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Study on Boundary Lubrication in the Sliding Bearing System
under High Load and Speed

Siyoul Jang

School of Mechanical and Automotive Engineering, Kookmin University

Abstract — Many tribological components in automobile engine undergo high load and sliding speed with
thin film thickness. The lubrication characteristics of the components are regarded as ether hydrodynamic
lubrication or boundary lubrication, whereas in a working cycle they actually have both characteristics. Many
modern engine lubricants have various additives for better performance which make boundary film forma-
tion even under hydrodynamic lubrication regime. Conventional Reynolds equation with the viewpoints of
continuum mechanics concerns only bulk viscosity of lubricant, which means that its simulation does not
give insights on boundary lubrication characteristics. However, many additives of modern engine lubricant
provide mixed modes of boundary lubrication characteristics and hydrodynamic lubrication. Especially, high
molecular weight polymeric viscosity index improvers form boundary film on the solid surface and cause
non-Newtonian fluid effect of shear thinning. This study has performed the investigation about journal bear-
ing system with the mixed concepts of boundary lubrication and hydrodynamic lubrication which happen
concurrently in many engine components under the condition of viscosity index improver added.
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—boundary lubrication, viscosity index improver, solid-like layer, bulk viscosity, non-Newtonian fluid.
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Fig. 4. Dimensionless film pressure for very thin layer
case, 8 h" =01t , 15p=10.0, £=0.9, layer porosity
0" =0.1 ko, shear thinning modulus K "= 0.65, ratio
of low to high shear viscosity Lt 's=0.57.
/\lo] H]J—Jr_x-l gnsg oh}-E':lgq t‘s:]M_O_ 0_1_7'3 HJ“%‘:.Q
0.25<x'<0.7 2l F& AFHoZ IA vepdt)
Fig. 42 vwl-¢- @ ZA3t Fo] A5 Ak A
o}, olm) §Fh =0.1h1°la 2 %75—;} o7l g
:u*a,b= 10, a'=0.1 ki, ©1h THA o] Abefolla] A3}k

HU

proasure p*

0 5 10 15 20 25 30 35 40
A

Fig. 5. Dimensionless film pressure for very thin layer
case, §"h" =02 Mo, Uop=10.0, £=09, layer porosity
0 =0.1 A", shear thinning modulus x "= 0.65, ratio
of low to high shear viscosity £t = 0.57.

40 50

30

pressure p*
20

Fig. 6. Dimensionless film pressure for very thin layer
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of low to high shear viscosity u ") =0.57.

Vol. 15. No. 3. 1999



254

Zo] T SH=01hwmdlA 03 w2 271
=W (Fig. 4a, b, ¢) % 4Ee] Z7le F4H F
7} A B ol A &8 ddoMe AA &
gute] A Frt ke AR wXe G
2] g},

Fig. 59 62 7 579 A Z9 A 6n
=02 = SA=03hYy, S oju zhzte] 2A)
Here] A8t Fo] A AEg (=103 G=F
(o' =0.1Hun)ye GRS slod AlEH o)A 39

60 [~ ; T — —

] . Newtonian fluid

50 [ h’0.1h:m. ;1a.b=10.qc&102\min :

Ll . won 10,6

20 o e S A S 3

dime.less pressure (clri)(p-p_)lp1m

10 Ere e ZuNR, X :.‘.E .................... .

0.2 0.3 0.4 0.5 0.6
circumference coordinated/2s)
Fig. 7. Centerline. pressure p*, effect of layer thickness:
porosity o *=0.1 k., , eccentricity £=0.9, layer viscosity
U 2= 10.0, shear thining modulus x*=0.65, ratio of
low to high shear viscosity i 'y =0.57, layer thickness,
8 h =01 hoin.

60.0 —— ; R

r | - Newionian fluid
50.0 b —°—n=2 ......... T U UUPRR

dime.less pressure (clR}(p-p’)IHm

0.3 0.35 0.4 0.45 0.5
circumference coordinateq/2x)

Fig. 8. Centerline pressure p*, effect of layer viscosity:

porosity o *= 0.1 fiz, , eccentricity £ = 0.9, shear thinning

modulus x* =0.65, ratio of low to high shear viscosity
L ‘o= 057, layer thickness, 6 “h* = 0.1 Aon.

Joumnal of the KSTLE

ojth, A =03hS A F 48 W] A
3} Fo] Tl o4 I A 9T vRte
A3E HojFEr)

2R3} Fo] FA Wyt ofd A miXE 9
S Aojd wlojge] FrFgelA =27 WkE &
FHo=z vwsld Fg 73 7o) Jepd 4 ok

aAs} Fo A AgAo] skF AR viA=
B Fxo Z7) wsle] A FFE ¥R R
I A7|E 3A S F] A FFgETG F} A
< HAFETHFg. 8).

Fig. 9= A% A5 A7 2718 42 B4 ¢
ANl %5 d4e wE FAHY 5 43 v
std JePA Aotk §h=01hpw ¥ W FE A4

&

filn thickness 2(8,y)

-0.2 0 0.2 0.4 0.6 0.8 1 1.2
dimensionless velocity U

Fig. 9. Typical pressure profile «*, at negative pressure
gradient location, effect of layer thickness:ct * = 0.1 Ay, ,
eccentricity £ =0.9, shear thinning x* =0.65, ratio of
low to high shear viscosity i o = 0.57.

dimisas. sheer rate
001 0.2 003

0.00

Q01

Fig. 10. Shear stress distribution at the upper boun-
dary between solid-like layer and fluid region: porosity
0" =01hy,, eccentricity £ =0.9, shear thining x =
0.65, ratio of low to high shear viscosity 1t o= 0.57.



SRR} g v 117 Wiold) AlxR)e] AA &g gt 4

)

c

‘u’ 15z

a2 1.0

xz

«

centerline shear stress at #h'5”
i

x (0/2x)

Fig. 11. Centerline shear stress distribution, effect of
layer thickness: ¢ *=0.1 i , eccentricity £ =0.9, shear
thinning x* = 0.65, ratio of low to high shear viscosity
u *o =0.57.

o 795t 2ol YA 29 S
IAS B3 Y #A Gl ARG A
e FAREUER 10, oA HE A5 YA

o} kel WA JBe & el Aol el

FohE hepac,

o] 7 Gl 9] A7) A3} F
HIfEgo] % 7%_‘% A& & 7 UckFg. 11).

H|ALA) 4‘# | Aufsk= A
s ot Zo] FA9
ogte HOML T
%xﬂ)°ﬂ @%Al?lt A =

£ aelA xﬂ°}f4 A Al FA A
of g =de fuko] FAZL A4 £ =)
Agshe 5ok EEA1 Aol 2siM b= g
o FAe Hge] Haks Asol BF Al A
& 7 Sioh A #9992 H: {9 A z]
A 0=rdX (1-28) b c ©ITh. AFE B0 I3

lL

A% 7NA BFe] 27] ABAG Aojde] Balge
099 Y 7%= @} olme] Aste Bus) AA &
g A Aojtk 25mm AL 717l oy A&
B0 AL ExX| ¢=10um 2 1 TR e A
go] Yojupny B Apolx AotE fu 2o B3
o] Ag=E 4 Ut} F, ojule] A4 {9 FA

£ M= 100nm ©]Z J—’Jﬂﬁ]' 29 FA7F §=30nm

‘?.

255

A A4 F9 FAE 40nm o)tk AlEH o)
AAS o EA|l Wi wE 39 A
o 37 S7HE o= HojgEny vk
olZigh A-goll SlojA B &8 Al =
el 4 X OEHE HolFed o) &
H2 (1- gl vlskA Hrh
B dAolA AGE 2A s Fol dig o
o 29 3 odme AA 8 el f4t
B E2]4 @S FEHOE o9 o433}
ZRI7H e eix] Rdg A¥EH AxE 24
ol @_%'6}11} stk frAeke] ¢fg Bx
5 Aol = FAS Bxpe] vl
A F7F A7le 9L g
JA W] g vy &
=7F &S o %?%}14 w8 o|EThe T3Py 3
ZF AA o] FAYHA erh 22 AA &8
2ol 95 o)t M= AA &8 e
A @ %01] EA et egg AR g AR Y]

L
L

A=) =
wﬁ_e

1o o of

Fo] B B oMl AetE {9 ot )
A aqw ]%242& FAE AAE H4FEw 9ot
=#HARS| 2
2 dvE 19979 285 stedrzrAn o)A

st ME-97-E-03)°] ¢Jsle] A7 Slom,
AR Zghr)

ojoll 2

7|s4Y

fis f :auxiliary viscosity function (m*/Ns)

£ :auxiliary viscosity function (m’/Ns)

fi :auxiliary dimensionless viscosity function

h :bearing clearance (m)

U, W, U, :fluid velocity in the x direction in region
a, b and ¢ (m/s)

Vo Vi V. fluid velocity in the y direction in region
a, b and ¢ (m/s)

U surface sliding velocity in x  direction
(/s)

Vi :surface  sliding velocity in y direction
(m/s)

o :porosity (m)

1) :porous layer thickness (m)
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£ :eccentricity ratio

K :viscosity parameter (N/m’)

oy Wy, L. :viscosity of region a, b, and ¢ (Ns/m’)

i, L :low shear and high shear viscosity of
region ¢ (Ns/m®)

(] :bearing rotational speed (1/s)

superscript

* :dimensionless variable
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