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Numerical analysis of the 3D fluid-structure interaction in the sac of artificial heart
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Abstract

In this study, the three-dimensional blood flow within the sac of KTAH(Korean artificial heart) is
simulated using fluid-structure interaction model. The numerical method employed in this study is the
finite element commercial package ADINA. The thrombus formation is one of the most critical
problems in KTAH. High fluid shear stress or stagnated flow are believed to be the mai1 causes of
these disastrous phenomenon. We solved the fluid-sturcture interaction between the 3D blcod flow in
the sac and the surrounding sac material. The sac material is assumed as linear elastic material and the
blood as incompressible viscous fluid. Numerical solutions show that high shear stress region and
stagnated flow are found near the upper part of the sac and near the comer of the outlet during

diastole stage.
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2y AFAAL A&ty oAdie oFstat 9l HF wyde o] HE Awd olF,
Aol g A% WL A7/ IAYE vt A Av QA4 A dAEA FEE WYL
23 AYE I8 Foln 43 AAE ol AHolvHl2] 2 F¢e B d¥H €FE F3
o B3z ATHFY EAFE F9 st w2 ¥ A A4 (thrombus formation)o]th. °] AL sac
el gadd F4se A= AGSY T AAIGH AHPE BAo] glen, olE FAsr] ¢
A= sacllY] F FE5F G AAF Mo aFd}

B ddAe 339 FA-72E A3 FE(fluid-structure interaction) £@-2 Alg3d 4 AT
A% sace] ¥R dEd £H3 H4e 9430 AFTHF Wd F ZA2 @ moving
actuator®] ¥HEH LEo osly FFAT. welA o9 FEH HAE sl E actvator, TH
AdZ o]FoF sac, 28T sacllY BF dist BFHU HIeol £FEt B dFNAE o]
E 9o foo4ayd e F A4S AZTEoQ ADINAREE ALE Y. o] I=& 1980
9 % 9 F2YFT A4 HAFAZ AL"GUeY, O olF €54 2 FA-2A F3 R HY
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€ A% Z2aPe ¢ASHAUT3)

€ AFA Alg" 2dE actuator, sac, 18] X sacle] YFo] U BEA 452E 2do)
Elgaty, ZAQ actuatorst LMY sace] HE F A (contact problem)& A AR sacH
sac HF9 2H-FH B34 FATE 1o HHHY) sacd] Y7 EFAME FE
AP FR3E AFHY APANE AAzALZ AL8A1, actuatord] $FHZE 94 23
dx ZRE AL ez FYh old Y7 &7 AL AFYEE A HYE 98y
on/off E}ge] Wr 2N ZAetglc.

2. A4 ¥y

WA sace] RAGEH HHE AT AL AYFt 471N sace T edAd=E A
HAeH, 353 AL 40 2L uAY I AugHes gdd

Ty P, M
oj7)9lA Ty Cauchy stress tensor (ij = 1,2)9) ij W& AEoH, i Fozg 7H&E, o,
t 19 dxon. adn Fvie HulES Juidd. A9 4L E7] 915t ADINAYAE
mixed displacement/pressurecll 7]¥tE F @84 WHE A F9L FP vigHAH w ¢
g fA2 aFEAGD. AW 334 IF £ 5T REY dHdEy¥H FEAs
Navier-Stokes'§ 30| 9, oj&g} Zo] ¥E Y= & T gtk

aUu
5V (F-60 @
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Aot o} o1
2 I P 3)

1= p,+2Me, )
p= #AHE, 8 & Kronecker delta, 1 & BAAFol, AYE tensors ot 2t

\ 1+" i

=3 (5)
4 (2)9] A Galerkin WS A48 & T fd84 Y WA o] e,
KX = R 6)

g A Kstiffness matrix, X 2 d-dA 9 ¥4 212 Yeldo] RS external driving force
g 9guigd, §A AupEAA @A fxEd FIg4 gL 8jAgHoy] '
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Newton-Raphson methodY successive substitution method5 & @8£3l9 sl4siojo} e},
ADINAYE #3A 993 A 49 Alole] F3FEE RASY] $89  ALE(Arbitrary
Lagrangian Eulerian) & AMS-3c) ol 2 5% WA F Fa9 444 W4
T AEE &3 Zol Mook Frl4].
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4 Sl 59 Wt 9
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Qe W/ gRol= ARY S & AR A7 v
29 AR o5& EE Uit fA-2A4 F3H4e +EY &
B gejel A e HAsteolel dk. 2 nAe fA9 AA A
SES sokr] =4 o] FP2AL DAY drix BE AR
3.3734 »d 2 Adds
313z =dg
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Figure 1 Schematic diagram of the computational model
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Z 74l actuator7t &A%} Actuator o] systole Traooo
£ ATNF BEE) o) zAH .

o 9% AL mWEE WREgFozN
929 sacg WMBoAW £5F ]
(systole) & o} ¢H(diastole) A2t} 00 J s000 £
olz dste sacelE wHA Az gm_ Jeooo &
A v YA §Fo B = &
gt & o B8 ANE gaxEe O] 1
actuator, sac, 281 sace FF) 200+ q 2000
He 2gH 4szdg zdo g§Pal ol o

U 2 349 Q7N Al B3 Tmatest)

4& Hst7] Y3te actuatorst saczt
o) W& BAE ge wyoz HAs Figure 2. Pressure at inlet according to time
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243y . F actuatore] 8 FLEHE sacd WHE 243 &7 fdte] Aol waEtA Wi
e 24 sacAld EW BEASRY. 9 sacd $Fo] AE YA &F5L slrEg B¢
€ =299 A
FTAHN L +P5y] 48 MRe] LEL d¢ MHE 2dyY  FA 271G HAA dBe
&7 Z(outlet) ¥UX T & 2w, At wiA AFS 27 &9 FARAE
WA AAM "WHo FE FHIIAL AA Gue] Ade PRy FF FF RE GEAd
ol olFojAt EF WH JHAZE actuatord] 25 47 ¥ EF 28l sacllY ¢F
o <3 AAEDG. & AFAAE oHE BFF FAE n A ¥z Wro AHAE
actuator?} full stroke=IAE WE 7|E2o2 g4 FAA&HHFigure 2). Figure 2914 & F7]
(systole/diastole)= 12 d ol 3 Hut£=60& 7|Eo = I AT &9 8L HuUH
1332Pa%) sine@ 52 ZAIEAth. Actuatoro] 9§ sace] W& F7] d& Bog st avle
13320Pao] t}.
sacol % AAY & sac FAAWE o &7 Foz {Fo] Yoldr} saco] ol I
AY AL T &9 dHZxAd 8 sacHZ F7F F49 old &7& 943 Aot} sac
3} sacle] BF AFEL #Ad nALEFE 4T Aoz £ FEy u4 RES ZHF
Zdgsa o5& FAl AddA. 13

-y - o 3 AAAAE FA-zA FAZYEFS]
Fluid flow-Structural Interaction)& AF4-3}
At

B dyd A" g diside HgEA
Newtonian A= 7133 34
1=0,003kg/m s , Y= p=1000kg/m’
39T, saco] ADL U] EA2A Youg's
Modules E=607%x10%g/m® | Poisson's
ratio v=04 , 9% p=1140kg/m® o2 3

gick
Fig 3. Mesh deformation
3.2 3xbel AlnE
Figure 39 #$ 182 77} sacd] #M¥A
3 99¥Y AXN4dE vehiz k. 2@ ™

FAXE sace] o] AA actuatore]l <&
g Ao YASEE sace] Hulo] Azt o025 ]

e hEded ¢4Ee AAzdez FAL  E ool
a2 37 W89 sacd § nodedl A9 Aol goums-
£ WE APud 232 He FHE g F owod

Uz geov AAZ ATAZAAN AHEHE 001

actuator®] $1X Wi} Ao dxFHT U -:.::_
Fig 55 934% sacq %343 £xdg ' = OT:_M”:;‘ e
& JEld Aolth sace¥ol Aol ot

43t gt 9 #A sacol FEHE HAAFE Fig 4. Displacement of a point
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Figure 5. Velocity vectors at systole (t=0.25sec). Figure 6. Velocity vectors at diastole (t=0.75sec).

xyHAe aPelA Bxe] 479 &F Alole] A& HYGo] RAHA gov +F A BEHY
9 vena-contracta @4e] 334 A 43 FHHAASTE ¢ 4 Ut saclle A YA
I AgAe B o F8F AL F5 A 4T oM B AA o] wAGh= Aol
% AYolA BFZHAUY 4T olaZe A YL olgl AHF W] US AR FF@h
Fig. 62 sacd o|gHAA &= HEE 19 Aotk d7ldixe FEAFAAN F$E=UD sac
o] 479 ¢4 7o A A FHE HEQUY. o] RAFAN &TFE F¥ FHoln Y7 E
T4 Rt =iz vk 23 Fse v B 4F A9 i EF S04 A
479 ZEE 3349 FHAA g2 S3HAD. £F AV)NME &7 old ¥ FoM FAIY
o] el A&e ¢ F Ut ol #FYHE #F0 &7 ZAA #A X Rz vF 27
o Arle Ao JFAHY, ¥4 PAFH d@e] AL Aol

(a) Systole(t=0.25) (b) Diastole(T=0.75)

Fig 7. Distribution of shear stress
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Ed $£% A3Y A$ 1ee89 27t § o 2A Jdeddh saciA 9] EXE 2 W F
AT &7 AEso] YFHo Uch 2xiY ALFH vEate € o mAME FEAN &
& AFst Jepdot Fig 8% 9 XYY A4 A 9] maximum shear stress®] X & EAE A2
24 2 479 &7 F9 ¥y AN o) IFHE ¢ F U+

4. 48

249 A e FEgde AU AFY EF FAAA A71E 4F Tl 3RLANE
=0 Fol A Ro) BaASUL 239 AMIN AY Wol HW actuators] EF el 3
A9 AN mh AAo shgA wdges AA saclld fFE B AAEH & £ AN
t} sac 27 F99 2N REAH 39eYy EEE 2349 AL 334 Aol FAEA U
ot o =gle 2839 Adtel B ZA veith AFAZ sacol £F 71 A& A A7
z90) AHHE AA 99 Y A3 YA A= 9Ag FHEAALH, ot & FAHY
Ao B E HAFI Ao

Fig 8. Distribution of shear stress(t=0.25) Fig 9. Distribution of shear stress(t=0.75)
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