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Introduction 

The Influence of Fiuite-Wall Conductance 
on Load Capacity o f  the Magnetohydrodynamic 
Slider Bearing 
A n  analysis i s  presented which considers the influence offLnite-wall conductance 'on the 
pressure distribution and load capacity of the magnetohydrodynamu slider bearing. 
The analysis is based on general external loading conditions with the open-circuit 
condition being a special case. The load capacity is a linear function of the quantity 

= E,/V By and the hpendence of Q on the conductivity and thickness of the walls 
i s  shown i n  explicit form. Curves slzowing the uaria.tion of 4, with wall conductance 
are presented. A numerical exam$le i s  included which indicates a substantial reduction 
of Ioad capacity from the case of ivzsz~lating walls to the case where the wall conductivity is 
1 percent of thejfuid condz~ctivity. 

I N  recent years, a considerable interest hua been 
shown in the potentialities of liquid metals as lubricants [I, 21.l 
Liquid metals may be utilized under extreme conditions of Iubri- 
cation at which conventional lubricants would experience unde- 
sirable physicochemical changes. The relatively high thermal 
conductivity of liquid metals means that the heat generated in  
the  film because of viscous dissipation is readily conducted away 
from the source of generation, resulting in a tendency toward unii 
forrnity of temperature and viscosity within the lubricant film. 

Because of the large electrical conductivity of liquid metals, the 
possibility of electromagnetic pressurization from the application 
of an external magnetic field arises. Within the past two years, 
a n  exyloitation of the possibilities of magnetohydrodynamic 
(MND) lubrication has begun [3 to 8 1. The work to date has been 
analytical with no experimental data reported in the open litera- 
ture to the author's knowledge. The analytical studies have 
served to demonstrate theoretically the possibility of increasing 
the  load capacity of liquid-metal lubricants by means of an applied 
magnetic field. The qualitative and quantitative features of 

various geometric and electromagnetic-field configurations have 
been investigated to  such an extent that MHD lubrication has 
become rather firmly established as a research area in  hydrody- 
namic lubrication. 

The present paper represents an attempt to extend the state of 
lrnowledge of MHD lubrication by considering one aspect of the 
problem which has not been considered before. In  this paper, the 
influence of the properties of the walls comprising the bearing and 
slider surfaces is investigated. In particular, the effect of the 
electrical conductivity and thickness of these walls on the pres- 
sure distributjon is considered. For this purpose, the linear, in- 
clined slider bearing is used. As shown in reference [GI, the Ioad 
capacity of the MIlD bearing can be improved by applying an 
external electric field to augment the electric field induced by the 
motion of the conducting fluid through the magnetic field. In  
the present analysis, an es%ernally applied electric field is utilized. 
The open-circuit and short-circuit conditions then become special 
cases of the case of general external loading. In reference [9], the 
wall properties were shown to have a significant effect on the 
velocity distribution in MHD channel flow, and from this result, 
one would anticipate a strong dependence of the load capacity on 
the wall properties in MIlD lubrication. 

' Nulnber~ in brackets designate References at end of paper. 
Contributed by the Lubrication Division of TUE A r n ~ 1 c . 1 ~  90- The 

CIETY O F  MECHANICAL ENGINEERS for presentation at the A%E- Equation of Motion 
-4SME Lubrication Conference, Rochester, N. Y., October 15-17, 
196.3. Manuscript received at ASME Ileadquarters, ~~l~ g, 1963. The slider-bearing geometry is shown in pig. 1.  he proper- 
I 'a~er No. 63-Lub-4. ties of the lower, moving wall are identified by the subscript 1 

Nomenclature 

B, = applied rnagnetic field in 
y-direction 

E, = total electric field in z-direc- 
tion 

F ( M q )  = defined by equation (8a) 
@ M q )  = defined by equation (Sb) 

h~ = lower wall thickness 
h = upper wall tlliclrness 
I = total current, equation (13) 

I* = dimensionless total current, 
equation (14a) 

J z  = current density, equation (2) 
L = bearing length 
e = dimensionless load, equation 

(12) 

rit = mass flow rt~te, equation (7) 
M = Hartmann number, equation 

(4) 
P = pressure 

R ( M q )  = defined by  equation ( l l a )  
S ( M q )  = defined by equation (1  l b )  

u = fluid velocity 
V = moving plate velocity 
W = film thickness 

1170 = film thickness a t  x = 0 
TVI = film thickness a t  x = L 

x, y, z = rectangular coordinates 
a! = x/wo 
y = u/v 
q = W/VVr, 
81 = & 

a v o  

p = viscosity 

X = L  
p = fluid density 
cr = fluid electrical conductivity 
a1 = lower wall electrical conduc- 

tivity 
u2 = upper wall electrical conduc- 

tivity 
= E*/VBy 

@i, = value for Q for insulating 
walls 

Discussion on this paper will be accepted at ASME Headquarters until November 18, 1963 



The continuity condition is satisfied by the reyuirenleni, that 
the total Inass flow across each section be constant, a condition 
expressed by 

7- 7 s, " p ~ ~ d ~ = ~ V u ~ ( ~ [ ~ d f  (7) 

Substituting equation (6) into ( 7 )  and performing the integrtlticrn " gives 

' I  d a  
M (&) GWn) = 1 + jM" lla + F(M4 (8) 

i 
Fig. 1 MHD slider-bearing geometry where 

and those of the upper, stationary wall by subscript 2. The lower 
wall moves with a constant velocity V. The fluid properties will 
be assumed constant so that the energy equation is not needed 
in the analysis. The bearing is considered infinite in the z-direction 
and a uniform magnetic field is applied in the y-direction. 

The governing equation of mcrtion has been discussed in ref- 
erence [3 ] and may be written as 

The electric current is given by the simple form of Ohm's law 
(neglecting the Hall efYectt): 

It is convenient to define the following di~nensionless parameters: 

The pressure distribution is determined by solving equation 
(8) for d i ~ / d a !  and integrating over the length of the bearing. For 
this purpose, it  i$ convenient to  express a in terms of y by the 
transformation 

Solvirig for the pressure gradient from equation (8) gives 

IL W P T I -  v = -  4 = 1  * = -  The boundary conditions to be satisfied by a are 
V' wo ' wo' 0 '  @ (3) 

TT'o 
7 r ( y = 1 ) = 7 r o  ~ ( y = b ) = ~ o  (10) 

Integrating equation (9) subject t o  the boundary conditions of 
I n  terms of the dimensionless para~neters, the etyuation of motion (10) and introducing additional notation gives for the pressure 
becomes distribution 

where where 1 
M = kV0.8~ (9)''' = Hartnlann number 

E 
i p = z  = ditnenaionless electric field 

TI * ,  

It is shown in reference [3 ] that the electric field E,  is coiist.ant. 
Equation (4) may be integrated across the film since ?r is as- 

sumed constant across the film. The appropriate nonslip bound- 
ary conditions are 

The solution t o  equation (4) subject to the boundary conditions 
of (5) may be written in the form 

sinh My (cosh M[ - 1) - sinh M[ (cosh Mq - 1) 

sin11 Mv 

sinh Mq cosh M[ - sinh M( cosh My 

sinh My 

The velocity solution depends on the two electromag~~etic 
paralneters, M and Qs, the latter determined by the ex?,ernal elec- 
trical loading condition~i. 

The load capacity is obtained by integrating equation (11) over 1 
the bearing length. The dimensionless load then becomes 1 

It is interesting to observe that the pressure distribution and the I 
load are linear functions of Q, for a fixed Hartmann number. I t  

" 

is dear that for a given value of M the load capacity may be I 
increased or decreascd through depending on the direction of 1 
t,he applied electric field. This result was pointed out by Hughes 
161 for the MHI) finite-step slider bearing. The wall properties 
will influence the nlagnitude of (r, and the rnagnitudo of the 

I 
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of the wall properties on is determined from the total 
equation which will be presented in the nest section. 

Results 
Pressure-distribr~tion curves are calculated from equation (11)  

and plotted in Pips. 2,3 ,4 ,  and 5. In  Fig. 2, pressure distributions 
are shown for three va l~~es  of M for the conditions of open circuit 
and perfect,l~ insnlatin~ walls. The quantity @ is not a strong 
function of M under these conditions. In particular, 4 has the 
values -0.444, -0.436, and -0.413 for M-values of 1, 5 ,  and 10, 
resnectively, for I* = 0 and 01 = 0 = 82 .  Shown also for co~n- 
parison is the M = 0 curve for the classical case in the absence of a 
magnetic field. 

Fias. 3, 4, and 5 show pressure distributions for three values of 
M with as the parameter. The increase in load capacity with 
increasin.; negative values of @ is clearly shown. It can be shown 
that  for di = 0, corresponding to the short-circuit case, an adverse 
affect on pressure distribution is achieved; that is, the load 
capacity under short-circuit conditions is less than the classical 
load capacity of the slider bearing without a magnetic field. 
This result is in agreement with the result obtained by Ilughes 
rtil for the finite-step slider bearing with transverse magnetic 
field. Operating with positive values of @ would correspond to 
the accelerating mode which is clearly detrimental from the 
point of view of MHD pressurization. It is therefore necessary 
to  nperat,e at negative values of @ to increase the load capacity. 

The influence of the wall properties on the load capacity can be 
determined through the dependence of Qj on wall properties as 
given by eqiiation (16).  Fixing M and I* gives di tts a function 
of the wall conductances 0, and $2. A reasonable choice for I* can 
be determined as follows: 

l l ie Current Eq~latlon 
The electromagnetic boundary conditions at  the interfare be- 

tween the fluid and t'le walls are discussed in *4ppendix A of 
reference 131. In  that reference, only the open-circuit and in- 
sulating-~all conditions were used. Both of these conditions will 
be relased in the present, analysis. 

The boundary conditions require that Ez be continuous across 
the fluid-wall interface. Since E, is constant in the fluid, i t  will 
have the same constant value in  the two walls. The total electric 
current flowing in the z-direction is then the sum of the rontribu- 
tions from the two walls and from the fluid. From Ohm's law, 
the total current expression is 

Introducing the velocity distribution from ecluation ( 6 )  into (13) 
and performing the integration gives the following expression for 
the dinlensionless total current: 

Assuming 81 = 0 = 02, corresponding to perfectly insulnting 
boundaries, gives a relationship between I* and @. Solving this 
equation for I* and s~bstitut~ing into equation (16) gives an ex- 
pression For @ including the effect of finite-conducting walls based 
on the same total current for insulating and conducting walls. 
The result ran be written ns 

where 

The quantity m./pVTVo is determined from the integration of 
equation (9) subject to the boundary conditions of (10)  with the 
result Since it  has been estal~lished that favorable MHD pressuriza- 

tion reslilt,s only if @ < 0, the quantity - BI/@,,~ may be written 
as + (8l/j@1,,I). Also a reduction in the value of results in 
lower pressures and consequently a dewease in load capacity. 
Therefore for a fised value of M and I*, a decrease in load capacity 
will occur owing to conducting walls if the ratio given by equa- 
tion (171 is less than one. The criterion for this to  occur is 

Equation (14) with m/pVTV0 given by (15 )  then gives a single 
equation relating I* and which involves the parameters M, 01, 
82, and b. Either the quantity I* or di may be considered as the 
independent externally applied electromagnetic parameter in 
ddition to  M and equation (14) then serves to determine the 
other parameter. Since <I, enters esplicitly in the pressure dis- 
tributir~n and load capacity expressions given by equations (1  1 ) 
and (12), respectively, it  is convenient to solve equat>ion (14) ex- 
plicitly for @. The result is 

A plot of @/#,w versus wall ronductnnre for equal conductance 
of upper and lower wdls is shown in Pig. 6 for three values OF M. 
The curves are based on the value $,,R = -10. To cover the 
range of 8 from 0 to m necessitates the use of a logarithmic scale 
on the al~scissa. The values 8t = 0 = b correspond to insulated 
surfaces whereas 81 = m = 6'2 correspond to perfectly conduct- 
ing surfaces which results in the short-circuit operating condi- 
tion. For fixed vt~lues of wall conductances, the reduction in I@( 
below the (@,,,(-value is seen to increase with M. 

Referring to the definitions of concluctances given by eqna- 
tions (14b) and (14c), a reasonable order-of-magnitude estimate 
of h/Hro would be h/l.To = 0(102)). For a 0-value of 1, the r:\tio O F  
wall-tefluid condurtivity would then be of the order 10-2. Pig. 
6 shows that for these conditions, is reduced by :tbtnlt 70 prr- 

1 

1 the 
. It 
v h e  , 
n of ' 
ghes 
rties i 
tllc 1 

Equation (16)  shows explicitly the dependence of on the wall 
Properties through the conductance ratios 81 and 01. For open- 
rircuit conditions, I* = 0 and the open-circuit field value is de- 
termined from equation (16) with I* = 0. The short-circuit 
cmtse corresponds to  Qj = 0, and setting the numerator of equa- 
tion ( 1 6 )  equal to zero determines the value of the short-circuit 
current. 
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77 
Fig. 2 Pressure distribution for conditions of open circuit and perfectly 
insulating walls 

r) 

Fig. 4 Pressure distribution for M = 5 

7) 
Fig. 3 Pressure distribution for M = 1 

r] 

Fig. 5 Pressure distribution for M = 1 0  
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0, = 9, . 
Fig. 6 Voltage ratio versus wall conductance 

cent at M = I. a n d  by  about 85 percent a t  M = 10. The impli- 
cation of this conduction on load capacity will be discuased in a 
particular example i n  the next section. 

Numerical Example 
Using equation (12), the dimensionless load was determined to 

be 18.028 for b = 0.5, M = 10, and @ = - 10. The integrals in- 
volved in the functions R(Mv), S(Mv), and 6: were evaluated 

numerically. Considering @ = - 10 to correspond to insulated 
walls, the value of for 01 = I = O2 was determined from Fig. G 
to  be - 1.52 which gives a dimensionless load of 2.882. A reduc- 
tion of load capacity of 84.7 percent thus results when the waIls 
are changed from perfect insulators to conductors with conduct- 
ance ratjos of 1. This corresponds to a ratio of wall conductivity 
to fluid conductivity of approximately as shown in the pre- 
ceding section. 
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