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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.

Key Words: secant-shaped bearings, slider bearings, magneto-hydrodynamic

characteristics

*Email: jrlin@nanya.edu.tw  Tel: 03-4361070#6302  Fax: 03-4384670



s LB LY

MAGNETO-HYDRODYNAMIC CHARACTERISTICS FOR WIDE SECANT-SHAPED SLIDER BEARINGS

REIEITS & SRRy S S

WA= LaTiE BAET B i
e T % i A
£ 2

A & AFFTEMLBFA LT AR TR R ERE

GOSN BIRMA LR R o b BB (B T A A E DD ARk
BB R R B R 2 R R o Zoan R AR 2 SR
BE R ITAT G A F R B B AL T e vt s ke
HKERERD T L] \,ﬁ‘ﬂ.ﬁhmd LR EE 2 nbg;;;yi ) u‘f R N 434 e e

b—‘f’i’ff%q* °

L
» iR

am‘

i
0

|

23

A\

Fﬁgﬁ_\!‘: %" } \/%ﬂh ’ /ﬁ’ﬂu%’k ’ @;”Qﬁ” I“} Hb



2 TEIFLR LY

MAGNETO-HYDRODYNAMIC CHARACTERISTICS FOR WIDE SECANT-SHAPED SLIDER BEARINGS

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 Ilubrication 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
o under the application of a z —direction magnetic field B,. The inlet film thickness
at the position x=0:

h(t) = h, () +A-h, (1) =(A+1)-h,(1) (1)
In this equation, 4 (¢#) denotes the minimum film thickness at the outlet x =L, and

m

m

A defines a non-dimensional profile parameter measured under steady state:
h,—h
A — Ls ms 2
T (2)

where the subscript s denotes the steady state, 4, is the steady maximum film
height at the inlet and /%,  is the steady minimum film height at the outlet. For this

secant-shaped slider bearing, the film thickness can be described by:
h(x,t)=h, (t)-secla-(1-x/L)] (3)
a=sec (A+1) 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]:

Oty | =62 4100 (5)
ox ox ox

where p’ = phms2 /nUL  denotes the non-dimensional MHD film pressure,
Hn=Bh, (a/ 77)1/2 is the Hartmann number, %" =h/h,_ is the non-dimensional film
thickness, V" = a’hm* /dt is the non-dimensional squeezing velocity, x =x/L is the

non-dimensional coordinate, 7 =Ut/L is the non-dimensional time, and 4" = A4/h,°
is the non-dimensional function defined by:

6h"
Hn®
For the secant-shaped slider bearing considered in this study, the non-dimensional film
thickness is expressed by:

W)=k, (1) -secla-(1-x7) 7
Solving the non-dimensional MHD dynamic Reynolds-type equation using the zero

A (Hn, by =~ [Hn - " coth(0.5Hn - h*) - 2] (6)

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, r*=r"(n, " 1"). 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, w," =(F"),. 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,
K, = —<6F "/ oh, ) 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, D, =—(8F*/8V*)S.
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:

Ws* = 6hms* 'GA (hms*)+als .GC(hms*) (8)
* * * aG * 80{ aG
K, =—6-G,(h_ )-6-h - 21 =Ga(h, )- L —a, | —& 9
d A( ms ) ms [ahm JS C( ms ) [ahm ]S Is (ahm Js ( )
Dd* = _12|:GB(hmb*)_GC(hms*)Lhmb*):| (10)
gCl(hms )

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 w as a function of the Hartmann number Hn

for different values of the profile parameter A at the steady minimum film thickness,
h ' =05. For the secant-shaped bearing under A=1.0, the steady load-carrying
capacity is observed to increase with increasing values of Hn. Increasing the profile
parameter up to A =2.0 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 x,” as a function of the Hartmann number Hn for different values of the

profile parameter A at the steady minimum film thickness, »_"=05. For the
secant-shaped bearing designed under the profile parameter A =1.0, the dynamic
stiffness coefficient increases smoothly with the values of the Hartmann number.
Increasing the profile parameter up to A =2.0 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 A . Figure 4 describes the non-dimensional MHD dynamic damping
coefficient p,” as a function of the Hartmann number Hn for different values of the
profile parameter A at the steady minimum film thickness, s "=05. 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 A
and the Hartmann number Hn of the MHD secant-shaped slider bearing can be
evaluated:

A=(h,—h,)/ h, =05,10, 1.5, 2.0, 2.5;and

Hn=Byh, (c/n)"? =0, 197, 3.94, 591, 7.88, 9.85
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: Hn =0, 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
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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

g, (h,,x") = Jj—c%mdx* (A1)

gulx) =] ln{tan[ojf’(g; ’;); 7/4] 4 (A2)

gc(hy,x") :.[iomdx* (A3)

8a = I:*=0S€/(13*[Cz+’11’—};€))]dx* (A.4)

-1 p ln{tan[O.Sa(l —x )+ 7[/4]} .

Ep = 7 2o A*(Hn,h*) dx (A.S5)
1 1 .

g = L*_Omdx (A.6)

G N L sec[a‘(l—x*)] .

AURE L*ijwmdx dx (A7)

Gy(h,’)= ‘71 I ln{tan[o'jfl ((;]; );); L] PO (A.8)
" 1 X 1 P

G.(h, )= jo L*_Omdx dx (A.9)

o, =—6.&n)s (A.10)

(&c1)s
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~dx”

%__J-l sec[ (1 X ) 04
oh,” 0 A7 (Hn,i") oh,
08 _ 1 o4’

=) P
ahm A" (Hn,h") Oh,

_[ J- sec[ lx)]a i d
xoon(Hh) 5;,

6
__J.v OJ-x OA (Hn h) 5‘/’1 dde

80{1 -6 « 0g . og
= . +h, -—=A ~h, - . 2SCL
oh_ gaz |:£gAl ahm j 8ci g oh_ :l

oA’ _3.sec[a.(1_x*)]. 4Hn - h" coth(0.5Hn -h")
oh,”  Hn —Hn? -k

m

*

%2

-csch®(0.5Hn-h")—4

|

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)
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Figure 1 Physical configuration of the wide MHD secant-shaped slider bearing

10
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hms =0.5
—J— 2=2.0, secant-shaped
12 o | —@)— A=1.0, secant-shaped
| |—fF— 2=2.0, inclined-plane
—&— A=1.0, inclined-plane

*
W." 0.8 —
0.6 —
0.4 4
S L B A E N R BN B
o 1+ 2 3 4 5 6 7 8 9 10
Hn

Figure 2 MHD steady load-carrying capacity WS* as a function of Hn

for different A at h_ =0.5

11
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1= hms =0.5
0.8 — —Jl— 2=2.0, secant-shaped

06 —@)— 2=1.0, secant-shaped
0.4 —— 4=2.0, inclined-plane
0.2 —&— A=1.0, inclined-plane
0
| | ‘ | | | | |
0 2 4 6 8 10

Hn

Figure 3 MHD dynamic stiffness coefficient K d* as a function of Hn

for different A at h_ =0.5

12
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84 —
8 — hms =0.5
7'2 | —Jl— 2=2.0, secant-shaped
7.2 —
58 —.— A=1.0, secant-shaped
64 — —F}— A=2.0, inclined-plane
6 —{ | —&— 4=1.0, inclined-plane
56 —]
52 —:
4.8 ]
D,* 4.4 z

3.6
3.2
2.8
24

1.6
1.2
0.8
04 —4

—

Figure 4 MHD dynamic damping coefficient Dd* as a function of Hn

for different A at h_ =0.5
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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 hy, —h,, | (025, 0.50, 0.75, 1.00, 1.25)x10™* m
difference

Steady minimum film | A, 0.50x10" m

thickness

Lubricant viscosity n 1.55x107 Pa-s

Electrical conductivity | o 1.07 x10° mho/m

Applied magnetic field | B, 0, 1.50, 3.00, 4.50, 6.00, 7.50 Wb/m’

Table2 ~ MHD secant-shaped bearing characteristics W, , K,”, D,
and comparison with the NCL secant-shaped bearing characteristics.

Lu et al. Present

[5] study

Characteristics A 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
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

2.5 032 | 03199 | 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
2.5 0.37 | 0.3662 | 0.4229 0.5500 0.7043 0.8700 1.0409

14
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