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Numerical simulation of flow and heat transfer

in journal bearing lubrication
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Abstract; In the simulation of hydrodynamics lubrication using CFD based methods, cavitation model
has remarkable influence on the simulation results. In this paper, a full-cavitation model is introduced
to improve the current CFD based methods. The influences of different cavitation treatment methods
on the distributions of pressure and temperature are studied. Further, the applicability and accuracy
between Reynolds and CFD based methods are compared. The results show that the accuracy of the
maximum pressure is improved up to 12. 1%, and the overall pressure distribution is also more close
to the experimental data. The temperature distribution with the full-cavitation model is more realistic.
However, in modeling the bubble collapsing process, the current full-cavitation model needs to be
improved when calculating the temperature distribution in the cavitation area.
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Fig. 1 Schematic diagram of journal bearing model
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Table 1 Journal bearing parameters
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k291 SCHk[30]
49. 865 49. 89

5 M

WAEAE R /mm

ML REER R/ mm 50. 01 50. 007
K E L/mm 80 80
B E B C/pm 145 117
$3d / (r 'min™1) 200034000 4000

#Hfar /N 400036000 9000

FHE (40 “C)H o ¢ /(Pa+s) 0.0277 0. 0293
FHIE (70 “C) pro ¢ /(Pa ) 0. 0077 0.0111
W o/ (kg 'm ?) 860 870
SHAK E/[W -(mC) '] 0.13 0.13
THIEMA DR Tw/C 40 37
THHEMA T RS P/ (10* Pa) 7 8

R R T./C 43 40
HTECAMI B AR E/ (W «(m?-C) 1] 75 75
WEEREE /C 40 40




LA 7 ¥ P>DHLA
2 i EAERIE ST
R — p max(1.0. ) fy J@
2.1 EHHE e = Fiom . N
I S ST RN (8)
DT (=0 (1) A Fup H0.025 Fuw H00.015 M3 e
ot

K. v R o NI RV ONBRER T,
P ETRER .
D+ V- (@ =— Y pt

Ve (ot+e+F 2)

i p WIS ¢ B SN F S AR
J1s KB
et RN .
DB+ T+ (DCpE+ p)) =

Vo« (kY T+ (z+ v))+ S, (3)
b kNS IMEAEEG S, MIREIIET; E fY KR
LA,

E = h*Jngi
0 2

R R
i B WA H AR AR R 8 I S BE SO AR L B
L ) Y v B 3 A 3 2 1 AT g I AR ) TG 3 22
5, A LA Rayleigh-Plesset 7 R 1A .

£y 3 (dA)* [Py— P

dr +2 {dtJ _{ o1 J

A 2o
;,733 B pl;?fB

Arbre Sy HRMER o HIRIKRTE K TT: o0 HIK
I RE s Py AWK E S P RIEG KT .

K Singhal #5814 52 S A pl R 5t K i
L 7 BRI YRR Y T AR 2 Sk D7 R R

a%(f;pw Ve (fpV)=V « (I'V f)+ R — R

4

2.2

2/723

(5

(6)
Korfre £, MM ESEG DY HREG ROR
G390 R A TR A AR AR %
HRAE Singhal 7 .
M P<P, H.f:
R. =

max(1.0,[x) A—f—f) [2 (P,—P)
p - plp\ 3 pl

F var
7

N AT K o AIRARE BE 5 Po N
MZIRIE S5 P, B IE 5 B9 A 26 35)% I He it
RN R

P, = Pr+ 1 (0.39p0) 9

2.3 BAEHE

P EITE A R AP E R DR R 1 R
AR A I R TR H A LT A R AR
BE AR 1 BT 7% 5 K5 Bl 7 [ Bt 7 00 s T 13 O
JIHE L R JT O 05 8 Hil 2R T 1R Dy e % T
(Moving wall) , F %l i o i 5% . {18 5 il ¢ T 7R
JEE S BE 3450 IR B (B 5 SCRR[29, 30 b BRE AR [R]
W 1 PR s il B [ R Bl L A0 e T ARG A AR R
BN 3 B RS IUE LR 1.
2.4 REEHF|EE

FJH ANSYS Fluent 13. 0 ¥ 4:4E K8 F
. & JH 3D-Double
Based R fi# 4% ; 26 JH Mixture Z AR AL i T4
SCEIR) Re B0 A7, 12~ 94. 24, B . b 1 Ui A
YV 200 5 75 IR B 1 A 5 1 2 il 2 R
FHAR P M 3, 3T R OC R OR S SCik (29,
30 rh AR [A] Ay Rk =X 5 2 AROR AR 75 2k I SIMPLE
BE AW H Y 7S R B USSR Second Order
Upwind &, SR B b, T8 50T 1f i 75 38 24
T /N BE 2t F1AH BT S5 By A4 ot DY L By Ik T
W 8 2 T80 1 T 030 4% 2 B 5 R st 1R 0 [
NN
2.5 MBELXMESH

S i3 R 1S ey T B < 1 = e R
R o T I TR e RS A b AR O ) 1 RUBEAR VDN,
— A 10~100 pern o {H 31 & 1) 00 %0 1w f1) )R8 4
ok G e v N A =N G R E S G IR 9 i |
UK, TEAN B A A 5 SR R SR AL
I [ B SCRE AR SR A TR R
A EL W RS R AR AR AR R B, AR SR AN 2
FRE7n 18 4 R ks R 43 7 5 . 38 O R N B KR
0 e e T B (E R AT RS TE oG e BT, B 2 P
7N« HURSE P B R PR 7 0 e v R B O 4 A A
Rnirg s UR ol TRE., Wik, R SCR %

Precision-Steady-Pressure



%34 F

IE 5 R ey IR B dh R T IR B AR S AR A A © AT .

2 AR 3 5 58 3 AT LAY, BRIV I R R B
T a1 A B 18 )2 WA s Bl ) 400 )2 WA 5 J] 1) A
360 2 M,

£2 MBEXESH

Table 2 Grid independence analysis

BRSPS IS ) s i (A% X il X D
1 6200 X 180
2 12200 X 180
3 18X 400X 360
4 24 X 400X 360
1.4r
& 13- o © —O
.fﬂ 12
®
=R WIS
1.0 1 I J
1 2 3 4
A 4 7 %
(a) TR K JE F7 Bt A A2 4k
49,0
o 485 © ©
8 48.0L
e
® 45|
47.0 | | .
1 2 3 4
W 4 7
()t e i FEE B X 5 A 44,

2 ML KMESH

Fig.2 Grid independence analysis
3 AR ETIE

3.1 EASGIHESER

Pl 3 g th TR A W) (8 0 575 vk Bl Be vh
I¥1) 468, T 0 1) R 43 A G RE Dy 1)) 115 25 SR 5k
55 9 T EL R L

&l 3 /1, Reynolds J7 2% 1138 45 3 A1 4 56 50 P
Pk B C#k[29.30]. W 3 afLLE H . £ 4%
Reynolds Jy ¥ B THR S5 2R, 5 J) i il 5l 0
BIIR 22509 16. 1% .3. 6 % A1 8. 7% ; CFD J5 3
TR T #-R A Y R R ) s T S A
RERXBEREZESHN 4. 0% .4 1% H 1. 2%,
[F]iF, CED J5 ¥ 14 s g 43 A 1 55 45 R AE A E 3
b R R
3.2 BRESHIHELSER

Pl 4 Sy ok AN [) B5C(B 47 07 3 il B v ) 4K

.61

——CFDJ "
"""" Reynolds 7% gy
1.2F o R
£
S 0.8f
0.4+
0.0 L L Y — )
60 120 180 240 300 360
Je 1) f FE ()
()3 92000 r/min, $LHF 294000 N
2.0r
—— CFDFi%
l.6F Reynolds /7%
o RBE{E
= 1.2F
oL
=
=08
0.4+
0.0 ! L L |
0 60 120 180 240 0 360
Ja 1 f BEA()
(b)§E 3 F94000 r/min, 37 296000 N
2.8-
ins . P\
24l — CFDA# ’
2.0
£ 1.6k
=
3, 1.2F

- L L I i
0 60 120 180 240 300 360

R s EE()
()53 H4000 t/min, BAT 9000 N
E3 BEAESEEARENSSE
Fig.3 Circumferential pressure distribution

on middle plane of bearing bush
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on middle plane of bearing bush

A . HIL[E BT, T Fluent =K A 25 7 09 28 99 P
VO ORI 3 A 5 R B S A SRS G T 3RS
VRS E S AR . Bk AER 3
BRI, CFD ik R ) R TR RS
KEEAE R,

MIEL 4 gl LUE H R CFD J5 i3 iR
BE 434 A6 R 7 HE ST B CEV I 1 o L] 45 48 i 85
BORCRE S, WA JLAT 254 % #Be , CFD Jr i
A S AR AL R 2 A ) SR R AR TR ZL L S B
B A B 1) 22 5 75 58 Reynolds 7 ¥ W IR B 0 Al
Z5RN BAS V2 A 5B AR —EE R,

TR — B A I PR AT e R . S B v

AR BB 2 R g R RO DA TRk 0 3 ik 7
AR T o ik AR OB Y B DX,
5N 2R AL 5 TE B0 A0 W A TE IR A
TRA BB, o T 30 U 0 W o o A BT A b R
AU HL R A A, R BT B A SR B A
CFD {}j H ", Singhal = {0 A5 1 51 WK it JI5E 74 )
— B T 3 il A e g AR A iR S BT
It K, SRR B U T — A W A R )
Ko TESEBRE A b, ATy 5t S AR X Y 5
A PR U B 3 Ak i 2 B SR B O T R
152 J5 1 58 A REASE AU A0 ORIt K 7, H
J2 % Reynolds i1 #t &4 58 & Half-Sommerfeld
R TS LIS R RN e S 82 L P ]
AL B, PRI I B8 23 A o T 722, 5 il R i g 24 2R
M 2 1) fa A AR BER 22 57

SE & CFD J7 2 3R 15 19 2 43 A 76 #a 3
5 O A R AR AL DL K R BB R
FEH Rl S e ) PR S BR, 5 AL G T AR
BACH . A 0y 28 AR R A ) Wy | A5 40000t
K B — o5 EATYA i — A B s ]

*3 HEEZRSKKEREEIILL
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