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A Computational Investigation on Airflow Structures Inside a Ball Bearing at High-
Speed Rotation
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In a hope to befter understand the flow and convective heat transfer characteristics inside a ball
bearing, air flow between the rolling elements and raceways at high speed bearing rotation is
numerically investigated using a simplified inner geometry of bearing and a CFD technique. Flow
simulation results reveal the pressure distribution of airflow and the shear stress distribution on
the ball surface, of which nonuniformity becomes significant with the increasing rotational speed.
Also, the local point of maximum shear stress coincides with the stagnation flow area on the
surface of rolling elements. A complex pattern of three-dimensional vortex structures is found in
the air flow due to the relative motion of bearing elements and three different types of vortex pairs
exist around the rotating and orbiting rolling elements.
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Fig. 1 Simplified geometry and computational domain for
the flow simulations inside the ball bearing
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Fig. 2 Contours of pressure on two different planes for n =
10,000 rpm: () z=0; (b) z= 8.34 mm
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Fig. 3 Flow velocity vectors viewed from the moving

reference frame for » = 10,000 rpm: (a) above
point A; (b) below point A
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Fig. 4 Distributions of pressure and wall shear stress on

the ball surface for » = 10,000 rpm: (a) pressure;
(b) wall shear stress

ol F7ko] HolA z = 0 BT} Fo] o] F
A3 gadte 492 vehgA geth A,
o] X ANME z=0 GHH IV R 9 F F9
G¥o] WE Furh Hddoez o}

Fig. 32 7&8249 F HEFH A TAH A
37 HE9 £E¥EHE YEd Aoz, &5+
HuUlE 57t obd o] FFFAA el Audn
oty olFHFAAAN & W FELAS) gFES
BF AAREer Ay dEd FELi

& HH ZAdA F7]19 FeFeEol LAY
%, F 9y 2AHd e AR A% AAS
(boundary layer)e] 44743 A& Fig. 3914 HHo]
o 5 vk ¥, Fig 39 3B)E wis] 19
shrbel SAAl AolE AAY & Juh HHEF
A A E fFF0l AAHoZ ol F3ta 2
Aqk, A ot A e FERAS oF v AA
& AY dFEE d9A 8o AFES F
iz gl

Fig. 45 7584 EHAANY 4E34 Ag$Y
BEE HAEY 9% ¥ 9% A3 A%
HolEH® 4+ ZoA wgE Zoiv, 8% 1Y
2 HE AEH B/t HOEF —x FolA] £ Ao

Rolling
element

il L 1 &
-0.011 -0.01 -£.009 -0.008 -0.007

x (m)

(@

-0.006
0.007
y{m)

-0.008

-0.009

=

7 1 )
Boi1 06T 0008 D008 -0.007
x{m)

(b
Fig. 5 Flow velocity vectors and streamlines near the area

C for n = 10,000 rpm: (a) velocity vectors; (b)
streamlines
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Fig. 6 Maximum and area-averaged shear stresses on the
rolling element with respect to the rotational speed
of bearing
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Fig. 7 Streamlines and pressure contours at two different
planes for n = 10,000 rpm: (a) 6 = 0; (b) 0 = -11.25".
Note that contour levels are different between the
(a) -1000 ~ 100 Pa; (b) -40 ~ 260 Pa
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