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3.1 ¥R

KETIX, IV RT —UHEKZ M U CERI L 72 BEEDEEEHOE I D TR 3

K 12WRL7&HIC, BEE TIE MEMS R—2D+ v 4 uPIV Z{HH L T, HEm
Do H~BE pm BN (B OGN Tw S, 1 EHTHIBRA LI I,
2 A 7 aifE TN RICRESI NN R T — Lok R T 2 £, HREEOBAI
P9 O BESIR LW EBOGAIR £ o DB D, B - (LEIHT~DICH D HEIC
Wz EPHIND, Z2D%D, BERLFEORBZEHIT 2 2 L1, RERKIEEOHLR %
HET 2701Icb —~JHEEERS, 210, XFEMARDNEZHAET22012), 3
RIGEHHIDIAEE L E 2 55, 2 2 COARWIZETIE, HEE© 3 X0 3 T E 2 m g
%% APTV % I\C X » THEALE SR O FHI2SATRE D ERE 5 2 L 2 HIWIZ, SV AT —L
DFAT RS 2 L TR 7 A A IS I | % BEFITEE Oy & GHl L 7z,

3.2 KEBRERURERAGE

B 3.1, 3.2 AT L 725H5%R M OV OB 2 7397, i L 72 APTV & X
FAhIE, ELVZAT—Y2BRE, M220) ISR LEbDERUTH S, FlsHik kO
BRI 32IRTHE) TH 2, i, Hw=20mm, HIh=2mmD7)NIHD
SOEMHL 7. FHllD7-012, MEEEEICIEES Imm DAT A RAT7 AZMHHL 7%,
AREBCTIHNRE T 2D1%, PATPRIRHKICE T % 2 RGA 7 AL 2| cdsb, o
0 z HAOWEIFE R TH S, EE d, = 1 um DHOLK T (FluoSpheres F8762, Life
technologies) % iBffiZk (Direct-Q, Merck Millipore) 1ZIRA L7 b D% (EBhfifk & LT
L7, 2LT, ¥V vYKRy7 (PHD2000, Harvard Apparatus) %M L C, Jid Q %
WL 22863k L 72, £ 72, WBEDKIIER Dy (=2wh/ (w+h)) ZfAERI EL, L
A 7V ZAE Re (= UDy/v, U: FHEFE, v: BIKE) = 1 ~ 5 OHiFH TR ZEREL 72, K
TRFELDEZL Y 21T 5720, FHUEGRN TR FREIMEC &2 X ) IR Z % L
7o, MR ZFEHT 272012, % Re BUTEBWT 5000 7 L — 2% 45 fps THEE L. 728,
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£ 3 B BE 670U I 3.2 SR L OV IS i

JERIc B 2 EXR L, (= 0.065ReD,) Z#£ME L, ALY S5 cm B 7255
TEHl 247> 72,

2QETRLI XIS, RFOBITMEL, Z0D L EDGIIRE NIEAT 3 72 oIk IR
BaeHGT 20823 H 5., COLDICARETIE, 2ETRLILAHEZEHT 2, 2D,
BEANC A2 L 7B 7R3 F = —3000 pixel? B L 72 3 X 9 12 L CREFI DA IE % HEE L,
AR 2 3E L e, kB, BEE LT O b L — RO EBEGRE I T 570
BT AEER % 2=0 B k) IC Lk, 7, iR % 348 X261 x 20 um® &7 ﬁtt
APTV (2 X 2 5HIFSE R D242 R § 72012, uPIV IC X 2 G Of5 5 & s L 7z,
uPIV 12 X o THEZFHAT 2 B21%, APTV 02206 CL Z2HUD bR &, H0OLK OB
R, 2 LT, BEHD»S z A L CGHRESZ XX v v Lo 5Hil %2 F
L 7.

ZOLE, MEHTORMEI H) DENEFRE 0P/ox L T1UL, 2 RIuHR 7 XA L
T E O TRNSF A DOWE u B3R (3.1) THE S N5 [100,101].

u(z) = i(h—z)z(%) 3.1)
B h, MEwZ2EET 5T
0= fowdyfohdzu(z) = %(g—f) (3.2)
L%, 20w, X E1) KR (32) X P/ox #iELT,
SZQ ( %2) (3.3)

Z AT D 2 RITHR 7 AA LN DFHE AT OB & L, APTV I X > CHIHIL 7= fE
LI L 72,
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Fig. 3.1 Experimental set up.

Fig. 3.2 Parallel plate channel, 4 = 2 mm in height, w = 20 mm in width.

3.3 E:EE 1750)0". n'l'l 'J"f*%
3.3.1 APTV & uPIV OFHAER D LLE

X 3312, EBRICHBETZHRNK %2R, TN Re=4 DL ZDORTHRTH
D, EEGICN L TH Y RRIENOIA T4 7y 74 MY 2L 2BOEERTHE. 2Dk
) kb TREGZIIICEE L, £7L—AIcBLTH TTROBELMIERZ Ty XY
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2 3 B BEIRDE BRI 3.3 BEHIVTHE O ptas IS SR

L CHR o 25 L7, X 3.4(a) ~ 3.8(a) 1T, % Re BB WTRE L 28hi 1D

W u R KX 2 MEDO D E AT, 22T, ulmiEEE U oL Tws,

F, ACHICL2HwmMAE DL, 2L E, BUSG L &R T ORIk, Highk

EFBRIZ z DBEINZFES T u A DEEMT 2 L W) HADHERTE 5, X 3.8(a) 1237

Re:SOT?—J<~kaC 7z =18 um FHEDFEIRICHRED 7' 1 v b DHER I LTV,
ERHAITRIC C ORI A E BT BRI OEE L ol b EEZ 6N D,

H%HE}@{JIL u I, X6 D ENMERI NS, X 3.4(a) ~3.8®a) &b, Re B
IMZES Cu DX 5D ZEDWEINS K o Twd, RIFZETIE, RAROBELIEX
Y7 VKEECHRE I NS, HOIEDEND, FHEIIKE WERE 10 pixel, 2
INZ ORI 1 pixel TH Y, FLD 0.1 pixel DIEFETIRESI NS LIRET B &, HiE T
L FAEE DO PR ER LI U T 1 % BRETH B, 2L, BETIEHEAE
2310 % FEEEIC 72 5. Z D 7@, Re BOBMIZHE> THEHDHEA L 72 K558, 1£6 2 &Il
WD &) RHAPLEC T EEZ OGNS, AEBTIE, FReBUTEWVTASfps D7 L —4

— P CiREEFEML T3, fps OfEZ TP TREZITAIES 7 L — Al W TOhir
oM EITEEML, EREDHSZIZETTELEEZ NS,

B DFEDIE S D Z B L T, BEOEREDRAEILE 4 1 pixel (= 0.363 um) FREE
ThHab, ARXTDT7L—LL—1L (451ps) 2EET 5L, u=+16.5um/s FEDTAEN
AL EPREINSG, FHIIL 724 Re BUCE VT, BRRGEEE u/U 232 O (H 213
Re=4 Tu/U =+0.014) IZINEF-oT»3 Z L 2R L 70, Iz Db 0I3#EY)IfT
bhitwa EEZ6NS,

ﬁ:,%R@ﬁ*%wTAme;oTW%Lh¥%u&ﬁ@%ﬁa,mwng%ﬁ
WSS S OB GRR & Hi L 72, Z D%z, X 3.4(b) ~ 3.8(b) IZ/”" T, APTV IC Xk %°F
Y9 u BAr 3, %zu%Q_0123 c)IZBWT, Kzl < 0.5 um DBRRED u 7%
L7z bDTh B, £, T7—N—13K  MEICE T 2R (x0) Z LT
5. ZORHEED, 3<z2<20um TV w3 D z TS 55954013, pPIV I X 55
NF%&U@ e RC—H|ML T3, ZolE k), AT L A APTV > A7

2 X ZBEEDLEF OFLEGHEICIX, BED S 20 um MINOFHADSHEECH D L VWA 5, —
Ji, z<3um OFEKIC BT B EHIEE R, HRA» S AN THRT 2 I LR TE 5,
iU, RTFRICHSRT 232 L FE 2 645 [31,59,100,102-104]. T DFAENEL M
HIEih 3 2. APTV %{%Fﬁ LT~ A 7 v &N OWEEH 2 17 > 72 51728 T b, ARt
Z6 & AR I BE TS JEHE 12 O A3 OO 43 Al O BEERR 12 — B L 2 LIRS SES S T v
% [84].

DLEX D, BEANCIEHIOE WA TR AR A L T3 2 L IBERTE 203,
BfTABD 3 <z <20 um DOFESICE T, APTV 12 X 2 HUGS BT R & Rv»—3%
KL, TOZEED, KR THEL LY AT L22HHT 2 LB 5 3 um B 747
EETHOAMBREE WA B, £/, uPIV 2 L CHRITH I 2 Hid o1 % &t
il ar Rt L:l, FHEDBITH ISR L CGRES 2 2% v Lo it 2479 BENH 5.
ZD7-ITIE, BEEMEDRE LHEE & A X v VRO S AERODBHTH D, —
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5 3 B BERDE GG 3.3 BEIHLEE Ot EHHTRE R

Ji, APTV %L 723HlCik, BESE A X v v § 2 2 &% CERIERRETIN T 3 ROty
BIHES A —EICE R Th 2, LW IAIELDH B,

Fig. 3.3 Actual particle images in Poiseuille flow at Re = 4.

20, 20, .
=——Theory
® Present
150 e uPIvV
E €
=1 510
N N
5.
0.03 0/06 005 0.06 007 008 GO 001 002 003 005 006 0.07 0.08
u

0.04
u/v
(a) Velocity distribution of each particle in each frame.  (b) Averaged velocity distribution by APTV measure-

ment and comparison with theory and uPIV.

Fig. 3.4 Velocity distribution at Re = 1.

20, .
——Theory
® Present
15[ e uPIvV
E E
= 310
N N
5k
0/06 005 0.06 007 008 GO 001 002 003 005 006 0.07 0.08
u

0.04
u/v
(a) Velocity distribution of each particle in each frame.  (b) Averaged velocity distribution by APTV measure-

ment and comparison with theory and uPIV.

Fig. 3.5 Velocity distribution at Re = 2.
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20 .
=——Theory
® Present
150 e uPIv
E B
= 510
N N
st
0.03 005 006 0.07 008 CO 001 002 003 005 0.06 007 008

0.04 0.04
u/U u/U

(a) Velocity distribution of each particle in each frame.  (b) Averaged velocity distribution by APTV measure-

ment and comparison with theory and uPIV.

Fig. 3.6 Velocity distribution at Re = 3.

20 T O
=——Theory
® Present
150 e uPIv
E =5
= 310
N N
st
003 004 005 006 007 008 CO 001 002 003 004 005 006 007 008
u/U u/u

(a) Velocity distribution of each particle in each frame.  (b) Averaged velocity distribution by APTV measure-
ment and comparison with theory and uPIV.

Fig. 3.7 Velocity distribution at Re = 4.

20 T O
=——Theory
® Present
15[ e uPIv
E =3
= 310
N N
5.
005 006 0.07 0.08 C0 001 002 003 005 0.06 007 0.08

0.04 0.04
u/U u/U

(a) Velocity distribution of each particle in each frame.  (b) Averaged velocity distribution by APTV measure-
ment and comparison with theory and uPIV

Fig. 3.8 Velocity distribution at Re = 5.
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3.3.2 HIFD 3 RITHLEDHOEIE

C CTIRBERIA S 20 um INICE T 5, BERF DK T-O 2R 2oz Rmd. X 3.9 (2
Re=50D& ZD, sHHEBNICE T 28O0z ~d. Ak 7Y —Y 7 b Th 2
Paraview (Kitware) Z{HfH L7, X 3.9 X0, FEMWICHMHT 2K FD u o030 TE
5. 2D, EEMNIZOMHLTORRR O uBRaE#HH LT, X (1.2) TRLLERR
0, BEMEAWIGHZ DM E L CHHTBETH S 2 EXIRBIN5,

Fig. 3.9 Instantaneous particle locations and their velocity u in three-dimensional space.

3.3.3 NFREICEETBHRE

33.1 HT, BEEICIERICE W T, EBEOTHED M X D bR E RE?FHI S N
7o, ZLTCZ3UE, RIS T 2352 L7, Z O IBERITE OFE 2 G L
TV REBDORITHFETHER SN TE D [31,59,100,102-104], AWFFEICE TS FED
BMAPELTWE EEZ OGNS, ZOMMIIRMEE (N T AE) LWENS, 20
AR E LT,

(1) FAWNC X 210 [al#sEH)
(2) 777 VEENC X B IO A
(3) Rif- & BEA OB M EAEH

D3IDOERVBEZ 515,
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2 3 B BEIRDE BRI 3.3 BEHIVTHE O ptas IS SR

(1) BABIC K DR FOOEEEIDEE

X 3.10(a) IR K 91T, BEMICEEL CO AR TFIREBEEHTIRS BRWERET S &, i
NOEAWHIE TN LTl E, KrEniss 5 [59,104]. 2 LT, FAHBIZICK>T
AHZfTo T a7, K3.100b) ISR L z=d,/2 ICBITBHdEHHLTws LI
RZ2%, ZoZEXb, BERICE: L CHEGEE)Z LT\ 2R Ol X5 N4 7
A0, AT OEIEEDOEEL D b REL o7 EEILNS,

Fig. 3.10 Schematics of particle rotation by shear flow at wall surface.

(2) 750 VEBHIC K BB DRE
75 VBN X B, W Ar 12 B SR T- O HEEOEE () 1,

(¢) = \6DpAL (3.4)

TWEIND, T 2 THBRE Dg 13, FFER d,, KitEfR% p, Boltzmann 7E ¢
k@n3mdwﬁym,mﬂﬁﬁTmiofﬁeﬁﬁﬁﬁéna

kT
h 3nd,u

Dp 3.5

RFETHEMALIcARXTDO7 L —LHEEERELTAr=1/45s &L, d, = 1 um,
u=10038x1073Pa-s, T =293K & 34U, FHIHEEEHE () 13X 3.4) LD,

Q)= 4 /6 il At = 0.238 [um] (3.6)
3nd,u

L% [104], BH LR d, = 1um X O/, RFIIEIET 77 VEBOE
BERZITTuRWETFRHINS, Li 6 [59,105] % Sadr & [106] 1&, = N%Zv v bz
i U CRBEADEGE O F / JHBICB W T PIV 2FEEL TE Y, 777 @B kT 58
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5 3 B BERDE GG 3.3 BEHILEE O s ARG R

FHEZ & o TREEDEEE DV DFE I, P AR DB 2 L ZHSIC LTV,
ZDEE, R FIAEDSBEINT G OFEIC SUE TR R AW T 2 720, KX (3.7) TR TR
JUEL Q HYHIWIHEHE L L TERI T S [106].

Q = DgAt/ (Z + 0.8a)* (3.7)

CITZWEENT 2EOIRE, a 3R EREERLTED, Q>0250LE 777 Vil
OO E 2 WU TS Ve LT3, KAMREOEBRZE A GG, Z 2Rk
JE, b Z=d, EET 2L, Qr 107 BEERD 025 XD b/AX v, 2070, Kif
FeCIFBERDAGE OWHEIC K LT 77 7 VB O AL M TRHEZBEHL TLX b D
tEZ6N5,

(3) RIF &L BEDESHNGIEEEA

Joseph 5 [31] % Lumma &5 [107] = A 7 uiiidgNIc B} % R 7 XA i hilRgc,
BEE S CHERICED R WP EL 2 2 L 2HERL T, Zofie LT, flcH
WL ABEL & F LV —S R FORTHEL )R9I 0 L TE %2 KT L LT
% [100].

X 3.11 14778 L 7o BEM S OOR - OB X 2 7R 4, flik 2 (T L 72 BRiciE, BEMICTZAR
SN2 HAIHTE L 728 (Debye layer) DJEE Ap 39 0.3 um FEEEIC & % [107]. ZDfED
B L) /NS Rr2ERT2E, 7/ TORMICER SN2 AICHE L E
DIEEIF, KTEDHREL RS, 2LC, FIAMIREINBIEETHLTRIBHE
492, ZORR, BERLLHE OTEOFHIFE RIS AL 7 AR5 LEZ NS, —H,
KRR CHHL 7ev A 2 a% 4 ZORT (d, = 1 pm) O¥é, BEHOWE L LEOREE
XL TR DR E L, B RN F 2 RTOSG L TNSS h3EEZS
N5, 20k, KFRICE T, R EBEROBLN LA LS RHMNEICE A5
WHEIIPNZIWEEZ NS,

Fig. 3.11 Schematic of repulsive interaction at near-wall region between particles and

Debye layer which are charged negative.

PLEX D, BEEDEGEOWMICAE U 2 R4, @) <& AWK 2 ko [alig
FOWEPREVEZEZOND,
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2 3 B BEIRDE BRI 3.4 fa

3.4 ¥EE

AREETIE, HLE 3 X0 3 a2 FEE 2 APTV 2 LT, &S h =2 mm
DIAT IR BT 2 RILA 7 A A Lz hill U, BERTEFREIS O Jiis G il 2 47 -
7o, KNERE D, #RER S L L Re B% Re = | ~ 5 OFFHTLL S, FdGEHIZ 5
MiL7-& 2%, UTNORHRZE.

(1) APTV (2 X > TEEMHEFE O EE % SEhE L 724558, P OME u Ry D z Hiasy
fil%, BEME2S 3 <z <20um BANT 2 RILKR 7 A4 i OB E & O uPIV
WK RIS & L CRW—HZRT I 2R L. 2L T, APTV 23EEf
W OTHEEHINCERICh B 2 L BR LT,

(2) BEHID S 7z < 3 um O T, FEEEROTRBNMH IO R RFHADEL 5 2 L
MR L7, T, RPRICEE L, WO AW OFECh 23§ % 2
EDRATH B Z EBRBI NI,

(3) Vi u DL 6D E X, KO EROKEEIKET 5.

DIEXD, AFETHEEL 2 APTV ¥ 27 A2 H 33U, BEfA S 3 um BN - f7iE £
TOFHEDFMTE S Z LRI N,
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5 4 B BEIRE AWEH A EHIE & Sl

B4R

BRI A BRTID 0 72 f6 51RE & FF

4.1 FER

RFETIE, 3T T L2 2V A7 — Vi O BEHDE R 12 B U 2 P Hiidinti &, <A
70 A = VI BT B 2 G L, BERE A WIS 0 S TR & 2 O RS
il >V TR 3,

3FTIE, AT PAGRE OBEIHEGE OVE A 2 G L 72, 2 L ¢, BEfiA S 3 um f2
FEMEN 7T E E CRlEE U B C LRI L 72, 0T & kb, HEUKEST ORI
BRI DTG ICERAENE L B B2 6D, 2D, HEOHELZIT 2 C
L7 BRI AWTIG ) % Ml T 2 D H B L\ A D, ZOHERRRT B -0101F, M
AOWELZ T VT — Y 2T wEEZLS NS,

ARETIE, APTV T X 2 EEME AWIE 0 OFHEGE 2 T 5 2 L 2 HWIZ, 3%
THSG L 2 FRdE I ofE R 2 4 {, =4 7 v A7 — ViR O TG IS R % L <
BEDEFFICE U 23502 Z ) R R ELROFH R ERG L., 2L T, Y~
v A 78R — VIR OTHEEH & 7V, HESE L 7 BRI A WS A6 O i E DGR
7%z 5§ 5.

4.2 EEEEAMIEHD QTS E

M 41187 k91, sHEENCEA K HREIGTIUL, 2Nk ZEH
(K7 718 & Tk u R DIEEI NG, 2D, SR FOMMNNREE u L, &
EARPEETE S, J0LE, FRllEMEZEKD 7)) v Fica#L, &7y FNThE
RO FIMEIC X > CHREAR 2 B UL, FHIGERO N CBEME AMIGH 1y & 916 &
LCEHiic&E 2 &) 1c% %, uPIV Z{iH L CEEHI ABIS I D02 53 5 & Z 1,
BYATIECHESZ A X v > L Ao MEANZ IRET 208 B H -7, —J7, APTV
A TIULEHIARBAN CRES A2 EEG CE 2700, MESEZAX v v T 20EN %
W, Zhd, APTV DOEERE AWNIGT Dol 2 FHD—>Th 5.
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5 4 5 BEE AT TS & FP 4.3 MEBE ARSI v & REIERPA

Fig. 4.1 Concept of the shear stress determination by APTV. The measurement volume
was set near the wall.

4.3 BEEXRFHTTEEEESME

3EETHMBARA X512, BEAIEWEE CIZEANECTWE, Z20k0, EHELE D
RIS Z OB OBME 7 — & AT E v, —7, BERiD O Bl 7o 718 o Ji 13 P i
E—HIT )T 570, REAROBEHICHTEEEZLNS, 22T, i
FATE MM T— S ICOWTHEZ IET 272D DHRBIE L E 2 7. 2T, EE
OFLEEHI DOFERICHE D E, WELRORBEEIC W TARS,

431 RMBENEEIELICEZBRE

B 4.212, APTV IC &> THUSFL 72, Wi#sE w =2 mm, &S A = 30 um D411
RIS B 28 E u DA% 0 <z < 15 um OFPHCR T, 2ok &, KIEREE
REREZ L LZRe B Re =42 x 1073 22 k) KB EREL 2. DMK E%
HHLCz=0um 55 z; <z <z + 10 um OHIPHCHEARZFIH L, R L i L
7o, RED KXo GHREL ZHEZK 43 17T,

du/dz

- 4.1
du/dZ|Theory s

Error [%] = ‘1

K43 kD, =00 EBENSO0D BEDOKE X2, —H, =3%7z=4T
3, HEAROEBMEADNHIRINI S BB L 2R L. 2000, KRBT S
SRl R 7 ATk, BEMID SRR 3 50 BB 7 il T — & 2 USRS IR
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5 4 B BEIE AW A E I & AT

4.3 HEEARCRH TG v & RS EERTHifl

EARPEETE S I EWRRING,

15 —e
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Fig. 4.2 Measured velocity component u of the microchannel with w = 2 mm in width
and /& = 30 yum in height. The distribution is shown as 0 < z < 15 ym.

60

0—0<z<10um

20r
10r
2<z<12pm —@ 5<7<15um—e
0 \ L 3<z<13pm—e O—4<z7<14um

O—1<z<11pum

0 1

2 3 4 5

Z.
1

Fig. 4.3 Error values of velocity gradient calculation at each calculation range of u.

4.3.2

SURT—IRREERT 556

4 3.4(b) ~ 3.8(b) & D, Wik S h =2 mm DOPATFHIREE D BEFHEES T, Wk u oy
FERICIAT 5 2 L 2R L7z, 2070, 4418 TX91C, 22 KD ullor
LZDLEORTIE z K W HEYRZRE I TCE 2 LEZA6N0S,. 22T, XAk,

BEFOME (z=0um) &, %z (z1) I

B D usy (u) O 25X AW

Nty ZaltE T2, HL, BEAGERICEL 22O ELZEZE L Tz >3 um O u Dfi%

Y %,
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4;

B BERE A WG ) AT EHIE & Al 4.4 RIS

Tw=fo-| ~p— (4.2)

Fig. 4.4 Concept for velocity gradient evaluating from two velocity data in the vicinity of wall.

4.4 (ERRE

FERRICBETE G OB 2 51 LT, HESE L 72 BRI A WD 7, ORHMFEOERIMEZE
MR T 5. ARFATIE 3 EEOMBEZMEH L. S YR —LRKE LT, 3ETHEAL
TOPAT PO (K13.2) 2L, 7%, K45, 4618 F X9 %, PDMS KUR 7
A FAI7ATHRI NS 2EEHO~A 7 ajfiggz i L7, X4.51F, FEkiEw =2 mm

T, MEEIDh=20um »5 h =46 um IZ2IEKRT 2 TH 5, —4, K4.613%, i
RS b= 100 um T, JEEEIEDY w = 500 um 2> 5 w = 100 um IZHE/NT B3R TH 5.
2 S O Z I U CiisEH 217 9 BEix, PDMS & A7 ADM I 77 X PEIc X
2BV 2 Bt L itk 2z w0 5 k9 TR,

Al 27 DR 4T IR L b D2 A L7z, X 4.5 OFi#ETIE, 7,000 HD KL
Bz 45fps TR L7z, —75, X 4.6 DI 2MAMNIFE > TRESEMT 5. 20 7%
&, 63fps IZ7 L —LL—b%EF, 15,000 BOR THEiR%Z Y L. AL %2 sCMOS
AR T TULABAML (BRIEHED ) AEBOREBFELY 723N L, FERL

S DESEGEAHTEE. 1 7L —20FA M LRI EMETEE) 25 Tth b,
IR ARER 7 L — Aﬁ?ﬁ)ﬁﬁﬂﬂff 5 ERRIEDMET 5. 63 fps T L 72 BE ORI IX
672 x 512 pixel® (244 x 186 um?) 727, HOGKIT%IBA L 7 (EBIHiiA 2 i~k ¥
L%, KiRESY A 7D> ) v AR 7 (Pump Ellite 11, Harvard Apparatus) % /] L
7o, Fle~A 70 oFtTy, BEMICANE LKA R OIBIRYD & F 2 HH L CRER
PEZHEEL, A7 ARMIIEBWT z=0um &% 2% XI5 ICFHIMARE O E %2 FH% L Tw
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5 4 B BEIRE AWEH A EHIE & Sl 4.4 LT

%, FHUARGIEX 4.5, 4.6 TORFECTRLIEHETH 2.

YR — VTR OFH T AICRBIEZL L w7 ®d, Re=1~512BWVTFEY
DEEAIE A WL/ 2 3F L 72, RN, BEE AMISHOSMmZ2HMGL 72, <4 79 R
7=V IS B BEHIITIE, X 4.5, 4.6 HORBERS TR L, WREIRDZELT 2
FERZ G L 72, C OfER I, FEOZMICERE L CEERR AWIE I O3 ET 5
BT Ot 2 ik Ao, £/, HllOZ4EZR RS0, AREZENHY VNTH S
COMSOL Multiphysics® % {# ] L 7z B fitiz 50 5 & GHlsS S % b U 7.

Fig. 4.5 Overview of the PDMS channel with step part for measuring a decelerating flow.
The channel height changes from 4 = 20 um to & = 46 um at the step part.

Fig. 4.6 Geometry and coordinate system of a PDMS channel having vena contracta
(sudden contraction) where the width changes from 500 ym to 100 ym. Channel height is
100 pm.
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Fig. 4.7 Experimental setup.

45 EBEERETAMRDIOOEHER
451 ZVRT—ILRRICETIERmEARLH

S Y R — VIS O BERRE F O W E IR R A L, V0BRS¢ A WSS 7 &K
O, ZZTER@2) ZHHLLZ, ERe BITBI 2D 1, ZHH L /R %X 4.8
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Fig. 4.8 Averaged wall shear stress calculated from averaged u in 3 < z < 20 um.
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Fig. 4.9 Wall shear stress in the trajectories of particles at Re = 1.
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Fig. 4.10 Wall shear stress in the trajectories of particles at Re = 2.
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Fig. 4.11 Wall shear stress in the trajectories of particles at Re = 3.
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Fig. 4.12 'Wall shear stress in the trajectories of particles at Re = 4.
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Fig. 4.13 Wall shear stress in the trajectories of particles at Re = 5.
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Fig. 4.14 Particle images around the step part. The change of particle images was con-

firmed (inside of the red circle).
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Fig. 4.15 Wall shear stress 7y, distribution around the step. The spatial resolution in the

measurement was 14.5 um. Decrease in 7, at the step is confirmed.
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Fig. 4.16 Comparison of wall shear stress 7, in experiment and simulation along the

streamwise direction averaged within y-axis.
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Fig. 4.17 Wall shear stress 1, distribution around the sudden contraction part. The spa-
tial resolution in the measurement was 5.6 um. Increase in 7, at the contraction part is

confirmed.
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Fig. 4.18 Comparison of wall shear stress 7y, in experiment and simulation along the
streamwise direction over x-axis.
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