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Abstract — Generally, to product multi-grade oil like engine oil, a sort of mineral base oil is mixed with a fun-
damental additive package liquid and a polymer liquid as viscosity index improver in order to improve the lubri-
cating property of base oil. That is, engine oil is the mixture of more than two fluids. Specially, a polymeric type
liquid cannot be seen as the linear viscosity like Newtonian fluids. In this research, by using the governing equa-
tion describing non-Newtonian hydrodynamic lubrication related with the mixture of incompressible fluids based
on the principle of continuum mechanics, it will be compared the bearing performance between the mixture of
each liquid to be blended and multi-grade engine oil as a single fluid in a high speed hydrodynamic journal bear-
ing. Further, it is to be found the way estimating the performance of the blended multi-grade engine lubricant
in a journal bearing in advance before blending by using the physical properties of mineral base oil, fundamental
additive liquid and polymer liquid of viscosity index improver. So, it can be reduced the number of trial and error
to get the wanted lubricant by selecting the proper volume fraction of each liquid to satisfy the expected per-
formance and estimating in advance the performance of various multi-grade oils before blending. Therefore, it
can be shorten the developing time and saved the developing cost.

Keywords —mixture of fluids(-f | ] & 3 &), homogenous liquid( =+ & ), mineral base oil(Z& - 7] ),
additive liquid package( & 7} 4| & & A 3l 7] A]), polymer liquid for viscosity index improver(d = A] =71
A8 FEAA), multi-grade engine oil(CHsF A% 2. ), non-newtonian fluid(¥]-77& ), high speed
journal bearing(31< A o'd wlo] &)

1. M =

Ak o g thed dREEe 71EH7HAE AA H7HA (polymeric-type fluidsyE©] 714l H71E A
7] A] (fundamental additive liquid package)®} F=A] ot} o|9} o] ANEEF+= F 7 o] §AI7F
FNAE SR (polymer liquid of viscosity index — EFE O] AZH EFEoILh 714 THA= wE &
improver)E 3 7|-f-(mineral base oil)2} ZA3d ¥ A9} e APYHEE B 4 Qlv) wghA] B AellA
= 7] (base oily= 7= FAZ B, o7 7=

—
'FAA - AYAA : smchun@hoseo.edu = A= °<¢ H-7E 3 (simple non-Newtonian

47



48
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Table 1. Journal bearing operating conditions

Bearing diameter D = 7.85mm
Bearing length L = 4.06 mm
Radial clearance C =10 um
Rotational speed n =50,000 rpm

Inlet lubricant pressure P, = 4.0x10°Pa
Inlet lubricant temperature T,,=130°C

Circumferential width of

an axial groove 7.5° (1 grid size) x 2

°20 0 00
Cavitation Region

— 0 6

Fig. 1. The groove geometry of a journal bearing and
the cavitation region.
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Table 2914 Table 59l= 77+ SAE5WA40, SAESW30,
SAEOW30 2 SAEOW20 dlxledd] dig &3 2
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i

A (A)+(B)+(Cr w5
= A vE F Us GLHA
40°C 2 100°CoAe] SHE
(cSY), 4°C B9 Wxe} 15°C 2o WxE wwsh
HlS el E}%“:ul Ao ek HE=R|4=(VI)S]
Az7E 718E0] Jom, F7hE ZF 7Rl AlF

Table 2. SAESW40 engine oil specification
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TS Table 69l 3o vl-FE FA digh ¥
H2 Axo f5AATY AEAE 71519,
Hlold sl5e] Wsks, & (Ed=9 Wl &% -
@ oA] wojd slg) / (T eAle] wlold 5l%)
o] Zel +0.001 ©18H0.1% olshz 2 w, AL

SRA WolelE gl EAE E
Ulgel SRS el ol 2 e
G A FhE 3 715 ¢

7} a7 3;3%94 JERFE Fig 201] = Hho}
7ol Zzte] §B6 Shol tiste] E3EH 9 A
o g Aol AN, fBael Art Ae5E W)

SAE Kinematic viscosity (cSt) Specific gravity (S. G) Viscosity index Volume fraction
5W40 40°C 100°C 15/4°C (VD (o)
Mineral Base Oil (A) 32.10 5.69 0.843 - 78
Liquid package for
fundamental additive (B) 2800 160 0.980 ) ?
Polymer liquid for VI 5000 430 0.850 - 13
improvement (C)
Commercial multi-grade
oil (A+B+C) 86.26 13.70 0.8528 162 100
Remark *Liquid package for fundamental additive (B) = Base oil + fundamental additive

*Polymer liquid for VI improvement(C) = Base oil + viscosity modifier(VM)

Table 3. SAESW30 engine oil specification

SAE Kinematic viscosity (cSt) Specific gravity (S. G) Viscosity index Volume fraction
5W30 40°C 100°C 15/4°C (VD (%)
Mineral Base Oil (A) 30.24 5.29 0.835 - 82.5
Liquid package for
fundamental additive (B) 2800 160 0-980 ) ?
Polymer liquid for VI 5000 430 0.850 ; 8.5
improvement (C)
Commercial multi-grade 66.12 11.00 0.8520 159 100

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 4. SAEOW30 engine oil specification

SAE Kinematic viscosity (cSt) Specific gravity (S. G) Viscosity index Volume fraction
0W30 40°C 100°C 15/4°C (VD (%)
Mineral Base Oil (A) 20.04 4.07 0.832 - 79.8
Liquid package for
fundamental additive (B) 2800 160 0.980 ?
Polymer liquid for VI 5000 430 0.850 - 1.2
improvement(C)
Commercial multi-grade 54.55 10.06 0.8460 174 100

oil (A+B+C)

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

Remark *Polymer liquid for VI improvement (C) = Base oil + viscosity modifier(VM)

Table 5. SAEOW20 engine oil specification

SAE Kinematic viscosity (cSt) Specific gravity (S. G) Viscosity index Volume fraction
0W20 40°C 100°C 15/4°C (VD (%0)
Mineral Base Oil (A) 19.13 434 0.839 - 83.5
Liquid package for
fundamental additive (B) 2800 160 0-980 . ?
Polymer liquid for VI 5000 430 0.850 - 75
improvement (C)
Commercial multi-grade 43.61 8.202 0.8471 165 100

oil (A+B+C)

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

Remark . . . Lo .
*Polymer liquid for VI improvement (C) = Base oil + viscosity modifier(VM)
05 Pressure distribution at bearing mid-plane @ 50,000rpm X 10" Viscosity distribution at bearing mid-plane @ 50,000rpm
' SAESWAO-M. F.
~ SAE5W40-S.F.
~= SAE5W30-M.F. | sleccccoccensiossnssesssabemmimmnecseteseseeneseed
4 SAE5W30-S.F.
| SAEOW30-M. F.
— | SAEOW30-S. F. — 5
£ 03 SAEOW20-M.F. | a
= ‘ SAEOW20-S. F. e
] 24
2 a !
@ 0.2 o SAE5W40-M. F.
a S, SAE5W40-S. F.
SAE5W30-M. F.
SAE5W30-S. F.
SAEOW30-M. F.
2 SAEOW30-S. F. ——
4 SAEOW20-M. F. M. F. : Multi-Fluid
I SAEOW20-S. F. S. F.:Single Fluid
1 - X 1 1 1
3.14 4.7 6.28 0 1.57 314 47 6.28
Circumferential Position[radian] Circumferential Position[radian]
Fig. 2. Pressure distribution at bearing mid-plane at Fig. 3. Viscosity distribution at bearing mid-plane at
50,000 rpm. 50,000 rpm.

7} Z71EI & SAAAE 7o R S u E3E AME L1%CHZ 74l om, SAEOW30IME 1.5%
o] SAESWA40IA1E 0.9%0IU2 7HA33, SAESW30 o2 ZrAgom SAEOW209ME 23%eE 7hA

Vol. 28, No. 2, April, 2012



54

R

Table 6. Calculation results of multi-fluid mixtures comparing with those of commercial engine oils (single fluid)

Engine Oil SAE5SW40 SAESW30 SAEOW30 SAEOW20
nl 95338 93092 93138 90499
n2 81710 82826 81627 81287
Eecentricitv ratio 12015 11968 11912 11731
vy (SF:0.12) (SF:0.12) (SF:0.12) (SF:0.12)
Load(kgf) 5.8916 47867 4.4804 3.8375

(1 kgf=9.8 N) (SF:5.8974) (SF:4.7875) (SF:4.4793) (SF:3.8375)

Friction force(N)/ 1.1680/0.0045842  0.95495/0.0037482  0.89197/0.0035010  0.73738/0.0028942

Friction Torque(N-m) (SF:1.1684/0.0045861) (SF:0.95524/0.0037493) (SF:0.89008/0.0034936) (SF:0.73570/0.0028876)

Axial Leakage 0.16931e-7

0.19110e-7

0.19931 e-7 0.22507e-7

(m’/s) (SF:0.16860e-7) (SF:0.19064¢-7) (SF:0.19949¢-7) (SF:0.2267%¢-7)
Multi-fluid mixture
Iso-thermal condition (HDL, T=Tin=const.)
Remark Pin=4.0bar, Tin=130°C, rpm: 50,000

* SF: Single fluid.

* nl & n2: Flow behavior index of power law
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