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1.1 #RE

SR Pro/ES.0 BN T 3T AR R 50 Wik ik 52 A TR) JLART 2 85000 R 58 45 B 22 S IR o
JOkAR TN | 40,35 72 [P ST B ( LCX1) | 22 [ JiE =2 B ( LCX2) Flli 2% 57 (obtuse marginal , OM ) Ifil
B LHA kL, 0000 LCXT AN LCX2 A5 W — a5, ky ky kg 23 5A LCX AMIEETE |- — A5,
kg ABRAE KD BES M BE TG 1 — 55, K kg 2050 OM PRI AMINBE 7 b — 5, Ky R4 XA M
BETA | — 5, & 1 R LCX1T A E LCX2 1 OM H H AR N #2453 514 4.1 mm 3.1 mm F 3.2
mm , HEBEFA 3008 3.62°,2.11°H11 1.68°, B 45 BE JE BE ¥4 0.3 mm . Bl kB 78 BEHR I AE LCX2
(AT o3t , BREBRSR AT X R 28 Oy i st 7 JLARI A 7R | T A JLAn] A a7 v 227 AR 2% il 20%
1 e R B 2 L8 6l 40% 7 HPR A2 K 6 E U H

D* - d*
5= e x 100%, (1)
Horp e fh KM P9AE D R 3.52 mm , B8 b Sk 4 e/ N AR d K 2.73 mm .
LCX2 oM

kgvascular wall

blood

LCX1
B 2R BRI B RAIE Aoy
Fig. 1 The left coronary artery model and the mark points
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SR FH S 5045 18 22 5 PR 3 Jk 0L 70 32 88 A SR A R0 I g A 11 S, AT 2 T, I RN 21 4 g
KA A A 3R B % B O A X TR S0 088 3 ik 1M % B Reynolds (&%) 50 H Re =
2pQ/ (mRw) " A BOE ARG B M Q SAARK 70 ml, OFEEAD 1.25 WK, 343
3 PR A Re 24/NF 2 300™° , B I3 4 J2 . P AR L3 2R A Euler-Lagrange ( FR -7 4% H
H) R HE 2 i
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N, FH ANSYS-ICEM Xt 22 e R 20 Jok JUART A5 50 15 47 ks Jal 4, Sk 8 8 10 5L )2 B RG E
L A 7522 o SR P 20 4 O 2385 ) = e IO s ) 40 BRUIE 6 NG s JEL BT TR 0.8 s, 5 K0 10
ms , >R F ANSYS-CFX XY HEA 7400 8l A A A a6 A2 58, BB R ARG B 11077,

1) Newton MLIEFERI(N)

MR BRI ARG | AT RS B PE Newton WK, L% B 1 050 kg/m*, KA 0.004
Pa-s! " B I A4S B 1 KA TGS RS | 22085 I A5 BE G 52 0

2) PIAHIML AR (T) 70

o d(v, -, 1
| ( i cdr +mg, (4)
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P o L2 OA A (SR AR IR E A He é
55% s L4 L R B AH ( B HIOH ) IR FRE 43 Ll S sop
459" LLANR BB LAY /N
R 6 pm, I KEAL 9 um, FHEEHAE 8 wm, bp ?
W2z 1 pm JUMSEBRE R 1 030 ke/m’ K5 2 30F
0.003 5 Pa-s, ZLAHMIEH LR 1 090 ke/m® HEEE N
90.017 5 Pa-s'™ B R Shid #4040 i S5 0 01 02 pf3 0'.4A 05 06 07 08
LA W57 00 A 5 4 3 9 5 220 21 cardiac cyele time £/5
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Fig. 2 The inlet velocity
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HANAT R4 LR A vE bR, BUMAT BESS B H 1 062 kg/m®, HPEREE Jy 500 kPa, Poisson (1A
Fi) LA 0.45; BEHLEEFE A 1 000 kg/m®, #PERLEE A 300 kPa, Poisson Hoh 0.3 (R BEH
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X (x,t)

w(eR(x) 1y = P (s)
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t

o, X, R 35000 ML 6 BE (SCBEBR ) Sl S A 1 A AR



504 X % ik A B K L Tk

2 RS0

PRI — A0 ol B AT B 2 SR I T A pT.

2.1 MiREE
&l 3 Sk B AL Bl JE Y A 45 S 75 s 220 F I 3 3R S 4 o A L rl R T A 7 A I {0
(0.14 ) ,LCX1(k,) MBBkBezE b (k,) fA L3R RE B, J7 1) 548 BE P47 LCX 43 A Sl
(ky) F1OM U3t AU (g ) 118 378 S 3 AR 458 /0 A L SR V68 30 ( 0.26 s ), I 90 328 5 N DB i
/NS LCX2 R OM 350 i 9 001 378 38 J3E B0 A AR O ] 203 Jk 2 SC R, LA (ke L kg ) AEAE/INTHTFR Y
ML FASHE X, FLAFFERE/IN R PR B AR RO SR i AR (0.34 s ), O sh IR 25 5, 1t 3 2
Bk ME , 7E LCX2 F1 OM T3 AMU (ky kg ) H PR R A4 1098 000 B 42, T i i A K 1)
R IB JE X, 32 DX 358 P AL 0 3 B AR AT, 335 i 3 30 A A2 I v 52 B WIS St g o & A= TR,
R ML/ TS PR R G , PRk T LCX2 HRBRAS B 2 J2 oA OML 30T Lo it F7 301 2 ok ke A i 1 b B
He I st T A A2 AEEFIRIE (I (0.38 s) , Do IEAL T AT SR AR 2, I 370 3 3 35 3 &7 ok
MR KAE, LCXT (K, ) B BkBeAE Al (k,) BYILGREE B R, LCX2 Fl OM 3T Covmd MUl (k, kg ) Y
I 378 T8 /N, T B S ) L I B2, ML o A 03 50 50 S & 5K AR L, 0 2l 4 10 P o
TR B AR AL A B, 7E LCX2 T OM 3T Cosg MM (K, kg ) 8 BRARRR 308 9L DX B K, ML 43+ A B A2

F N SRS AR RE AT 15 2 JR A 5 M B K.
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Fig. 3 The blood flow velocity streamlines
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Fig. 4 The curves of blood flow velocities in a cardiac cycle
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LCX1(k,) ", N LAY I 30 3 B e A, T I B ASE Y iy Il 3k o B35 AH 3. 7 LCX2 BRZEAL (k,) N
SR L Y0 B e K, T A AN 2, B ASEARY 1L Yt i3 B /) 5 JHL D B Sy oo 30 JRL BT N L3 22 1 3 0 U
AL AFT 5 0 S R I 3E 5 1 AR 2 T %) T 5V YO0 i A8 B T A TR A IR Tt AR BB
ML 4L 9/
22 EEEVIN S

&l 5 Ay 3 Pl 7 f B T D17 ) B B 1) A8 kit k. el BTRT T, G 3l R BRI, 7 OML 3 Lo g P
WFNIMI (K, kg ) BETEIIN A8 M BE K, BE TR BY U1 3R AR I 05 5 T 5 | 1l A8 P9 254
FNTIIfE A A 2% 38 K4S PN RS A= (A28, B & A= B ok A s AR 6 722 . 7E. LCX2 30 S S Ml
(ky) BEEUIN HJ N (/NT 0.5 Pa) I XIS BE A Rz 290 A AT L v 320 97 ) 35 50 ok ok e il
RG22 o LCX2 iRl AL B i) A e 4R A3t 1 53 A A BRI IR 7E LCX2 BRAEAL (k)
BETTVIN JJAEX RBEAEAL (ky, ko) R, FEC SWCAR WA I BE T V) 8Kk, BBV 22 1%
I Gy 18 B BESR A SRR TIOR8 A LU T B UL 5 21 R G, AR #E T Bk
SRR LAY & .
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Fig. 5 The curves of wall shear stresses in a cardiac cycle
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PR T BORBERIVIN /.5 N, T BORUAH L, B AR ) BE [ DIV ST/ T T AR B B i A0
SCAAI], LCX2 F1 OM LI (K, kg ) A7 AR BE I YINE J3 R AZBLGE s 760 B &F 5k 401,
OM o AN (k) AR BETET VIS A7t BLAINDE Bl s FLRR 7R T B AR A i B 9 I X, HL
A5 OM 3L S 1 BP9 5/ i 378 3 8 AR A AR ILIAE HH 2 0 AN W5 A BE R A T, O PR R A
BEMIEAL | E0RE I D) N T B B B AR

2.3 AHMEHSEELR

2.3.1 “amieiz )

P 6 oy B AT it A5 e F 1] 46 AT 2 % B AR AT 119 20 40 B~ L 1R 2= Ly [T eT R, X v
ZL20 M ) Y 3l T A b T I b OBl 2k DI, B a0 3 ROR XL LCX2 T OM ST o £
240 0 )38 O 1] T3 SC AN, A ML 20 B sl 0 B, 5 i 3 R o A ML — B, % A
R a3 B T A MO PR B 240 kA R I, o R Y o T - 5 LA P RS LR
WS I A A B, S SRR RE AL FTE S A AR L T R Z5 F 1 LCX2 B AL 2140
Tl 1) F I, 2L Sh R b AN A R A EE AR S A (5 P B 1 D) R TR

averaged RBC particle number rate
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Fig. 6 The averaged RBC particle number rate
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Fig. 7 The curves of vascular wall displacements in a cardiac cycle
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B 7 RO sl AN B ASEAY v £ R s ) E TRDE A8 i 2. by [T RT 0, 25 RRIE s AL A AR 1k e
B, A FRAE ASURE IR AR S DA (B 1) R 3 AE o S AT ot B0, JHG it R R i 5 7 o L 0 2
o E US4 5 7 5K P AR A R B B IO 00 A RE ) R VR R R AR T ORI e R A, 3B
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BETHE AR BRSO AL (K, ko) BETHIALAS S A, BE T 728 b I 8 R, 1200 1 0 36 1l 70 X
Ab i EEHL, 5 R BE N B RE 2L , IR A= 3G A= S 4405, 9 R 5 v A0 e S AN AL 2L 5 5
FRER T 75 &8 1 AR BEHE 5. LCX2 F1 OM Lo SMI (ky kg ) BE TR A8 5 AH I
LCX1 ¥T03G (ky) A1 LCX2 J0od (ky) HOBEETIEAS & /N LOX2 BEAS AL (ky) BEHIE AR HAH
XL/ A Ty s I A SRE SR A I 7

3 45 1w

1) ZEse Rk, LCX2 F1 OM 32O 3ity /MU H 30 0 0 06 970 X, JHL R T B 7 R 2T 40 i
FUNBCAHE /N R AR 4, 5y 3 LIS P Rz 40 M ke Sl i i, PR B Ry 350 S50 8 2 4 i PR 34
% | ERE N RS20 M ) ZE AT A8 5 T R & AR IR | I 55 27 R G , B 5 R e SR Bl ko
FERE AL A2,

2) —ANDBHEIP 7O Sh e S AT TR a0 A5 R TP AR i B ORA, Ho, 22 iR B
Jik 53 SCARRE TR AR HEARK, S 1t BUAE RE I I T e A 5L, I/ INBR B 9005 O & 2B R R AR fifi s
FEBEHIE B ; 138 2140 A A% I 3 32 B4 v T I 3k o B K DX 38, LCX2 1 OM 30 v £1 248 Y
DL B O 1) M5 s RN, LT S4 21 20 B AR R A Bl K.

3) 3 i AR L A o g A R ) AR A R 2 5N BERUA b, T AR AR il 3 R AR
AN BRIV K ;5 N, T ASRUAT He B RS 1 378 7B /), B T VI 7 o B )= e sh IR 4.3
oIt A TR XT L T 2T, T R B ASE TR ey 2 240 B ) 9 2 A X o R RE TG U 1 ) 43 A A I I
Bl 2R R A, B ST B A LS I I IV 3 3.
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2-Phase Hemodynamic Analysis Under Bidirectional
Fluid-Structure Interaction in the Left
Coronary Artery With Stenosis

LIU Ying', ZHANG Wei-zhong', YIN Yan-fei',
ZHANG Zhi-liang®, ZHANG De-fa'
(1. School of Mechanical and Electrical Engineering, Nanchang University,
Nanchang 330031, P.R.China;
2. Department of Cardiology, the First Affiliated Hospital of Nanchang University,
Nanchang 330006, P.R.China)

Abstract . Treated as a 2-phase flow, the blood flow in the left coronary artery with stenosis
was transiently simulated with the method of computational fluid mechanics, under the bidirec-
tional fluid-structure interaction between the blood flow and the vascular wall. The blood flow
distribution characteristics in the left coronary artery was analyzed at typical moments within a
cardiac cycle, and the effects of the 2-phase blood model plus the fluid-structure interaction on
the hemodynamics were studied in comparison with those of the Newtonian blood model and
the 2-phase blood model. The results show that, in the proximal outside of the obtuse marginal
and the distal part of the left circumflex branch there appear low-speed eddy zones where both
the wall shear stress and the red blood cells’ volume fraction are relatively small, resulting in a
suitable physical environment for the formation and development of atherosclerosis. The wall
displacement at the left coronary artery bifurcation is rather large, making a possible cause for
the disfunctions of the vascular wall intima, which also prompts the formation of the athero-
sclerotic plaques. The comparison between different blood models shows, the flow characteris-
tics of red blood cells have considerable influences on the hemodynamics of blood flow velocity
and wall shear stress, and the bidirectional fluid-structure interaction model is more consistent
with the true situation of the blood flow.

Key words: 2-phase blood flow; stenosis; fluid-structure interaction; left coronary artery; he-

modynamics; red blood cell
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