k] as a function of M, for i* = 0.3,0 = 7/3,C = 0.2 and ¥ = 0.001
is shown in figure 13 and found that that the presence of magnetic field enhances squeezing
time T*. In figure 14 the profile T against h] as a function of [* is shown and observed that
the impact of couplestress is to enhance 7 as compared to Newtonian fluids for both rough
structures. The deviation in time T*with respect to hj for distinct 6 values with My = 2,C =
0.2,1* = 0.3,7 = 0.001 is described in figure 15 and observed that for higher values the time
reduces in both structure of roughness. Figure 16 describes the variation in film time 7™ against
h} for distinct permeability parameter values with My = 2,C = 0.2,1* = 0.3, = 7/3. It is
noted that permeability ) decreases the squeeze film time for both structure of roughness
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Figure 10: Variation of non-dimensional W' with /i for different values of 0 with M =2, C= 0.2, Figure 11: Variation of non-dimensional W with 1’ for different values of y with M,=2,C=02,
1'=03, y =0.001,m=0.6,5 =0.01, 4 =0.2. [=03,0=x/3,m=06,5=0.01,4 =0.2.
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Figure 12: Variation of non-dimensional T with /I; for different values of C with M, =2, =03, Figure 13: Variation of non-dimensional 7~ with /I; for different values of M, with C=0.2, =03,
0 =x/3, y =0.001, m=0.6,5 =0.01, 4 =0.2. 0 =x/3, y =0.001,m=0.6,5 =0.01,¢ =0.2.

4 Conclusion

In the present study the characteristic of squeeze film for porous conical plates with CSF and
surface roughness in the presence of magnetic field is analysed. From the above result and dis-
cussion we can draw following conclusion.

(a). Due to the impact of rough surface ,the pressure , load carrying capacity and time rises
for azimuthal structure, than the radial roughness structure. Both the rough structure coincides
atC' = 0.
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Figure 14: Variation of non-dimensional 7" with /i, for different values of /' with M, =2, C=0.2,

0 =x/3, y =0.001,m=0.6,6 =001, ¢ =0.2.
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Figure 15: Variation of non-dimensional * with & for different values of & with M, =2, C=0.2,
=03,y =0001,m=0.6,5 =001, 4 =0.2.
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Figure 16: Variation of non-dimensional 7" with /1, for different values of y with M, =2, C=0.2,

1=03,0=x/3,m=0.6,5=001,4=02.

(b). With the increase in Hartmann number M), the performance of squeeze film improves
than compared to the non-magnetic case for radial and film azimuthal structure.

(c). The attributes of squeeze film enhances with the impact of couple stress compared to
Newtonian fluids for both the roughness pattern.

(d). For both the rough structure, the pressure, load and squeezing time decreases, with in-

creasing half-cone angle.

(e). The effect permeability parameter reduces the overall performance of squeeze film at-

tributes for both the roughness parameter.

Table:1 A numerical comparison of the present paper with Hanumagowda.et.al[8] is

shown in the below table

Hanumagowda et.

Current Analysis

al.
C=0 =0 C=02, y=0.001 C=02,  =0.01
M, =02 =04 =02 =04 1#=0.2 1%=0.2
Radal Azsimuthad Radal Aznmutha

Me=0 147525 266505 147525 266505 123125 13839 584 59851

we M2 159295 159295 278322 14119 15901  13.143 145379
M=4 194563 313759 194563 313759 182032 201279 18005 198585
Me=6 253203 372776 253203 372776 243333 262589 242511 261548
My=0 258724 414293 258724 414293 232652 253007 145803 1.50214

;e M=2 204694 450467 294604 450467 274946 296726 263693 282314
My=4 402268 558862 402268 558862 3.8787  4.09922 385314 4.06818
Mg=6 580523 739116 580523 739116 567886 589904 56664  5.88507
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