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Abstract : The influence of surface roughness on performance characteristics of porous journal bearing is studied by considering
thermal effect. The modified Reynolds equation governing the pressure field within fluid-film is developed using Patir and Cheng
flow factors and Darcy equation to include the 3D surface roughness and thermal effects. The energy equations for both fluid-film
and porous media are also derived. The modified Reynolds and energy equations are simultaneously solved using finite element
method. The performance characteristics are obtained by using the matched pressure field that obtained from the simultaneous
solution of Reynolds equation. The load carrying capacity, fluid-film stiffness, damping coefficients and stability threshold speed
margin of smooth and rough porous journal bearings were shown to reduces as permeability of porous matrix increases. The reduced
performance characteristics of porous journal bearing due to increased permeability were shown to be compensated by the proper
roughness. Stationary roughness and transverse roughness pattern combination was shown to provide maximum enhancement for
the circumferential and axial pressure distribution, load carrying capacity, fluid-film stiffness and damping coefficients.

1. INTRODUCTION

The conventional plane metal journal bearings are replaced by porous journal bearings due to their favorable
self-lubricating properties. From last few decades, considerable amount of research works have been made in
the area of porous journal bearings. Notably among these, some available studies [1-3] considered the influence
of couple stress fluids, flexibility of porous liner and thermal effects on porous bearing performances without
considering roughness effects. Only few studies [4-7] exhibit the influence of roughness on porous journal
bearing performances using stochastic Reynolds equation which is limited to one-dimensional roughness
patterns. Since these are the limiting cases of roughness found in real engineering surfaces, consideration of
area distributed 3D surface roughness effects on porous journal bearing performances is most essential. Further,
the studies [4-7] have been considered the surface roughness effect without considering thermal effects.
Therefore, the present study considered the combined influence of surface roughness and thermal effects on
performance characteristics of porous journal bearing.

2. Mathematical Models
For the fluid-film region of porous journal bearing system, the modified form of Reynolds equation is derived
using Patir and Cheng [8] flow factors and Darcy equation. It is expressed in non-dimensional form as
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The 3D energy equation in fluid domain is expressed in non-dimensional form as
=2(-0T¢ -dTt WoT 2T¢] = —|(au) (av)
h u f +V f += —f lef _2f +Df,u —_— +| —= (2)
Joa op h oz o7 0z 0z

For a thin walled porous bush, the energy equation is expressed in non-dimensional form as
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3. Results and Discussion

The results showing the influence of surface roughness and thermal effects are computed for the following
non-dimensional operating and geometric parameters of the porous bearing.

Aspect ratio, 1 =1.0; Eccentricity, ¢ = 0.6; Speed parameter, Q = 17.404; Permeability parameters, k =1E-0.8 to
1E+00; Pecklet number for porous bush and fluid-film, P,=1464.478 and P; =1.675; Fluid film thickness ratio,

Ah =3, As seen from Fig. 1, the circumferential pressure increases as the permeability parameter increases in
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stationary, \7”. =0 (i.e. smooth journal and rough porous bush) type rough bearings with transverse roughness
pattern (y =1/6) when thermal effect is considered. The opposite trend is observed in moving, \7”. =1 (ie.

rough journal and smooth porous bush) and two-sided, \7”- = 0.5 (both journal and porous bush rough) with

the same transverse roughness pattern. However, when thermal effect is not considered the circumferential
pressure of both smooth and rough bearings reduces as the permeability of bearing increases (Figure not
presented). Stationary roughness type bearings with transverse roughness pattern provides maximum
enhancement to the circumferential pressure distribution.
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Fig. 1- Circumferential pressure distribution

Fig. 2 shows the variation of load carrying capacity with permeability parameter. Except moving type rough
bearing with isotropic (y =1) and longitudinal (y =6) roughness pattern combination, all other roughness
combinations considered in this study provides enhanced load carrying capacity than that of a smooth bearing
for all values of permeability parameters considered. These roughness combinations provide the same load
carrying capacity as that of smooth bearing provides at permeability 0.001 even for higher permeability
parameters also (i.e. at point A and B). The reduction in load carrying capacity of a smooth porous journal
bearing due to permeability can be compensated by the two-sided type and stationary type rough bearings that
having either transverse or longitudinal roughness patterns.

As shown in Fig. 3, the fluid-film stiffness coefficient (S, ) is constant up to permeability parameter 0.01 and
then reduces as permeability parameter increases above 0.01 for all the surface roughness orientation and
variance ratios. The stationary and two sided type bearings are observed provide the same value of S, as
that of smooth porous bearing provides at permeability 0.01 even for higher permeability parameter values
also. The stationary type bearing provides maximum enhancement of S _ as compared to two-sided type
roughness irrespective of its roughness orientations. The other fluid-film stiffness and damping coefficients
were found to show similar trend as that of S_. The stability threshold speed was found to increases as the

permeability parameter increases in both smooth and rough bearings (these results are not shown).

4. Conclusions

1. When thermal effect is not considered, the performance of both smooth and rough porous journal bearings
reduces as the permeability of porous matrix increases while opposite trend is observed in smooth and
stationary rough bearing when thermal effect is considered.

2. The proper roughness combinations provide the same performance characteristics as that of smooth bearing
provide with smaller permeability even at higher permeability parameters.
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Fig. 2- Load carrying capacity
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Fig. 3- Fluid-film stiffness coefficient

1. References

[1]
[2]
(3]
[4]
[5]
[6]
[7]
8]

N. B. Naduvinamani, P. S. Hiremath, and G. Gurubasavaraj, “Squeeze film lubrication of a short journal bearing with couple
stress fluids,” Tribo. Int., vol. 34, pp. 739-747, 2001.

A. A. Elsharkawy, and L. H. Guedouar, “Hydrodynamic lubrication of porous journal bearing using a modified Brinkman-
extended Darcy model,” Tribo. Int., vol. 34, pp. 767-777, 2001.

S. Boubendir, S. Larbi, and R. Bennacer, “Numerical study of the thermo-hydrodynamic lubrication phenomena in porous
journal bearings,” Tribo. Int., vol. 44, pp. 1-8, 2011.

J. Prakash, and K. Gururajan, “Effect of velocity slip in an infinitely long rough porous journal bearing,” Tribo. Trans., vol.
42, no. 3, pp. 661-667, 1999.

K. Gururajan, and J. Prakash, “Surface roughness effects in infinitely long porous journal bearings,” ASME Jr. of Tribo., vol.
121, pp. 139-147, 1999.

K. Gururajan, and J. Prakash, “Roughness effects in a narrow porous journal bearing with arbitrary porous wall thickness,”
Int. Jr. of Mech. Sciences, vol. 44, no. 5, pp. 1003-1016, 2002.
R. Haque, and S. Guha, “On the steady-state performance of isotropically rough porous hydrodynamic journal bearings of finite
width with slip-flow effect,” Proc. of IMechE, Part C, vol. 219, no. 11, pp. 1249-1267, 2005.
N. Patir, and H. S. Cheng, “Application of average flow model to lubrication between rough sliding surfaces,” ASME Jr. of
Lub. Tech., vol. 101, pp. 220-230, 1979.

JETIR1901E09 |

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 62


http://www.jetir.org/

