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Abstract — To product multi-grade oil like engine oil, a sort of mineral base oil is mixed with a fundamental
additive liquid package and a polymer liquid as viscosity index improver in order to improve the lubricating
property of oil. That is, engine oil is the mixture of more than two fluids. In this paper, it will be systematically
organized the governing equation describing non-Newtonian thermo-hydrodynamic lubrication related with the
mixture of incompressible fluids based on the principle of continuum mechanics. Then, in order to find how
the thermal analysis effect on the bearing performance lubricated with the mixture of multi-fluids, it will be
compared to the performances between the mixture of each liquid to be blended and multi-grade engine oil as
a single fluid in a high speed journal bearing. It is found that, in the case of lower viscosity oil, the difference
of pressure distribution between the above two cases turns out to be existed, even if the load capacity is same
level.

Keywords —mixture of fluids( %] 2] & 3 &), homogenous liquid( = & <), mineral base oil(F 7 71 ),
additive liquid package(® 7} Al & < 2| o] 7] A]), polymer liquid for viscosity index 1mprover( A=A 470
A8 S gAA]), multi-grade engine oil(tH5 7 171 2 Y), non-newtonian ﬂuld(‘ﬂ] -7E A, high speed
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Fig. 1. Diagram of lubricant flow, with Q,, the inlet oil
flow rate, Q... the re-circulating flow rate and Q, the
side oil flow rate going through groove land. 6, is the
angle of the beginning of the cavitation region.
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Table 1. Journal Bearing Operating Conditions

Bearing diameter D=7.85 mm
Bearing length L=4.06 mm

Radial clearance C=10 gm

Rotational speed N=50,000 rpm

Convective heat transfer
coefficient of lubricant to
bush

H,,;/=8700W/m*C

Convective heat transfer

— 20,
coefficient of air to bush Hyr=3400W/m™C

Convective heat transfer
coefficient of lubricant to
shaft

H;=8700W/m*C

Bush and shaft temperature 7, =130°C@50,000rpm
T., =130°C@50,000rpm

Pin =4.0x10° Pa

Inlet lubricant temperature

Inlet lubricant pressure

Circumferential width of

an axial groove 7.5 (Igridsize)

olm, vh FY Eae 14 vhREe) weld & &
BE 3 gow Usd 4 Atk

mREre R wolE W WE-AEoR et S fF
B, 5 THFES T o] FAEh

0. = Q:,ZZ gl 4 @7

2 Q72 98] 483 WolPe] ALS Table 17}

Table 2. SAESW40 engine oil specification

R
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= 130°CoIH, U 4H-e 4 bare|th @Y F3x}
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ST F, o= (1-v, V) out dpi Vit P+ Ve
Con = (1=, =) Con T 81Vt Copt +8,0V,0Copr B BT}
A7 dy SHd, 2 s, S s, B EFEY 4 &
dko] E3tEl M T FAle] E4%ke] HEE
ke Aol aT7EE BAAGH, ol B a4
Z2 33 o Agategoz Axke oz =k
0.9~1.0~t0] 9] Ftoltt.

Table 2014 Table 59l= ZH} SAESWA40, SAESW30,
SAEOW30 2 SAE0OW20 <o e ojsh &3 A
A7A AR5 24 B2 £ F T fA
e dizlede] Exdo] BAE ) 7+ 37t
Ae A A= FF 71H0l, (A= 37] Jo 77
E Aot & WAlE FF 714l 718 7HE
AL 718 A7 AAHFA] olH, B)E F7] IS
H HE AR B 5 JAL Al ARl B 71
o] AxA HA7HIE 41 AFHE NS SEHA
2 (O #713e vl Aotk aelal 3Es
e dRlede (AHBHOE wdsl 2 4
2 FE AR U F Jde ddfAet oY =

o

N

o

SAE Kinematic viscosity (cSt) ~ Specific gravity (S. G) Viscosity index Volume fraction

SW40 40°C 100°C 15/4°C (V1) %)

Mineral Base Oil (A) 32.10 5.69 0.843 - 78
Liquid package for

fundamental additive (B) 2800 160 0.980 9

Pol.ymer liquid for VI 5000 130 0.850 ] N
improvement (C)

Commercial multi-grade 86.26 1370 08528 o 0

oil (A+B+C)

Remark

*Liquid package for fundamental additive (B) = Base oil + fundamental additive

*Polymer liquid for VI improvement(C) = Base oil + viscosity modifier(VM)
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Table 3. SAESW30 engine oil specification

SAE Kinematic viscosity (cSt) Specific gravity (S. G) Viscosity index Volume fraction
SW30 40°C 100°C 15/4°C (VI) %)
Mineral Base Oil (A) 30.24 5.29 0.835 - 825
Liquid package for
fundamental additive (B) 2800 160 0.980 9
Pol'ymer liquid for VI 5000 130 0.850 ] .5
improvement (C)
Commercial multi-grade
oil (A+B+C) 66.12 11.00 0.8520 159 100

Remark *Liquid package for fundamental additive (B) = Base oil + fundamental additive
*Polymer liquid for VI improvement (C) = Base oil + viscosity modifier(VM)

Table 4. SAEOW30 engine oil specification

Specific gravity

SAE Kinematic viscosity (cSt) . G) Viscosity index Volume fraction
0W30 (VD) (%)
40°C 100°C 15/4°C
Mineral Base Oil (A) 20.04 4.07 0.832 - 79.8
Liquid package for
fundamental additive (B) 2800 160 0980 i ?
Polymer liquid for V1 5000 430 0.850 - 12
improvement(C)
Commercial multi-grade
oil (A+B+C) 54.55 10.06 0.8460 174 100

Remark *Liquid package for fundamental additive (B) = Base oil + fundamental additive
*Polymer liquid for VI improvement (C) = Base oil + viscosity modifier(VM)

Table 5. SAEOW20 engine oil specification

Specific gravity

SAE Kinematic viscosity (cSt) . G) Viscosity index Volume fraction
0W20 (VD (%)
40°C 100°C 15/4°C
Mineral Base Oil (A) 19.13 434 0.839 - 83.5
Liquid package for 2800 160 0.980 _ 9

fundamental additive (B)

Polymer liquid for VI 5000 430 0.850 - 7.5
improvement (C)

Commercial multi-grade
oil (A+B+C) 43.61 8.202 0.8471 165 100

*Liquid package for fundamental additive (B) = Base oil + fundamental additive

Remark *Polymer liquid for VI improvement (C) = Base oil + viscosity modifier(VM)
JOF= 40°C H 100°CIA 9] TR E(eS), 4°C £9] Row, F7HE 7} HrleAe] AXEE (%)= 7155
YEe} 15°C 2do] s vlwel v)F 18 the At
= dzledel tigh HrAvDe] AF7tE 71559 Hloje HAE-S 27 ddfAEA S v
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Pressure distribution at bearing mid-plane @ 50,000rpm
0.5 T - v
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—_ b A & SAEOW30-S. F.
g o3l i 5 \ SAEOW20-M.F. | |
2 | y g SAEOW20-S. F.
e \ * 7 \
2 o o\
2 e : \
@ 0.2 ey \ [
[N X o & {
b \ /
0.1 N S
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Single Fluid %
0 L v e
0 1.57 3.14 4.71

Circumferential Position[radian]

6.28

Fig. 2. Pressure distribution at bearing mid-plane at

50,000 rpm under hydrodynamic lubrication.

Pressure distribution at bearing mid-plane @ 50,000rpm
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0 1.57 3.14 4.71
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Fig. 3. Pressure distribution at bearing mid-plane at
50,000 rpm under thermohydrodynamic lubrication.

Pressure distribution at bearing mid-plane @ 50,000rpm
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0 1.57 3.14 4.71
Circumferential Position[radian]
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Fig. 3a. Pressure distribution at bearing mid-plane at

50,000 rpm and with SAESW40.
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Pressure distribution at bearing mid-plane @ 50,000rpm
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Fig. 3b. Pressure distribution at bearing mid-plane at

50,000 rpm and with SAESW30.

Pressure distribution at bearing mid-plane @ 50,000rpm
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Fig. 3c. Pressure distribution at bearing mid-plane at

50,000 rpm and with SAEOW30.

Pressure distribution at bearing mid-plane @ 50,000rpm
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=~ SAEO0W20, Multi-Fluid
-9 SAEOW20, Single Fluid

T@V

0 1.57 3.14
Circumferential Position[radian]

DAY S

6.28

Fig. 3d. Pressure distribution at bearing mid-plane at

50,000 rpm and with SAEOW20.
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Temperature distribution at bearing mid-plane @ 50,000rpm
50 -
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£ SAEOW20, Single Fluid
B 2004 e 1
o
g 190} 1
°
180} e E
170} 2 .
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150 ; L .
0 1.57 3.14 4.7 6.28

Circumferential Position[radian]

Fig. 4. Temperature distribution at bearing mid-plane
at 50,000 rpm.

4 X 10'3\ﬁscosity distribution at bearing mid-plane @ 50,000rpm
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SAE5W40, Single Fluid
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15
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Circumferential Position[radian]

Fig. S. Viscosity distribution at bearing mid-plane at
50,000 rpm.
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Density distribution at bearing mid-plane @ 50,000rpm
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Fig. 6. Density distribution at bearing mid-plane at
50,000 rpm.
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Fig. 7. Specific heat distribution at bearing mid-plane
at 50,000 rpm.
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Table 6. Calculation results of multi-fluid mixtures comparing with those of commercial engine oils (single fluid)

Engine Oil SAESW40 SAESW30 SAEOW30 SAEOW20
nl 98325 95852 95394 92808
n2 84697 85587 84410 83595
187(25,19) 177(25,19) 174(25,19) 167(25,19)
Tomp.€C) (176~218) (168~203) (165~198) (159~187)
p- [SF:187(25,19) [SF:177(25,19) [SF:174(25,19) [SF:167(25,17)
(176~219)] (168~203)] (165~199)] (159~187)]
Eecentricity ratio .10892 10662 10275 .08932
v (SF:0.12) (SF:0.12) (SF:0.12) (SF:0.12)
Load(kgf) 3.1948 3.1338 3.1190 3.0562
(1kgf=9.8N) (SF:3.1919) (SF:3.1324) (SF:3.1187) (SF:3.0534)
0.50593/ 0.47894/ 0.47644/ 0.43629/
Friction Force(N)/ 0.0019858 0.0018798 0.0018700 0.0017124
Friction Torque(N-m) (SF:0.49434/ (SF:0.46941/ (SF:0.46569/ (SF:0.42897/
0.0019403) 0.0018425) 0.0018278) 0.0016837)
Axial Leakage 0.30065¢-7 0.30476e-7 0.30139-7 0.30100e-7

(m’/s) (SF:0.30664e-7) (SF:0.31375¢-7) (SF:0.31349¢-7) (SF:0.32911e-7)
Multi-Fluid Mixture
Thermohydrodynamic Lubrication(THDL)
Remark One axial groove

Pin=4.0bar, Tin=130°C,rpm:50,000

* SF: Single Fluid

* nl & n2: Flow behavior indexes of power law
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