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Abstract: [Purpose] To investigate the formation mechanism and transient process of the water film in
water-lubricated bearings. [Method] The traditional two-dimensional (2D) Reynolds equation is limited to
approximate and static simulations. To address the challenge of ultra-thin water films in water-lubricated
bearings, a thickened approximation of the Navier-Stokes (N-S) equations is proposed. The smoothed
particle hydrodynamics (SPH) method is employed to develop a numerical solver for these equations and to
simulate a bearing model. The dynamic evolution of the flow field and pressure distribution is investigated
under various rotational speeds and eccentricities. In addition, the mechanism of water film formation is
preliminarily explored. [Result] The results indicate that the SPH method, applied to the thickened
approximation N-S equations, can effectively simulate the transient process of liquid film formation.
During the initial startup phase under high eccentricity, significant pressure fluctuations and even partial
cavitation are observed. While the pressure calculations from the SPH model show certain deviations when
compared to those from the traditional Reynolds equation, they demonstrate significant potential for
improvement. [Conclusion] The findings provide a theoretical reference for understanding the formation
mechanism and transient processes of the water film in water-lubricated bearings.
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Fig. 1 Hydrodynamic Lubrication Load-Carrying Mechanism

el RO LB B RS RE A2 4T (1 B A TS W R
TKIE T AR AR . nE2(a)fiR, # kR
AT, HhIE B BN B AT SR A R
Fefh, BRIERBISIRIRE .. S0 a6 e (&
2(b)) 5 KB NZIAIR . FE S B0, eI,
PRI RSN I AN A2 DASE 4 P BT B AT, i
e ARAE T SR SR TR, B B )
BN T TR AR N R IICT) . BEE Hd R gn (&
2(c)) » FNEBRIIKEIE L, B KRS 758
Z I, HEFERE) L DR e ke,
H SRR I RAE KB TT. JER,  Hhzk
BEASE AT IR . EIOIRET, R
KO AR, BEHRRH ) ZORIE T A N A &
BIYT, AR R ] R

(©) KIEA AR
B2 HFMERLEREREESIENANET

Fig. 2 Positional Evolution of the Journal from Rest to

(@) kA (b) Fasikst

Steady Rotation

12 KiEREESE

FMERAR RIS 7 FEN-S T L, & Ak f1 24 b
FRR AR A BB 1 25N A FEP TR A
WA, FEARAEY IR SN R G % F gy
M, ZHREREEZOER . Al TR PR
TRehte, AR R —4En iy R, BV
FE, FEWLANTT . —4Edvn  FE G, TN
B, ZNSHUL, FNEEKRERE S TRE, —
A ] R AR AR, IR SERR TR 15
BT TZHINH
1.3 KEEEHIE

AR S A FE S A OE T ORI E R . &

J153 A0 SRR R N AERR &R o Horr, KB B4y
A A SR A A A e 0 I e e kA
TERIATRASIBAT THLT, B35 Sl B AR xS A7
BIRFFIEE & BIEIASTE | AR TS B R 3R,
KR FE AT A — A2l J U &, AR IR T4
53R TR R ARIEFRES TN Az L o
%, ENXUUTRESH.
{E:e/c WD
C=Ryz — Ry
K e AOEE, 2BCEMEER:  NRWOREA
ToENWAR OB PRI Rus AR R
FA2s R APIIEAL.
TEAT R JH 1) 1 O () 7K 5 B g A2 OFF) R B, T
U oA, ATHER RS TTRE, A IRE R
h, =c(1+¢ecos8) @)
14 WigHE
T (Reynolds) {EN-SHFEMIFEAE -, 5IN—
RYVEHM g, HSH TEHTHRIERZR)
W R U FE R N-S U7 FE A5 Y il 7 I
FER L0 N R 4Eimql, BT HAEA AN E
B B, B3 TN fiRiE
W R 713 A 2 8 — 45 1 T A
i[h_ia_z’}i(h_ia_z?}w% G
ox\ pox) oyl u oy dx
A TR AR BN J1 R BE s p IS B T 775
XA 1) 77 [ AR AR syl AR Bl O [ AR ARy,
DAt ARAR 1) T [V S L s SR T AR T
A B T3 RE R p 2 F xRy B A [ T2 A B 0
T2, BB HMITH T W, JCHAAIRLMERSE
DR TR W, fEXEER T, SE T
PRt 7 — Mg AR R R 2 T7 12 . FEM
IR R A AN TR I R,
HAEFATCR N IERRE G R By (n
fif%. WL 7)) HEME, BRI S E AR
R LB BB AR B FE A %2 (Galerkin




AEAOF) ) M B AR

J5id) MIETFAGEB (dnf/hARERIED . %o
R R RS R A R e R e, R Bk
IEACRMEA T Bl Ae il 5 AR (a5
RS e BRIV EShED SRR A4 R
1.5 XBENFRESNSZE SPH

THEEE RS T RS T, TR R
RS % IBESSh ))%; RAE S = 4EN-S T 2
HAS E ARSI E A SN, (RS R e

IR R I U BURASE T 5y 52 W% 25 Bl A5 R AR R il o

TSR, TERRS kS B H 792 B 8t
oA e 3 kL F AR 3) 11 %% ( Smoothed Particle
Hydrodynamics, SPH) R EARFEME. SPHT-201H4170
£ HGINGOLDZ! LUCY**HIMONAGHANP
SRR TR AR HEL ) R M I R T 3 B RO A
R, EE. RERSEMAR T, IR EEE I
Wty e, WA E—HE My 7R BT LR
MG, SPHX KRS . AHRHETZEA [ | 2R H i
SR TR RARIE R .

FEGERZE 7 B RAERAAE R e fRs
TETE 07 L OO Rk, (Rl AR Bhis 1B S TR
FRAE B S EAR E DLREAT, MR = . SPHITVE
SEASFLRA B ERL P RR A E 75 RS A 35, T
BERPIMR L RIESREE, NRBhIERE ST
PRALHEIR AR, JRCRIHN T, i A
RSV S AT o e EHR A TR A R 2
JE 19535 F b1 H0 SR T S TFAE, A2 4 ar i
T

SPHJ7 V2 I LRl & A4 . AR s B 7 3%
IRERR, ATE NS R ) 7 2 ) 5 A A
A LB — M ROV o RS R

ij(r')W(r—r’,h)dr' (4)
o QAR Wl SO R B G L e T
K r ORI N 4RI s

N BATEAE L, FIRB A B B e 7 T

AR T7 sk A
f(ri)zzjf(rj)W(r,—rj,h)AVj (5
X AVRL TR R IO .

FEJAA ) R, 38 R R S, R
KEREI, BIAVEmilp;o AT B SPH I A5 1
EHAR:

F(r)=2,(m; /) £ ()W (ri=1.h) (6

(R RRL TR R AR, 2 BT b T
JRSZ L TR AT 25, B A bR SO AR 7
I ER ML Rl R e

R B SPH T VA MBI L, BHE T RLT
[FAHEAE G SR A e e . — /N
1% R BOE H 75 L L UL R 4 B

52 A

f[W(r—r',h)dr':l (7

BEAAF R R T R R BRI B AL, B iR
PR AL A AR 5 HOA R — 53 C, W H SPHIT ALME AT
Kb FE oA BICSIE . 2I8 K hitai T ORY,

R R B N IS T Ik e o R E, B
%i_l)l&W(l’—l”',h)Z§(V—l"') ®

IX & SPH ¥ {H At % A% 1 1 5L 14 5 R B0 B2
£k
- PR v L1 SR DU B SN 5 I 37
Bl N0, BiY

W(r—r',h):O lr—r|>xh )
s o 5 1% SR BOERAR DRI B Gl R2~3)

E M RSPH T VARG TF SRR ) 08, =ik
EH AL TN H AR A FRASRL 7 R AE A AR,
TR 4 v A R R .

JE Bk

W(r—r',h)ZO (10>

PP A B TR B (s ) faE ok,
R BUERRE M. WHMZ R AR SR, 3
WSR3 (B-FE4L) IS5 Wendland g 3% . H
HH, 3URRE 2% bR 00 IR LT AR 2003 5 e 1 1) R P18
TESPHRI FH i M) iZ o

BT ERREUEME AR, SPHit— B K E T X
A T CInE A b B 1) AL
TR Feon P A ROV ATy, TR
HE TR REE, SRR SPHIT L K :

VI (3)=Z; (my [, ) £ (1 )V (5 =rh) D)

SPHA Al #% ok £ FHOR L 35 B E R 54, #e
PEN-S 77 F HH 1 e 7706 5 R0 8 1 ) 25 T e B O R
TFIMER T3, IS 2= AR SN 77 5 [l /A A
ZRTN I RG . HIMR. hikg i BRI
KA. B HRIRENMZHRE 500 BA KRR
3 o AR TR SPH Jv2: 87 F - 7K S i i () B0
ik,

1.6 IBEIE{ANS FiE

SR, TR A S FHSPH T AR — 1B
KA EAEH AL : 3247 (A1 BRAE G T AR R 11/
PLSE R F 4£200.00 mm A H], HEE KL
628.00 mm, %ML A FR0.84 mmiE, ~P357KJEE
R A0.42 mm, 1R FEEMROR, HiEL KR
ATAEANAS um~10 pm, tHELE PR KA
FEARZE3~ AN BB . Wi R B 218 F SPH T vk A5
MG, X RS DAE IR /NIRRT, BAS pmfH
FFAEE, EAA200 mmE400 mmfA R 75 E TS
JIHCA KT, Xl T AR LA AL BERE 77 5
DRl b o A — S AL i A vk . Sebr b, BIMEA

68 —



B, RIAFEAG BT R ) 5 77 kA AAE A

PR e 7 v th 2 8 B U T e KR A e
Mt 0L, W3, XA PREIBEIAR R IR, B
SR BE T P 48 1) L

==

3 BRTAFELERRAERRKHEAART
Fig. 3 Finite Element Method Uses Oblate Spheroidal
Volume Elements When Dealing with Liquid Film

AR SR PO S EAT O BRI ARl A B T i
A H AR AN 2 T DA S T R AR G ML A,
A2 7K 7 R RS AR 9 1) 7 B A e i

ov
w_
Oz

J:

X us v wHEER3 NS =,
FiAEAL I, - AR R R AT
MR, wE4C)Fim. SEm (5D #H1Ts A8

ou Ou, Ou,, Ou,,
— | sy —L+s v—LA s w— = ———
ot 0ox, 0z
Ov Ov Ov ov|_ 17p
— | Uy—F+v—+w— |=
ot 8x0 oy 0z p 6y
ow ow  Oow ow 1 op
—+| Uy —+Vv—+w— |=———
ot 6x0 oy 0z p Oz
PREF T B B p AN S BN p RS T AR
V-u=0 (15)
Pan v/
LML (16>
ox oy Oz
UG
Gy O, O (17
ox, Oy Oz

OER, T2 A R R A A O, FEAE
FTait1KCIRAS 7772 (Equation of State, EOS) i

p=é[(ﬂ/po)7 -1]

KA o po K IIHIARE L -

SR BRI SR S TSRS p' =5l p o AR X
HLZAWE T 48T SR A 1 e, AT AR TR
FVE R FaRRHYJE I AIN-S U5 R RV 2 X oK A
PRERIRVE RO BEEAT T TR . A,

(18)

2 2 2
_ N_mﬁ(@_ﬁ_ﬁ_j

LH

BT RN TTVEM R o TR B SRAE — N7 [
ITARTR R A TIA AR . ALl TR AR
Ny SEBREE ORUE L BAR ATy, [N R Al 23
PER BRI ANy, TR A () A (] 4 EE AR J7 :UXNS
JIREREAT A O AL o

el WAl iRV
JitEN

e IE AT IS4 AANS

a_u+(u.V)u=—@+ﬁv2u (12)

ot p P
X VAREMSE T pHikET].
RIEN-STHE, FEHTFEN

ox’
lap u 62
pay plox®
Lo

p oz ;£

KAE, W El4(b)o Bllx=sxq, [FIRFORERI[A] LA AR,
FRRu=sauy, HHIN-SERHFEN
L op  H j

ps, 0x, p[ *
10y, B o
s axo oy’ oz
10w d'w O'w
— +

oy’ ot

p Ox oz*

oy
v o
6y2 oz°
*w *w O'w
o o o
X 4

(13

+
2 oz

o*u o*u ou
0 4 g2 04220

o T or’

ox,

LB (14

Yo,

2 2
p\ s oOx,

WIS s o AT T 50 sl ELBIGHR,
SR AT AL B B A7 5 R«
1 1

— 19>
P

1{1
_)

1

SRS

5P S,p S.p

Se
s,

J =

|

;

(20D

SRS

)
S, s,

2 A BIN-S T R A R i DA AR R B
NREFRIBHE LRATFIIA S5 LEAR A, AN T A8 TR
TR K IR A 5 RS HE . XA
Jii PR A BB T, (B T ECAE
ER 8 XU BT SPHARS #EAT > BB L

69—



AsAOFY 71\ AEBLEE AL

RIRTSCEl. fESPH AR BARRID LI |, EE T
DL U5 (1) Lammps £ A5 2 2 fill 3F 47 E 3842 2.
Lammps /& 52 [F Sandia B 52 5256 % K 0 — K 0+
1R, A 3K B AT AT 5 P RE D
& B RKIUBIEAT 7 FASAL, L SPHELHRSZIL 1%
B2l 15 05 1. @i A& SO R Lammps-SPH FI4X
i, SEEL R AT IBOR IR AAN-S 5 FE A%
ST S

Haz b, BT Lammps I SPHACD A g 3E— 20 5K
IR RS B DA S s S R A, AN i ot S s
FIEG ) PRI AR SCA R AT T Al 1] B A 7K BRI AR 17 3L

2 ZR5iHR
2.1 HEIER

I Vi A AR () 3DRE T B L P14, 3 R R
T KR BEAE R 45 s, T X E e ZE KT
JD Tyl b, B R A . AN
B RIS, 50 RN 7K 5540 5 4 )2 SPHA

F, B ah . ShAFK A S SPHAL FEUNT 755 444.

NG R T 0 A, B4 E  Ovito B, Bor

R, . .
P ity T 7K R 7

X
|_y

T E A AR 2 JE TR I S5 o

(a) HARZZEANR AL da R

— R
R

— 107,

ES 0

K105

C—150 -50 0 50100150
[0 J& £71/(°)

(b) ZfREIFHFHAEA

h

(¢) RFTHFHAEA
B4 IKiEEHRE T ERAFHIEE
Fig. 4 Equivalent Planar Expansion Model of Hydrodynamic Bearings

X RSE KA T AR REAT 7 3
*1 MEIEHERNSHNE
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