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Thermohydrodynamic Bubbly Lubrication Analysis of High—Speed Journal
Bearing

Sang Myung Chun
Graduate Schoot of Automotive Engineering at Kookmin University

Abstract - The influence of aerated oil

on high-speed

journal bearing is examined by classical

thermohydrodynamic lubrication theory coupled with analytical models for viscosity and density of aerated oil in
fluid-film bearing. Convection to the walls, mixing with supply oil and re—circulating oil, and some degree of
journal misalignment are considered. The considered Parameters for the study of bubbly lubrication are oil
aeration level, air bubble size, shaft misalignment and shaft speed. The results show that deliberate oil aeration
can more clearly bring on the increasing load capacity under high-speed operation of plain journal bearing
than previous normal speed operation. And the load capacity may be increased more by oil aeration under the
conditions of shaft misalignment and the increasing speed.

Key words - Aerated oll,

Flow mixing. Shaft misalignment,

journal bearing, Turbulent Reynolds and energy equations
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Table 1. Journal Bearing Operating Conditions
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Lubricant Viscosity at 40 °C
Lubricant Density at 40 °C
tubricant Specific Heat

H, = 0.0206Pa.s

p = B69.53Kg/m’
c, = 1968.75J/kg °C
#_ = 7700 W/m®°C

Convective Heat Transfer
Coefficient of Lubricant to Bush
Convective Heat Transter
Coefficient of Gas(Air} to Bush
Convective Heat Transfer
Coefficient of Lubricant to Shaft
Bush and Shaft Temperature

i = 2400 W/m?°C

u,, = 7700W/m”°C

T,.= 45°C
Inlet Lubricant Temperature T, =40°C
Inlet Lubricant Pressure(gage) | p

>, =0.7x 10°Pa
Axial Groove Width 17.1 ° (2 grids size)
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Temperature distribution at mid-plane
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x 10 Viscosity distribution at mid-plane
ERResss el

L bubble radius=0.05mm
« pure oil

7
6
[
o
8.5
2
]
g 4l
2
23

2

1

aeration level=1/§
0 ]
0 1.57 314 a.71 6.28

Circumferential Location{radian)

Fig. 10 Viscosity distribution at bearing mid-plane,
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NOMENCLATURE

¢ = radial clearance between journal and its bearing
(m)

¢, = specific heat of lubricant(kJ/kg°C)

¢ = distance between two bubbies (m)

dn= distance between two bubbles at inlet condition

- (m)
d = non-dimensional distance between two bubbles
= dfc
7. = non-dimensional distance between two

bubbles at inlet condition = a./c
D = bearing diameter (m)
p, = degree of misalignment (the percentage
reduction of minimum film thickness at the bearing
ends)
e = eccentricity(the offset distance between journal
and bearing centers)
F = friction force
F = non-dimensional friction force
= (F/LD) (c/R)/( u, N)(L/D)

h = oil film thickness (m)
k= non-dimensional film thickness = /¢

i = 0il film thickness at inlet {m)
ha = non-dimensional film thickness at inlet = hafc
H.y . = COnvective heat transfer coefficient at bush
and shaft (W/m?°C)
L = bearing length (m)
N = rotational speed (rpm)
; = mean absolute pressure for turbulent flow (Pa)

= mean gage pressure for turbulent flow (Pa)

Py

p = pllo.RT)

P = non-dimensional mean pressure
(PeciRY TunN)

P= non-dimensional effective pressure

(H22F,0""?)

P, =inlet gage pressure {Pa)
q.,., = turbulent heat transfer to the bush and shaft
(w)
0., = lubricant side leakage (m?/s)
g ., = non-dimensional lubricant side leakage
(0. /NR"®)
r= bubble radius (m)
ra = bubble radius at inlet condition {m

)
- . . . r
r = non-dimensional bubble radius = —

4
r = non-dimensional bubble radius at inlet
condition = rfc
A= journal bearing radius {m)

T = mean temperature for turbulent flow(°C)

T = non-dimensional mean temperature
(e R)?
27zu,N

T, = inlet oil temperature (°C)

T, = temperature of the bush (°C)

T, = temperature of the shaft (°C)

(T-T.)

T; = Fahrenheit temperature (°F)

T: = Rankin temperature (°R)
U = speed of journal (m/s)
V = air volume fraction

W = applied load

W = non-dimensional load parameter

(W c.a L
= (—JJ—(;) (3>/<;:.,N))
X,z = coordinates of
directions, respectively
6.z = non-dimensional coordinates
(6=x/Rz=zIR )
a = viscosity-temperature coefficient(1/ °C)
B = vertical misalignment angle (degree)
& = air/oil mass ratio
& = eccentricity ratio = /¢
4 = oll viscosity (Pa.s)
4, = inlet oil viscosity (Pa.s)
Ha = pure oil viscosity (Pa.s)
= p lu,
oil density (kg/m?)
P.. = pure oil density (kg/m?)
= non-dimensional density = p/s..
surface tension of air bubble (N/m)
a'/(p_,ﬁTc)
v = oil kinematic viscosity (cSt)
var = pure oil kinematic viscosity (cSt)
¢ = misalignment directional angle, i.e., the angle
between the plane of the misalignment and the axial
plane containing the load vector
¢ = attitude angle, i.e., angle between the line of
centers and the axial plane containing the load
vector

circumferential and axial
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