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Three-dimensional finite element analysis for thermo-elasto-hydrodynamic
performances for a water lubricated bearing system

MENG Fanming
(State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044)

Abstract: Three-dimensional liquid-solid coupling finite element analysis for thermo-elasto-hydrodynamic
performances for a water-lubricated bearing system is conducted using finite element code, based on the
influence coefficient method, and nonlinear optimization method. Meanwhile, the code is validated.
Numerical results show that significant elastic deformation and thermal deformation, contact pressure with
certain amplitude, and large temperature rise over the range of the small film thickness-roughness ratio can
occur for the bearing. Therefore, the above deformation and temperature rise should be considered in
designs and applications of water-lubricated bearings.
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Elastic deformation for bearing

F=200 kN, =166 r/min

Elastic deformation for shaft
F=200 kN, =166 r/min
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Thermal deformation for bearing
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Contact pressure for bearing
F=200kN, 2=120rpm

(a)
Contact pressure for bearing

F=200kN, 0=166rpm

(b)
7 AREVEEE T Y50 A 8] By R R R 71 (P= poc’ / (o 2R*))

70r
65-I RN R AR KRT
60lL% 0 =1000 r/min
{
2 55l
R
50}
451 \..,
"‘**‘*ﬁ—*—*——a——‘——a—__
40 —
0 5 10 15 20 25 30

hl o

8 HERRXEBEERBEREELLNTN

TR R

D {1 A 4 (V9 0 18145 5 4 R A BROC R Y » i i
SRR BOE AT IRICIE AR LA OU AL T7 1k 6 K
T b R — A B ) AR PR REHEAT T 4R A BR T
3BT TR R YA AR BIE S

2)— 58 0T B /K T Al R 23 A7 70 BT 1 55 1
AN PRI VL R — RS b R Ty . R X e
FEAE /K8 T Bl R PR RE W5 b B 25 25

3) /NI JBE LT A Al R 23 H B R A i T
U HCAE Ji] 1) 3l SR 2R 4k ) o DA A1 AT RE 512 /K 41 T
Tl R A R R, TR 1 — 28 T A 3 ik R s
TSRO B R A5 ) HOR T 2 oK T il R 5
BT AR

SE K-
[ 1] Cabrera D L., Woolley N H, Allanson D R, et al. Film
pressure distribution in water-lubricated rubber journal

bearings [ J ]. Proceedings of the Institution of

Mechanical Engineers, Part J: Journal of Engineering
Tribology, 2005, 219(2) . 125-132.

[ 2 ] Majumdar B C, Pai R, Hargreaves D J. Analysis of
water-lubricated journal bearings with multiple axial
grooves | J |. Proceedings of the Institution of
Mechanical Engineers, Part J: Journal of Engineering
Tribology, 2004, 218(2): 135-146.

[ 3] Kraker A D, Ostayen R A J V, Rixen D J. Calculation of
stribeck curves for (water) lubricated journal bearings[ J ].
Tribology International, 2007, 40(3): 459-469.

[47 Pai RS, Pai R. Stability of four-axial and six-axial
grooved water-lubricated journal bearings under
dynamic load [ J]. Proceedings of the Institution of
Mechanical Engineers, Part J: Journal of Engineering
Tribology, 2008, 222(5): 683-691.

[ 5] Litwin W. Influence of surface roughness topography
on properties of water-lubricated polymer bearings:
experimental research [ J]. Tribology Transactions,
2011, 54(3): 351-361.

[ 6 ] Godec E, Virone J, Teller O. Recent advances in
water-lubricated bearings[ ] ]. International Journal on
Hydropower and Dams, 2009, 16( 6): 89-93.

[ 7] Wang ] X, Hua X J, Xiao K, et al. Two-dimensional
study of lubrication mechanism of water-lubricated rubber
alloy bearing [ J ]. International Journal of Computer
Applications in Technology . 2011, 40(1/2): 98-106.

[8] Hua X J, Wang J X, Zhu J J, et al. Study on
tribological behavior of water-lubricated bearings[]J].
Journal of Advanced Manufacturing Systems, 2008, 7
(1) 115-121.

L9/ F AW AR I G 4 Sl R £z fih B 08 ¥ e 1k 43 B (D,
R BRI 20830, 2010.

[10] Patir N, Cheng H S. An average flow model for
determining effects of three-dimensional roughness on
partial hydrodynamic lubrication [ J ]. Journal of
Lubrication Technology, 1979, 100(1): 12-17.

[11] Patir N, Cheng H S. Application of average flow model
to lubrication between rough sliding surfaces [ J].
Journal of Lubrication Technology, 1979, 101 (4),
220-230.

[12] Meng F M, Wang QJ, Hua D, et al. A simple method
to calculate contact factor used in average flow model
[T]. Journal of Tribology, 2010,132(2) : 024505.

[13] Shi F H, Wang Q J. A mixed-TEHD model for
journal-bearing conformal contacts: part 1. model
formulation and approximation of heat transfer
considering asperity contact[ J]. Journal of Tribology,
1998, 120(2) . 198-205.

[14] Wang Y S, Zhang C, Wang Q J, et al. A mixed-TEHD
analysis and experiment of journal bearings under

operating  conditions  [J]. Tribology

International, 2002, 35(6): 395-407.

(% KR

severe



