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Study of Multiple-Point Oil-
Jet Lubrication of High-Speed
Ball Bearings

Mingxing Wu, Wei Wu, Shihua Yuan and Jibin Hu

The air-oil, two-phase flow inside the multiple-point, oil-jet lubrication ball bearing
was studied based on CFD (computational fluid dynamics) theory and technique, and
compared with single-point, oil-jet lubrication. The results indicate that the air-oil
distribution inside the bearing with multiple-point, oil-jet lubrication is more uniform
than single-point injection.

Introduction ) )
The running state of rolling bearings affects an Lubricant o1l
entire system’s performance. To ensure smooth
operation, an effective lubrication is important. -
For high-speed ball bearings, oil-jet lubrication |
can prove quite beneficial (Ref. 1). The lubrica- ~
tion performance of the rolling bearing has been Modelin g \ L /t_ Bearin g
comprehensively investigated via the single- ] i
phase method (Ref. 2), but in fact the air oil, two- area s 9 !
phase flow will be formed inside a bearing with R NPp———"
oil-jet lubrication (Ref. 3). Many studies of the o
two-phase flow formed by bearing lubrication - : .
have been investigated, but these were all dedi- Main Spmdle —\
cated to bearing chambers of aircraft engines
with single-point, oil-jet lubrication (Ref. 4).

In this work, the two-phase flow inside the
high-speed ball bearing with multiple-point oil-
jet lubrication was simulated using CFD soft- Figure 1 The schematic of oil-jet lubrication.
ware and compared with single-point, oil-jet

lubrication. The results can be used to optimize Flow field inside the bea[‘ing

the accurate lubrication design of the bearing.
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CFD Model

Figure 1 shows the structure chart of an oil-jet £
lubrication ball bearing. The three-dimensional 2 Nozzle 1
model of flow field inside the dual-nozzle bear- et
ing was built based on the structure shown
in Figure 2, and the computational mesh has
118,709 cells. The sliding mesh plane was used
at the edge of the flow field inside the bearing to
complete the data transfer in the entire compu-
tation domain.

The nozzle inlet was set as “mass flow inlet,’
and the outlet boundary was set as “pressure
outlet” (atmospheric pressure). Different walls

were also added to the rotation boundary condi- Out]e’[ ﬂOW ﬁeld Out]et ﬂOW ﬁeld

tions and no slip conditions. The standard wall

~ Nozzle 2

Figure 2 Calculating grid for the whole domain.

This paper was first presented at the 2013 VDI International Conference on Gears, Technical University of Munich, Garching, Germany,

and is reprinted here with VDI permission.

A2l pawer Transmission Engineering JUNE 2014/ WWWPUWERTRANSM'SS'DN-CUM]i



function was adopted for the near-wall region.
The adopted iterative algorithm was SIMPLEC.

Simulation Results and Analysis
Model validation. Figure 3 shows the experi-
mental apparatus for oil-jet lubrication; the
speeds can reach up to 15,000 r/min. Three ther-
mal resistances were uniformly placed on the
outer ring of the bearing— T, T, and T; —along
its rotational direction.

Figure 4 shows the distribution of average oil
volume fraction on the rollers’ surface along the
circumferential azimuth. The azimuth at Nozzle
1 is 0 degrees and increases along the rotation
direction of the bearing. It can be found that the
air-oil distribution inside the bearing is not uni-
form and decreases along the rotation direction.
The air-oil distribution is more uniform with
dual-nozzle, which also makes the temperature
distribution along the circumferential direc-
tion of the bearing more uniform. However, the
temperature difference is less (Table 1); the tem-
perature at the position with more oil volume
fraction is lower. The bearing temperature dis-
tribution is affected by the non-uniform air-oil
distribution, which validates the correction of
the simulation model indirectly.

Non-uniform, air-oil distribution. Figure 5
shows the simulated air-oil distribution of dif-
ferent nozzles. The speed of the inner ring is
10,000 r/min and the oil flow rate is 3.0 L/min. It
can be found that the air-oil distribution inside
the bearing is not uniform. At the same oil flow
rate, the more the number of nozzles, the more
uniform is the oil-air distribution.

Single-Nozzle, Dual-Nozzle, Tri-Nozzle
The influence of nozzle number. Figure 6 shows
the variation of the average oil volume fraction
inside the bearing with the nozzle number. It
can be found that the average oil volume frac-
tion increases with the increased number of
nozzles. The increasing trend of average oil vol-
ume fraction slows when the number of nozzles
increases to a certain value, which indicates that
the impact of the number of nozzles on the oil
volume fraction is limited.

Conclusions

o The two-phase flow model was used to study
the flow character inside the high-speed
ball bearing with multiple-point, oil-jet
lubrication.

« The model was verified as correct by the test.

o The air-oil distribution inside the bearing is
not uniform, and decreases along the rotation
direction.

o At the same oil flow, the more nozzles, the
more uniform the oil-air distribution.
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Figure 3 The testrig of bearing lubrication.
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Figure 4 The oil volume fraction distribution.
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Table 1

The temperature distribution of outer ring at different flow rate

F Temperature of outer ring (°C)
ow rate Single-nozzle Dual-nozzle
(L/min)
T‘| TZ T3 T‘| TZ T3
4 51.5 54.2 57.1 77.5 77.1 79.5
6 524 55.8 56.9 75.1 74.5 76.2
8 53.5 56.5 58 77.1 75.5 78.2
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o The oil volume fraction increases with the
increase of nozzles.

o The increasing trend of oil volume fraction
slows when the number of nozzles increases
to a certain value, thus indicating that the
impact of nozzle number on the oil volume

fraction is limited. PTE
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Figure 5 (a) The non-uniform air-oil distribution inside the bearing.
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Figure 5 (b) The oil volume fraction distribution inside the bearing.
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Figure 6 The variation of oil volume fraction with nozzle number.
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