THEORETICAL INVESTIGATION OF RECTANGULAR BEARINGS LUBRICATED WITH
NON-NEWIONIAN FLUIDS

‘Part 1 = CONVENTIAL BEARING
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ABSTRACT

This paper presents the results of a theortical program designed to
investigate the performance characteristics of staticnary conventional re-
cessed bearing lubricated with non-Newtonlan fluids taking into considera-
tion the effect of film thickness, bearing dimensions, fluid properties and
supply pressure,

1. NOMENCLATURE :

A The bearing area = 2 B, x m2
Bl Recess width m
B, Bearing outer width m
h film thickness m
H Minimum £ilm thickness m
H Bearing power watt
I  rLoad carrying capacity Kg.
ﬂ bearing length m
n power law behaviour index dimension less 2
4 gauge pressure N/m
PO inlet pressure N
Pl Recess pressure N
Q Volume flow rate m3/sec.
R, Supply hole raduis m_y
o arbitary refrence shear rate S,
recess depth m
viscusity of non-newtonian fluid at n, 2
refrence shear rate o Ns'/m
X,y,2z cartizian ceordinates m
u,v,w coanponenes of velocity in directions ’
X,y,2 respectively. m/Sec.

2. INTRODUCTION :

In industry the decrease of frictional losses by few percentage means
a real gain and saving of energy. Fluid film lubrication effectly decrea-
ses the friction and so cne can find in advanced industry of to-day numer-
ous applications using fluid f£ilm lubrication to reduce the mechanical .
losses and wear.

Many research works were devoted to fluid film lubrication. Rectang~
ular bearing lubricated with Newtonian fluids recieved a considerable
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attention. The published material in El, 2, 3, 4, 5] covers the theoriti-~
cal and experimental investigation of the rectangular fluid film bearings,
using Newtionian f£luids. A great part of fluid has a non-Newtonian chara-
cteristics [[6, 7] . Non-Newtion fluid flow stress-strain relations can be
found in[8, 9, 6, 7] .

The problem of the flow of non-Newtonian £fluids in conditions gimilar
to fluid film lubrication was studied by a number of investigations e.g.
Bird (101 , McKelvey [11] and Elsalamouni [12]. However, Laurencena et al.,
[137 looked into the flow of pseudo-plastic f£luids between two parallel pl-
ates under isothermal, steady state and stationary conditions. They repor-
ted that the calculated theoritically and the measured experimentally flow
rate and pressure distribution are in good agreement. They concluded also
that the power law model was adequate for describing the flow behaviour of .
pseudoplastic lubricants at reasonable shear rates . The discrepency
between theoritical and experimental results were expected at high shear
rates. They suggested the use of more sophisticated models to describe the
flow in these cases, .

Fram the above literature review, it is clear that the rectangular
bearings lubricated with non-Newtonian fluids need further analysis.

The object of this paper is a theoritical analysis of the effect of
bearing dimensions, fluid properties on the performance of convential rect-
angular bearing.

3. GENERAL CONSIDERATIONS:
3.1~ Assumptions:

The problem to be investigated is one dimensional flow problem between
two parallel fixed plates. The following assumptions will be used in the

derivation of the basic equations:- .
1. The non-Newtonian fluid is considered a homogenous £luid of constant
density. :

2. Steady flow.

3. Bod and inertia forces are neglected.

o

4. The veldcity gradient in the "Z" coordinate is by order of magnitude
larger than those in the "X" and. 'y " coordinates (Fig.l).

3.2~ The Equation Governing The Flow:

Applying the previosly mentioned assumptions in the Navier Stoke's
equation (1) in the "x"udirection, therefore

a - > bu,n ,
&5 {’Zo (2 ] , W

4. PRESS(;RE DISTRIBUTION AND FLOW RATE:

In order to get the main parameters of the bearing 'Q, L, H_and . ’
the pressure distribution along the fluid film in the bearing muBt be knovn
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Integrating equations (1) twice, and substituting with the boundary
conditions ; -

u=0atz=hana%uz— = 0 at 7=0
the velocity dlstr;bl.:tlox?_l—g_ﬁl)aresa?iﬁf obtained
7 =) &5
dp,—~ Z - 'h
1+n 2)

Q= j U a
~h 1 1+2n
_ ,~1 dp .n 4Ln n
Q—(Z;-dx) © T#2n) - h (3}

Since the bearing pad is symmetrical about the "y" axis, hence the
pressure distribution along the fluid film under each side will be the same.
Only the side in the positive "X" direction is considered.

Integrating equation (3) with respect to "X", hence the pressure at
any point in the "X" direction if _l%iivennby

p=[-2 iQ(1+2n)/4 Lnh nj ]-x+c (4)
A .

where the value of the constant of integration (C), can be determined from
the following boundary conditions.
1. For region 1, R KX (Bl

at X=B P=p; and h= (H)/2
Therefore

1+2n
_ . S o .
PL=-) |04 Ln (h+3) . BliC (5)
(]
2. For region 2 "Bl £ X \<Bz
::1tX=B2 P=0 and h=%
atX‘-=Bl P=Pl and h=-2—
Therefore n
1+2n
2
P =Z [Q (1+2n)/4 In h J . (Bz-x) (6)
o
and the pressure at the recess edge IgPl) is given as
14+2n
p,= 20 [Q (142n)/4 In h P 3 . (B,-B)) (7)

and fram equations (5),(7), then by substituting it in eguation (4), the
pressure distribution in region 1 is given by

nl 8 =% . B, =B
~ 1 2 1
P = Zo [Q (1+2n)/4 n h ] 8) +2n) + n(1+2n)J ®)

(bt >



- 78 -

The volume flow rate in the stationary conventional recessed bearing.
can be found by substituting

at X = R P = Po in equatign (8}

0- 4 f.n N S ©
Tn zo Bl . .-.-.R0 . _B2 - ‘Bl )
(h+o/2) 1+2n h (142n)

From equations (9) and (6) the pressure distribution for region II can be
derived as
- Ro 82 ~ Bl B~ X B

ool B . 2
o Ton T Ton [ Don
/2)

2 X
1+2n

h

4.3~ The Total Load Carrying Capacity:

The load carrying capacity can be found by integrating the pressure of
" each regions over the area of that region, therefore

B
L= 2£JR0 de+R§ p dx +2{ROPO

hence L=POAG

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 stiffness is defined as
_ dL
?\ == G

4.5~ The Power Consmnptlon

The general form of the power consumption equation is given by :
=P, 0

5. DISCUSSION AND CONCLUSIONS:
£.L_Diseassion:

Flgs. (2), {3), and (4), show the pressure distribution along the
fluid film in the bearing.. It is noticed that :

1. The pressure distribution drops with 1ncreasmg the film thickness.

2. For a bearing with Bl/B 0.33, the pressure at receass edge, is higher
than that. for a.bearing wu;h B,/B, = 0.66.

3. The pressure dlstrlbutlon rises with the increase in n.

4. Fig.(6) shows the variation of the volume flow rate of the convéntional
bearing versus the f£ilm thickness at a constant in-let pressure.
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The volume flow rate of any f£luid increasescwibh thezdincteabeninnthe ‘
film thickness, and decrease with the decrease in "n" at any film thi-
ckness, .

5. The dimensionless group, of load carrying capacity (L/P n), Figs.(7),
8), (9), (10), and (11). These figures show clearly t the non-
dimension load is nearly constant with the increase in the film thick-
ness . The load carrying capacity increases at any film thickness with
the decrease of the power law behaviour index.

The load carrying capacity increases with increasing the recess to bear--
ing width ratio and the supply pressure.

6. The non~dimension load per unit discharge decreases with increasing the
film thickness for all fluids.

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

8. The stiffness per unit supply pressure, when increasing the non-Newtonidh
nature of the lubricant, increases the stiffness of the bearmg at any
film thickness .

5.2~ CONCLUSIONS:

From the previous discussion the following conclusions can be drawn :

1. The pressure distribution depends on the flow behaviour index of the.
non-Newtonian fluid.

2, The lcad carrymg capac1ty, for a bearmg using Newtonian lubrlcant,
decreases by increasing the £ilm thickness.

3. For a bearing, using a pseacloplastic fluid as a lsbricant, decreasing
the behaviour index increasing the load carrying capacity.

4. Enlarging the recess to bearing width ratio, leads to a better load
carrying capacity.

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

6. Usmg a pseudoplastic fluid, as a lubricant, the bearing load carrying
capacity per unit discharge is improved. On the other hand, enlarging
the recess to bearing width ratio decreases the load per unit dlscl'sarge

for boty Newtonian an pseudoplastic lubricant.

7. Higher bearing stiffness can be achived when operating the bearing at
small £ilm thickness and high supply pressure,

8. Using pseudoplastic lubricant improves the bearlng stiffness.
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