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The flow of an incompressible isotropic Bingham material between two ooncentric discs, one rotating about the other, 
has been investigated on the basis of usual approximations of hydrodynamic theory of lubrication. The lifting force 
and the moment of friction ef-the bearing have been calculated. The results have been compared with those obtained 
by Tarapov for a Newtonian lubricant having the same viscosity vklue as the plastic fluidity of the Bingham 
material. 

I t  is well known that a !illear relation between strexs and rate of deformation exists for Newtonian 
viscoas material as well as for a Bingham material. For the Ringham material, a certain criticaI stress, called 
the yield value, has to be exceeded before the flom starts. Assuming that there is flow of the Ringham material 
throughout thexegion of the film, the problem of rotating circular step bearing has been investigated. The 
lifting force of the step bearing has been calculated fox two cases (a) -hen the feeding of the lubricant is done 

' from the eentre of t,he disc Bo the periphery, (bj when the feeding of the lubrica,nt is done from the periphery 
to the centre of the d i~c .  Noment of friction acting on the discs has bee11 calculated f ~ r  different T. alue; of - 
Bingham number and for various values of the ratio of the radii of the discs. I t  is found that the value of 
the rrloment of friction is greater for a Bingham plastic lubricant than for a Neatoninxi lubricant having the 
same viscosity value as the reciprocal mobility cd the Bingham material. I t  is also found that the moment 
of friction increases with the increase of Bingham number within the considered range. 

I 

E Q U A T I O N S  G O V E R N I N G  T H E  P L O W  
* 

The flom of an isotrdpic incompressible Bingham material is givcn by1 

where, 7 2  . q ' = ~ + ~ ,  I = 2ei i  ei kl 

~k = component of rate ~f strain tensor 

pi& = component of stress tensor 

Primes denote the deviatoric components of teneors 

ql = reciprocal mobility 

q2 = yield value, 

Let R,, R,, h, p, and p, represent radius of the i~uler disc, radius of the outer disc, clearance, inside 
pressure, and outside pressure rcspectjvely. Fig. 1 gives 
the geometry of the problem. 

1 Let v, , vg , vz be the radial, circumferential and axial 
P 
P velocitiesrespectively, p be the density, and p be the 

pressure. 

The equations governing the steady auxiliary sym- 
Fig. l-Geometry of an externally pressurized step bearing. metric f l ~ w  in cylindrical coordinates are given as 



where is the greater of the tvo  velooities, the angular velocity of the inner disc and wz, the angular 
velocity of the outer disc. In most of the practical cases the flow is mainly due to rdative rotation and very 
small radial flow due to the feeding of the lubricant. 

We suppose that the motion of the fluid is mainly rotatioval-so tt;hat if oO, is the characteristic radial 
velocity, then 

vO, 4 wr 

and hence the order of uO, is assumed to be given by 

If 9, is characteristic axial velocity, then from the equation of continuity (2) it fo l lo~s  that 

Making use of the assamptions (3) and (4) and neglecting terms of the lower oriier, (1) is reduoed to 



- - -  

apt 
-&i- = o  

Equation of oontinuity is transformed into 

8 '  1 a T +  - - (r'v'?') = O  r' ar' (9) 

As a first approximation it is assumed that a 4 1, i.e., radial velocity is very much less tha the 
angular velocity. 

avot --  a,&, - c1 - B 
aB' I a$' 

= c2 ( rt 1 I aver / az' I (10) 

Integrating and using the boandar~t ~onditions from (6) we have 
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i f i I F T I N C :  F O R C E  O F  STEP B E A R I N G  

Lifting force, when the feeding is done from the centre of the dim to the periphery, is given by I 

P1= 2. - ( p - p ) ,  - _1Z,<r(R2 7 R. 

Substitfating the value of p, from (13), 

PI r PJnR22y -- afl - f z  

where, 

If the feeding of the lubricant is done from the periphery to the centre of the disc, then the liftgg 
forde is given by 

R, 

r ( p  - p, ) dr in the region < r ^Rg 
R1 , - 

Ag@in gubstituting the value 0f.p from (I 3), - - 
PIz P ~ / T  R22 y = 8 2  ,f3 - J Z  

e 

where, 
P2  = P2 - P I I Y  > 0 

f 3  = ( 1 - 1/x - . f 1  . 

M O M E N T  O F  F R I C T I O N  

Moment of friotion acting on the discs is given by 
R% - 

112 ' Bog' 
"I = 2.J ( i L +  T )  1 1'3 dr 

R1 

Evaluating and putting it in the non-dimensional form, 

C R I T E R I O N  F O R  F L O W ,  

The flow will take place throughouf the region of the a m  if 

Hence from (7) the condition for no-core formation is 

' ( 1  + $ ) 8 )  2 ~ ~ 2  ( R 1 g r g R 2 )  
h2 

Por the case E 1 ; from (10) and (11) the condition becomes 

As an example the yield value for the Grease sample with lCO/, soap content was found8 to be 370 

19s 



$ne8/cm2. The flow condition for this value of 7, becomes R, < R2 > 370/( we - rul Hence the 
bearing may he designed by choosing the values of R1, Rz, wl and so as to satisfy this condition of 
flow. 

X a x 
Fig. 2-Lifting force versus X (see Table for Big. 2). Fig. 3-Lifting force versus X (see Table for Big. 3). 

TABIZ FOR -a. 2 
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Table for Pig 3 

6 0 ~'863 1-301 0.372 0.329 
7 0.885 1.352 0.416 0.351 
0 0.948 1 a426 0.417 0.367 
9 -- 0 969 1 -459 0.432 0.378 

10 0.994 1.484 0.444 0.396 
20 0.999 1.655 0.492 0.415 
30 1.103 1.728 0.526 0.465 
40 1.104 1.785 0.563 0.472 

-- 

x 
Fig. 4-Lifting force versus X (see Table for Big. 4). 
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Fig. 5-Moment of friction versus X (see Table for Fig. 5).  

MOMENT OF PRIOTION (NON-DIMENSIONAL FORM) FOR VARIOUS VALUES OP X KEEPING B CONSTANT 



D I S C U S S I O N  A N D  C O N C - L U S I O N  

The lifting force of the step bearing for the values of the Bingham number given by 

2 Bd 
= 1 and 

2Rd 
= 2 

R2C W Z - W ~ )  R2 ( w 2 - w l )  

and for different values of X = (R,/R,)" has been calculated for two cases (a) when the feeding is done 
from the centre of the disc to the periphery, (b) when the feeding is done from the periphery t o  the centre 
of the disc. Tables of representative values and graphs are shown in the Fig 2 and 3. When Bingham number 
B is equal to zero, the Bingham solid behaves as a Newtonian lubricant having the viscosity value equal to 
the reciprocal mobility of the Ringham material. The values of the lifting force2 in this case are shorn 
in Pig. 4. 

Momert of friction actina on the discs has been calculated for Bingham number R = 0,0.5 and 1 S O  and 
for various values of X = ( R2/R, )? Tables 6f representative values and graphs are demoristrated in the 
Pig 5. It, is found that the valu- of &lorn& of friction is greater for a Newtonian lu brioant having the 
Fame viscosity value as the reciprocal mobility of the Ringham material. Also it is noted that the mome~t 
of friction increarres with the increase of B i n g h  number within the considered range. 

- - - - 
Grease lubricated hearings are extensively Ged in the defence equipment. The findings in the prescut 

paper are useful for the design of hearings lubricated by grease or other Binghani lubricants. 
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