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(NS ) E2BUIIAES SoBE)

Micro Stide Glass with Endothefial Cett

SHicon Gasket
// 7 //—_'/ y// _ /JQ
Vuammq- —»v-cwm T_6bh3

+ Gllsa“ﬂindmv

b=2.0cm, h=0.02cm
u=0.7cp, Q= 0.2857 mi/s
1= 15 dyne/cm?

Exposure time :
5, 10, 20, 40, 60 min
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Pulsatile Pump
Humidiied
5% CO, Gas In Gas Out
Upper | Over Flow Line
Reservor
—>
Heat Exchanger Parafiel Plate
and Temperature Flow Chamber
Controller 60 % 20%0.2mm

rydrostatic shear stress

Inverted Mlclr':sTc;pe Humidiied
Obympus (M- 5% 00, Gas In
Lower
Reservior

~ changes of
endothelial cells
for 2 hour

20 min 100 min 130 min
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(BZUINE =9 ERA8N £4)

Mtcrographs of the Endotheltal Cells

(a) initial shapes(0 mln) (b) shapes after 5 min (c) shapes
after 60 min

By

® %% e

LxWxH =30x30x10 um LxWxH =42x17x56 ym LxWxH =70x10%x4 um
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Dimensions of the endothelial cells

Time |Condition! Hight Length | Width
Dimensions atiad constant | .46 25 25
[constant
[ootuns 8.46 25 25
after [surfaes | 720 | 3538 1 17
5 mi tant
Rl Wt vy 7.75 38.09 | 18.30
after &‘g@g‘ 393 | 6339 | 977
60 min|COnStant | 4.99 | 80.43 | 12.40
Pressure distributions
80 40 %0
——:10 min —e—:0 min 10 min
30 b ) —8—.5 min
—&- 1 8 min
= 30 w0t
5 E 20 £ 20
g E s
g 5 o f $20
2 e °
) 2 2 150
& 2 £
100
0t
0 - S e ol . . o l— PR
~300 -200 -100 0 100 200 300 a0 20 10 0 10 20 A0 00 -X0 10 0 W A0 A0
X (um) x (um) x (um)
(a) Newtonian fluid(u= 0.7 cp)  (b) Newtonian fluid(u= 3.45 cp) (c) Blood
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Pressure {dyne/cm?)

Pressure distributions

40 “0 ——:n=0.7 cp 400 -~ n=0.7 cp
-~ =345 cp | —=—:n=3.45 cp
30 £ 30 ~a— blood bl a1 blood
LS A
a0 ~ W Pwa ~ O Pw,
< A e A,
0| § ot 2 S 20 ax,
:
20 2 x0 3 a0
2 e
150 2 150 2 1 |
© @
a . o
100 . 100 [ ‘\\ 100 F 1 s
® . A % M
o [ [4
-0 -200 100 0 10 200 3 -300 -200 -0 0 100 220 -0 -200 -100 0 100 200 300
x (um) x (um) x (um)
(a) Newtonian fluid(u= 0.7 cp)  (b) Newtonian fluid(u= 3.45 cp) (c) Biood

Pressure (dyne/cm?}

Pressure distributions

Pressure (dyne/cm?)

400 400
——:0 min ——:0 min
350 —%—:5 min 350 —®—:5 min
&1 60 min -1 60 min

Pressure (dyne/cm?)

x {um)

(a) Newtonian fluid(u= 0.7 cp)

~-50 o
x (um)

(b) Newtonian fluid(u= 3.45 cp)

x (um)

(c) Blood
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Shear strass {dyne/cm®)

Wall shear stress distributions

an - 20
250 | 280
2 150 | FREY
3 10 E 100 |
50 50
0 - — o e
~100 -50 [+ 50 i -100 ~100
x {pm)
(a) Newtonian fluid(u= 0.7 cp)}  (b) Newtonian fluid(u= 3.45 cp) (c) Blood

Mean drag with different exposed times

f( —pcos §— r,,sin HdA
Drag mem = Cell Surface

B const. surf.
B const. vol

Mean Drag (Pa

initial Smin B0min
Exposure time
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(BRI HZE=22 SSIHAIS)

Three-Dimensional Shape for the EC

3 o 3 5,0 0.015
el o

b » Simple Cosine Function

3 S . » Scale of Width and
N - Length is same

\
134@# - 0.005| 1 cos| 22 )
R Yshape = 0.025

LXWxH = 30x30x10 pm
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Minimum thickness of sheet beam for PIV : 2mm

X-Y Traverse
system

Gate valve

———— Temperature
controller

Image processing
system

Cooling water
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Determine correlation area{CA) ]

v

Determine searching area(SA) ]

N
CA exist in SA ?
W Yes

I Calculate Correlation coefficients ]

—
), 4

Calculate initial velocity vector
v

i Conduct sub-pixel interpolation
i 2

I Eliminate erroneous velocity vectors l

K 4
Conduct area interpolation j
v

l Final velocity vector I

T

7 Initial I ; i
| shape [ 5min i 60 min |

R A — S — j
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Anitial

\\ .shape

N

|

-3645.0360
-4338.013%
-5030.937

12053288 |

5124110 |

-180.5089 | it
~e73.4247‘ ( h}:tlal
-1566.3425 \ snhape
2259.2604 | \fL
-2952.1782 ‘ {

|

28521762 |
36450960 |
-4338.0139
50309317 |

After
60 min

4338.0138
-5030.9317
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L

Initial

SHEAR
3480.31
311835
2758.47
{ 2397.55
2036 62
187570
1314.78
953.86
592.94
222.02

Drag force (%)

Initial shape After 5 min
After 60 min
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(SLE SSEUHA E12UWTHMEZS SEfHS

fug

Flow Chamber Experimental Setup.

Schematic view of
flow chamber system

Photography of flow
chamber system
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Sudden expansion flow chamber

IIIIIIIIIIII%HH:IIilIi:HIEIIIIIIEéII II

Schematic of flow pattern

I 0.6mm

Shear Stress
Magnitude

Lateral variation in shear stress
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Microscopic view of endothelial cells

= Near wall Flow separation Laminar

... Control

Cytochalasin D ‘
- treatment

Shear stress
exposure

Time history of morphological change

length(y)
width(x)
EZR height(z)

lej th, height, Wid

Lengthipm]

0 5 10 20 40 60 120
Shear duration[min]

‘ 7500-‘
Volume of exposed T
ndothelial cell under En
shear stress g
20dyne/cm2) g
; 2500-
0-

0 5 10 20 40 60 120
Shear duration[min]
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e
SR
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Initial shape(0 min) Shapes after 5 min Shapes after 60 min
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AWI A Ee] nd
(unit : gm)
Time Height Length Width
initial 8.46 25 25
after
5 min 772 38 18
after
60 min 5.02 81 13
AAZA
« Inlet B.C.

— HEIS WM (femoral artery) 0l Al Duplex Scan
imageZ £ F&t &S
— FJ| : 45bit/min

« Qutlet B.C.

— Pressure B.C.

« Side

— Symmetric B.C.

0,08
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