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A Study on Clearance Behaviors with Micro Scaled Lubricant
Aeration under the Dynamically-Loaded Condition

Siyoul Jang'

School of Mechanical and Automotive Engineering, Kookmin University

Abstract — This work analyzes the behaviors of aerated lubricant in the gap between con-rod bearing and jour-
nal. Aerated lubricant influences two major factors on the film formation. One is the density characteristics of
the lubricant due to the volume change by the bubbles and the other is the viscosity characteristics of the lubricant
due to the surface tension of the bubble. Those two major factors surprisingly increase the load capacity in certain
ranges of bubble sizes and densities. Modified Reynolds’ equation is developed with the consideration of aerated
ratio in the lubricant and journal locus is computed with the Mobility method after the computation of two
dimensional pressure distributions over the bearing area.

Key words - aeration, journal bearing, lubrication, mobility method, journal traces.
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Fig. 1. Schematic diagram of aerated oil film.

2. 0|2 3l

2-1. B8R 37| &Y nd

85 £9E IR AT ¥ ek U
wsle] s oIt 22 TS v R Jitt

1) EYE F7E ol NAE 25t

2) 2 e} JIZEL M2 T HAY 2e) HA)
gom s AT 7HAS KA g
2 Ue 37 €Y 29 Fig 19 A8}
Ak o714 —;ﬂﬂﬂ @%%h—e— rlde BAE F
(400717’3)(r/d)3[%] =2 vehd

= OXloloﬂ e}
A W3} P“ﬂ sich FoT A o
Az7Ae] AA ZHMmo slip boundary condition)S
g3ted K F2o A Sxe i3t 71xe] 89
Z Wale-g Askel 1Y A 2% vy F
7He ok 2ol vErd 5 Urh

2 1, 2y—hoP
= 6. -+ —
AF, 61157r0[h -L—2 UaxJ ()

29
N
ol
Jzir
_droo
—{J
L
ot
&
fu
2 Ho
A
[«0

AE F7)e 2 YE 28R A ARE 7
2N W1 Bk o] e &8f TRl
A 712 P gHe okt Rk

P = Pm/+2_ 2)

s 8-+as
Fig, 2. The bubble distortion due to shear flow.
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Fig. 3. Film geometry and velocity components in a
dynamically loaded journal bearing.
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Fig. 4. Representation of mobility vector and its
components.
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Table 1. Geometry and operating conditions

Parameters’ Data
Engine Speed 3000 rpm
Oil Inlet Pressure 1.0 bar
Viscosity(non-aerated oil) 0.0411 Pas
Density(non-aerated oil) 870.0 Kg/m’
Surface Tension of Oil 0.0365 N/m
Reference Oil Film Thickness 80.0 pm
Temperature of Oil 353.15K

Force [N]

270

Fig. 5. Applied load at the big-end bearing system at
3000 rpm.
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Fig. 6. Journal traces in the engine bearing clearance
for non-aerated lubricant.
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Fig. 7. Journal traces for aerated lubricant.
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Fig. 8. Eccentricity ratio of journal during the operating
eycle.
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Fig. 9. Force and maximum pressure in fluid film.
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Fig. 10. Limit values of journal traces for aerated
lubricant.
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Table 2. Aeration conditions
Bubble Radius

Aecration Rate

E
[1m] rid [%] XCess
1 1/10 0.42 No
10 1/5 3.35 No
50 173 15.51 Yes
100 13 15.51 Yes
= — =42y |ttt Pure
B/D—1/2(r—910 00, r/d=1/3) o205
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Fig. 11. Load capacity regions of aerated Iubricant less
than that of the non-aerated lubricant (marked
legends) in the journal traces.
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Fig. 12. Journal traces for aerated lubricant (r=1x 10
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Fig. 13. Journal traces for aerated lubricant (r/d = 1/5).
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: width of bearing, m

: reference clearance, m

: diameter of bearing, m

: distance between bubbles, m
: journal eccentricity, m

: load of journal, N

: bearing drag force, N

 oil film thickness, m

: mass of oil or air, kg

: absolute pressure of aerated oil film, Pa
: journal radius, m

: bubble radius, m

: time, sec

: bearing surface speed, m/s

: bearing load per unit area, N
: oil film or bubble coordinates

=
N

: eccentricity ratio

. airfoil mass ratio

WM &8 I C™ BT 3 MmO oYW

: aerated oil viscosity, Pa s
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Subscripts
air

in

oil

& ¢

*, bar’

. circumferential oil film coordinate

: aerated oil density, kg/m’

: bubble surface tension, N/m

: angular velocity of bearing and journal,

m/s

: air inside bubbles
: bearing inlet
: non-aerated oil

: coodinates of eccentricity and normal

direction

. non-dimensionalized
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