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Abstract 
 

In the present paper, the steady load-carrying capacity and the dynamic stiffness and 
damping coefficients of wide secant-shaped slider bearings using an electrically 
conducting fluid have been analyzed. By the application of externally transverse 
magnetic fields, an analytic-form solution for the magneto-hydrodynamic (MHD) 
secant-shaped slider bearing characteristics is obtained. In order to provide more 
information in slider bearing characteristics, the results are compared with the MHD 
inclined slider bearing. In addition, a numerical example for the MHD secant-shaped 
slider bearing characteristics is also included in Tables for industrial application. 
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正割形狀寬滑塊軸承之磁液動性能 

 

林昭仁 *  江新祿  盧榮芳  周祖亮 

 

南亞技術學院  機械工程系 

 

摘要 

 

    本文主要在探討電導流體為潤滑劑之正割形狀寬滑塊軸承之磁液動負荷性

能、剛度性能以及阻尼性能。在外加磁場之作用下，本文導出推導得到正割形狀

寬滑塊軸承磁液動性能之解析解。為能提供滑塊軸承性能之更多參考訊息，所得

結果亦將與傾斜平面形狀寬滑塊軸承之磁液動性能作一比較。除此之外，本文亦

提供磁液動正割形狀滑塊軸承之實例以及計算之性能數據，以利於工程師在工業

上之參考與應用。 

 

 

關鍵詞: 正割形狀滑塊，滑塊軸承，磁液動性能 
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1. Introduction 
 

Traditionally, studies of lubrication characteristics of slider bearings focus upon the 
hydrodynamic mechanisms lubricated with non-conducting lubricants (NCL). 
Representative articles can be observed in the works by Cameron [1], Fuller [2], 
Hamrock [3], Lin and Hung [4] and Lu et al. [5]. Advanced researches considering 
further factors are carried out, such as the effects of fluid inertia by King and Taylor [6]; 
the effects of power-law lubricants by Wang and Jin [7], the effects of surface roughness 
by Wang and Li [8], and the effects of porous material by Lin [9]. To provide better 
characteristics, the application of electrically conducting liquid-metal fluids as 
lubricants by the application of magnetic fields has received a great attention. Therefore, 
many researches about the magneto-hydrodynamic (MHD) characteristics of thin-film 
bearings lubricated with an electrically conducting fluid by applying the externally 
magnetic fields have been carried out. Representative articles can be found in the MHD 
externally pressurized porous thrust bearings by Shukla [10]; the MHD circular and 
annular squeeze-film bearings by Soundalgekar and Amrute [11] and Lu et al. [12]; the 
MHD steady-state journal bearings by Sasada et al. [13] and Malik and Singh [14]; and 
the steady MHD slider bearings by Huges [15] and Soundalgekar [16]. Recently, the 
dynamic characteristics of a MHD inclined slider bearing have been analyzed by Lin et 
al. [17]. In order to provide more information in bearing selection and designing, we are 
motivated to study further the steady and dynamic characteristics of MHD slider 
bearings with a secant-shaped film profile. 
  On the basis of the MHD lubrication theory together with the application of 
externally magnetic field, the present study is mainly concerned with the steady 
load-carrying capacity and dynamic stiffness and damping characteristics of wide 
secant-shaped slider bearings lubricated with an electrically conducting fluid. An 
analytic-form solution for the secant-shaped slider bearing characteristics is obtained. 
Compared with the MHD inclined slider bearing, the steady load-carrying capacity and 
dynamic stiffness and damping coefficients of wide MHD secant-shaped slider bearings 
are presented for different values of the parameters. An illustrated example for the 
MHD secant-shaped slider bearing characteristics is also included for industrial 
application. 
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2. Analysis of MHD secant-shaped slider bearing characteristics 
 
  Figure 1 shows the physical configuration of a wide MHD secant-shaped slider 
bearing lubricated with a conducting incompressible fluid with electrical conductivity 
σ  under the application of a z –direction magnetic field 0B . The inlet film thickness 
at the position 0=x : 
    )()1()()()(1 thththth mmm ⋅+Δ=⋅Δ+=                  (1) 
In this equation, )(thm  denotes the minimum film thickness at the outlet Lx = , and 
Δ  defines a non-dimensional profile parameter measured under steady state: 

    
ms

mss

h
hh −

=Δ 1                             (2) 

where the subscript s  denotes the steady state, sh1  is the steady maximum film 
height at the inlet and msh  is the steady minimum film height at the outlet. For this 
secant-shaped slider bearing, the film thickness can be described by: 
    ( )[ ]Lxathtxh m /1sec)(),( −⋅⋅=                               (3) 
    )1(sec 1 +Δ= −a                                           (4) 
Based upon the magneto-hydrodynamic thin-film lubrication theory, the 
non-dimensional MHD dynamic Reynolds-type equation for a slider bearing has been 
derived by Lin et al. [17]: 
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where ULphp ms η/2* =  denotes the non-dimensional MHD film pressure, 

( ) 2/1
0 /ησmshBHn =  is the Hartmann number, mshhh /* =  is the non-dimensional film 

thickness, τddhV m /** =  is the non-dimensional squeezing velocity, Lxx /* =  is the 

non-dimensional coordinate, LUt /=τ  is the non-dimensional time, and 3* / mshAA =  
is the non-dimensional function defined by: 

    [ ]2)5.0coth(6),( **
2

*
** −⋅⋅= hHnhHn

Hn
hhHnA          (6) 

For the secant-shaped slider bearing considered in this study, the non-dimensional film 
thickness is expressed by:  
    ( )[ ]****** 1sec)(),( xathtxh m −⋅⋅=                           (7) 
Solving the non-dimensional MHD dynamic Reynolds-type equation using the zero 
boundary conditions at the inlet and outlet positions, we can obtain the non-dimensional 
MHD film pressure. Integrating the MHD film pressure over the lubricant area results in 
the non-dimensional MHD film film force, ),( **** VhFF m= . Setting the non-dimensional 
MHD film force under the steady state “s” resulting the non-dimensional MHD steady 
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load-carrying capacity, ss FW )( ** = . By evaluating the partial derivative of MHD film 
force with respect to the minimum film thickness and setting the resulting terms under 
steady state, one can obtain the non-dimensional MHD dynamic stiffness coefficient, 

( )smd hFK *** / ∂∂−= . By evaluating the partial derivative of MHD film force with respect 
to the squeezing velocity and setting the resulting terms under steady state, one can 
obtain the non-dimensional MHD dynamic damping coefficient, ( )sd VFD *** / ∂∂−= . 
After performing these procedures, we can derive an analytic-form solution of the MHD 
steady load-carrying capacity, the MHD dynamic stiffness coefficient, and the MHD 
dynamic damping coefficient: 
  )()(6 *

1
***

msCsmsAmss hGhGhW ⋅+⋅⋅= α                     (8) 
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In these equations the related functions are defined in Appendix A.  
 
3. Results and discussion 
 
  MHD secant-shaped bearing characteristics. Figure 2 shows the non-dimensional 
MHD steady load-carrying capacity *

sW  as a function of the Hartmann number Hn  
for different values of the profile parameter Δ  at the steady minimum film thickness, 

5.0*
ms =h . For the secant-shaped bearing under 0.1=Δ , the steady load-carrying 

capacity is observed to increase with increasing values of Hn . Increasing the profile 
parameter up to 0.2=Δ  increases the steady load-carrying capacity of the bearing 
especially for larger values of Hn  that resulting from the externally applied magnetic 
fields. Comparing with the MHD inclined-plane bearing, the MHD secant-shaped 
bearing provides higher load capacity under larger values of the Hartmann number and 
the profile parameter. Figure 3 presents the non-dimensional MHD dynamic stiffness 
coefficient *

dK  as a function of the Hartmann number Hn  for different values of the 
profile parameter Δ  at the steady minimum film thickness, 5.0*

ms =h . For the 
secant-shaped bearing designed under the profile parameter 0.1=Δ , the dynamic 
stiffness coefficient  increases smoothly with the values of the Hartmann number. 
Increasing the profile parameter up to 0.2=Δ  increases the dynamic stiffness 
coefficient of the secant-shaped bearing. Comparing with the MHD inclined-plane 
bearing, the MHD secant-shaped bearing is observed to result in higher values of the 
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dynamic stiffness coefficient especially for the bearing operating under larger values of 
Hn  and Δ . Figure 4 describes the non-dimensional MHD dynamic damping 
coefficient *

dD  as a function of the Hartmann number Hn  for different values of the 
profile parameter Δ  at the steady minimum film thickness, 5.0*

ms =h . For the 
secant-shaped bearing, the dynamic damping coefficient is observed to increases with 
the values of the Hartmann number. Comparing with the MHD inclined-plane bearing, 
the MHD secant-shaped bearing is seen to provide higher values of the dynamic 
damping coefficient especially for the bearing operating under larger values of the 
Hartmann number. 
  Numerical example. For industrial application, a numerical example of the 
secant-shaped slider bearing lubricated with an electrically conducting fluid is 
illustrated in Table 1; these data are modified from Lin et al. [17] in the study of MHD 
inclined-plane slider bearing. Based upon the present analysis, the profile parameter Δ  
and the Hartmann number Hn  of the MHD secant-shaped slider bearing can be 
evaluated: 
    =−=Δ msmss hhh /)( 1 5.0 , 0.1 , 5.1 , 0.2 , 5.2 ; and 

    ( ) 0/ 2/1
0 == ησmshBHn , 97.1 , 94.3 , 91.5 , 88.7 , 85.9  

By the expressions in equations (8), (9) and (10), the MHD steady load-carrying 
capacity, the MHD dynamic stiffness coefficient and the MHD dynamic damping 
coefficient are predicted and then presented in Table 2; in Table 2, the results of the 
NCL secant-shaped slider bearing by Lu et al. [5] are also included for the comparison. 
It is found that under the limiting case: 0=Hn , the calculated results of the present 
analysis agree well with the NCL secant-shaped slider bearing by Lu et al. [5]. This 
comparison shows an agreeing support of the present analysis.  
 
4. Conclusions 
 
  Using an electrically conducting fluid as the lubricant, the steady load-carrying 
capacity and the dynamic coefficients of wide secant-shaped slider bearings under the 
application of transverse magnetic fields are presented. Based upon the above analysis 
and results, we can draw the following conclusions. 
  An analytic-form solution for the MHD secant-shaped slider bearing is obtained and 
applied to evaluate bearing characteristics. Comparing with the NCL secant-shaped 
slider bearing by Lu et al. [5], the MHD secant-shaped slider bearing signifies an 
improvement in the steady load, the dynamic stiffness coefficient and the dynamic 



南亞學報第三十期 

 

MAGNETO-HYDRODYNAMIC CHARACTERISTICS FOR WIDE SECANT-SHAPED SLIDER BEARINGS 
                                                                          
 

 7

damping coefficient. Comparing with the MHD inclined-plane bearing by Lin et al. [17] 
the MHD secant-shaped bearing provides higher dynamic damping coefficients, 
especially for the secant-shaped bearing operating under larger Hartmann numbers. 
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Appendix A: The related functions 
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Figure 1  Physical configuration of the wide MHD secant-shaped slider bearing 
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Figure 2  MHD steady load-carrying capacity *
sW  as a function of Hn  

for different Δ  at 5.0*
ms =h  
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Figure 3  MHD dynamic stiffness coefficient *
dK  as a function of Hn  

for different Δ  at 5.0*
ms =h  
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Figure 4  MHD dynamic damping coefficient *
dD  as a function of Hn  

for different Δ  at 5.0*
ms =h  
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Table 1  Illustration of the MHD secant-shaped slider bearings 

 
Data of the MHD secant-shaped slider bearing 

Inlet-outlet thickness 
difference 

mss hh −1 ( 25.0 , 50.0 , 75.0 , 00.1 , 25.1 ) 410−×  m  

Steady minimum film 
thickness 

msh  41050.0 −×  m  

Lubricant viscosity η  31055.1 −×  sPa ⋅  

Electrical conductivity σ  61007.1 × mmho /  

Applied magnetic field 0B  0 , 50.1 , 00.3 , 50.4 , 00.6 , 50.7  2/ mWb  

 
 

Table 2   MHD secant-shaped bearing characteristics *
sW , *

dK , *
dD  

and comparison with the NCL secant-shaped bearing characteristics. 
 

 

 

Lu et al. 

[5] 

Present 

study 

Characteristics Δ  NCL  Hn =0 Hn =1.97 Hn =3.94 Hn =5.91 Hn =7.88 Hn =9.85

0.5 0.13 0.1287 0.1409 0.2724 0.2142 0.2607 0.3093

1.0 0.16 0.1584 0.1787 0.2276 0.2893 0.3562 0.4254

1.5 0.16 0.1640 0.1897 0.2487 0.3206 0.3973 0.4763

2.0 0.16 0.1629 0.1924 0.2574 0.3346 0.4165 0.5005

 

 

*
sW  

 2.5 0.15 0.1600 0.1921 0.2607 0.3410 0.4257 0.5124

0.5 0.26 0.2574 0.2585 0.2690 0.2941 0.3301 0.3723

1.0 0.32 0.3168 0.3194 0.3408 0.3836 0.4391 0.5014

1.5 0.33 0.3279 0.3322 0.3625 0.4162 0.4821 0.5544

2.0 0.33 0.3257 0.3316 0.3683 0.4286 0.5002 0.5779

 

 

*
dK  

 2.5 0.32 0.3199 0.3272 0.3685 0.4327 0.5077 0.5883

0.5 0.69 0.6902 0.7518 0.9110 1.1245 1.3635 1.6144

1.0 0.54 0.5385 0.5992 0.7485 0.9402 1.1503 1.3690

1.5 0.45 0.4537 0.5132 0.6537 0.8293 1.0196 1.2167

2.0 0.40 0.4013 0.4593 0.5925 0.7560 0.9321 1.1141

 

 

*
dD  

 2.5 0.37 0.3662 0.4229 0.5500 0.7043 0.8700 1.0409
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