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Abstract: To reveal the distribution of oil and gas phases in the bearing chamber under high-
speed operation conditions and improve the oil injection lubrication effect of high-speed bearings.,
in this paper, considering the revolution and rotation of the rolling element, the precise analysis
model of oil-gas two-phase flow in bearing chamber was constructed by defining the rotating
coordinate system to describe the motion relationship of each component of the bearing. On this
basis, VOF method and the SIMPLE algorithm were used to solve the oil-gas flow in the bearing
chamber, and the distribution of oil and gas phases in the bearing chamber was obtained. The
macroscopic motion law of lubricant in bearing chamber under different working conditions was
discussed. The lubrication performance of high-speed bearing under oil injection lubrication
conditions was evaluated in terms of pressure distribution and lubrication medium distribution.
The results show that the lubricating oil gradually shifts away from the nozzle, affected by the air
flow inside the bearing; and the higher the running speed, the greater the offset. As a result, it
is difficult for the lubricating oil to reach the contact area between the ball and the inner or outer

ring directly at high speed. In addition, when the rotating speed increasing, the lubricating oil on
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the moving parts gradually decreases, which becomes the key factor to restrict the lubricating

effect of oil injection.

Keywords: ball bearing; injection lubrication; oil and gas phases; lubrication performance

W 38 Vi) Y AR 2 & s AL S Bl R v R o T
PEZAT LR Mg i g oy X0 . Bl il Ros 5%l
JEE AN T i e B R s PSR s i i B R S 4R
AT B o R AT  BELA i T A O % A A X B
Sy B ] v o B R T Vi R B s AT P AR I DG,
W T I 0 T 2% R J R P S A I 5
A FEPEAIE ST L X6 1Ak R A 5 il R i IR S B
R,

2 Bl 7R N B 5 AR R B il R AL 4R A X B B 4
S B T A F 5 Al R PN T T I 8l &
Oy ARSI 1 T RS Kim 25 2008 il R 4 35 242
RICTF R T M i ER R s SR sh o et . 1
Vb S - AR R 2 BT R RO PN 5 A S R
fE ARG S R R ERA B S A SN E, 5B
TR R R R AR CRRAED TR 4 B s R SR A
R I VS R N TR S i R B T
FHa=,

FES AW o SEAE Lo [ N A 2238 R P
DB VT SR A L X W I T T Ak 1 T A R AL
PR K T TR R AR In] BT R T — R AN WF 5T TAE.
Glahn Z&8F 5 1 il 7 Ji P9 AR 378 30 vh 89 1 7 DL R 7
Fy %t gl AR fes NI RS SRR PR R R L R A A
GE T A A sh ML R B PN S A I S v e R 1 AR
T Rz sh't . 5 Yk SR FH W AR I vk I R iz B S
SO AF T T T T Tl A 2 AR T R AR
il 7 PN S VI VA B 43 A R Y R L R B AE B R
DN {8 Gl A& 9 42 5 il & 5% 3 () e O Oy 1.5 X 10°
mm - r/min B il 2R P9 TS BT DX S0 T A
T e o T A X W A BT A A R
I LT 45 300 Ao T R L (AR 78 40 B 1 AN ) A3 it s
1 R T Y T R PN I SRR A R RS
B 5 5 A A8 AR I S PR R O 9 I A
ST AR R IR O R R AR S B E T mE
I AR B S B0 R P R T T A R
IR AT S G v M S T AR I A A R
DAL S 1 e 228 A R A 5 Vi O R L 2 T Tl R P
{14 Vo 7o P 2 A I 2 X Vi T A I 0 AR ) R D

AL IRIR SR A i KN %38 3 e oK Ik
T SUERG bR R R AR S AR X R @ T
H7006C f1 422 fith 35K il 75 15 555 308 35 Joh0OKG % 2 A7 A5 780

http: // zkxb. xjtu. edu. cn

SR FH U 1A R R R B (VO ) A58 70 38 B8 S0OBAH 5L 10T 43
BT AN TR) T 00T b 7 PN 8 52 AL R TR ) T A S B
S A o AT 45 s Tk A A RS B O 5 0 A R L R AR RO
DX 3R P 1 T A S5 AT 15 D0 PTG AN [R] 2 80T AR
1 T P RE

1 B 5 2R

1.1 #HEER

TE 22 RH I T R0 r 5 3R A0 9 A I T 02 A 7Y
FE 5 PRI — K RH] Euler-Lagrange J5 i,
SR RIAH BT 7 B9 AR AR 3 BN L I S ¥ AR AR
B2 B W ARAY R R fi# Navier-Stokes 77 F2 , %t &l 4H
(RRL - B #EAT R R BEATAT LA F A Z )
HEAT Bl BT A LA R RE B Y A4 s T LA S i A5 Ak B
JEANE HI Tl s o8 ol SO AR 5 s O — S IR
JE XK H Euler-Euler J5 &, 51 A AH A 43 2009 1%
& TR R PO &R SR B B ST AR D B AT R
fift o 45 H0 7 RE 22 18] B 56 R 2 A SR A2 .

Euler-Euler J5 3 E 2 A 3 M A, VOF # A8
Mixture # &  Eulerian B %, VOF 45 Al i 1 = FH
() By it 7 AR SR A T D Bl 2 RO AR A R SRR LGB
AR B T B AR R A M e il R el R
DAL Ak 3 ST A 9 B IR 2S i ARCEOR A R BN AT R
a5 A AETE R AR AR T R, ] VOF #5280 i 17
BOE TR ARSI N TH S A 9 R R 43 L
ZHA 1o o2 AN 50T I AH (9 AR 43 B
@ 78 B BTN AR B IR U B0 B AT B
kA r

p— (D
FoRTHERITNE A TN, iR
0 < g < 1 (2)
2R TR T g i AR R B
@ot = 1 (3)
FoRTHERITN 2 i, iR
oot - g = 1 4
TR A S TR RTINS E . X T2 AT
HAESM TR PR
2 Cgapa) + 7+ Cgapava) = S, (5
2 urpu) + 7+ Cpupura) = S, (6)




12 2 55 ¢ e TR A AR i P O 3 R AT Y 19

itEP:pmﬁ@ﬂ‘ﬂ?’%fﬂﬂ%fﬁ;p;\irﬁﬁﬁ%§;5¢oil)ﬁﬂ‘ﬂ?’%
RIS, s R R
TH PR 30 9 3 8 ) R AT LR
La(at“) + V e (puu) =— Vp—F, +pg+

VoepuVu+ (V'] (D

KXo WIRGEE su NRAKERE; p WEMR:; N
TSN T FE B s F, W RBI R o s g S EE i s

2 JE B 1 ful 3R Al R s TS B I R EE AR LIR B
A L P9 RBLKT s oA S0 9 sl P Ll P Ak v
BB AR . BUAT 00 i AR T BR o ke
B RNG ke AL, SST ke A, |fij RNG ke iift
T AT DLAR G Ml A R A RE R U B B
GeUONT BT LA SO FH R Rl A Tk P A A AR
fi Bl 7 P S 1 SR B
1.2 itE&S

AL LA H7006C 1 42 fish BR b 7 A FF 95 0 %,
JU R AN 1 R R S8R 1 R . B
X A0 ] WG SRF 3 T T 900 o WS VA Al ) X VR B AL ey
BEES P R T 1 mm, B{HE H AN 1 mm, RHA 46
SHL LBl 876 kg/m® R 0. 058 kg/ms,

AT

o0 ) ™

SSS7Z27//
| | | \

a3k 5 Wik 1A el

L il W A R T R

% 1 H7006C f ik 3k 4 AR 2 M A 5

ZH Bl ZH Bl

W D,/mm 30 Hf /() 15
4% D,/mm 55 BRE 17
RHMWEE D/mm  6.35 98 ¥ /mm 13

ol SRl 7R i P9 A AR O Bl XA D 1 SR O
K ICEM 045 23 W % . 25 18 31 b 7k o8 38 42 2%
F1hy T e L L N AR VR G PR AR SRAL R Bk
FEAF G HEVE T KR T B KRR RN
6. 35 mm, MR BR 5 P AR I 8] B 7E ok ROBE . TR
B R Al R B PN 6 R A2 A ELR BN L SR Al 25 44 Y
T P9 K% R A7 3 4 RS Bk 1279 168, X P 4b
VR 55 VR Bk fl DX 3800 2 9 A% LA ORIE T R B )
¥ & o an il 2 B

http: // zkxb. xjtu. edu. cn

B2 SR A ] oy

1.3 BhR&EH
% 18 BNR B 12 Zh i 0 A % B B i As B R
e 3 froR R ER S B 5 A A e BIR SR
A IR SR iz sh i B O R s iR i E R
REM A, KA MFsdieRm T
n(l—y)

o dmni(l—)/z)
T 9
r= D;isa (10)

A e g ORFFIRFE B s ny N B  s . IR Bl A
W s, R AR D IR MR HAR 50 WK
SRl A

L

%44 IR
=t - x

ﬁ?§§§§§ s

( AR AR
\s

K3 EEkisghisERE

il 7 Jr oA L R TR 3 A B s BE T 0 5 R I
A1Vl BE TR A Lk BE T L O 4RF 4R O BE T RO A

W 5 O AT L I B D 1. 05 m/ss
Xt B EH 3 HE R 50 mL/min, X35 A S
AT O 1 (B2 SR SR L PSS R A A
SRR Sl R R AR 5 R T T i A
BN ST G S AR A AT 4 BT o R il R

4B
P4 AR I TN SO 8l B A




20 [N i

EE B ¢ 553 &

PR U B A 21 9 i JA 8 1 D i PR
BRI I 3 5 251

2 HERVhE

2.1 HEBRENEBNRRZSH

Xof W Y0 Vi 9 VT DA TS I L T ) R A ik
DX 3 Bl Ak B o s 3L Bl 0 DL R AR O B LR Bl AR AR
R S0 45 T i (] B PN 1 0 320 4 A 17 100 S 2 i) e A 7K
T PERE A G . B an LY J42 B R S L E
Hhah R DN LR 6 X10° mm « r/min, Ffi & A%
RAMHLEARZE A LA it & 3 3l & DN A 23k 2
X10%~3.5X10° mm * r/mint"® , X1, A SCHF ST
T AR % 3 F (DN B R 4. 25 X 10° ~ 2. 125 X 10°
mm * r/min) 85 i IE 5T IR A R S R A
B AN 5 TR . IR AT RUE H 2 5 sl AR
T ¥ 9l AT AR 380 35 VR BRI L O FEVR BR 1Y H e i
B 2T 3 ARER S AR GE Bk X SR TR =
30 000 r/min B}, H T P4 Bl iy 38 2% 20 B0 Bl R Ok Y
AU e BN SR R T T R A 1 3 30
JEL o PRI ok A /0 3 1 O R 48 B 3R VR BR 5 AMR B 2
fil DX T o8 0 TR XY e i — 2B T e R R S
AR I ik DX B S LT A T T X R TR R
TR il P R AR I Bh i — AP v L T S0
A 5T DN W A S L O A TR WS O [ 43 A T2
T A5 SR B 3 7 1) A A e 5 24 A B 40 000 1/
min B, ¥ ¥ 7 O A g 2138 TR K I % WY A R
SR J7 8] 434

(a) %3 10 000 r/min (b) #5320 000 r/min

™ —

() 5# 30 000 r/min (D3 40 000 r/min
I 5 4% T 0 W i s A
2.2 HiRBEAREGESEBNRRISH
Ry T 2 B R P A S PR R
YO S XF LG TS R 2 38T Al R e A8 T IR
2R3 AT LA B 48 T ) e A A R A3 B0 A O L
K 6 fim. 4% 7E 10 000 r/min & 20 000 r/min
i T T A S SR A R S T A S i B F

http: // zkxb. xjtu. edu. cn

0.0 0.1 02 0.3 04 0.50.60.708091.0 ;Lx
Poil

(a)#33 10 000 r/min

T AR

i

0.0 0.102030.405060.7080910 ;;Lx
Poil

(b)#%3# 20 000 r/min

X
[ L.
0.0 0.1 02030405060.708091.0 z x
(pml

()38 30 000 r/min

¥

0.0 0.1020304050.60708091.0 zT—»x
Poil

() #EH 40 000 r/min
6 iR s A R T O Lk AT AR AR A4 B o A




512 3]

2 55 ¢ e TR A AR i P O 3 R AT Y zl

TR BN AR BT o 38 4310 8l AE SO YA B R &t AR R
2055 7 g A B B 2F T B 5K VR Sl R 5 A R T B ek B
X, BT R GRS R SRR Jkis B
PP 55 R Bl AR A i DX B 3 O 8 A 5 A5 i T el
DEESEHEA . T F] 30 000 r/min B, B T
it RO PN T A P A /D i W AT AE RO
W BT BN IRVR B R 5 A R ok DS R O Y
i —2 Tt E] 40 000 r/min B, i TAREESE 5 IR 3)
AR B 3T DX 35K 1) T R 3T B0 AN S 50T T Y V3 i
PR 5 VR Bl AR [B) B 21 38 VR Bl A 5 o1 B 3 X3
2.3 HUERBERNEHDDH

1o PR AT S R T W I T A5 TR AROR 1
B . T SR N FR s R T 1 e o i A B
ARG DL . BEAR AR = R TS B il KOs % )
AR AR, H T AL T 0 mm A7, AR FE 1 mm B
— JE A A 7 AR e A B T YRR . A
TRl DU A O ROE 25 . A5 AT 3 1 5 B
Tt A0 T S8 YT /0 5 0T A7 T v A TET T TR 4
T T 5 5 R 1 28 A AR X /N 2R KRR T,

800
400
(U /
<
& —400F \ /
= /
B -800F \ / —=— 10000 t/min
" \\// .
g -1200F \ [ —=— 20000 r/min
1600k —— 30 000 r/min
—— 40 000 r/min
2000 —— 50 000 r/min
,2 400 1 1 1 J
= =2 0 2 4
z/mm
(b) % #7229 58

IV ke TR i

1R Sa % H I i 7R TR 160 G R 4 4%
010 FE A7 L 45 5 0 8 R D P A A A o
i) A AR H G 0 mm i B L 4 G 2 mm
R ) AT A 7 AN IR GE A IR T TR SR . M
FEl s 4307 11 0 76 5 B 93 000 B 45 - 34 9

http: // zkxb. xjtu. edu. cn

FEAT PR R 5 A0 TR BR R T DX 3 o % 3 g s
JIAE /N A o ()T AR e 3 20 000 r/min WL JR 55
e T A s 2 =2 mm A 5 R SR O B
(L L i vy o s 5 AT

Ca) 25 H THI o7 &
600 —=— 10 000 r/min
—— 20 000 r/min
Ly —+— 30000 t/min
200 —— 40 000 r/min
< 50 000 r/min
(=¥ 0F , ’
=
B -200 |
N
B= -400 |
=600
-800 \ |
-1 000 1 I I 5 L L |
=15 5.0 2.5 0.0 25 5.0 7.5
x/mm
(b) & 0T - 1 5

Pl 8 o A TR iR S A

3 2 Xof ity AR N 5 48T - 34 He iR 0 A T DLk
PR 20 it O S AR N A BT TR ) A A R AT
MG TR R A A AN S PR R
2.4 MR RS X i E AL 4 AT

0 R A B I L f DX O L PR AR R AL
TR Bl R 3% 1T 45 S R W IX s I W S o A B
i 0 A R R AR i S B e T R RO
2.4.1 ShREREm A B9 AT ANE
R B0 oA g ol mT VA L TR BN T
20 000 r/min B, 8 ¥ v AT LU 2136 S8R 38 A Bl
T 5 T R #) 30 000 r/min B, 3158 4MRE
%) 10 T Y A3 A XA R B R b Y A B
40 000 r/min B, &b BEVRE N, JLF- %A T B 5
A+ 2 WY b 220 W58 3l 0 e 2% 8 3 9 A M LA )
KA R ik X

MEHALT 20 000 r/min B, By Tl K 5 4 A
I7] 9 0 AR Y0 9 Y T VA S O ) B 3R VR Bk
BRI AR VR SR B 7 R 213k R Bk 5 AP R 18 2 i X
B BLE N . CYE 2P TR R TR R A




2z [N i

PN

553 8

li) AL 3z IR T Tk S S HE AR IR L 52 R
L2 i W U 7oz e 5 1) e A A A% - B IR TR BRI
AT DX 3 90 9 D2 T S5 SR T X I 3 b
E > . YR T F) 40 000 r/min WL T Al
R N B 35 B0 T S BE B A TR BRI T L R
SR 55 SR H fih DX AT T T

(a)#3# 10 000 r/min

(b)#%3# 20 000 r/min

()3 30 000 r/min

(d) #5340 000 r/min
B9 KRR SN E I A

ST AR A BT AR T DX S0 I e B A
(S AR B GE T 45 B 3R Ui A S0 TR T8 DX S8l i 3
WM E . M HAE 10 000 r/min L) & 20 000 r/min
I A0 VR DX I AL R 2 B O 4. 54 X
107" kg/s M 3.67 X 10" kg/s; X4 ¥ # J+ & 3
30 000 r/min B, ZMRTE DX BRI 90 & o 3. 94 X
1077 kg/s; M 24 5% @K F %% T 40 000 r/min K, 4h
VR DX T 5 O 0, 3 e 20 AT 1 3 il 2
IR AR T X S

http: // zkxb. xjtu. edu. cn

2.4.2 BEFRRILEFHH>HA  F 10 N EFEHE
AR R A, ER KT ST
20 000 r/min B, INEHRT LU H 5 oK 5 0 3 T 7 AT
DL IR PR AR AL e AR R 40 b 3T 5 T Y 7 3 T v
F| 30 000 r/min DA [0, fREFARGESL PR A H
HERCIRTH B I

(b)#%3# 20 000 r/min

O=NWHR NI OO—

e
Socoocoooooo §
OO0 2

()53 30 000 r/min

Sooocooooooy

[=i=i=i=i=l=lelelelel=})
S m RN

(D H3H 40 000 r/min
Bl 10 45 3 4 3R 28 2 o i W il 43 A

Ry B — 25 43 A DR A R DX I T i i B A A R
AR A1 B0 - GETH A 4% B R I 2 PR R B N Ah SR T
(14 908 900 9L A 22+ LA I e DR A 2 DX Il 9 il
HEEFAE T 20 000 r/min B, P55 P9 Sh K T Y
TR 22BN 3. 58X 10" ke/s; e i T 5
40 000 r/min B, PR35 28 A 1 2 1T A9 918 1 0 0 A 22
JUT 0, HEHAE 50 000 r/min W, f47 28 ¥ AL X
SRR R T 40 000 v/min F A B L by T 5
ol 7 Jis AT A2 Bl S DR 2 S 3 3k A il R R N A
A R % 3 5 1) 3 By i TR) I 2 B T 0 A )




512 3]

2 55 ¢ e TR A AR i P O 3 R AT Y 23

Sy B PR N BE 2R 0, an & 10d TR . 2R R
TAE T 24108 ¥ 9l T 1% 0 2o VR BR I B S S Bh
B35 PR R SR DI B v B SR PR R AR N R T Y
TV o iR 22, PR O RT A S X T e R E W Y
1 7R 3z T B 3 R B T T Y G T B S AR R 4R IX 3k
S

2.4.3 BEHZFTAREA@EABRE>H HTRE
R AN DR SR 00 52 % 4 fih iz By, 3% T A I T
A TR ER I MR R R L, A
T VR oy A3 TV VR S 0 A A I LA 11 I

(a)#5# 10 000 r/min

-
—
=3
S

(b)#:3# 20 000 r/min

(c) ¥ 30 000 r/min

SO0 000ORS
Soooooooooo g

OCOOOOOOOOOO ™

(d)#%# 40 000 r/min
B 11 4% %% 30T 7R BR 3% 1V W vk A A

TEFE 34 10 000 r/min L M 20 000 r/min B,
RERRIA — € WM N G . ERMREET .S
Tt A AT o 9 Tl N AR S T A T e
Y T 0 B IR VR R R L IR SR Y H B s B
M) 9 T R VR PR R T B TR E B e A AL A, 2

http: // zkxb. xjtu. edu. cn

T = B 30 000 r/min W, 72 BR 2 T 09 18 3 I 5
A Q& 1le fir s R 3Kk 3w H A /D 5 i W 4 A .
J PR T B 8 T e P R A i O sl A 2 {1
THIIE S 2 Tt s L T 9 A2 B0 R s B O 1
ACTAE P 5 DA i 225 58 5 1) 5 B T R K 1 9
WA R g — 2 TR ] 40 000 r/min B,
JU-F- VA o il B Gk R BR R T

VR 3K T A T A A R K VT AOR A
MEFFRAE T 10 000 r/min B o #F A VR BR XA 1 1
AR 2. 31X10° " ke/s; Bl % T} & E
T2 BK T S I ) T T Y U e A T R D e i Ry
30 000 r/min B, #F A VR BR X 385 04 ¥ T 9 U 2 08 /)N
2] 5.68X10 7 kg/s, M T = F 50 000 r/min
o o VR 1K 3R T DX Sl 05 A T . O 20 T O A
Ui R 7R B U1 ACRAE R JCEE B AR BR R T L A
117 ™ B i 249 7 il 7R 04 I S RO .

3 4 ik

ASCIET VOF FEBIRL, 43 87 1 W8 e 15 5%
R VR Sh A R i 9 TSR AR O s AR L HE R T R
i PN VR 3 h R DL B T 3 9l o A A, HLR S i
mr.

(1) 224 %l 7 B 3ok 0 I sF A 7 S PR 50 R
1S 1 o3 A B B8 50 5 e el A v B AR s L
N ARES,

(2) [ 255 Bt T Y v o VD Y OO S A A e R
i 15 7 R AR RS T TR R 0 L R B B K, S 3O S T
TR I o VI I ME DL OB B IR TR BR S A e ik X

(D TERARIL I W i Z R Bk A S N R
) 7 VR BRI PR 5 A YR AL 1E L A B VR T8 R 1 AE Y
A — i W BN A3 A 5 5 T R a8 s e
HERCIBE ST R Wk ES LR R R E VPSS IS | 9

e d

[1] PINEL SI, SIGNER H R, ZARETSKY E V. Com-
parison between oil-mist and oil-jet lubrication of high-
speed, small-bore, angular-contact ball bearings [J].
Tribology Transactions, 2001, 44(3): 327-338.

[2] YAN Ke, DONG Lei, ZHENG Junhao, et al. Flow
performance analysis of different air supply methods
for high speed and low friction ball bearing [J]. Tri-
bology International, 2018, 121. 94-107.

(3] s, EIFT, sRIEZ, A8 m ol ff He i BR AR s X
AR B 5 1% R 5 [J]. 79 22 38 8 R % % 4




24

R

Eird i 53 4

(4]

[5]

[6]

7]

(8]

[9]

[10]

2014, 48(12) . 29-33, 40.
ZHAI Qiang, YAN Ke, ZHANG Youyun, et al. In-
vestigation of air flow pattern and heat transfer effi-
ciency inside cavity of high-speed angular contact ball
bearing [J]. Journal of Xi’ an Jiaotong University,
2014, 48(12). 29-33, 40.

OH TS, KIM D, HONG S W. et al. Three-dimen-
sional air flow patterns within a rotating ball bearing
[J]. Advanced Science Letters, 2013, 19(8): 2180-
2183.

FAFE, EAT, Kok, L REFEFRAFL ST
i H b R AR JE N SR B A [T, MUB TR %3k
2017, 53(1) . 72-78.

WANG Yatai, YAN Ke, ZHU Yongsheng, et al. In-
vestigation on internal air flow pattern of angular con-
tact ball bearing with different cage guiding approaches
[J]. Journal of Mechanical Engineering, 2017, 53(1):
72-78.

GLAHN A, WITTIG S. Two-phase air/oil flow in
aero-engine bearing chambers: assessment of an ana-
lytical prediction method for the internal wall heat
transfer [ J]. International Journal of Rotating Machin-
ery, 1999, 5(3): 155-165.

REK, BrEE. R 5 SRR R R 3 i (e A
g8 (1], HULAR TR, 2008, 44(9) . 70-75.

WU Haotian, CHEN Guoding. Numerical research on
two-phase gas/oil bubble flow in bearing chamber [ J].
Chinese Journal of Mechanical Engineering, 2008, 44
(9) . 70-75.

WU W, HU C H, HU ] B, et al. Jet cooling charac-
teristics for ball bearings using the VOF multiphase
model [J]. International Journal of Thermal Sciences,
2017, 116 150-158.

WU Wei, HU Chenhui, HU Jibin, et al. Jet cooling
for rolling bearings: flow visualization and temperature
distribution [J]. Applied Thermal Engineering, 2016
(105) . 217-224.

WU Wei, HU Jibi, YUAN Shihua, et al.

Numerical

and experimental investigation of the stratified air-oil

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

http: // zkxb. xjtu. edu. cn

flow inside ball bearings [J]. International Journal of
Heat and Mass Transfer, 2016, 103: 619-626.

S, s, BEFAR. ST M A R AR R
WM s 5T [J]. db mt B TR 2¢ 2% 4, 2012, 32
(10): 1022-1025, 1041.

GUO Kai, YUAN Shihua, SHAO Zitong. Study on
oil-air two-phase flow inside the high-speed bearing
cavity with jet lubrication [J]. Transactions of Beijing
Institute of Technology. 2012, 32 (10). 1022-1025,
1041.

LIU Hongbin, LI Yunbin, LIU Gongping. Numerical
investigation of oil spray lubrication for transonic bear-
ings [J]. Journal of the Brazilian Society of Mechanical
Sciences and Engineering, 2018, 40(8): 401.

XNLLM . sk, LUk, S 5 HUR 3 R 36 R O
FRAEBUEAL [T, PLAR T, 2016, 33(6): 61-66.
LIU Hongbin, ZHANG Lei, SHI Yongsheng, et al.
Numerical simulation of airflow characteristics between
rings of the high-speed rolling bearing [J]. Journal of
Machine Design, 2016, 33(6): 61-66.

FUEPE. TR SR B S U W i T 6 i 5 A L
WF5¢ (D1, g % B . B A5 R, 2017 39-40.
B8 . e R RO i ¥ 5 BT 0 (A AR
[D]. MA/REE . W/RE TR K, 2018, 17-21.

XIAO Juliang, ZHU Enqgiang, WANG Guodong. Nu-
merical simulation of emergency shutdown process of
ring gate in hydraulic turbine runaway [J]. Journal of
Fluids Engineering, 2012, 134(12): 124501.

HIRT C W, NICHOLS B D. Volume of fluid (VOF)
method for the dynamics of free boundaries [J]. Jour-
nal of Computational Physics, 1981, 39(1): 201-225.
XVLLM, EWFTE, sKE. . VR g Rl R sl i
R BT [T, A= 3l Jr 24, 2016, 31(7) .
1766-1776.

LIU Hongbin, WANG Haiyang, ZHANG Lei, et al.
Analysis on penetration mechanism of oil jet lubrication
for high speed rolling bearing [J]. Journal of Aero-
space Power, 2016, 31(7);: 1766-1776.

(G AFD




