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Correlation between Contact Angle Hysteresis and
Hydrodynamic Lubrication
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Abstract: Theoretical studies have proved that different solid-liquid affinity surfaces have significant effects on
hydrodynamic lubrication film. In general, contact angle (CA) is used to characterize the wettability of solid-liquid
interface. However a theoretical model derived based on thermodynamic principles shows that the potential energy
barrier of a surface is not only a function of contact angle, but also of another interfacial parameter, contact angle
hysteresis (CAH). By modifying the surface of the slider, different affinity interfaces were obtained. The lubricating film
thickness and the continuity of flow velocity were measured by a fixed-inclined slider bearing system using optical
interference method and fluorescence method respectively. This study thus evaluated the two, CA and CAH, by
conducting thin film hydrodynamic lubrication experiments with surfaces of hydrophilic and hydrophobic. Fundamental
relation between the potential energy barrier and CAH was discussed. The results show that the correlation between CA
and hydrodynamic lubrication oil film thickness was unsatisfactory. But CAH can better characterize the influence of

interface effect on the hydrodynamic lubrication film thickness.
Key words: hydrodynamic lubrication; interfacial wettability; contact angle; contact angle hysteresis; potential energy
barrier

TR S35, — R B e ] L 2 7 T v AT AR X VB T D A BT T A T LA — s R L
WP, BIAR T A AR I BB TR, K2 Ktk HLR GEas ME IR — AR ROR EE E90R B S
Gt LRER < TCiB 10 A 26 A (B R A O AL R 5 ARB LA K, 53R AR 5 1 BEHE ) SR 9K )

Received 9 January 2019, revised 6 March 2019, accepted 20 March 2019, available online 28 May 2019.
*Corresponding author. E-mail: best_hsl@163.com, Tel: +86-13165008113.

The project was supported by the National Natural Science Foundation of China (51605239 and 51775286).
R E AR I 410 H (51605239H151775286) % Bl


http://dx.doi.org/10.16078/j.tribology.2019007
http://dx.doi.org/10.16078/j.tribology.2019007

53 M

06, S R A R 5 TR S v AR SR T 341

AR TH G855 2 500 38 1F IR AR 19 R 5 9, It i
T A RN T RS AL A U Bl B i v L ) T RO A
FRAIFLI, 76X I T A O e ok R a0 K S T
RN IIN LA e

T, 5T 100 57 T i 46 A X T 8 B B B i 2.
Gi—HIAA R, ST 45 s A Eh A R R A [
A S THT PRI AL 7K 3R T A A R K, Vi R
SF K R AR Js2 . — AR B0 AT 75 3 I 4 o A K,
Ty 6] (RS B 70755 9 L2555 4 o B, AT 5 8805
i1 ¥ . Barrat25" [ 43 1 ) )1 SRR 05 1 A%
Bt 2 ik A (100 48 DT 388 o, 9 2482 i £ 38 3 140° 1 7
BB AEIE 30 T EAARIK . Zhu5 e 400 14
o SFATE I & T A KR, 2 i i I SR
TR A BT S B 22 i A1 A0 38 KT 386 0. Choo 2™ 5%
B fulem A TIE B HE AT T AL, e dE K R H
(1 B 45 73 K LG TS /K 3R T BE ) E B2/, X — 45 A
K FEBUK R RAE T RmEE. SRS R T
Bz o £ 7 F X 2R THD VR 38 Bh 4R P B A T RE I 2
il 2% T B AN [F Ak A i S R K R T, 45 SRR B
T ok £ i i B KA PR RE RN R TR BE AR 261 R, B
W o AN O R B O R R I L
T B P o S R OEAT 1, R 2R B LA R R T I
A PR T 7 A 1 e R JE P 25 v, 2 1 T P A T e S
JE A B R R

RTTWE 5 LR 57540 7 J& 10 45 2. Bonaccurso
VR 00 BIF e 2 W VA B 2 7 5 4 YV 1) ] 4
T2 H I 5. Bongaerts™5" 1R 56 2% B B /K
THT AN 23 5% W0 S 00 0 1) R % R, SR TE 3 S i
wh, B 2R B A B i A RN T3 K. Cho% !k
B, 2452 fi A7 AR X 55N (N 10°~40°) s, =l A P4 4k 1)
T B K T o 2 Ak A 0 /N TG kD AR T, X RV
R H2 fi £ (AN 60°~100°) (14 AR 12 A4, g 2 K B R 422 fik
a2 (A BE Rt B il I EGCiA 2 1 et 3
I R L P AT S B R AR H A A R S AR
SE R EESH. WangZ5 TP R 7 — R Lok
A0 300 7 SR B VR R TR B 0 B, B 58 Ah R b B
BT E] P38 o, b ¥R 40 R B0) i IL0° 21 90° 2 1] AR AR AL,
B fid M AU T £910%. BhushanZs™ (R80T 5 K
LK TESCBRAC I b T8 B e f AR K, SR T K AL
IR 180° J5 /K AT 4R AT LB EEAEAE e 1HT L, [V
T FER B AR i, AN 78 5 = AR ST R L. TR, X
ASCI I 2 A SR R R A BB TS TE AR R T R AR
FE 2 AN UERIT).

R G T X R S e ) R B T A e A
— B AR sh A I AR A R B A E SR
R, Tl A 0 B — RS IO R, S A e
FERTHE A (00) 5 5B (O I ZE A, & — A shA MR
FE. AR T I RERAB I e T I E 13 ae 22,
W S A A I R, A SR B AE T R B R R
W2 THT 55 B 22 AN DUR #2210 R K, B R ek A )
147 bR K. ASTIE E 0 H 3 I bR A Ay B ik A7
J5 5 LR Bl e T B AR DG, $R 3 5 ST A AR
RN B 0 5 T 2

1 RIEIRH

1.1 FoNERE

ST 95 T 2 fd v O 00 2 B 4 P
Frm s Bl BT [ AR DO B A Cray 6+
SIOL 5 JETE 1) T B, WOLOGIRZ T 25 Hiwe b 21 /5 72
FAN TR bR A SR AT S, AH RS R BT
VORGSR S E B I B B A
F. B A 4% IR — R B A B, e B N T I v
5 P w2 (A LT (R BR, AT T B30 s R0 R4 e o
B A B JEE R S5 N R g, PP VI RECR )
BEFF.
1.2 AR R &M

I8 BT e B SR K OB 3, B B AL 78 R 1H]
AR R AR AR R (Cr+Si0,), S I 3R 45 il 7E
20%75 A5, FTHHLRE 2 R, 4 nm. FH IR i 3 B e i
R ~F 384 mmx6 mm. 54 3 Bt 4 5 N Steeldk |
SiO, . FASE. AFH. SiO,+AFH, 1 B 2 1 i) &b ¥
75 AR « Steel A4 8L A GCr1 5% A& 4N, FLRE FE RN
8~10 nm; SiO, B & 7 KOBY B 1 L 1) TAE T 9%

y
i
Aoy s/ / //
Beam | = ° /! /Y Glass disc
splitter
‘."‘-.._'_ R
Microscope ]_
| CCDI
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Table 1 Properties of lubricants used in the test (@22°C)

Lubricant Dynamic viscosity, 7/(mPa-s) Refractive index, N
PEG200 59.7 1.46
PEG400 112.7 1.46
PEG600 160.5 1.47
PAOI10 122.2 1.46
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Table 2 CA and CAH of the PEG lubricants on the slider
surfaces
. . Contact Contact angle
Slider Lubricant .
angle, CA/(°) hysteresis, CAH/(°)
50.3+32 28.9+31
Steel PEG400 -23 -63
95.3+32 13.5+19
FAS PEG400 -2l —44
86.7+0:8 28.8+28
AF PEG400 -L7 -3.1
26_7+3.8 33'2+1.7
Sio, PEG400 -7 *2[-15]
+1.4 30.38*%
SiO,+AF PEG400 87571 43
54.6+14 29.4+23
Steel PEG200 -1.6 -27
102.29% 10.8737
FAS PEG200 -l -2
47.5+30 30.5%2]
Steel PEG600 -0 -32
94.1+19 11.2+21
FAS PEG600 16 -26
70.24—3.3 22.54—247
FAS PAO10 -22 -26
AF PAO10 57.6%%0 27523
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Fig. 2 Dynamic viscosity versus time of PEG lubricants
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(a) Steel

Fig. 3 Interferogram of different wettability interfaces (PEG400, Steel/FAS, w=4 N)
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Fig. 4 Film thickness vs speed(PEG400, Steel/FAS, Steel/AF)
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