
Part 1 - CWWENTIAL BFARING 

This paper presents the resu l t s  of a theort ical  program designed to 
investigate the performance charac ter i s t ics  of stationary conventional re- 
ceseed b a r i n g  lubr i c a W  with nm-Newtonian f b i d s  taking in to  cmeidera- 
t ion the effect, of f F h  thickness, bear iw dimensions, f l u id  properties and 
supply pressure, 

A The bearing area = 2 B2 x 
B1 Recess width 

Bearing outer width 
:2 film thickness 
N Minimum film thickness 
H Bearing paver 

Load carrying capacity S h a r i g  length 
n p e r  law behavicur index dimension l e s s  
P gauge pressure 
P i n l e t  pressure 
P: Recess pressure 
Q Volume flow ra te  
Ro Supply hole raduis 

0 
arb i ta ry  refrence shear r a t e  

recess depth 
viscusi ty of non-newtonian f lu id  a t  
refrence shear r a t e  

x,y, z car t iz ian  ceordinates 
u,v,w canponenes of veloci ty i n  direct ions 

x,y,z respectively. 

In industry the decrease of f r i c t i ona l  losses by few percentage means 
a r ea l  gain and saving of energy. Fluid film lubrication ef fec t ly  decrea- 
ses  the f r i c t i on  and so  one can f ind i n  advanced industry of to-day numer- 
ous applications usirq f lu id  film lubrication to reduce the mechanical 
losses and wear. 

Many research w r k s  were devoted t o  f lu id  film lubrication. Rectang- 
ular  bearing lubricated with Newtonian f lu ids  recieved a considerable 
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attention. The published material i n  [l, 2, 3,  4, 53 covers the Uleoriti- 
c a l  and experimental investigation of the rectangular f l u id  f i l m  bearings, 
using Newtionian f luids;  A great  par t  of f l u id  h a s  a nowNewtonian chara- 
cteristics E6, 7 3  . Non-Newtion f lu id  flow s t r e s s s t r a i n  re la t ions  can be 
found inE8 ,  9, 6, 7 1  . 

The problem of the flow of non-Newtonian f lu ids  in  conditions similar 
to f lu id  film lubrication was studied by a number of investigations e.g. 
Bird C103 , FcKelvey Clll and Elsalamwni l 1 2 1  . However, Laurencena et al. ,  
1131 looked in to  the flow of pseudo-plastic f l u ids  between tm para l le l  pl- 
a t e s  under isothermal, steady s t a t e  and stationary conditions. They repor- 
ted that the calculated theor i t i c a l l y  and the measured experimentally flow 
r a t e  and pressure distr ibut ion a re  i n  gccd agreement. They cmcluded also 
tha t  the power l a w  model was adequate for  describing the flow behaviour of 
pseudoplastic lubricants a t  reasonable shear r a t e s  . The discrepency 
between theor i t ica l  and experimental r e su l t s  were expected a t  high shear 
rates .  They suggested the use of more sophisticated m d e l s  to describe the 
flow i n  khese cases. 

Fran the a h e  l i t e r a tu re  review, it is c lear  that the rectangular 
bearings lubricated with non-Newtonian f lu ids  need further  analysis. 

The object of t h i s  pper is a theor i t ica l  analysis  of the e f fec t  of 
bearing dimensions, f l u id  properties on the performance of cdnvential rect- 
angular bearing. 

3. GENERAL CONSIDERATIONS; 
3.1- Assumptions: 

The problem t o  be investigated is one dimensional. flow problem between 
two para l le l  fixed plates. The following assumptions w i l l  be used i n  the 
derivation of the basic equations: - . 
1. The non-Newtonian f lu id  is considered a h m e n o u s  f lu id  of constant 

J 

density. 

iner t ia  forces a re  neglected. 

i t y  gradient in the "2" coordinate is by order 
larger  than those in the "X" and 'k" coordinates (Fig.1 

3.2- The Eguation Governing The Flow: 

of magnitude 
1 

Applying the previosly mentioned assumptions in the N 
equation (1) in  the "X" direction, therefore 

avier Stoke's 

4. PRESW DISTRTBUTION AND FLOW RATE: 

In order t o  g e t  the main parameters of the bearirq 'Q, L, H and h , 
the pressure d i s t r i t x t ion  along the f h i d  f i lm in  the bearing mu& be k n W  



Integrating equations (1) twice, and subst i tut ing with the h n d a r y  
conditions : 

- 

the v e l a i t y  

h 
l - t n  

The t o t a l  volume r a t e  of flow therefore : 
1-h - 

Since the bearing pad is symnetrical a h t  the "y" axis, hence the 
pressure distritxltion along the f lu id  film under each side w i l l  be the same. 
Cnly the s ide  in  the positive "XI' d irect ion is considered. 

Integrating equation (3) with respect t o  "X", hence the pressure a t  
any p i n t  i n  the "X" direct ion i?+g&vennby 

P = [ -L  [Q(l+2n)/4 i n h TJ ] . X + C  (4 

where the value of the constant of integratian (C), can be determined £ran 
the following h n d a r y  conditions. 
1. For region 1, Ro< X<B1 

a t  X = B P=pl and h = ( ~ t & ) / 2  
4 Theref ore n 

0 
(5) 

2. For region 2 "B14 X X B2 

a t  X = B2 P = 0 and H 

a t  x = B~ P = P 1  and h = -  = A 2 

Therefore 

and the pressure a t  the recess edge JPl) is given a s  

P,= lo [ Q (l+2n)/4 1n h . (B,-B,) 

md f r m  q & t i o n s  (51, (7) ,  then by subst i tut i rg it i n  equation (4), the 
pressure d i s t r i h t i o n  in  region 1 is given by 



The volume flow r a t e  in 
can be fwnd by subs t i t u t iw  
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the stationary conventional recessed bearing. 

Fran equations (9) and (6) the pressure distr ibut ion for  region I1 can be 
derived as  

B1 - Ro + B2 - Bl B ~ -  XI B2 - X 

1+2n 1+2n 1+2n 1+2n 
( 6 / 2  

4.3- The Total Load Carrying Capacity: 

The load carrying capacity can be found by integrating the pressure of 
each resions w e r  the area of tha t  region, therefore 

hence L = Po A G 

Where "G" is a shape factor 
and "A" is the projected area of the pad 

4.4- The Bearing Stiffness : 

For a constant supply pressure, the s t i f fnes s  is defined a s  
aL 3\ = - ( ~ 1  

4.5- The Power Consumption: 

The general form of the power consumption equation is given by : 
H = P s Q  
P 

5. DISCUSSION AND CONCLUSIONS: 
E . L  Diseassion: 

Figs. (2),  ( 3 ) ,  and (4) ,  show the pressure distr ibut ion along the 
f lu id  film i n  the bearing. I t  is noticed tha t  : 

1. The pressure distr ibut ion drops with increasing the film thickness. 

2. For a bearing with BIB2= 0.33, the pressure a t  receass edge, is higher 
than tbat for a-bear- w i t h  BI/BL = 0.66. 

-9 

3. The pressure d i s t r i t x t ion  r i s e s  with the increase in  n. 

4. Fig. (6) shows the variat ion of the volume flow r a t e  of the conventional 
bearing versus the film thickness a t  a constant in-let pressure. 



The volume flow ra te  of any fluid ircreasescwJhh fihezhxAeabe-.fim.Ule 
film thickness, and decrease with the decrease in "nu a t  any film thi- 
ckness. 

5. The dimensionless group, of load carrying capacity (L/P n ) ,  Figs.(7), 
(81, (9), (lo), and (11) . These figures shw clearly &t the non- 
dimensicol load is nearly constant with the increase in  the film thick- 
ness . The load carrying capacity increases a t  any film thickness with 
the decrease of the pcwer law behaviour index. 
The load carrying capacity increases with increasing the recess to hear- 
ing width ra t io  and the supply pressure. 

6. The nonaimension load per unit  discharge decreases with increasing the 
film thickness for a l l  fluids. 

7. The non-dimension load per unit  discharge increases a t  any film thick- 
ness with increase in "n". 

8. The st iffness per unit  supply pressure, when increasing the nm-Newtmi& 
nature of the lubricant, increases the s t i f fness  of the bearing a t  any 
film thickness . 

Frcm the previous discussion the following conclusions can be drawn : 

1. The pressure d i s t r i h t i a n  depends on the flaw behaviour index of the- 
nowNewtonian fluid . 

2. The load carrying capacity, for a bearing using Newtonian lubricant, 
decreases by increasing the film thickness. 

3. For a bearing, using a pseaclaplastic f luid a s  a lubricant, decreasing 
€he behaviour index increasing the load carrying capacity. 

4. Esllarging the recess to bearing w i d t h  rat io,  Leads to a better load 
carrying capacity. 

5. The volume flow ra te  through a bearing using a pseadoplastic f luid a s  
a lubricant, is less  than that using a Newtonian fluid. However, in 
both cases the volume flow ra te  increase by increasing the film thick- 
ness. 

6. Using a pseudoplastic fluid, a s  a lubricant, the bearing load carrying 
capacity per unit  discharge is improved. On the other hand, enlarging 
the recess to bearing width ra t io  decreases the load per unit  discharge 

for b t y  Newtonian an pseudoplastic lubricant. 

7. Higher bearing st iffness can be achived when operating the bearing a t  
a l l  film thickness and high supply pressure. 

8. Using pseudoplastic lubricant imprwes the bearing stiffness. 
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