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Velocity profile measurement of oil films in a confined gap based on FRAP
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Abstract; The flow of lubricant oil films in confined gaps of micro-scale is a significant factor to affect
load-carrying capacity of lubrication films in precision machines and micro-electro-mechanical systems
(MEMS). In order to research the lubricating property of thin lubricant film the paper established
through-thickness velocity profile measurement system and carried out a on-line situ measurement on
through-thickness velocity profile of thin oil film under confined micro-gaps, based on fluorescence
recovery after photobleaching (FRAP) and imaging analysis of shape changes process in the bleached
area. The method adopted an assumption that the fluorescence intensity is distributed and layered
along the film thickness direction, combined two-dimensional bleaching ability distribution
information varying with time to acquire velocity distribution of the film thickness direction and the
velocity profile of a 8 pm thickness of PB450 polybutene lubricant {ilm. Pearson correlation coefficient
of the experiment result and reconstructed fluorescent agent intensity distribution curve is greater than
0. 95 and the velocity profile conforms to existing lubrication theory, which proves the reliability of
the measuring results.

Key words: fluorescence recovery after photobleaching (FRAP); micro-gaps; lubricant oil film; flow

velocity measurement; Couette flow

Y 5 B #3:2016-05-10; 81T H #4:2016-06-20.
ESTB KA RR AR H (No. 51275252, No. 51605239) 5 LR & 0 75 h 15 4F B2 R BHIE Jih 3 42 % )
i H (No. BS2014ZZ004)



142 e KE TR

%25 %

e

| A

AR T T Ry B AT T O 2 —
I AETE T AR VL R SR Rt
AL VR ST e R ke A K e 4 i e RS A X
32 Bl 1 AR T 43 T DT U6k 20 JEE 48 R B A . O
AR T MRS TR AR AN K U L 48 7 i B R AR R
P T 00 72 B [ \ VA T A5 17 ) 5 T, S 0 R
T (14 % 8 40 A A B 7S DA T 5% ) Vi i 1 R
PRI, T Vi e o 5 A 1) T, o g e i v
R B R AL SO A MEMS A% 0 8% 18 25+ 7%
E N

7 X sk [R] B 45 A2 T 80 0 B 5 T i B R T ik
F 5% 32 2 4 o 7E B0 A0 JR) 42 55 90 50 UE 5 T
LRI B g A b, B E R A O H R R,
Leger fit it R H T 4 R 4F ¢ Y6 5 (1 & (TIR-
FRAP) Ik 45 T B A 4 U 3 1w i B 1 42 )
HZER D TIR-FRAP J7 ik 38 13 3T 37 166 345 I WL
U AT VRS L P S M R I g X LA O 3] ik
559 A T U A5 55, Leger 558 AR L 15 3 45 i
AP, HARAR T 2R E X — 4E5 B A5 2 .
TR SR G T B AR 8 I 2 54T AR
[ WDV 331 B T i 8 o L (=05 S i 2 S U5
IR v, A TAEAE B B T . B J5 » Cuenca
SR FH G T P 0 32 0 T 409 K ] Bt PR 37 A7 S o 97 sk
5 B AR 3 Jy 9R B AR . 2013 AR A [ B T
K2 Wong B4R A FTROLEAKE
(FRAP) J7 L0581 i i i 422 fk 580 370 il 3 o i S
JEL B 5 I A A A O ST A Y L D
BLI S, AR B R A5 AN AR A U Bl il R B
TR MEMS #5148l = 4 8500 TR B8 5% 20 15 8.
R SN 9 TR PR A2 S B AR R T 2 1 2 i
T RGNS A T — R R B A 1 F B9
1) T ol B S 0 T 9k o X I A 4 ok T A i T A
PEHEATHIT

2 FEIEm BT FIRE

2.1 XWRE

PR K 501 R G A4 e 5 11 ORI 7
JCHREL Dy 3T 45 0 Bk B i G VR R R A R 2
SRR A R R AN 1) FE R, e RS

a3 R OB UK OO0 B T8Ot K B O K .
i O ot R | RE NS B R0 1 B2 N B e 3207 03
A EOGHE 45° 0 1) oy 6 B S B, IR
5 2045 Z 5 CHR A 10 T W IR 430 7 AR 5 O A
IR AT 9, SO p IRl — M B R 2, &0
AL U8 H 89 CCD 2 Me, 1k 4 1 2485 i %
88 (473 nm, 85 MBL-11-473) /F B %, T
YETE TEM B2, D Fa e PR 1. 6106, il K 1
) I W 30T AL Ay 8 30T BRSO3 A 7 A — S R R TR
F Xk, W6 T8 BB LED Y6 JRAE ik & Ol I R
SRR 7 R SO

o Disk ¥
Velocity U
-]
Bleaching BE! % EF i1 | DM2
[ @) [ 0 h\ M
Illumination BE2 \b

DM | BF

@Bleaching
[Humination
Emission

C L'Dlj

(a) PENGITE 1 1R 52 34 ]
(a) Schematic of FRAP setup

0.2~10 pm

I

t,,

Disk ———» U

(b T 422 filh J22 2% 5 i s 72 [
(b)Schematic of Couette flow
B 1 SO0 A R I R S S 0 HE 48

Fig. 1 Framework of FRAP measuring system
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Fig. 4 Experimental spatiotemporal intensity distribution
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