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Aeration Effects on the Performance of Turbocharger Journal
Bearing under Constant Load Operating Condition

Sang Myung Chun'

Dept. of Automotive Engineering, Hoseo University

Abstract — Turbocharger bearings are under the circumstance of high temperature, moreover rotated at high
speed. It is necessary to be designed overcoming the high temperature. So the type of oil inlet port, the inlet oil
temperature and the sort of engine oil should be designed, controlled and selected carefully in order to reduce
the bearing inside temperature. In this study, the influence of aerated oil on a high-speed journal bearing is also
examined by using the classical thermohydrodynamic lubrication theory coupled with analytical models for vis-
cosity and density of air-oil mixture in fluid-film bearing. Convection to the walls and mixing with supply oil
and re-circulating oil are considered. The considered parameters for the study of bubbly lubrication are oil inlet
port’s type, oil aeration level and shaft speed. It is found that the type of oil inlet ports and shaft speed play
important roles in determining the temperature and pressure distribution, then the friction in a journal bearing at
high speed operation. Also, the results show that, under extremely high shaft speed, the high shear effects on aer-
ated oil and the high temperature effects are canceled out each other. So, the bearing load and friction show
almost no difference between the aerated oil and pure oil.
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Fig. 1. The cutting view of turbocharger.
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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 zm

Rotational speed N=10,000-150,000 rpm

Lubricant viscosity
at 40°C (Oil A)

Lubricant density
at 40°C (01l A)

Surface tension

1=0.0646 Pa.s

p,=881.08 Kg/m’

0=0.0365 N/m

Lubricant specific
Heat at 40°C

Convective heat transfer
coefficient of lubricant
to bush

C,=1968.75 JkgC

Hyor= 8700 W/ m2°C

Convective heat transfer

— ' 2o,
coefficient of air to bush Hygr=3400 W/m™C

Convective heat transfer
coefficient of lubricant
to shaft

Bush and shaft
temperature

H,;=8700 W/m*C

T+~ 140°C@150,000 rpm

T,,=100°C
P,=4.0x10° Pa

Inlet lubricant temperature

Inlet lubricant pressure

Circumferential width of

an axial groove 7.5°(1 grid size)x2
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Viscosity variation of englne oil
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Fig. 6. Engine oil viscosity at various temperatures.
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Pressure distribution at bearing mid-plane, OilA
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Fig. 7. Pressure distribution at the middle of a bear-
ing plane, Oil A @ 150,000 rpm.

Temperature distribution at bearing mid-plane, Oil A

250 T
e ) et bbb T
O 2001 E
L
g
2
£
@
2
E
2 150} 1
Air, r,_id. =1/8, Axial Groove, Ecc.=0.! 09516 |
i " No Air, Axial Groove, Ecc.=0.09515 ]
100 v L L
0 90 180 270 360

Circumferential Location[degree]

Fig. 8. Temperature distribution at the middle of a
bearing plane, Oil A @ 150,000 rpm.

Pressure distribution at bearing mid-plane, Oil A
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Fig. 9. Pressure distribution at the middle of a

bearing plane, Oil A @ 150,000 rpm.
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Fig. 10. Temperature distribution at the middle of a
bearing plane, Oil A @ 150,000 rpm.

Diameter variation of air bubble at bearing mld-plane, Oil A
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Fig. 11. Diameter variation of air bubble at the
middle of a bearing plane with four holes, Oil A @
150,000 rpm & ri/di=1/8,
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Fig. 12. Pressure distribution at the middle of a
bearing plane, Oil A @ 150,000rpm.

Temperature distribution at bearing mid-plane, Oit A
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Fig. 13. Temperature distribution at the middle of a
bearing plane, Oil A @ 150,000 rpm.
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Non-dimensional parameters, Oil A
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Fig. 14. Non-dimensional parameters’ distribution, Oil A
@ 150,000 rpm.
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Pressure distribution at bearing mid-plane, OilA
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Fig. 15. Pressure distribution at the middle of a bear-
ing plane at various shaft revolutions, Oil A, 1./
di.=1/8.
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Fig. 16. Pressure distribution at the middle of a bear-

ing plane at various shaft revolutions, Oil A, No air
& r/d,=1/8.
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Temperature distribution at bearing mid-plane, Oil A
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Fig. 17. Temperature distribution at the middle of a
bearing plane at various shaft revolutions, Oil A, No
air & r./d,=1/8.
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¢ :radial clearance between journal and its
bearing (m)

C, :specific heat of lubricant (kJ/kg’C)

d  :distance between two bubbles (m)

dyn :distance between two bubbles initially at
nlet (m)

d  :non-dimensional distance between two bubbles
=dlc
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Orec

: non-dimensional

: non-dimensional

between
bubbles at inlet condition=d,/c

distance two

: bearing diameter (m)
: eccentricity (the offset distance between jo-

urnal and bearing centers)

: friction force
: non-dimensional friction force=(F/LD)(c/RY

(4NXL/D)

:oil film thickness (m)

: non-dimensional film thickness=A/c

:oil film thickness at inlet (m)

: non-dimensional film thickness at inlet=/;/c
: convective heat transfer coefficient at bush

and shaft (W/m*C)

: bearing length (m)
: contraction ratio of oil film at the cavita-

tion region

: rotational speed (rpm)

:mean absolute pressure for turbulent flow

(Pa)

:mean gage pressure for turbulent flow (Pa)
: p/(pouRT)
: non-dimensional mean pressure

(Poc/RY/11oN)

: non-dimensional effective pressure

(HP/E"%)

:inlet gage pressure (Pa)
:turbulent heat transfer to the bush and

shaft (W)

:inlet oil flow rate
:side oil flow rate going through groove

lands

:re-circulating flow rate at the beginning of

the cavitation region

: lubricant side leakage (m’/s)
: non-dimensional lubricant side leakage

(Q./NcR)

: bubble radius (m)
:bubble radius at

inlet under atmosperic
pressure (m)

- non-dimensional bubble radius= "=

¢
bubble radius at inlet

under atmosperic pressure=r,”c

R
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~

rec
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pa il

- coordinates

e
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: journal bearing radius (m)
: mean temperature for turbulent flow (°C)
: non-dimensjonal mean temperature

-~ 77,

:inlet o1l temperature (°C)

: temperature of the bush (°C)

: temperature of the shaft (°C)

: Fahrenheit temperature (°F)

: Rankin temperature (°R)
:re-circulating temperature at the

leading
edge of a groove

:speed of journal (my/s)
: air volume fraction
- applied load

: non-dimensional load parameter

-(Z5(5) (B )

of circumferential and axial

directions, respectively

- non-dimensional coordinates

(6=x/Rz=z/R)

- air/oil mass ratio

: eccentricity ratio = e/c

s aerated oil viscosity (Pa.s)

:inlet aerated oil viscosity (Pa.s)
:pure oil viscosity (Pa.s)

s oy

- aerated oil density (kg/m’)

- pure oil density (kg/m’)

: non-dimensional density=g/pn

- surface tension of air bubble (N/m)
. (R Te)

- aerated oil kinematic viscosity (cSt)
:pure oil kinematic viscosity (cSt)
:attitude angle, ie., angle between the line

of centers and the axial plane containing
the load vector

B

=

i
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