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STUDY OF LUBRICANT FLOW RATE THROUGH A BEARING

DEPENDIING UPON THE LOCATION OF THE LUBRICANT INLET

V. A. Karamzin

The high heat intensity of bearings of modern machines and, in

particular, the crankpin bearings of engines require the correct

control of heat flows.

Basically the heat removal depends on the quantity and quality

of lubricant flowing through the bearing, since it is one of the

main factors affecting the temperature conditions of the bearing,

and consequently its reliability and life [1-31.

The purpose of this work was the study of the effect of the

main parameters, characterizing the operating conditions of the

bearing, on its working capacity. We investigated the effect of

the slip rate, specific load, pressure and viscosity of lubricant,

and also the location of the lubricant inlet on the flow rate of

lubricant through the bearing during complex loading. The tests

were conducted on a special stand for testing bearings [4, 5].

Tested was a bearing consisting of two bushings 1.75 mm thick

made of high-tin aluminum alloy (d --- 6 mm, I = 27 mm). The diame!.

ral clearance was 70 microns, ratio 7/d z: o.41.

In the process of te.3t 1,,,r i.., d •, t.•dtion-. varied crco,,

1.400 to 3200 rpm; the zverar,- .-t .,e load Vrotn 29 to 140 kgf/c.m-;

the oil pressure from I to 3 kgf/cmA; Lht temperature uf oil, fed

to the bearing, from 50 to 1i0 C; the location of lubricant inlet

FTD-HT-23-518-72 1



relative to the direction of ltading component, reierored t6 thý

shaft, varied from -22 to i08*.

!.he solution of Reynolds equation for pressure in a plain bearing

of i.".te letvsth was obrained by Zhukovskiy and .5ommerfeld. In

this ., ,e the e, Aat 4.on for pres3ure in partial derivatives is reduced

to ordinary di -t..tial equation, and the solution is obtained by

simple integra,!ý.,i.

The solution for a bearing of zero length is pbtained by

Okvirk. His solution is based on the assumption that iq the bearIng

the axial gradient of pressure is an order of magnitude higher than

radial pressure gradient. This assumption pertains to a bearing

of finite length. Although the equation of pressures in the oil

layer is nonlinear and nonhomogeneous, its. approximate solution

can be obtained b. various mathematical methods.

Musket and Morgan obtained the solution of this problem with

expansion of pressure into power series with respect to X (6).

Cameron and Wood investigated this problem, usipg the Southwell

method [71.

The variational method was developed by Weber and Hays.

Some investigators, for example, Stodol, Yanovskiy, Korovchinskiy

(8], represented the solution of the problem, i.e., the sought,

function of pressure distribution, in the form of the product of

two functions
p ((p; o) D (y).j(),

where D (q)) depends only on T. and f(c) depends only on 0.

Shibel' and Khanovich used the same method, but with consider-

able limitations.

The exact and complete solution of this problem was pbtained

FTD-HT-23-518-72 2
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by Tao, who considered the viscosity a constant or a function of

only, pressure [9]. In this Investigation the Reynolds equation

L - A)

aiter reduction to dimensionless form and substitution

P p(P; Z) ((P)+ ((P; Z) (2)

is expressed by two equations

(1dj +xcos )' d• (v 7i (3)

To these equations will correspond the following boundary

conditions

X; Z) tn (Az))'
t( n )-. C; Q;'z);~-. (-R;z)- , . (6)

rQp - 1/2) Cp; 1/2.) = - (9) (()

The solution of equation (3) reprezez±e tAhe f- oLtto-') p

distributlun for a bearing of int'Irile .Les±,ti

Go' t ) ( ++ CosI)

FTD-HT-23-518-72



•" During the solution of equation (4) the method of separation

of variables was used, which led to the finding of eigenvalues and

eigenfunctions.

For finding the eigenvalues there was applied the method of

expansion into series with respect to orthogonal functions, proposed

by Ramachandra (i0].

Thus, the final expression of pressure distribution in a

bearing of finite length has the form

GvrX (2 A- y cos ,(p) .in (p

SC9)
(I .o. ch? OzBsinn.(9

In connection with the fact that the obtained final expression

causes difficulties during calculations, it was somewhat simplified

by the use of the approximate solution proposed by Vorner (9].

For this on the basis of expression (7) let us write

By expanding t((p) into series with respect to functions 0 , we

obtain

,w ~'Ii.^, (z)
P Z)) a~ (iy)

Having made the assumptiot, azoub the Pact1 that

[1I 'Px'(I)] [! *'4i(1) J1

, I,- fj•€ )j
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we finally have

P (';Z) i-l&) ]~aNON ()[1-* JVy.]~i)- (±2

where A(z) = chz •

The quantity of lubricant flowing through the plain bearing, in

the process of operation is made up of two magnitudes: the quantity

of oil flowing through the loaded or working zone M1, and the

quantity of oil flowing through the unloaded zone M2

A M, -- +, (i3)

The loaded zone of the bearing i1 characterized by relatively

small thickness of the oil layer and high pressures. In the unloaded

zone the oil pressure does not exceed the pressure in the line, but

local thicknesses of the oil layer are relatively great.

The ratio between M1 and M2 can be different depending upon

the construction of the bearing, the eccentricity, the oil.feed

pressure and especially on the place of supply of lubricant.

For determination of the lubricant flow rate through the loaded

zone there is considered the outflow of fluid in axial direction (z).

The total flow rate of lubricant through the loaded zone of

the bearing is obtained by integration of the elementary flow within

the boundaries of the loaded zone ((p,w itf)

mj ýh - OP ra,r, (14)
fop

where h - present thickness of the oil layer, determined from

5.)



expression h *(1 + %cosq); A - viscosity of oil; r - radius of the

bearing.

Considering the earlier obtained expression of pressure distri-

Sbution P-t (9; z) in the flow equation through the loaded zone and

performing a series of transformations, we obtain the expression

in the form

(2+ x'l

(15)

where _n - diametral clearance; o- angular velocity; x - relative

eccentricity.

The values of characteristic parameter A. as a function of Z_

are presented below:

.0,2 0,4 0,6 0,8
• .1,04 ,16 1,28 1,35

Finally the expression of flow rate through the loaded zone

of the bearing can be written so:

M, .(16)

The value of the integral entering the expreasion M, was

computed for various boundaries of the loaded zone when T2- 180"

and 9 = 50-II0e and at values of X = 0.6-0.9.

The values of flow rate through the loaded zone and the results

of analytical calculations coincided for various values relative to

eccentricity at certain values of the boundaries of the loaded zone.

6



Thus, the relationship of the change of boundaries or the loaded

zone to the relative eccentricity was established:

X • , . 0,6 0,75 OB 0,85 0,9
S--9185 92 to0 tit 1 2

For the investigated bearing with change of the relative eccen-

tricity from 0.6 to 0.9 the extent of the boundaries of the loaded

zone (•a--z) varied from 85 to i25*, which can explain the complex

character of the load, the vector diagram of which is shown in Fig.

1, and also by the insufficient rigidity of the connecting-rod big

end, in which the bushings of the tested bearing were installed.

J/1
/1,4

/0I J10 ip7

ab

Fig. 1. Vector diagrams of loading, pertaining

to the shaft (a) and bearing (b)..

The flow rate of lubricant through the unloaded part of the

oil layer is usually determined by proceeding from the equation of

flow of fluid through a narrow slot, the length of which is taken

equal to the expanded length of the unloaded part, and the height -

to the averaged thickness of the unloaded part of the oil layer

A, = AL "T" (I7

The flow rate of oil through the unloaded zone of the oil

layer depends, as was indicated above, on the place of supply or

7
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on how far the place of upply, of lubricant is from "favorable."

As is known, the "favorable" place of supply of lubricant it char-1

acterized by the best filling of the wide .part of the bearing ,clear-

ance by the outflowing oil.

The resistance to the flow of oil into the clearance between

openings in the shaft neck and the surface of the bushings depends ,j

upon in which clearance region the holes fall, serving ror supply

of lubricanc. Coefficient A depends .on the place of supply of

lubricant, which is characterized by the' corresponding thickness

of the oil layer. In case of coincidence of *the lubrigant supply

place with "favorable" coefficient AoA, 6 1.

Therefore it is possible to write

MA A A :. (0 o

where.al- the angle between the oil holoe and the "favorable" place
of lubricant supply.

With a more complex form of loading, which takes place in this

experiment, the expression for A/A0 .1 is somewhat complicated and

is considered by the introduction-of coefficient .a, depending on Z

and angle a between the location of the lubricant Inlet and the

"favorable" lubricant supply place ,

a 0,27 11 + (1,5x - 1,125)0,0174rI. (.9)

As the results of the conducted experiments 4khoWed, all other

conditions being equal, the "f'avorable" lubricaut supp]y pl;ce with

change of pressure of the oil being supplied is somewhat di.iplaced
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In the direction opposite the rotation of the -shaft.

Considering the displacement of the "favorable" lubricant

supply place to angle vp' fr~om the direction of loading component,

**we.-have

By substituting the value of a in formula (19), finally we

have

1i= - • --Yx CO t• • (,•,o (2 0)

in the presented expression thq value of angle q" is taken

from 0 to 200.

Thus, tto flow rate of lubrioant throug4 the unloaded zone

of the bearing at any location bf the lubricant inlet is deterinined

from expression (21) and will be equal to

M. [D .9'j) 0(1COS 9)] k...'T., *(

where pp - oil pressure.

Ao numerous experiments showed, the flow rate of lubricant

through the 6nloaded zone depends alio on the speed ok rotation oi

the shaft, which is coalduJred 'by the lntroduction of coefficient k..

The values of coefficiert ko are presv.,ted or, Fig. 2.
Finally the total i')ow xite or lukricbnt thioueh the be~rloi

for aiy location osf the lubricant inlet. Is w,.Jtten In tf)e t'o, m

* 9
* +

" l 
( 2_)



This formula can be used during engineering calculations of

multi-loaded plain bearings, having supply ol' lubricant through

one hole.

Fig. 2. Relationship of
coefficient *a to velocity

conditions a and oil vis-
" /•o ,, o .UOOJZ014M/,d, cosity V .

Designations: oo/,muH - rpm;
COK = S.

The value of coefficient C can also be computed by the formula

obtained as a result of processing the experimental data

. 1,6 +1 (23)

In the conducted investigation the value of the reiative '

eccentricity for various operating conditions was determined accord-

ing to the value of the loading factor [1], which in turn was com-

puted according to the value of the mean effective pressure, equal

to the ratio of the effective load to the area of projection of

the bearing

k p4,'. (24)

Fig. 3 shows graphs of" the relationship of the 1'ow rate of

lubrican-6. to the feed pressure Po and viscosity v f'oi n - 2600 rpm

and . 400. Ana:"gous graphu were obtained for n = 1400-3200 rpm

10
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and T 108-( -220). The flow rate through the loaded zone M, was

determined as M = HP.)' when Pm. - 0.

I I

AW, /felt .U.

SFig. 3. Relationship of flow

On the basis of experimental data graphs are constructed of the

flow rate of lubricant depending onuthe location of the lubricant

inlet for v 20 eSt and p -3 kgf/cm2 (Fig. 4) Analogous graphs

were obtained for v p s and 15 cSt and P i and 2 kgf/cm 2 .

VeFig. n4. Relationship of flow
JOIN rrate of lubricant to the uoca-

tion of lubricant inlet forI

* various velocity conditions

whenn= 20 cSt and p 3

kgf/cmn
Designations: cem s; u6/iut.'

-rpm.
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