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OZET

GENIS INSAN DAMARLARI jci_N SAYISAL UC BOYUTLU KAN - DAMAR
DUVARI ETKILESIMIi MODELI VE UYGULAMALARI

Senol PISKIN

Bu c¢ahismada insan sah damar1 bélgesi icin biyomekanik bir benzetim modeli
onerilmektedir. Genel, i¢ ve dis sah damarlarimi igeren ii¢ boyutlu sah daman
geometrisinin olusturulmasi i¢in gercek hastalara ait taranmis Bilgisayarli Tomografi
(BT) verileri kullamlmaktadir. Olusturulan geometrinin i¢ bolgesi akiskan dis (duvar)
bolgesi yapi olarak modellenmektedir. Olusturulan akiskan yap etkilesim (AYE) modeli
icinde siirekli ve siirekli olmayan akis benzetimleri yapilmaktadir. Akiskan tarafinda
Newtonyen ve Newtonyen olmayan Navier-Stokes denklemleri kullamilmakta ve kan
degisken viskozite ve sabit yogunluga sahip kabul edilmektedir. Giriste zamana bagh
periyodik hz profili uygulanmaktadir. Bu sekilde benzetim yakinsama icin en az 10
peryot yapilmaktadir. Lineer elastik ve viskoelastik malzeme 6zellikleri damar duvarim
modellemek i¢in kullamilmaktadir. Akis tarafindan elde edilen basing degerleri yap
tarafina gonderilmekte, yapi tarafindan elde edilen yer degistirme degerleri de akis
tarafina gonderilmektedir. Bu degisimlerden sonra akigkan tarafindaki hesap ag yeni
geometriye uygun olarak yeniden olusturulmaktadir. Ayrica parametrik olarak genis
insan damarlar: i¢in ¢esitli giris profillerinin hemotolojik faktorler iizerindeki etkileri
incelenmektedir. Dort farkh vizkozite modeli birbirleri ile karsilastirilmakta ve
fizyolojik etkileri incelenmektedir.
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ABSTRACT

A NUMERICAL THREE DIMENSIONAL BLOOD - ARTERY WALL
INTERACTION MODEL FOR HUMAN CAROTID ARTERY AND ITS
APPLICATIONS

Senol PISKIN

In this study, a biomechanical simulation model for human carotid artery bifurcation is
proposed. Scanned Computed Tomography (CT) data of real patients are used to
generate three dimensional (3D) geometric model of a carotid artery bifurcation with
common, internal and external carotid arteries. Inside and wall of the carotid artery
geometry are modeled as fluid and structural domains respectively. Steady and unsteady
fluid flows are simulated for the resulting fluid-structure interaction (FSI) model of the
carotid artery bifurcation. For the fluid simulation, Newtonian and non-Newtonian
Navier-Stokes (NS) equations are employed and blood is assumed as viscous fluid with
constant density. Time dependent periodic velocity profile is given as the inlet for
unsteady state flow simulation and the simulation is performed for ten cardiac cycles to
obtain a convergence between cycles. Linear elastic and viscoelastic material properties
are implemented in the structural code to model the carotid artery wall. Pressure values
of the fluid on the wall of the artery and the displacement values of the artery wall
exchanged between fluid and structure codes. Following the exchange of the data,
dynamic mesh capability of the fluid code is used so that the grid of the fluid domain is
regenerated. Also, the effect of different inlet profiles of large human arteries on the
hemodynamical factors are analyzed. Four different viscosity models are compared to
each other and investigated with regard to physiological effects.
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