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This study focuses on the interesting microscopic flow phenomenon of viscoelastic fluid
flow, which is generated in a microchannel. By using confocal microscopy and
micro-PIV technique, we have successfully visualized the microscopic fluidic structures
(“micelles”) formed in the flow and measured the complicated three-dimensional flow
pattern. The results clearly indicate that a couple of worm-like micelles are formed in
pairs and the surrounding flow shows three-dimensional behaviors even in microscale
and at low Reynolds number. This study suggests the possibility that the viscoelastic
fluid might be available for functional fluid control in microfluidic devices.

AEA IR AE
(R - 1)
[ERESEN IR 2L & &t
200 84 2,600, 000 180, 000 3, 380, 000
200 94 700, 000 210, 000 910, 000
FIE
FRE
I
&t 3, 300, 000 990, 000 4,290, 000

L T I I
BHFE D4R - fH - B T2 - RN T
X—U— R ~A 7, KR, Micro-PIV, I SEEMEE, ~ A 7 aF v %L

1. WFZEBAE S 1D 5

~A 7R — VBT DI “u
TAS” (Micro Total Analysis Systems) ZE®D
WFIE - BB IC BV THRD CEE e Hifo—>

ToH 5. uTAS O X5 2/ NI T N
A ADWFROLBIESFE T T~ THAE (&<
HAR) 2 LT T D12, ZOHRIKD%E
BTN EMEN R LA T HRE 2



BRDO—D>ThbH. D=, HhB% % E
IR L, ZVRMICTERT 2 2 &2, BifE,
EMERE R T NA ARV AT AEET D
WOHXLR->TWAS, LnL~A 7 abi
TCIEAEES LCRIATE NS
MRS DT, HERER « ZhRA 72 IR O #
VERPHIFN I L CTAES Tl 0.

& 2 CARHFGE CUORE AR U A D R B 7 26
BYCTER Uiz, REMERIR &1L, & D5
Rzxtis LT AR « TEMICA A 7 pkne
PE ZRBT 5 HEEMERIK ) Oo—>2Th Y,
ik LB O T OME A AT 5. T OFK
N 54 AW SIS U T 2 LR E R
MER OREIER, RO ERE NS ToF ) A
=N Dor T REERE TR L, ¥ENZE L
7O ARBE LI035, TORE, SF
FE MBI ERE 2T (K1), 2%V
WAL O AW I U TEOME 221k &
5. ZD®, IR CHLS
Z I C X D ATREME S . KRB AR,
BN OREKUK 7 &~ 7 v g it R Tk
FEREMEIRIR & L Cily < v b T30 72 0 L A
FTRTONTNDEHEDD, FOHELA T =
RLFTWEFZH OGN TIZRW. Z0HEHEIE,
INHOMEORFRLZFZEBHORINTH S
BAREEN T ) A — AL TH LD, v/ n
A — L CILEBR B 7 B2 0 FH N IR A 23
HoT-MHETHS.

2. MIEOHEM

AR BIE, RSP S  T R R e
MEH SR~ A 7 0 A7 — W IHK L LiAH,
~A 7 v R OB IEHINEZBRET S

M1 ~A7aAr—nilBitb=a—hrv
VAR & REBAPE TR O 2B 01E N
(a) ==— byl (b) RhopERIA

B2 mELERBE XT L

ZLT, THETRARP-T-HE, T
ERDOTFHBEWLNITHZLETHD.
ZTITET, v 7 uBRE I 2R
PR O REIER S, L ITEAWELE I L
RS AR OBRZ I ST 5. SRR
DA EFHAT D 2 & T, BRI AW A
WMERGT S, TSz T, e tEED
I L - T, EXICEFDOREETORE AN
LBHOIBALOREZHLNZTS. 202
DOFEREFMBEDEDZLIZL- T, A
Wrig & X A EORRERHRS LT
X5 TTHD. EHIT, TOBHE (FAM)
SR E AT LR S S ERRBERE RN
BRI L CEITT A EIck
T, IFEIFREAWHICE TS I S
RS,

3. WDk

FOEBE 1T Micro-PIV & 27 A, £7-1%
HfE S Micro-PIV AT AZ WA, 215
DY —=VERANBZ LT, v~ aAr—)L
(BT B FRE AR A ZE A I S 2 &
NTED, OFICI VB RO
WL, 8 OEYEE R U7 md e
2ZyEAFIRT S (M2). REMEmREIcH S
NUDENOESFENBSETEBL L, |
N TFHAMTIT LR - T2 sk
ERATIC DRI T REEE L T T2, &
WBZERIC L > T I BAMELEZ T 5 2
ENTESD., L THESHEMES AT L%

3 Micro-PIV 1 X O£ S ERICH
Wiew A 7 uF v FVOWBET A



ANEZ LT, v~ 7 aifiBRNICERESND
2 B AEE DSR2 SR ST AR
THZENTE S, ZD X 5T Micro-PIV &
A & e S BIE Y 2T AR bY
HZELILEoT, I eAMEREZDEFD
TREAG & PRI L, ~A 7 aifiEmIic
BT D REMEIRENBLR 2 55 2 &
MTXD.

BE R AR & L C S G MR A AR IR
@O TKRKEBERER W, ~ A 7 o
NI T BRI E B B G e )&
{72 & B T o B & gk < T
L7, AIGALEEBRH~ A 7 v ik
BE LTI, KM STFREDH
MR 2 HG IR E LT A D
PDMS #l~ A 7o F v x V& H -
(K3). Z Dy L&~ HW
HZ LWL, KikE - RImESRMT
RSN D DD, Tk o2tk
MEFREBIZIEWEZTE LNV R %
fEAZ L CT&x5A. ¥ 3IZ Micro-PIV
A E T Kk E, I EAMBED 3
Wt SBE AT o o E R,

4. HFZERE

X 3DKEI 7y UEEREE RS
Z ik, R E - ARESEM FIZR S
5 DO, T e T o3 i E FIR BRI T
WZTE LN BEREEDL Z LTS LT
T2, I BMEEOERSCEMEREI &V o7z
FEHME BN LS E 0 T KRR L 0 b A
EEAIZHAWEZSAEOFREETHY,
Micro-PIV THLEFHH 21T 5 AWFEIZI 1T 5
TEEN AR & U CIX R miE Al 238 L T b

-

(b) 3-Dimage”

M4 SERBEEE AT AV
HEE R O =Rt PIHAERE R

TR TE .

B 4 (2 SBEME AT LA 2R L
2 B UREER O AT RS B A R T, FRE A
WEBE T AT b O ESNLE % PR O EE D
FHETBBSERDNOEEHRE T2 &
2L - T, MEEERE ZRTIZAT Y L
TW5. ZORESE, FEEMERAETIRA S
TeHEN TN B EESICEE ST, TD
T2 BN L TV AREFRbN S, -
MR LAEEDONRIZE > TFHIZWD
CIEFERESFN I BAEICEN S
N, XToido&v Itz il
fbcxrZ @R UEXY,
HESEMBES R AT LAZHND Z
LI Lo T, A7 afiBNICER ST
L EERE SRR TCE N
FIES LT~

EHIT, FOIEBANDERINA T
% & FF  Micro-PIV | EB 217 > 7-.

Haar te: betaem wall

g

s

TR

] .;_'.l,-‘:_:: !
dizrle 1=

AMLRG T8 2EntEr

 §

Adpeser o
=eE k%% iy
L . ! H

N

o .
'

ez the lop Wil

1l
2
|

i W

R TY Ty F T
Jr=1-4]

P

?. I!:' R o
| = PR l,-:’ 17
H [ b E—
Miczllz: part ¢
5 Micro-PIV IZ & 2% I B /AAEERE D O
AT R O R



M5IcEDfERERT. T2 TIHIRE
Emar <, KPR, K Emiik< o
3Wrmick j’Z)//lLJE TR LTV A,
ZORE, I BAHBENTOE W

*?D%ODHI’ZEIEIDJA?B’JZO HRETD
S RIN DR MR T HZ &

MTEE., ZOHRENS, A4 7 2 ik
iz ihe %ébtiﬂw%%%ﬁ;ot

FNEBET D X OICHEBEORKN TN
HZ LT3 Ykﬁlﬁ’ﬂf“%ﬁ%&@?ﬁﬂﬁ%é
LTWBZ ERNbnb @;5@@
MEZR BN BB, VAL I

HIBEMRESCERREICSHTE S &
HMFCcE 5.

5. ERRERLE
(BFFEAREEE . BFSE 0 $03 M ONHLEERF 223 12

ES )

UdEssam ) (B2 14)

@O F.-C. Li, H. Kinoshita, X.-B. Li, M.
Oishi, T. Fujii, and M. Oshima,
Creation of
very-low-Reynolds-number  chaotic
fluid motions in microchannels using
viscoelastic ~ surfactant  solution,
Experimental Thermal and Fluid
Science, #r#if, Vol.34, 2010, 20-27

@ S.-W. Lee, H. Kinoshita, H. Noji, T.

Fujii, and T. Yamamoto,
Biomolecular nano-flow-sensor to
measure near-surface flow,

Nanoscale Research Letters, &ii A,
Vol.5, 2009, 296-301

(FaRR) GH1 1144)

O HFAMRE, KTHEZ, UNE—RE, B
x, @@Lﬁ@%%{x@{)mf VT EAE
Lie~A 7 vaiitihT A ZADB%, % 10
[ (#f) FHRIEEHIE S AT 510
T L— g CEMEEE (S12009),
2009 £ 12 A 26 H, B

@ H. Kinoshita, Y. Sakurada, L
Yanagisawa, T. Fukuba, and T. Fujii,
Development of microfluidic
manipulation system based on
miniaturized electroosmotic pumps,
13th International Conference on

Miniaturized Chemical and
Biochemical Analysis Systems
(MicroTAS 2009), 2009 4£ 11 H 4 A, #
I,

® KAEHE, KBEV, KTFHZ, M
I, IV, 2 RILE S~ A 7 7 PIV
LB~ 7 TFEIry 7 vailis
VDI A R O fREA, AT
S EEF2CRIR 2009), 2009 4F 10 A

24 H, [LU¥

@ H. Kinoshita, F.-C. Li, N. Oshima, M.

Oshima, and T. Fujii,
Three-Dimensional Visualization of
Microscopic Fluidic Structures Formed
in Viscoelastic Fluid Flow, The 12th

International Conference on
Miniaturized Chemical and
Biochemical Analysis Systems

(MicroTAS 2008), 2008 4£ 10 H 14 H,
San Diego, CA, US

® M. Oishi, M. Oshima, H. Kinoshita, T.

Fujii, and T. Kobayashi, Investigation
of Interaction Between The Flow
Inside and Outside of Micro Dropleft by
Simultaneous Measurement Using
Multicolor Confocal Micro-PIV,
International Symposiumu on Flow
Visualization (ISFV13), 2008 4£ 7 A 1
H, Nice, France

(XF) Gtofh)

(PE 3 P PE M)
OiiRdL Gt o)
Offsikdt (G o)

6. W

(D) WA

AT Wiz (KINOSHITA HARUYUKI)
FORAR: « ZEPEBANIIIERT - FREBh 2L
F5e# %5 : 40466850

(2) WHFEsy 4
®mL

(3) LN FEA
mL



