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a7 q3te AA

o 9] & A Al ¥ 8} (Bio-medical Engineering)
AEWT ol QA A X9 WHol, T NF M2E
ul Az o) slide] BEE 7]7‘ ATEF S L=
ol g3} Fato] A SEEoF

o A A % & -F }(Tissue Engineering)
A sty Fate] 1 BAd Y 7)&& BH-§85H
BAzA 9 Fx9 7)5ALol 9] AT A ] dT ol E
ZRA 7)1 3 Yok Az 9] g §F & e
1*‘6}‘3@&1 A 715 & FX B BAdhE
SHA| 7F &8 S EoF

cd8H{HY Q}(Hemodynamics)
o] & B A Fsto) AR A FEofo|HA A =235
AA, X HAE E]'—rl_ A G o] gt ok

o ROl AT o] B4 Rol
- Bio-theology & ©°F
ANSE Bop
- AHE o}

SQ3H g o
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CFRAs 9i
L Galileo Galilei: €82 At} |
¥

Wiliam Harvey(1628'3)
De Motu Cordis et Sanguinis
(AR oo 5o #al)
¥

Issac Newton®] T4 "7 Al
Stephan Hales©] Windkessel ©] &

Y
Leonhart. Euler, Daniel Bernoulli®}
A gl e 78 g A

¥
LJ. P Poiseuille®] ¥ ghefol wa 494 |
¥

L Thomas Young, Moens-Korteweg, Fourier l
¥

[ Wetterer, Kolin, Greig j
L7
[@dasae 1239 |

27

ARG e 5 IR AT
cdBAB
- FHARY 4T
LR R
o BHARF THLY
GRS 27
LGB oY AU IHRE
e, B,
cEBAB AT
AR EEA, TREA, He 8
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gRse og

o IR ATHR
- @B v]x = g
PR LFS EEE-DEF:
S EEEER
- EBUSAE A EAGA

o UFAT U
F&r 9 g8, A938, AT, Compliance

o BRESHH AT AR 35
- &A1 H"B‘(Theoretlcal Method)
- In-vitro ¥ In-vivo & &
- Computer simulation

o @799 &4 4 Wi 7 Computer simulation

- 9 & (mechanics) ¥ F=&o] &

-9 BA AAGEHY L EFLHE R
Z2)8 9 o 2ok

-k AAAD FAY HE 2T A

2RYe AR Mg £

—134 —




cBFYSH Ane) 52 ¢ BYH 9A
AR E YA

&1} 2 (continuity equation)
- T THEZA M T F

Mo r2 dlo

Bernoulli ¥} 2
Navier-Stokes B3 21

-Ee) B AL H Ao FAAAH
o AHj}A Al 9] %
-H A HEY > v EHA A
-AEA ALY > AEUAA
o AFFTHA A EA
-H1EA, 3209, B E, B A 7,
B EHY dF-H/5, Wall motion, ....

fo R |
- 2 £ 3 ¥} A 2 (Integral equation)
0 Q=AV
0= 8tL pdV+va -dA
2?:% vpdv + [ vpv-dd F=pQy,-v)
s 0 £+V—2+gz=°a/%7'
0-W=— VepdV+LSepv-dA P

- 1] & 3 ¥4 2} (Differential equation)
0= (Z—'D +div( pv)

pa = —Vp+pg+ ;Nz;
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797 §o)

o % F(Laminar flow)$} ‘&5 (Turbulent flow)

Re= PV szlz_m&_J?’é”éf
n W F, F¥Y

- Womersley T+
_Rlwp
u
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o &3 B (shear stress) 2 A T & (shear rate)
SERE. —

= E 1L
HHEH —
(a) (b
I

3
S
L

HHHHI

f
L

£
Velocity Elements  Shear Deformation A larger
profite of fluid stresses on in a time element
elements interval At
(3]
F MO 0] Ex
o 75_ =TT o "] = g
2 2 2
g 3 3
2 k] 8
v G4 L
> > >
AV
Time Time Time
Steady flow Pulsatile flow Physiological flow
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- | Fully developed
[P Er length T velocity profite

le
cf) Re = 2000, E =0.06Re=120

o BARF BAYY ¢y ¢ AFY 97

Region 1 . Region 2 Region 3
f—__“_‘ﬁf_ﬂ A
p 1 1 ap
2 <0 | ? =0 | 320
| dx 1
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| |
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———— ==5]"" ,/’
_______ 4-===7 50 L Backflow
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Separation point: %] =0
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RIS AT

-S4 R g
A9 In-vitro £33 A E
In-vivo 3549
& 7HA 3
-AFEA FEd oA
: Lab-made Program

Commertial Program

CFX, FIDAP, Fluent, Star-CD, CFD-ACE, ...

o 42

o Poiseuille =&

pr' 0= Aprd*
L’ 128/
- Poiseuille ] 2] 9] A A & & 9] 3+A|
- H] C;;ZM
I 54
- %‘%'ﬂ‘%
- g 7 o] 4] 9] No-slip
Ry

o
- Cylindrical Shape & Rigid wall
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o Womersley & &
- Navier-Stokes 73 2] o] A& 3}

- Rigid, elastic and viscoelastic wall motion

- Womersley 22 0] A2 84 9| 714
TEFA, FFTE, QTEHY FA,
Reflection-free system, A E0] YA T BT

A B C D
180"

. al
el 165
150" 150"
135" 1357
120" 120°
108" 105°
90" 90"

78" 78
60" 60"
45" a5
30 30°
15" 15"
o 1 Il i 1 L3
1008 © 10 05 0 1005 0 1005 0
Fractionat () Fractionsl [§2]
tadius (y) radius (y}

o Navier-Stokes =&
R e EREAEE
-HAEAFE EEAATE

(Incompressible & Compressible flow)

o Other Models
- Modified Navier-Stokes models
- Non-linear models
- Models of vascular beds
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o In-vitro -5 2!
-AE, AA
- A EA == (Pas, Poise, cP)
%

¥
74]*}5‘ : V=% (m?/s, Stokes, centistokes)

10? v
N o GELN

WELLS ET AL,

RAND ET AL.
SCHMID-SCHONBEIN
LINSLEY ET AL.
BIRO

SKALAK ET AL.

+ GUYTON

Oressbx

= Mod P-£
~= CAOSS
""" CARREAU
~=° CASSON

101 L

BLOOD VISCOSITY (mPa 8)

100 - al, " . e
10°2 10! 10° 10" 10% 10® 10
SHEAR RATE (1/s)

- g Ao A WA A (Constitutive equation)

- Power-Law Model Cr=my"
- Carreau Model . n=nare-n G fE

- Carreau-Yasuda Model : n=n.+(n,-7. )[1 + (17')"]%I

.o N S S

- Cross Model © =1+ m,)(H ( M)’")

- Powell-Eyring Model D=+ - nm)(iiE%lZ)
7

- Casson Model N N RN
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i Samgple -

Load Cell
A

Cone/plate = A

IFHE\\\\

-t Valve

Reservoir(Cylindrical Tube)

Constant Temperature Room

Capitlary Tube

Beaker Power
Supply

Computer Communication Computer
Intertace interface

2A® F=A

Sluice vave L Pud tank 400
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Puisatile Pump

Parallel Plate

Fiow Charnber
60x20x0.2mm
et dydrostatic shear stress

Humidified
5%C0,Gas In

3}

Al

o &7}

il
o
n_,cm
F &

- Direct Injection

- Particle Tracking™

Co
H

4
<

24 %% 25 A (Particle Imaging Velocimetry)

(Q
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-PIV € PTV

Light Sheet
Seeded Fl

7

Area of Investigation

ow

MAx

At

Optics

Camera or CCD camera

- Low Images

- Grey Level Cross-Correlation

<
[ ]

i

correl
1st {1

: image of Ist frame
image of Znd frame

%11

) W]

ation ares of correlation area of
e 20d frame

- Velocity Vectors
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- Macro-P1V & Micro-PI1V

Macro-PIV Micro-PIV
Lighting Sheet beam Volume lighting
A=+ =7 ~1um 1 um 7]k
T E ~1 mm 10 ym v} gk
299 F7}| ~10x10mm ~ 50x50 pm
S5 9| mm/s ~400m/s | 50 pum/s ~ 400 m/s

o Computer Simulation

T Zc')] ha! 1 EH“/F’ fo] —
oz wm g A 8jE £ o ol
$E57e] 4R g IS5E P

-3 A P

Difference Element

FRAAREVM), F2HAHFAM)

CGoltrgt Volume
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o FARFol tha X e 49 o]Abs}
- FEAAHEVME Bol AL
- BAREREA

o

A TR
Hge 9T L 2FAARD
Cauchy B.C.: A Alo| A W5 3k3) #is}go] Fo| 2 o
Dirichlet B.C. : 3 Aol A W =gko] Fo1d uf
Neumann B.C. : Ao A ¥4 2] Wizl &o] Fo|& o

- AR
FAA A o7 A4
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- Al EbAg A A S A Navier-Stokes B4 2]

- ¥ A48t A1 2] : Backward difference, Forward difference,
Crank-Nicolson

- 73+ % ] : Hybrid scheme, Upwind differencing,

Central differencing, QUICK scheme, ....

4

-+& 8k g} . SIMPLE, SIMPLEC, PISO, ....

o8
—

-¥EEAIAF . STONE, Algebraic Multi-grid, Line Solver, ....
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T2 &7

- Computer Simulation

Velocity vectors Recirculation zones

- Computer Simulation

ey

deceleration phase (i=0.24s;

late phass (1»0.80s}
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- Computer Simulations

- Computer Simulations

(b) 60 deg
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- In-vitro Experiment

Velocity shadow contour MRA image

-M.R.L 2 Color Doppler Image
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- In-vitro Experiment
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- Flow Visualization

~ Numerical results ~ Numericat results

.
B
O PV measuraments O PIV measurements
B
0.03%

-05 25 ) 5 a5
i3
(a) A - A" section (b} B ~ B' sectian
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- Particle Tracking Method
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Carotid artery

Aortic arch

- Micro-PIV

Object lens x 40
Relay lens X 0.45
1000{frame/scc)

$12x 512[pixel]

256 grayscale

Area: 160 % 160{ 4 m]

Resolution :0.31] s mpixel]
‘

Micro-PIV(K.C.Kim, Pusan Univ.)

Dispenser

Micro-PIV(S.J.Lee, POSTECH)

Cancept of dectro-wetting technology

Rotary New

Biofller with kmmunosensor
Magnatic Besds

My e
Chips E SN “5

Micro-PIV(C.H.Ahn, Univ. of Cincinnati)

Splitting
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