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Thermohydrodynamic Bubbly Lubrication Analysis of
High-Speed Journal Bearing

Sang Myung Chun’

Graduate School of Automotive Engineering at Kookmin University

Abstract — The influence of aerated oil on high-speed journal bearing is examined by thermohydrodynamic
lubrication theory to lubrication with mixtures of a Newtonian liquid and an ideal gas. For this purpose, analytical
models for viscosity and density of aerated oil in fluid-film bearing are applied. Convection to the walls, mixing
with supply oil and re-circulating oil, and some degree of journal misalignment are considered. The results show
that deliberate oil aeration can increase the load capacity of high-speed plain journal bearing. And the load capac-
ity is increased more by oil aeration under the conditions of shaft misalignment and higher speed.

Key words — aerated oil, aeration level, flow mixing, shaft misalignment, high-speed journal bearing.
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Degree of Misalignment
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Table 3. Journal bearing operating conditions

Bearing Diameter D =73.6 mm
L/D Ratio 0.5

¢ /R Ratio 0.0039837
Eccentricity Ratio £=065
Rotational Speed N =40,000 rpm
Lubricant Viscosity at 40°C M, = 0.0206 Pa.s

p = 869.53 Kg/m’
C,=1968.75 J/kg °C

Lubricant Density at 40°C
Lubricant Specific Heat

Convective Heat Transfer
Coefficient of Lubricant to Bush

Convective Heat Transfer
Coefficient of Gas(Air) to Bush

Convective Heat Transfer
Coefficient of Lubricant to Shaft

Bush and Shaft Temperature
Inlet Lubricant Temperature

Hyur = 7700 W/m*°C
Hiygr <2400 W/m’°C

Hgz =7700 W/m’°C

T,,=45°C
T, = 40°C
P, =0.7 X 10’ Pa
17.1° (2 grids size)

Inlet Lubricant Pressure (gage)
Axial Groove Width
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Fig. 3. Pressure distribution at bearing mid-plane,
1= 0.02 mm.
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6
bubble radius=0.02mm
55+
5 L
45r ———
—— e S~
[ ' ~
o 4 \
= 35 7/ AN
° 4 T~ \
= o4l 7/ 7" ~, \
P i,
9_) 25 'l/ '/ "" ~‘~\ \\ \\
o 2 J '/ "' ‘\\ \‘ \
/7 f4 ) \‘\ !
1-5: ! /7 == aerationlevel=1/35 | "\ % |
14/ /" -—- aeration level=1/4 b\ \'|
¥4 — aeration level=1/5 W\
osV/ ---- aeration level=1/8 '\
' = pure oil »

0 L L Il 1 L 1 s L L
0 01020304050607 0809 1
Axial Location{z/L]

Fig. 4. Pressure distribution in axial direction at 180",
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Temperature distribution at mid-plane

bubble radius=0.02mm
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Fig. 5. Temperature distribution at bearing mid-plane,
r= 0,02 mm.

x 10 Viscosity distribution at mid-plane
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Fig. 6. Viscosity distribution at bearing mid-plane,
i = 0.02 mm.
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Density distribution at mid-plane
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Fig. 7. Density distribution at bearing mid-plane,
r,',,=0-02 mim.

Specific heat distribution at mid-plane
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Fig. 8. Specific heat distribution at bearing mid-plane,
7 = 0,02 mm.
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Pressure distribution at mid-plane
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Fig. 9. Pressure distribution at bearing mid-plane, r./
d.=1/5.

x 107 Viscosity distribution at mid-plane
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Fig. 10. Viscosity distribution at bearing mid-plane, r,/

di,. = 1/5.
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Pressure distribution at mid-plane
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Fig. 11. Pressure distribution at bearing mid-plane, ril
d,*,, = 1/8.

Pressure distribution at 180°C
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x 10~ Viscosity distribution at mid-plane
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Fig. 13. Viscosity distribution at bearing mid-plane, r./
din = 1/8.
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Fig. 14. Maximum oil pressure and maximum oil
temperature vs, aeration level, r,,= 0.02 mm.
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Fig. 18. Maximum oil pressure vs. degree of
misalignment, aeration level=1/5, bubble radius=
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Fig. 19. Maximum oil temperature vs. degree of
misalignment, aeration level=1/5, bubble radius =
0.02 mm.
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Fig. 20. Non-dimensional load vs. degree of
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Fig. 22. Load capacity and power loss vs. shaft speed
for an aligned bearing.
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NOMENCLATURE
c =radial clearance between journal and its
bearing (m)
o = specific heat of lubricant (kI/kg°C)
d =distance between two bubbles (m)
din = distance between two bubbles at inlet

condition (m)

d =non-dimensional distance between two
bubbles
=dfc

ds =non-dimensional distance between two

bubbles at inlet condition = d,/C



37] EFedel Tk & Aod Wlojg ARA &8 s

D = bearing diameter (m)

D,  =degree of misalignment (the percentage
reduction of minimum film thickness at
the bearing ends)

offset distance between

journal and bearing centers)

e = eccentricity(the

= friction force

= non-dimensional friction force

= (F/LD) (c¢/R)/(u,N)YL/D)

h =oil film thickness (m)

h = non-dimensional film thickness = A/c

hi =oil film thickness at inlet (m)

I = non-dimensional film thickness at
inlet = h,/C

=convective heat transfer
bush and shaft (W/m*C)

Hyzor coefficient  at

L = bearing length (m)

N =rotational speed (rpm)

;_7 =mean absolute pressure for turbulent
flow (Pa)

=mean gage pressure for turbulent flow
(Pa)

= pl(puRT)

= non-dimensional mean pressure

_ (RN

P = non-dimensional effective pressure

(Hml_)/,l_l”z)
P, =inlet gage pressure (Pa)

=

S ARY

=turbulent heat transfer to the bush and

shaft (W)
Q.  =lubricant side leakage (m%s)

qbrsT

O, =non-dimensional lubricant side leakage
(Qu/NCR’)

r = bubble radius (m)

T = bubble radius at inlet condition (m)

r = non-dimensional bubble radius =

i = non-dimensional bubble radiusc at inlet

condition = r,/c
=journal bearing radius (m)
=mean temperature for turbulent flow (°C)

NN

= non-dimensional mean temperature

C,(¢/R) =
= B?ft(u_N)(T_ T.)

333

T; =1inlet oil temperature (°C)

= temperature of the bush (°C)
=temperature of the shaft (°C)
= Fahrenheit temperature (°F)
=Rankin temperature (°R)
=speed of journal (m/s)

=air volume fraction

= applied load

SlE e aNsNS

= non-dimensional load parameter

- (35(5) (5 )

x,z  =coordinates of circumferential and axial
directions, respectively

0z  =non-dimensional coordinates

(6=x/Rz=7R)

= viscosity-temperature coefficient (1/°C)

= air/oil mass ratio

= eccentricity ratio = e/c

=oil viscosity (Pa.s)

=1inlet oil viscosity (Pa.s)

=pure oil viscosity (Pa.s)

= /o

=oil density (kg/m’)

. =pure oil density (kg/m’)

= non-dimensional density = p/p.:

= surface tension of air bubble (N/m)

= 0'/(PauETC)

=oil kinematic viscosity (cSt)

QA DIPTEIEEE ® &R

<

Vil =pure oil kinematic viscosity (cSt)

[ = misalignment directional angle, ie., the
angle between the plane of the misalign-
ment and the axial plane containing the
load vector

0] =attitude angle, i.e., angle between the line
of centers and the axial plane containing
the load vector
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