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Parametric Study on the Design of Turbocharger Journal Bearing

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 to overcome 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. Therefore, in this study, the effects of the type of inlet oil port, inlet temperature
and the sort of engine oil on the performance of a turbocharger bearing are to be investigated. It is found that
the type of oil inlet ports, the control of inlet oil temperature and the selection of engine oil type play important
roles in determining the temperature and pressure, then the friction and load of a turbocharger journal bearing

at high speed operation.

Key words — turbocharger bearing, turbulent reynolds and energy equations, variable density, variable specific
heat, flow mixing, convective heat transfer, oil inlet port.
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Fig. 2. The cross sectional drawing of turbocharger.
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Fig. 3. Diagram of lubricant flow, with Q, the inlet oil
flow rate, Q.. the re-circulating flow rate and Q. the
side oil flow rate going through groove land. J is the
angle of the beginning of the cavitation region.
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Fig. 4. The various types of oil inlet.
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Table 1. Journal bearing operating conditions

Bearing diameter D=7.85mm
Bearing length L=4.06 mm
Radial clearance C=1pm
Eccentricity ratio £=0.1

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

H.=0.0646/0.0866/

Lubricant viscosity at 40°C

(Oil A/ Oil B/ Oil C) 0.0710 Pa-s
Lubricant density at 40°C £,=881.08/862.48/
(Oil A/ Oil B/ Oil C) 839.08 Kg/m’

Lubricant specific heat at 40°C  C,=1968.75 J/kg °C

Convective heat transfer

— 2 o
coefficient of lubricant to bush Hoor=8700 Wim' *C

Convective heat transfer

- 2 o
coefficient of air to bush Hyr=3400 W/m® °C

Convective heat transfer

= 2 o,
coefficient of lubricant to shaft H7=8700 Wim-™ °C

Bush and shaft temperature T,s=140°C
T,=100°C
P,=4.0x10° Pa

7.5° (1 grid size)

Inlet lubricant temperature

Inlet lubricant pressure

Axial groove width

Viscosity variation of engine oils

0.02
\ —— Oil A, SAE10W40, VI=141, F.P =220°C
V- * Oil B, SAE10W40, VI=159, F.P =226°C
v - = OilC,SAE 5W40, VI=171, F.P =226°C
0.015N .
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Fig. 5. Engine oil viscosity at various temperatures.
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Fig. 6. Pressure distribution at the middle of a bearing
plane, Oil A @ 150,000 rpm.

Temperature distribution at bearing mid-plane, Oil A
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Fig. 7. Temperature distribution at the middle of a
bearing plane, Oil A @ 150,000 rpm.
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Fig. 8. Pressure distribution at the middle of a bearing
plane, Oil B @ 150,000 rpm.
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Fig. 9. Temperature distribution at the middle of a
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plane, Oil C @ 150,000 rpm.
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Fig. 11. Temperature distribution at the middle of a
bearing plane, Oil C @ 150,000 rpm.
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Fig. 12. Pressure distribution of various engine oils @
150,000 rpm.

Temperature distribution at bearing mid-plane, Four holes, Tin=100°c
180

175

170

168

Temperature [°C]

160

155

150

0 1.57 3.14 4.7 6.28
ci ial Locationradian]

Fig. 13. Temperature distribution of various engine oils
@ 150,000 rpm.
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Pressure distribution at bearing mid-plane, Four holes, Oil A
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Fig. 14. Pressure distribution at the middle of a bearing

plane at various shaft revolutions, Oil A,

Temperature distribution at bearing mid-plane, Four Holes, Oil A
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Fig. 15. Temperature distribution at the middle of a
bearing plane at various shaft revolutions, Oil A.
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