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Abstract : The computational fluid dynamics (CFD) and dynamic mesh method were applied to the numerical calculation of
static equilibrium position of journal bearing. By employing a new mesh movement approach based on structured grid, a new
approach to calculate the static equilibrium position of journal bearing was proposed based on the transient flow calculation.
The effect of cavitations in the divergence area was considered in the method, and the computational results were compared
with the results under other boundary conditions during the solving process. The static equilibrium positions were calculated
under different static load, bearing structure, oil film clearance and rotational speed. The calculation results indicate that the
static equilibrium position is independent of the initial position of journal. There will be a semicircular distribution of static e-
quilibrium position when the static load changes. The stability of journal bearing under different velocities can be character-
ized by the position of journal center and journal whirling orbit. For multi-wedge journal bearing, the effect of the tip clear-
ance on the results is larger than that of the side clearance.
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Fig.1 Grid structure of journal bearing model
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Fig.2 Calculation model of journal bearing

(exaggerated oil clearance)
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Fig.3 Schematic diagram of solution of static
equilibrium position
MrhrE A R . B e A FROC T AT 2 5 1 -4l
HRZA G W SR BT 32 5w 2 [ o 1 iR
SRS , fER ST A6 0 B AT AR AT RIS
FRAR BRI SR At 5 g, I AR I 1) 3 58 0 9 2 1
FEATRTTEAR R « oy D7 A Sy, RS 2
AR g AL A 32 7 #E (4) , mT A5 3
RS B B ARERS (K (5) BR) o IR gk i e
A i EAGS R S, R B — O A O,
R A2 0 T 55 S0 380 049 FE A, ) A2 3t 5 8
RS 7 R S AT AU, R R
HEATRIS | A F F <A, | F,—G | <A, A



- 108 - T E G HKFEFIR( AR FR)

2015 4 A

PR /IN T O e G TR, BT F i 5
B0, o HT AL

4 HEERREESH

O I R T R T AR L 25 R e, AT L3
LR AT SRR A7 8 T ok sl i ) A
PERURARBE S . M R sh R far i, R AR SCrp
H 1 CED IR S5 8 500 rad/s B
WP SR S I 4 iR, B 4
ALAT, 2530 — R O B & TR R o
ARBRIEAAAS I B R P 07 B e RGEAE TR
SEARES T A B B Im B S K- i F, AR 0,
Ml ori F, SRR R/ MASE  Jr AR, AT
WA B, A AR BT il DGR LR 1 B
[ B 2 RS BT B 4 — S TR Bh BT

0.6

z 0.4
Ty 1 5502 @il

4 HEES T E RO BT
Fig.4 Journal whirling orbits tending to static
equilibrium position

X ] — TSR RY | A 25 A [R1 0 46 5 7 1 A 1)
BB 5 Bras, B s Al AR R AR A
Gk T R R DA RS TR TR A W T
KA WECT W) S AT A 0L 25
A LR 98/ N AR A WSO ], PR3
A PRI AL AR AR AR Y, AR A Bl 2
i (fiwoC ) BOSZMRL  lO BI 25 L) — i i B 2
AL E S
4.1 BFRFHHRIT

XF T Bl B Rl R R R 4 AR R
— IR R A SO R LA R AR R
TS UL R AR AT A, R TR R i B A%
RIS AR AT, DRl ad UDF 2 1R R
T AT X B 6 Sy Bl s e e — i 0 o7 B
b liE) z=4 mm Ab 3 B FAE T R R ) g
fii o DNIEL 6 AT LAFE 1, e B Sl X 441 S A AL A
BB TR 0 A FEAS — B, 7R 5 K BX s 43 A1
M2 KR, AT IMRAGER 3Z 71 %, BT LA Sommerfeld

1 Gumbel 1 5% 26 PF 80 A7 A6 A & B, 2530 i )
AT AR A R i IR
PR G A A LR B 1T LR A8 A7 7
X g o3 A A RS bRl 45 a5 B T 0
FHAE A RLAFE TR R TT

y/pm

B 5 AEVEAAETHHOHE
Fig.5 Journal whirling orbits for different

initial positions

1.4
[ 3;" «— Sommerfeld
Lol {j‘ﬁ‘i —e— Gumbel
g . (ﬁf‘ wl —=— Cavitation
& 0.6f £
sor A
RN =
g OuF L ,
= ‘ ]
-0.2 \
-0.6

0 60 120 180 240 300 360

& 6/()
E6 #H&z=4 mmbiEEEREABEDF
Fig. 6 Circumferential distributions of oil film pressure
(z=4 mm)
HITE 6 TR, M4 AN [ 1 S A5 PSR A 1 T g 43
AT IR B AL & R, BT 45
TR 300 5 56 PE T S A B O 3R (AR

[ &=0. 071

] e
é -15 F—o— Sommerfeld Fﬂ
- —4— Gumbel [

[ ~®—Cavitation n‘J
o5V Lund—Thomsenﬂ v

£=0. 879
0 4 8 12 16 20 24
%/103pm

B7 BEEMESRHOENXER(L/D=0.5)

Fig.7 Diagram of static equilibrium position at different

>y p >

eccentricity ratios (L/D=0.5)

fif) AR, 5 Lund 1 Thomsen" ") 318 (1 45 5
TR EL , B AR AN [] 1 30 L 2% AR 110545 30 1) 1
M7 22 B, LT A #2383 P 22 IR AR



%39% #H2H F BFATHLILY

~

it 369 7 2 R AR AL E R - 109 -

Ko AR B0 A 2 ORI 21 Y TR 25 R
5k 14 125 R ILF—30, UEH TASSCHR Y
VIR 0 2 TR, I HLZ O vk mT LR
D7 {5 b 5 A 7R 25 R S Y s ) 1 S FH DR I S
Wiy A,
4.2 AEHALEHNGHTELETE
SRR 5 5 A RN R] , B 24 BT
B, T AT Z2 A WSS, BT s 2l Hedh AR, DRIk
ANV AR S Fa % 7 ) P-4 07 AN —HE, K18 2 3
T AL AR S5 AE) (BT AR AV Bt R =l A Al K )
TEAN M STERE S o T A F-EEO B TR
HRTE o 241000 rad/s BHLCHLE 28 & 85, LK
A o L FTr O e . L8 rhn] I B E
TEAHIR LT | IR b A ) - P B s R b B
T, PRIRR S P i 2 R 8 Bt R R B R o B
78, BT (B Bt A A 7 A S L ) P A
5, B IR AR S VX LI A TR, 9
S5 TR EE T 3 B Sl AR 45 1 ) T
BERLOBE, FTRUE M IR —0 a7 A [
R 7R S IR T 0 BT A B ) e f, a6 A0 B
2 , R BT R PR e 25

0 r Ll il AR Rl R -
-0.5F - ﬁﬂ%
A e W
ol e Z IR
g8 ™ “w m ®=200 rad/s
: i N ® =400 rad/s
-L5}| A =500 rad/s
L e. v =600 rad/s
-2.0F < =800 rad/s
| . » ®=1000 rad/s
-2.5) n

1z 3 4 5 6 7
x/pm
E 8§ AREETAEMAEHNFHRFEEMLEILL
Fig.8 Equilibrium position comparison of different

bearing structure under different velocities

i B 18] B 3 5% A& 0 B A B T
XU Bl RSP B e R G, R Bl T R
A AR R PR B 2 R S5 4 S B0 AR e AR 1R,
BEEEF SRR AR B T RIBR A A L TRl R
RAR L, T BB (0] B %o Bl 0 e 1) 32 e o 20 24, o A
i, PIAR SCH TS TS R ] Bt EE T AR 5 il
AR EREAR O E, HLAS 2 B9 4518 R AR S T At 4l
TREEN B 10 Rl 3R 1000 rad/s B - f
A7 BT AR TR B ) AR A A 0 FR B 10 W], 4 T ]
B AR | Bt A0 T Bt 348 K, 90 48 A 2R B 22 348 K )
I 530 2l R P - A o R AT (AR RO, (H

4.3

PASE BL7 [ 688 0 3, K SFI7 1 i A% HU /D, 40
(] BN Bt A T ) B A, 0 I8 i e - 7
g L LUK IT A o 32, DR 22 Tl Al
TR O B0 YA 2 B 52 M AT TORE A K

2.0
[ — [BE%Hh&
---- R B A&
Loy L. =y - K
5 ol SRR
~N - .
>~
-1.o R\
20f NI
0 1.0 2.0 3.0 4.0

x/pm
B9 7[EHhRLE M O B T
Fig.9 Journal whirling orbits for different

bearing structure

8 (. 042667/0. 128
¢ 0.045714/0. 128
0.2 #0.049231/0.128
# 0.
< 0.

05333/0. 128
0 058182/0. 128

%s =0.064/0. 128 0
-0.2 ©0.064/0. 1408
& 40.064/0. 153 6
=~ o4l 0 0. 032/0. 064 0 v 0. 064/0. 166 4
: + 0.032/0. 070 4 <0.064/0. 179 2
40.032/0.076 8 » 0. 064/0. 185 6
0.6 v 0.032/0. 083 2 ©0.064/0. 1920

0. 032/0. 089 6

-0.8} » 0. 032/0. 096 0

1 2 3 4 5 6 1
x/pm
B 10 e B 18] B xof 48 B e A B T 1T 6 B O 2 P
Fig. 10 Effects of oil clearance on static equilibrium

position of journal bearing
4.4 HEREEHNZN
YA 07 AN A i T A S, T EL R Tl
FRIBEREHIE . NI 8 mal LU HY | Bl e 5%
Ths, b i Rk RO R Bl BURERENE TR, K
1125 7 BT Sl AR LA () e 3 ] — 0 i o7

E
<
= 2
-3 —a- =200 rad/s
——®=400 rad/s
4 —-®=500 rad/s

—— =600 rad/s

0 1 2 3 4 5 6 7

x/pm
11 BIEENESRHEENXR
Fig.11 Relationship between static equilibrium

position and rotating speed

R RO BGE . B 1T AP ER IR B | T 1 3



- 110 -

T E G HKFEFIR(EARFFM)

2015 4 A

R Lo TR SIS B i R 5 A TR AR S sl
RUIRMEARL A

5 & &

(1) FEBES TG T A LAl 132 3 3h
R B RS A TR AR
4,

(2) 8 FLUENT AR 5] AARGF 7% 1
TAEM BRI A S CIE S i 8E T AR
BAL A R A B

(3) T AR IR Bl Do A% 732 AT LA S 30 2 25 1) 41
BN, R ) T 7 B T Sh B KRR E A
BT LIRS sh il R i R e v, 22l B R Y
s PR T BIAL AR, e s I SR PTIR PR 2 |

(4) T SR 0 -7l 0 5 B0 b 6 B G
5K W s 1) AR AL, T A 7 TR LA AR R
P2 534, AH G T, THUBE X 22 i At 7 14
ST A 5 ) R TR B R

SE

[1] NICOLTA M E, FLORIN D, THEO G K J. A stability a-
nalysis for a hydrodynamic three-wave journal bearing
[J]. Tribology International, 2008 ,41:434-442.

[2] SZERI A Z. Fluid film lubrication [ M]. New York: Cam-
bridge University Press, 2011.

[3] ZHENG T, HASEBE N. Calculation of equilibrium posi-
tion and dynamic coefficients of a journal bearing using
free boundary theory [J]. ASME Journal of Tribology,
2000,122:616-621.

[4] BREZLXME. $UR-HTREHH¥EIM]. T, 79%
BCERAF A, 2001.

[5] SOMEYA T. Journal-bearing databook [ M ].

Springer-Verlag, 1989.
[6] PANDAY K M, CHOUDHURY P L, KUMAR N P. Nu-

Berlin:

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

merical unsteady analysis of thin film lubricated journal
bearing [ J]. International Journal of Engineering and
Technology, 2012,4(2) .185-191.
GUO Z, HIRANO T, KIRK R G. Application of CFD a-
nalysis for rotating machinery: part 1-hydrodynamic, hy-
drostatic bearings and squeeze film damper [ J]. ASME
Journal of Engineering for Gas Turbines and Tower,
2005,127 :445-451.
CUPILLARD S, GLAVATSKIH S, GERVANTES M ]J.
Computational fluid dynamic analysis of a journal bearing
with surface texturing [ J]. Proc IMechE, Part J: Journal
of Engineering Tribology, 2008 ,222(]2) :97-107.
JAKOBSSON B, FLOBERG L. The finite journal bearing
considering vaporization [ M ].
Tekniska Hoegskolas Handlingar, 1957.
SINGHAL A K, ATHAVALE M M, LT H Y, et al.
Mathematical basis and validation of the full cavitation
model [ J]. Journal of Fluids Engineering, 2002, 124
(3) :617-624.
MERUANE V, PASCUAL R. Identification of nonlinear

Gothenburg: Chalmers

dynamic coefficients in plain journal bearings [ J]. Tri-
bology International, 2008 ,41.743-754.

LI Q, LIU S L, PAN X H, et al. A new method for
studying the 3D transient flow of misaligned journal
bearings in flexible rotor-bearing systems [ J]. Journal
of Zhejiang University-Science A ( Applied Physics &
Engineering) , 2012,13(4) :293-310.

LUND J W. Rotor-bearing dynamics [ R]. Denmark
Lecture Notes, Technical University of Denmark, 1979.
LUND J W, THOMSEN K K. A calculation method and
data for the dynamic coefficients of oil-lubricated journal
bearings ; topics in Fluid Bearing and Rotor Bearing Sys-
tem Design and Optimization ASME[ C]. New York:
c1978.

(%8 HEE)



