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NUMERICAL STUDY ON HYDRODYNAMIC LUBRICATION CHARACTERISTICS
OF MICRO-DIMPLE TEXTURED SURFACES

S.H. Hong,1 J.B. Lee,1 M.H. Cho® and S.H. Lee”

Recently, the manufacturing of micro-cavity by means of laser surface texturing (LST) technique and low
friction study by the LST have been in great progress. Most of current works have been dealing with the effect of
cavity on friction and wear. The main objective of the present study was to investigate numerically two-dimensional
lubrication characteristics of micro-dimple shapes fabricated on solid surfaces, and this study utilized the commercial
CFD code (Fluent V.6.3). For the evaluation, preliminary simulation was conducted and numerical predictions were
compared with the analytic solution obtained from the Reynolds's equation. Mainly, the present study investigated the
influence of dimple depth, pattern shapes, and film thickness on lubrication characteristics related to the reduction of
friction. 1t is found that the existence of micro-dimpled surface makes it possible to substantially reduce the friction
forces exerted on the surfaces. In particular, substantial decrease in shear stresses was observed as the lubricant
film thickness decreases. For instance, in the case of the film thickness of 0.01 mm, the estimated shear stress
decreases up to about 40%. It indicates that the film thickness would be important factor in designing the
micro-dimpled surfaces. Furthermore, it was observed that such a optimum dimple depth would be present because
the dimple depth larger than the optimum value did no longer affect the reduction in shear stresses.
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Fig. 2 A Schematic of 2-dimensional single dimple shape
£ 1000 kg/m®, AL 001 Pas = ARG oM Hoge]
Q7o 27 digtew Azslgth T Wl BT &

5 U 1.0 m/s o9 34 &2 Fig. 24} Zth

.ol 2o 3 nE

Fig. 3> £ Aol x A3t CFD7| 9] eldA S 253t
7] Slstel 2 Aol A4 Aaket 7]1E¢] Reynolds'E A 4]
S olge AFAY1E o x| disl] dE wal & A
o7 34 Aaprt o 2 dA|etaLl Y& GAT 5 Sl

W3 Fig. 4= vAl HEo] Sl @l dis) 71Ee] CFD
A A e} B Aol ARESH CFD Z¥E s Hlud A
ojth. 1A gl o] I AEEH Ay Pl e
FAol w438 #AFHe & don 719 s A}
T g & dxEa 9SS & 4 ok

Fig. 55 W&o Fdd &&A9 FA7 mAe 4
A8 flate] e 9 Ar]d dis &A1Y FAE
WHshaA HE olFshs W AE-gHs Uehd 2dolt
s&Ae A= 242 001 mm, 0.005 mm, 0.001 mmo= A
ekt A HE BES] d7ek E7elA Adssiitt
HES FYANA T3] WolA= AFS wola e o
AL e 348 oz Qdk 4o HFo] Y& 9
Fob Eel dojupr] wiEo® Abwert 001 mmo| 5
Fontel st skl A9 HisdE & ¢ AN o
of B3] 0.005 mm, 0.001 mmi= sl Hl B2 T

o]
mme] 7 F 40%<] I A a9E FAF 14 Atk
78 FA3k Zlo)o] ] (H/D)ol i A= T2 &
of FA 9 JE9 Zolo| gk dA AFRA Zolo| H|E
1:50 o2 1A 4 A2 000 mme] S Ak
2427t A9 PAA 0.001 mmo] A9 AvkeHo] =A 7t

l NEEK.

B6E+07

— — — Presentstudy
Reynolds [21]

ses07 |-
L 72 N\
407 |- J

2

3E+07 |-

Pressure [Pa]

2E+07 |-

1E+07 [~

0 T ol — 1 L | - L
0 10 15 20
X [mm]

Fig. 3 Comparison between the present results and Reynolds
equation's solution for pressure distribution

60

= = = = Present study
P. Brajdic-Mitidieri [16]

50 -

Pressure [MPa]

@ s

8 5
T

A

N
S
T

PR SN N [N SN NI S T SR S N -
0 10 15 20
X [mm]

()

- - = = Presentstudy
P. Brajdic-Mitidieri [16]

Shear stress [kPa]

10
x [mm]
(b)
Fig. 4 Comparison of the estimated pressure and shear stress with
the previous study[16]

2]

agQ

oo

Mo

an

e

o
N

zolol uke Hole W] ddsHE
[e]



366 N 5 EHY

[foj22 8= \

1250 -
F without dimple
1200 — single-dimple
F === multi-dimple
1150
w [
81100
@ I
2 F
S 1050
] F
] I
@ 1000
2] I
950
900 (-
850 & P | | T
0.002 0.0022 0.0024 0.0026 0.0028 0.003
X [m]
(a)
2600
I without dimple
[ - - single-dimple
2400 —momem multi-dimple
I Vi [
200f byt : it
= F fgogl il
E [ 'Y HE
[ £ b 35 A
2000 e e
3 N N P
4 L b : il
2 1800 P H
- I LT [
n I i it
5 i i -
81600 [ Vi i!
o I icoh s
I R Y
5 [N i
1400 i; b i
[ THE i
: i by
1200~ Y i
—
L L 1 1
1O%O 02 0.0022 0.0024 0.0026 0.0028 0.003
X [m]
14000
I without dimple
[ ---- single-dimple
12000f == multi-dimple
i EERREEEE
[ BN REREN
10000 e
e [ A R A
by HEEE 1 i : !
2 8000 |- R I N
= i [ R
n I Pyt L
5 soook Ppad b
8 so0op EEEREEEN
» I Pl Pagogiogd
L Lo v
ERERINIRE
I [ oo
ity e i
i I A -
2000 Viodb Rl g b
I ) VoMV i .
0.002 0.0022 0.0024 0.0026 0.0028 0.003

X [m]
(c) )
Fig. 5 Estimated shear stress distributions for different
lubrication thickness ((2):0.01 mm, (b):0.005 mm,
(c):0.001 mm)

o % glor] Tk Zojdel el gagel Aebde )
& 5 ok

—&—— Without dimple
- —4& - Single dimple
—-—@-— Multi dimple

Drag Force [N]
N
T

| - T R T 1 L
0.002 0.004 0.006 0.008 0.01 0.012
Film Thickness [mm]

Fig. 6 Estimated drag force with respect to the lubrication thickness
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Fig. 8 Influence of dimple depth on shear stress distribution

Asfds - 4 = o gt
HE Zololl wE vhE A7 gl dis] E4ssith & =
o] A2 v 2tk



N 5 HEY 367

(1]

(2]

3]

(3]

[6]

[7]

(8]

(©)

—n

[} = B
Aol FA7F 0000 mmQD A F 40%2] dra

Tan7)e 23 ERlsklth

aa
s
=
(@)
a

J
[0 g
o[
1o
N
o
N
N
2 9
N
¥
i
£
=
X
NN
2=
4

L2 Hod
o o

S i o

to o ol X
o i

%
)

0 O
o

~ o
N

v

Art in Laser Surface
Vol.127,

"State of the

Journal

2005, Etsion, I,
Texturing," ASME of Tribology,
pp.248-253.

1966, Hamilton, D.B., Walowit, J.A. and Allen, CM., "A
Theory of Lubrication by Micro asperities," ASME Journal
of Basic Engineering, Vol.88, No.l, pp.177-185.
1968, Anno, J.N., Walowit, J.A. and Allen, C.M.,
asperity Lubrication," ASME Journal of  Lubrication of
Technology, Vol.90, No.2, pp.351-355.

1996, Etsion, I. and Burstein, L., "A Model for Mechanical
Seals with Regular Micro Surface Structure," Tribology
Transaction, Vol.39, No.3, pp.677-683.

2007, Costal, H.L. and Hutchings, LM., "Hydrodynamic
Lubrication of Textured Steel Surfaces under Reciprocating
Sliding  Conditions," Vol.40,
pp.1227-1238.

2008, Borghia, A., Gualtieri, E., Marchetto, D., Moretti, L.
and Valeria, S., "Tribological Effects of Surface Texturing
on Nitriding  Steel for  High-Performance
Applications," Wear, Vol.265, pp.1046-051.

2009, Guo, K.W., "Effect of Sliding Speed on Tribological
Characteristics of Different Surface Textures on AISI O,
Steel Irradiated by Nd:YAG Pulsed Laser," Ironmaking and
Steelmaking, Vol.36, No.1, pp.63-74.

2005, ADE, AR “EF 2 FAEE skell Al Micro-

Scale Dimple Pattern®] "F2H54” Journal of the Korean

"Micro

Tribology  International,

Engine

l NEEK.

Society of Precision Engineering, Vol.22, No.2, pp.188-193.

[9] 2008, A471, S, AW, AYE, “2e]s &2 sl
A Eraedel A8k’ The Korean Society of Tribologists
& Lubrication Engineers, Vol.24, No.5, pp.234-240.

[10] 2007, Ren, N., Nanbu, T., Yasuda, Y., Zhu, D. and Wang,
Q., "Micro Textures in Concentrated-
Lubrication : Effect of Distribution Patterns," Tribology
Letters, Vol.28, pp.275-285.

[11] 2008, Nanbu, T., Ren, N., Yasuda, Y., Zhu, D. and Wang,
Q., "Micro-Textures
Lubrication :
Relative Motion," Tribology Letters, Vol.29, pp.241-252.

[12] 2007, Rahmani, R., Shirvani, A.
"Optimization of Partially Textured Parallel Thrust Bearings

Conformal-Contact

in  Concentrated Conformal-Contact
Effects of Texture Bottom Shape and Surface

and Shirvani, H.,,

with Square-Shaped Micro-Dimples," Tribology Transactions,
Vol.50, pp.401-406.

[13] 2007, Ighil, N.T., Maspeyrot, P., Fillonl, M. and Bounif,
A., "Effects of Surface
Characteristics under Steady-State Operating Conditions,"

Texture on Journal-Bearing
Engineering Tribology, Vol.221, pp.623-633.

[14] 2007, Marian, V.G., Kilian, M. and Scholz, W., "Theoretical
and Experimental Analysis of a Partially Textured Thrust
Bearing with Square Dimples,"
Vol.221, pp.771-778.

[15] 2005, Sahlin, F., Sergei, B., Glavatskih, Almqvist, T. and
Larsson, R., "Two-Dimensional CFD-Analysis of Micro-

Engineering  Tribology,

Patterned Surfaces in Hydrodynamic Lubrication," ASME
Journal of Tribology, Vol.127, pp.96-102.

[16] 2005, Mitidieri, P.B., Gosman, A.D., loannides, E. and
Spikes, H.A., "CFD Analysis of a Low Friction Pocketed
Pad Bearing," ASME  Journal of Tribology, Vol.127,
pp-803-812.

[17] 2004, Almgqvist, T., Almgqvist, A. and Larsson, R., "A
Comparison between Computational Fluid Dynamic and
Reynolds Approaches for Simulating Transient EHL Line
Contacts," Tribology International, Vol.37, pp.66-69.

[18] 2008, wlelzx &7, “mAl HES Zlol7h Laser
Texturing@+ 38 22]=E wojgle] §85 WA=
F g FE13] FA) Shedls] =EF, pp.83-8s.

[19] 1994, Hamrock, B.J. Schmid, S.R and Jacobson, B.O.,
Fundamentals of Fluid Film Lubrication, McGraw-Hill.

[20] 2006, Fluent Inc., FLUENT 6.2 User's Guide.

[21] 1981, Cameron, A. and Ettles, C.M.Mc., Basic Lubrication
Theory 3rd, Ellis Horwood.





