ER4&MIE £29% £1H 204%£2A8
78 Journal of Medical Biomechanics, Vol. 29 No.1, Feb. 2014

X EHE.1004-7220(2014)01-0078-07

E T i%R=EKKX Womersley & i% 1
o1 Bk I % Bk 20 i #F 33

gAY, EFE, O ARAET, #OR, BeHT
(LRI TRBE, R HHT 5240885 2. thilikas: DA MBHBMRAR B85 0%, )M 510080;
3.7 BB AR ITEERG , 14 B 518033)

HE: BE @R RS ) F ISR R T 2 RS LR A MRk S gt . ik SRR
Jikzhift Womerseley ﬁ?ﬁﬂ@%ﬁﬁii%l/\%ﬂlﬁﬁ&,@i%? Co 2l JE 391 ML 3 ik o R 2 08 1) I BT ) 27 SR ik B a3 BT AR
Z 5 TR FHERAR AL 1 1 5% 308 LA N 1F Az FHIR 25 R 8 53 KU {4 4 57 #8 ( enhanced external counterpulsation EECP ) IR 4
N BTE I fE /NS SN K U U, AT AT ) IR B A Y . SRR X ARCIRAS T A Bl v R A3 A BE T
YI; 77 (wall shear stress, WSS) 737 7= 1% B V145 5L (oscillatory shear index, OSI) 45 8 % (M 7 3h J1# - dEAT.0 80 A
SRR AT o RO X WSS J3 A Ju R OSI KA — & BYSE I ; EECP AE T g W] i 42 70 30 i 400 B ) 3l
ik WSS K JU L WSS WL, [R]85 1 OSIKSF-o ZE3E Ot N7 A9 6 T ML V80 0 ka2 9 R i 44 2% BB 7 (45 28
MR A LA B 1 20 v s EECP AR F A= BEYE BB A R WRR T3l kA9 WSS 7qujﬂaz%ﬁ<ﬁﬁ?l| PRECR Y B
AW F MU 2 — VR R YR A 2 SR TR L 30 127368 b, OST X T3 ik P Kz T B 5% i £ F AT Bz /N T WSS AR
£, OSI 7] BE I 72 JRAR 1% TN 3fy K o5 A0 Al Ao 222 14 1 3 30 0 A48 o

KB MRS ; BEMIVIN 10040 5 4R35 Sy VI 40 SR AUAS S5 iR s 712

FE45%ES: R318.01 XHERFRERD: A

Pulsatile blood flow in arteries: An analytical and numerical study
based on the Womersley algorithm

DU Jian-hang'®, WU Gui-fu>’, ZHENG Zhen-sheng’, DAl Gang’, FENG Ming-zhe’
(1. Department of Engineering, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China; 2. The
Key Laboratory on Assisted Circulation, Ministry of Health, Sun Yat-sen University, Guangzhou 510080, China;
3. Shenzhen Futian People’ s Hospiral, Guangdong Medical College, Shenzhen 518033, Guangdong, China)

Abstract. Objective To conduct a comprehensive study on pulsatile blood flow in arteries by proposing a con-
venient theoretical research system for hemodynamics. Methods Based on Womersley algorithm for fully devel-
oped pulsatile flow, numerical algorithm was introduced to establish the solving and analytical system of hemody-
namics based on flow rate in arteries during one cardiac cycle. The flow rate of carotid artery in pig was measured
under three blood flow states: the ideal state with a sinusoidal inflow waveform, the normal physiological state
and the enhanced external counterpulsation (EECP) state for comprehensive hemodynamic research. Results

Important hemodynamic parameters such as the axial speed vector, the wall shear stress (WSS) , and the oscil-
latory shear index ( OSI) during one cardiac cycle under the mentioned three flow states were solved respective-
ly. The waveform of flow rate had a certain effect on WSS distributions and OSlI level; the EECP performance ob-
viously resulted in a significant increase in the level of WSS (WSS peak in particular) and OSI. Conclusions
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The solving system developed in this paper can be used for hemodynamics study conveniently and effectively.
One of the most important hemodynamic mechanisms that lead to EECP’ s good clinical effect may lie in its pro-
motion to WSS level under physiological state, but the effect of OSI on endothelial function of the artery might
much smaller than WSS itself; therefore, OSI may not be an ideal hemodynamic index for predicting the lesion of

atherosclerosis.

Key words: Pulsatile blood flow; Wall shear stress (WSS) ; Oscillatory shear index ( OSl) ; Enhanced external

counterpulsation (EECP) ; Hemodynamics
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Fig.1 Axial velocity profiles at various time during cardiac cycle (a)The calculated results in the paper, (b)The calculated results in reference[ 1 ]
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