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NUMERICAL INVESTIGATION ON HYDRODYNAMIC LUBRICATION CHARACTERISTICS
OF MICRO DIMPLE TEXTURED SURFACES

Sa Hoon Hong;' Jaeung Lee’ Min Haeng Cho® and Seong Hyuk Lee™

This study deals with the numerical investigation on two-dimensional lubrication characteristics of micro-dimple
shapes fabricated on solid surfaces by using the commercial CFD code (Fluent V.6.3) to examine the influence of
micro dimple depth and width on the reduction in friction under the sliding plate condition. In addition, single and
multiple dimple arrays are simulated, all for a fixed area fraction of dimple on the surface. As a result, it is found
that the existence of micro-dimpled surface makes it possible to substantially reduce the friction forces exerted on
the surfaces, and such an optimum dimple depth would be present because the dimple depth larger than the
optimum value did no longer affect the reduction in shear stresses, indicating that the reduction of friction is likely
to be associated with inner flows of lubricant inside dimples. Moreover, it is observed that at the fixed area
fraction, the friction reduction increases with the increase of dimple diameter.

Key Words : AAH-31 < 8HCFD), Al YZ(Micro Dimple),

=2

—

1M

N
i

Jol

=
i
)

ol A ARREE HRe] VAR ES BEE 71

°l AOH WA= vk Aol of g vhee) v
& AAshs Tad aclo] Ak H, F

ol o3t wheuA]

%0%11 gom aRIEAe 5

I e S N 91

1 Y3t 7+ E,u] 2 0]

[}

=
=]

=
2
ro,
Ho
ot o

o

o
g >
N
o
o ml
__‘\’_‘,

I~ [e]
A4S

=2
2

]_

r.&E-{m

-
N

—

4

£
ek
M

1 o oX
o
ox
>,

EHUNIO

o

o

ot 3
=2

=)
z W
mi:‘

4

p T om >

—l?l

N
-

+

o€ o o I &

Jpw

Lol
HFE >

0%

oflt
ox

9] h=A U]xﬂﬂ. 719
oo AFTFoZH vIH s =

Bl o oro oo o = o> do o pE o

=)

] O

d: 20099 11¥ 304,

g 20009 9¢ T4
AR A e 2009%1 12 4.
1 38l e, Sgdsta thed 77583t

2 A3, Fgdsta 7A

* Corresponding author, E-mail: shlee89@ cau.ac.kr

O SLE X

=

2 7}

d(Lubrication), vF2 7+4(Friction Reduction)

=

(surface texturing)ell cf

Eﬂ/\x%‘vj 7]_51 s ]

by ol

goA EaAY 7Y 4
W 7keol Zhsebe dolAel AwE
2 GG Aot Thed A 7P<l
AT ofe]tH1]. Fig. 12 ¢
ol 8 ke Gl W s BelE
A F9 ElaA o] Fdol vE Gl gk A
T7F EebAl 18 o] $ich Hamilton 5{2]2 33 = 7
o] Hoo] 7|44 Wi(mechanical seal)oll th3t A& A=
JPate] wAl AR Felell o3 ¥4 g2x8 a9E &
A&tk Etsionz}h Burstein[3]> TFRA S wlAl g mj Dol
gk A BE 548 BAE] 8 golA] xW ElxaA

37158 B2 498 Tasson W 9

pad

o] X
P

121
1

3
=
1:

051
O?L
S

2

Z 1o r:io

ot
=) Ll
2o —

i

lo,

N

2
ofr
o

32

&

e
2
k)

ru

. B

o]

Iubrication)
Hoﬂ N

=y
o



A A1494, A43, 2009. 12 / 57

5‘4% Al HE Gl tiE &8 Al tig A= A
3 AT} 3 A Ayt sl A Foln F=

] 1=2=(Reynolds) AL o]-&3 s ATF7E di-Eolth
Ren &5[6,7]2 |@&¥ 1FH

Fat ARl wAE -8k3ATt. Rahmani
S8 D;vl ?9} ?:‘O], HE o]} Eoluje] e 2
, ghil 519 A2 wlo]g]
75l ik RS
7, B o 2

OL
1o
i)
mlH
(o3
— O
N xa
2 |o
)
rlr
TS 4> 5 b

oo‘I
il

[
Rt

)
=]

o 2
o nlﬂ
.
gt
ol o
2
£
b
ET
o S
el

Ay T A
gk £ el
d’\‘_%ﬂl‘%j" & o
Sahlin {10
o w& lQ‘x_J’]'—‘ A4
A A slso] AR=
Lac HEe] Zlo] 2 $iAel]
HZo g5 7‘4’\}511” 71%‘3% o]-g3fe] AEIL F
ol el ZphersE JE WY gHAstel o
(cavitation) & go] LASS ERR1819 ). Fowell 5{12]2
el o] - heEn) sobd A F 79
FA7F B, o= <l
teol F7tete |HE ade
HAol A T2 AREH AL o= d
Ak M-S 7P<W Ao

ol
© o
og{:v
i e
>
9
lo
Ho
=} ¢
Ho
ol

© o
EL
2

ot
o
=2
N o
i r_o#
:oll:t
1%
o o
rlo
—U i
_?L ofl
2 ox oo rx 2

1o
i
i
=2
REI
A
kof
e
i
o
iy
[N
—(>

%
iy

2 N

lo

d

> ol

]

© 1M

n ..o

)

m&

o

J}m

nn ol Ho Ja Y

O 2 o 2y ol ot rlu nlo

o,
1o
= o2
i)
s}
o
Ho
et
2
ol
jins

o frigo] F7hete] A
[e]
A

A
o

pa)
o
X
k)
T
o
r

g off g

FR o -
FE
M f
s
?2
rlr
o
Jo
é
y
Zi
ot
)

&

4 P
0
o
o
4 to,
2,
Hi
ofl
off
ol
Jo o
2
=

offt 1o
o
oot
ftijo
fd
I tfo
_O‘L
rir
oM,
j[o
ot

P
>

3 Aread

(@) Single dimple

P LT

(b) Multiple dimples

Fig. 2 Sketch illustrating multiple dimple shapes on textured surfaces
for calculation
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Fig. 3 Schematic of different type of textured surfaces: effect of
different dimple width on lubrication
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Table 1 Specification of dimple geometry, sliding velocity, and
viscosity of lubricant

Total length L (mm) 05
Fluid film thickness H (mm) 0.001
Depth of a dimple D (mm) | 0.005~0.15
Width of a dimple W (mm) 0.05

Velocity of upper plate U (mis) 1.0
Fluid viscosity 2 (Pa-s) 0.01

Fig. 4 Comparison between the present results and Reynolds
equation’s solution for pressure distribution
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Table 2 Simulation conditions for different dimple width at the fixed

area ratio
No. of dimples W (mm)
Case 1 1 0.1
H =0.001 mm
Case 2 2 0.05
D =0.05mm
Case 3 4 0.025
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Fig. 5 Comparison of the estimated pressure and shear stress with the
previous study[11]
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Fig. 7 Influence of dimple depth on shear stress and friction force for
the multiple dimples
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