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Numerical Analysis of Non-Newtonian Behavior in the
Fluid Film Layer of Bearing Lubrication

Joon Hyun Kim and Joo-Hyun Kim

School of Mechanical and Automotive Engineering, Kookmin University

Abstract —The study reported in this paper deals with the development for parametric investigation of the
influence of the rheological properties of the lubricant in the thermohydrodynamic (THD) film conditions
which occur in slider and journal bearings. A parametric investigation based on a Bingham model with a
shear yield stress which best fit the experimental pressure is performed for predicting the thickness of the
shear zone in lubricating films with fixed geometry between the stationary and moving surfaces. The results
suggest that the shear yield stress for the lubricating film is proportional to the pressure developed in the
film within the range of the investigated cases and the shear zone thickness which is of the same order of
magnitude as that obtained by the empirical formula is significantly smaller than the fluid film thickness in

the lubrication zone.
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Table 1. Design Parameters for Investigated Journal Bearings[7]

Case # %"‘(’:;zr L“;ﬁ:) C (mm) e Speed (rpm) (S)ﬁ T €C) . (l;f‘;’;;‘ngz )
A 80.112 50.800 03404 090 1050 10 533 0917
B 80.112 50.800 03404 090 2100 10 533 1255
c 80.112 50.800 03404 060 1000 30 417 0331
D 80.112 50.800 03404 060 2000 30 417 0476
E 80.112 50.800 03404 090 0500 10 533 0.634
F 80.112 50.800 03404 087 2400 50 711 1393

Vol. 16, No. 5. 2000



346 AEd - AT
Table 2. Design Parameters for Investigated Slider Bearings [7]
Case # Length Width Bruin Binas Speed SAE T Poa€Xxp
B (mm) L (mm) (mm) (mm) (m/sec) oil # C) 10% (N/m?)
G 76.200 76.200 0.1016 0.2032 12,192 10 378 0.424
H 76.200 76.200 0.1016 0.2032 06.096 10 378 0310
1 76.200 76.200 0.1016 0.2032 03.048 30 37.8 0.669
J 76.200 76.200 0.1016 0.1016 06.096 10 378 1.520
K 76.200 76.200 0.1524 0.1524 06.096 10 378 0.440
L 76.200 76.200 0.2032 0.2032 06.096 10 37.8 0.120
_ Bl
Table 3. Summary Results for the Considered Cases ° p, , and h,=C(1-¢) for Journal Bearing)
Bearing h, Oil Tin Ho U Pmax(cal) Empirical Pmax(exp) - T
Type mm SAE# °C  N/is-m?  mfsec  10°N/m’  shearzone  10° Nm’ N/m’
A Journal  0.03404 10 533 001964 4404 0.9598 0.01 0.917 20 50819
B Journal  0.03404 10 533 0.01964 8.809 1.2774 0.0245 1.255 15 76229
C Joumal 0.13614 30 417 009073  4.195 0.3701 0.0576 0.311 22364
D Joummal 0.13614 30 417  0.09073 8.389 0.4371 0.0631 0476 7 39137
E Joumal 0.03404 10 533 001964 2202 0.5409 0.003 0.634 30 38114
F Journal 0.13614 50 71.1  0.05385 10.068 1.5046 0.038 1.393 8 98126
G Slider 0.10160 10 378 003178 12,192 0.4300 0.06096 0424 8 30513
H  Slider 0.10160 10 37.8  0.03178  6.096 0.2397 0.06356 0.310 8 15257
I Slider 0.10160 30 378  0.10582 3.048 0.6216 0.04988 0.669 12 38093
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Fig. 3. Pressure distribution for various bearing
running speed along the centerline of the journal
bearing in the direction of sliding motion, D = 80.112
mm, L = 50.8 mm, C = 0.3404 mm, ¢ = 0.9, SAE 10,
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Notation

:length of bearing in the direction
:radial clearance of Jjournal bearing
: specific heat of lubrication
:journal diameter

: functions obtained in integration
:film thickness

ho  :minimum film thickness

SO W

: thermal conductivity of lubrication

~ &

:length of bearing in the direction
perpendicular to the bearing

N :journal bearing rotating speed

p : pressure

Journal of the KSTLE

T : temperature

t : time

U :bearing velocity in the x-direction

o : lubricant thermal expansion
coefficient

B : lubricant bulk modulus

) : temperature-viscosity coefficient

£ : eccentricity ratio of journal bearing

y  :shear rate

n : Non-Newtonian lubricant viscosity

i : Newtonian lubricant viscosity

P : lubricant density

Tey : shear stress

T : shear yield stress

Subscript

a, b :lower and upper layers in shear zone

s : shear zone of lubricant film

1 :moving layer of the lubricant film

2 : stationary layer of the lubricant film

0 :inlet status

min :minimum value

max :maximum value



