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Optimization Design of Fuel Pump Sliding Bearing Based on the
Analysis of Lubrication Characteristics
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Abstract: The aim of this study was to increase the lifetime and solve the problem of sliding bearing failure of aero fuel
gear pump under the limitation of low medium viscosity and self-cooling structure. An optimal design strategy of sliding
bearing based on the distribution law of lubrication characteristics was proposed. Based on the Reynolds equation for
hydrodynamic lubrication of oil film and equivalent viscosity lubrication flow model, the energy equation of the internal
flow was simplified by assuming the adiabatic flow of the gear pump sliding bearing. The thermal flow lubrication
mathematical model of fuel pump sliding bearing was established based on the combination of Reynolds equation and
adiabatic flow energy integral equation. Then the lubrication characteristics of sliding bearings were simulated based on
CFD numerical simulation and finite difference method, and the lubrication characteristics were analyzed under different
clearance ratio, eccentricity ratio and width diameter ratio. The characteristic curve of sliding bearing under different

structural parameters was obtained to optimize the sliding bearing structure by adopting indirect optimization strategy of

Received 1 February 2018, revised 11 June 2018, accepted 20 June 2018, available online 28 September 2018.

*Corresponding author. E-mail: fjf@nwpu.edu.cn, Tel: +86-29-88431120.

The project was supported by the National Natural Science Foundation of China (51506176), Aeronautics Power Foundation
(6141B090302), Aviation Fund (20150653006) and the Fundamental Research Funds for the Central Universities (G2017KY0003).
% HARBH IS0 H (51506176) Fii45 5h 113£42(6141B090302). H2% F:42(20150653006) A1 s i e I AR L 55 B 4 757 5%
4:(G2017KY0003) %t B


http://dx.doi.org/10.16078/j.tribology.2018.05.003
http://dx.doi.org/10.16078/j.tribology.2018.05.003

55 M

PR, 25 TR0 F R 2R s Al R AL it 513

genetic algorithm. The simulation results show that the eccentricity and the width to diameter ratio of the optimized

bearing can be 0.822 4 and 1.2, the oil film thickness was 2.7 um, the average temperature was 36 degrees, which

ensured that the bearing had a good lubricating performance and no friction contact between the bearing and the bushing.

The capacity error between the experimental value and the calculated value of the optimized bearing was not more than

5%. The lubrication characteristic analysis method adopted had a high simulation accuracy and bearing had a better

lubrication characteristics.

Key words: fuel gear pump; sliding bearing; lubrication flow model; lubrication characteristics; optimization design

TRV 1 6 5 A2 L 2 AR SIATL I (4 <0 >, 1 30
FRAE 9 PR A e SR 0 S B BE AR A, LT R
VR 45 1) J 2 1] 240 i 25 R Sh LRI SR s AT W SEE H K
77 1 IR A DS EE A 1) f 2 — . BT R SR I v e
RTINS 705 2 R LR TR 7 K, S8R
BINLAE iy 25 /N LI, 250 Hh 1K) 22 AR BRI = 2
S [ 9 95 AN B 3R [ S 0, BT AR e T
IE Ak, PRI 2 e LA R F B RRE 375 A 2 A5 vl
(RP-3), 1111 35 T 2 B it /5 A R 2 1) AR A it LA
R B 53 6 P Ao PR A A A A PR i ) SRR, 5
RAE BB A T 3 ORI Z2 0 Bl R 2R 3L R, WO
T Bl 7 TR T T AR % B R P T VR R v R
A S CAE R SEME A 25 3L

I ZE T8 2 AR T BE AL 7 T, N AR TN
F2 BRI EE 0 L EAR 53 A B AR T 1t e an
F 253 A BR 7ok g IRARFIE X Reynolds 77 #2 1
ATEAEL SRR, S T A7 A5 0 5 e 1 0 i e i, B
B3R i AR 3 P25 A B A B 0B D El R R
LI 24 i Sommerfeldi S 451, K 2 7% fESE bR
18510 (1 ReynoldsiZl i 26 A A S VA AR AR AR 1 )5 &~ 48
T S5 AE B A A5 R 2 05 LI i ™, G LA SR,
WE 5N G2 A BE 2 Al 25 e 2 R R T e 7 st
— DR BRI I, AEIETE AL T N R I R
SR AR 5 1 LB T IR TR, i T A T
HENT T R Bl S sk TR AR S - -5
B T T B A TR T I A R T R R, - -
TR Bh A TR A v R A SRR R SRR T
T T R T BB AL s B, i R A AR
U0 g R A TR 2R T S T K P S R e 0 W
Fes IR FE 7 R T RE B0 R U R 2 L AG
gV o i A e A R B AR P R RS s IR CFD 7
25 157 FH 1 18 0 el R v R T A R A
TH R G ST B Bl R R AR A 5 B B I RP-3 A A
TEHE A5, H HT 2T SCHER BT B2 PR AH G T 45 1 A
P HUHE PR 2 A AN R i 2 A S AU T Bl il R Tt
73R, DRIk 5 SO P B R T 2 T B il A A e L

IR . ER T R I 2R Bl R R A RO
I, H A A 25 A% R 2 A R et i) S B, U5 R
BREGWFERTT N, HAZT7 R A R K H AR
i%.

Bt Xt A9 vk 2 T B el A e T BT G R P R AN
5l A P A i R R e A ) R [ A a2
ol AR BT S SR AIE F R EE A R R A BT AN R A
AN A2y 3R vk A R A A . R S e A MRk ik
SRR Bl il R (I T B EEAT SR 0 OB AT, A
it b PR AR 5 R LA v 20 AR SR T i S K
AU T EA7 58 2 (170 0 A 7 10 9 R 2 2 A AR A
TR A A 7] R TRD BT L A o 26 01 8 428 EE T Al 7K 1) 7 8
JI TR AR, L N FE R TT R B H K K 2
H AR AL BE I,

1 PURERRIE A EEE

P 1T 72 A 27 7R A 2 WA A7 8 2 1) 9 0 el R 54
B, 8 7r Z 80 T3 b T 26 A ARUR 5 R 1)
JE» T Bl A 5 S AR TR] M e R — 1 o
P BETE, LA S 1T 55 e [ s o A AR G A AR R
ERIBLR, £E XS B A R 2R A 1 B AR AL, T
A 5 v R ey DX 32 B ) SE A R T A A7 A R B0
Sl AR AT C B IRV R G T R AR A R AR
(SED A AT AL A R 2 L 10 R i T R ek 4 D9 i e A

‘ Bearing bush‘ ‘Bearing end face‘
~ T
N .
\ e
\ -

Gear pump —
unload groove o
P . |G

Bearing
fuel inlet

Fig. 1 Sliding bearing of aviation fuel gear pump
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Table 1 Basic parameters of sliding bearing

Bearing parameter Specification

Bearing parameter Specification

Bearing width 24 mm

Axial hole diameter 20.021 mm
Dielectric viscosity 9.66e-4 Pa‘s
Medium density 779 kg/m’

Diameter of the neck 19.92 mm
Rotation speed 8 000 r/min
Eccentricity 0.8

Specific heat of medium 2000 J/(kg-C)
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Fig. 4 Characteristic curve of sliding bearing with different width-diameter ratio and eccentricity ratio
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Fig. 5 Characteristic data fitting relation of sliding bearing
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Table 3 Optimization of parameter values table

Parameter Symbol Specification
Speed n 8 000 r/min
Outlet pressure Py 8 MPa
Axial diameter d 19.92 mm
Eccentricity 3 0.1~0.9
Width-diameter ratio Bld 0.4~1.2
clearance ratio 7 0.1%~0.5%
Oil film bearing capacity F 5300 N
Temperature rise AT <50 C

7185 592 N, 5241 1217 775 248 NAHLL, P A
XA 2 7N T 5%, 1R A R T e 0% 3 2 U5 FS R AR TR
VA N L I R ST TR S N B !
36 °C, JH RS BB 2327 pm, K A 2R T A 11T 0 A
AR F. N T A T BB 1 B TR AL
P, R AT 2 Fil A g AR R DX PR R 7D, DASS R £
BT E AR R RE. W58, ZE BT S8 000 r/min
AT N AR AR 1) AT Dy 2R 2 T SRAS H R B
ARAR IR 7. SPRAS AR e 8mr 5 T Bl 1 et B 2 2
JR 58 MR A 5 1 FLT A X B 45 SR an B 7B s
M 79 AT LU B, i R E 7 A BE  R Ar ) 3
RT3 KA, 2058 W0 73 0 5005 5 0 4 A5 B F i
(B AR A 3A 2 — S50, R30I 52 31 1) % 25 2 A 1
K, W B IZ AT IR T 5 ) e i s 7 B F+
ey AR B A e G O, R R B e )t 2
PETE. 7R R AR ) B AR R B MR B R K, — T
T /2 B TSR FH CED I AR AU, 1) 77 V47 45 Hh ik e T
PETHT BRI R 23 A5 A7 LB B AR AR K, 53— T T & 1
DA Ff 22200 7 1k ieh 252 33 11 3ok S 5K e K e R T FA) B
M) 3 3k P 7 o 6 1 5 VR 1 L A vT e, i A AR
B0 058 WA 5 05 L AR 1R] iR 22 B KA
T 5%, B A SR BT SR O T R T S B
FE AT R FEI8 R 2E L AN [ v 2 il 2 AL 2 R Vil 14



518 L 538 %
- P
£
g £
£ E
= S
H S
E 2
Z =2
= =
@ =
- =
£ g
2
>
O
£ 20 s
2 15 iizione 'E
i R, £ |
o1 To eg e vty dey 2oy, N\ B
: RN
—_ IR RIAT. Z XN I’II
Ch 5 U
RALY 1) r K
5 & 7
g o £ 0 ”’f/f}“)\}‘“‘
" 400 = 05 ‘ 400
Ay Ay, o
gy 0 es™ it ey, 0 200 o pates ™
org, oordi® ", 100 5a\ c00F
ey, — 1
/7 c ', e, —0.5 0 iere {12!
My cirew
(c) Thickness distribution of oil film (d) Temperature distribution
Fig. 6 Analysis results of indirect optimum design of sliding bearing
Ko Mzl e iR
7 I ——Actual testing data
—— Filtered testing data 7 | —m— Testing result
6 M m ) | group 5 —@— Simulated result
R A A i gef
= 5 (WA ‘ PN MM group 4 L
X —
S 4 i fil S TN group 3 ;‘5‘
— - 4 L
S -
S Lkt 5 =
3 i TN T AT I AW group
2 [l bk WhHr group 1 2}
0 2 4 6 8 10 1 2 3 4 5 6 7 8 9 10

Samplig pointsx10~

Outlet pressure/MPa

Fig. 7 Experimental comparison of oil film bearing capacity of sliding bearing

K7

Burning of
bearing bush =

g

Pre optimization

No burning

and shedding

of bearing bush

T Bl i AR R RS B 5 SR

After o_ptimizaion

Fig. 8 Comparison of experimental results between pre-optimized and after optimized of sliding bearing

K8 HRALHT Ja 1 sl R R e 45 R b



55 M

PR, 25 TR0 F R 2R s Al R AL it 519

TR AT RAKER 500 hjg fxF LEEs A, AR
R, HAARIZE F A £ 100 hivf il G H I s im 2 1,
& BUR & SR, T2 Ak s i 3h
R, 20 FE N T 22 3% i AT B AR R, 500 hiffg
TRAIE R 1 SR AR S I BB B0, il b e L
PIELR Qb #iE 2] 1A e, RUIE
(i A& B A BT 0 TAEPEBE.

4 &g

a. FEAR Ll i Lo 3 A AT b = 3 2 1) Xl 2K ]
PERE RIS LA — € BURR & RN {H 23 Bl A& 7E [
O LV S 07 = i s G e s By IR R
B R o 1] T B PR 4 v g G [ ] B
EUTR I ol R FRD 7 28 77 o i 5 PR DB /D 1 3% T
/N, J5PEBE A L 2R A3 I B DL B SR AR AN AR I
W& e A LG n, AR ERE 0t I &%, H
A% PG A8 2> 5 B IR R R B, 2 AR T AR
SN EVAES Vg ishes:ilE SR

b. SR R T BE 23 B AR SR 1 K B e P e X
ARBEAT AL BT, P45 i D -0 3 90.822 4, FEAREL
N2, AR B B AR F 085 592 N, 5 1 2l &
PRI IR 115 284 NAHZE5%, BATBE 1iH SR FE. 1
A AR P FIR I T 2A0IR T 0936 °C, iR RE A
2.7 pum, BES ORAESh &5 4l LA K 2B EE R T RoA
LA (R i PR e B AR ) i e B R
AL Al 7 R0 0 A A9 AT e, SRR SO R
HIfLAe Bt = AT .

& &

[ 1] Zhang Shaoji. A review of aeroengine control system[J]. Journal of
Aerospace Power, 2004, 19(3): 375-382 (in Chinese) [Tk 4R 3E. fi %
RAPLEE I RS HIFT A S R EI]. M3 154K, 2004, 19(3):
375-382]. doi: 10.3969/j.issn.1000-8055.2004.03.018.

=

[2] Cen Shaoqi, Zhang Shaolin, Guo Hong. The speediness convergence
of EHL solution of sliding bearing and influence of the viscosity-
pressure relation under super heavy load[J]. Journal of Mechanical
Transmission, 2007, 31(1): 3-6 (in Chinese) [%*/D 2, 5K/ 4k, L.
7 2 2 e 30 et 7R B L 5C1EL DR WA B3R R I 8 B S U (], LG
2], 2007, 31(1): 3-6]. doi: 10.3969/.issn.1004-2539.2007.01.002.

[3] Zhang Zhun, Zhu Keqin. Numerical study of lournal bearings with
electrorheological lubricants[J]. Acta Mechanica Sinica, 2003,
35(2): 135-139 (in Chinese) [5K#E, & T0E). B IRAREIE 3K
BAGRTF[T]. F1554%, 2003, 35(2): 135-139]. doi: 10.3321/.issn:0459-
1879.2003.02.002.

[4] LiQiang, Zheng Shuiying, Liu Shulian. Analysis of the performance

of journal bearing with JFO boundary condition[J]. Journal of

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Mechanical Strength, 2010, 32(2): 102-106 (in Chinese) [Z53#, %8
AKBE, XWGE. T+ NIJFOIL FAR AT sh AN BE 23 BT (1], HLER
&, 2010, 32(2): 102-106].

Yue Yang, Liang Xingang, Xu Xianghua, et al. Simulation on the
lubrication system of diesel engine[J]. Journal of Engineering
Thermophysics, 2012(8): 1411-1414 (in Chinese) [+&FH, NI, 1%
P, S5 S R SIHLIETE R G sh 5 & A0 T[], LR
FH2AAR, 2012(8): 1411-1414].

Ogata H, Sugimura J. Equivalent clearance model for solving
thermohydrodynamic lubrication of slider bearings with steps[J].
Journal of Tribology, 2017, 139: 034503—-034503-5.

Zhai L, Luo Y, Liu X, et al. Numerical simulations for the fluid-
thermal-structural interaction lubrication in a tilting pad thrust
bearing[J]. Engineering Computations, 2017, 34(4): 1149-1165. doi:
10.1108/EC-08-2015-0209.

Cheng F, Ji W. A new model of water-gas turbulent lubrication for
analysis of the static and dynamic characteristics in a journal
bearing[J]. Proceedings of the Institution of Mechanical Engineers
Part J Journal of Engineering Tribology, 2016, 230(12): 1439-1451.
doi: 10.1177/1350650116635927.

Shi Xiujiang, Wang Liqin, Zheng Dezhi. Thermal EHL analysis of
aero-engine mainshaft ball bearing with dynamic characteristics[J].
Tribology, 2015, 35(4): 415-422 (in Chinese) [ 21&VT, F 24K, B
8. F BB )RR R A R S AL il R R B T ).
EERE2E2AAR, 2015, 35(4): 415-422]. doi: 10.16078/j.tribology.2015.
04.009.

Jia Xiaopan, Wang Wenzhong, Zhao Ziqiang, et al. A contact
fatigue model of helical gear under elastohydrodynamic
lubrication[J]. Tribology, 2014, 34(1): 814 (in Chinese) [ 54 /]N 3%,
Farorh, BE R, 55 RHAEE SRR N I 97 A ar it B[]
EE{ 2441, 2014, 34(1): 8-14]. doi: 10.16078/j.tribology.2014.01.007.
Dhande D Y, Pande D W. Multiphase flow analysis of
hydrodynamic journal bearing using CFD coupled Fluid Structure
Interaction considering cavitation[J]. Journal of King Saud
University Engineering Sciences, 2016: 1-10.

Yu R, Chen W, Li P. The analysis of elastohydrodynamic
lubrication in the textured journal bearing[J]. Proceedings oOf The
Institution Of Mechanical Engineers Part J-Journal Of Engineering
Tribology, 2016, 230(10): 1197—1208. doi: 10.1177/1350650116630207.
Gherca A, Fatu A, Hajjam M, et al. Influence of surface texturing on
the hydrodynamic performance of a thrust bearing operating in
steady-state and transient lubrication regime[J]. Tribology
International, 2016, 102: 305-318. doi: 10.1016/j.triboint.2016.05.041.
Hesheng T, Yaobao Y, Jing L. Lubrication characteristics analysis of
slipper bearing in axial piston pump considering thermal effect[J].
Lubrication Science, 2016, 28(2): 107-124. doi: 10.1002/1s.v28.2.
Naduvinamani N B, Siddangouda A, Patil S. Effect of surface

roughness on static and dynamic characteristics of MHD couple


http://dx.doi.org/10.3969/j.issn.1000-8055.2004.03.018
http://dx.doi.org/10.3969/j.issn.1004-2539.2007.01.002
http://dx.doi.org/10.3321/j.issn:0459-%3Clinebreak/%3E1879.2003.02.002
http://dx.doi.org/10.3321/j.issn:0459-%3Clinebreak/%3E1879.2003.02.002
http://dx.doi.org/10.1108/EC-08-2015-0209
http://dx.doi.org/10.1177/1350650116635927
http://dx.doi.org/10.16078/j.tribology.2015.%3Clinebreak/%3E04.009
http://dx.doi.org/10.16078/j.tribology.2015.%3Clinebreak/%3E04.009
http://dx.doi.org/10.16078/j.tribology.2014.01.007%3Clinebreak/%3E
http://dx.doi.org/10.1177/1350650116630207
http://dx.doi.org/10.1016/j.triboint.2016.05.041
http://dx.doi.org/10.1002/ls.v28.2
http://dx.doi.org/10.3969/j.issn.1000-8055.2004.03.018
http://dx.doi.org/10.3969/j.issn.1004-2539.2007.01.002
http://dx.doi.org/10.3321/j.issn:0459-%3Clinebreak/%3E1879.2003.02.002
http://dx.doi.org/10.3321/j.issn:0459-%3Clinebreak/%3E1879.2003.02.002
http://dx.doi.org/10.1108/EC-08-2015-0209
http://dx.doi.org/10.1177/1350650116635927
http://dx.doi.org/10.16078/j.tribology.2015.%3Clinebreak/%3E04.009
http://dx.doi.org/10.16078/j.tribology.2015.%3Clinebreak/%3E04.009
http://dx.doi.org/10.16078/j.tribology.2014.01.007%3Clinebreak/%3E
http://dx.doi.org/10.1177/1350650116630207
http://dx.doi.org/10.1016/j.triboint.2016.05.041
http://dx.doi.org/10.1002/ls.v28.2

520

L

%38 %

[16]

[17]

stress lubrication of parabolic slider bearing[J]. Journal of Applied
Mathematics & Mechanics, 2017, 12: 1635-1644.

Yang Yong, Wang Jiaxu, Zhou Qinghua, et al. Influence of surface
roughnesson the mixed elastohydrodynamic lubrication performance
of gear contact area[J]. Tribology, 2017, 37(2): 248-256
(in Chinese) [#1 55, £ 7, J T4, 55, SRS BRI 4 6 12
i D H R 1 ORI [T]. BE AR 2244, 2017, 37(2): 248-256]. doi:
10.16078/j.tribology.2017.02.015.

Pei S, Xu H, Yun M, et al. Effects of surface texture on the

lubrication performance of the floating ring bearing[J]. Tribology

International, 2016, 102: 143—-153. doi: 10.1016/j.triboint.2016.05.014.

(18]

[19]

[20]

Zhang G, Yin Y, Xue L, et al. Effects of surface roughness and
porous structure on the hydrodynamic lubrication of multi-layer oil
bearing[J]. Industrial Lubrication & Tribology, 2017, 69(4):
455-463.

Liang X, Liu Z, Wang H, et al. Hydrodynamic lubrication of partial
textured sliding journal bearing based on three-dimensional CFD[J].
Industrial Lubrication & Tribology, 2016, 68(1): 106-115.

Wang Y, Yin Z, Jiang D, et al. Study of the lubrication performance
of water-lubricated journal bearings with CFD and FSI method[J].

Industrial Lubrication & Tribology, 2016, 68(3): 341-348.


http://dx.doi.org/10.16078/j.tribology.2017.02.015
http://dx.doi.org/10.1016/j.triboint.2016.05.014
http://dx.doi.org/10.16078/j.tribology.2017.02.015
http://dx.doi.org/10.1016/j.triboint.2016.05.014
http://dx.doi.org/10.16078/j.tribology.2017.02.015
http://dx.doi.org/10.1016/j.triboint.2016.05.014

