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Abstract. This paper investigates the mechanical properties of blood flow in main arterial 

system of human. The system includes aorta, subclavian, mesosentric, iliac artery, renal artery, 

celiac artery. The geometric domain of artery network is obtained using a real patient data. As 

an input, Womersley velocity profile [2] is used. Combination of thirteen arteries with aorta 

gives better understanding of the interactions of blood flow among the arteries. For example, 

the effect of a narrowing region at the iliac artery to the flow at aorta or renal artery can be 

studied with the help of the model presented. Results of the study include velocity, pressure and 

WSS (Wall Shear Stress) distributions at the arteries and the bifurcation regions of the arterial 

tree [1, 3]. Later, regional domains are inter-examined and dynamics of the system is compared 

within the thirteen branched model results. 
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1 INTRODUCTION 

Today, medical imaging methods such as CT and MRI are common, reliable and 

unavoidably useful in medical related fields. Although the technological growth is 

advancing in a rapid fashion, these methods are rarely used in obtaining data for further 

imaging and modeling analysis. To achieve this task, software based 3D modeling in 

which arterial bifurcations are restructured, is required.  

The main purpose of this work is to simulate the blood flow using 13 branches of the 

most crucial and largest arteries in the chest and abdominal region of a human.   It’s 

thought as arteries and veins as simple tubes, so the artery is susceptible to 

biomechanical factors. Although the link between these factors and cardiovascular 

health are known for centuries through the cause of arterial diseases (e.g., see Young 

[1], who considered the hemodynamic properties, or Roy[2], who considered wall 

mechanics), it is understood barely today (Davies [3]). Our focus here is arterial trees 

and their relation between the circulation systems which are constantly being researched 

in order to find substitutes clinically [4].The branching systems start with a large 

diameter and continue with many smaller branches in the arterial system [6]. Further 

analysis on arterial physiology and hemodynamics can be found in Nichols and 

O’Rourke [7]. Recent advances in modeling of complex geometries of the arterial 

system introduces new understanding of artery wall mechanics which is crucial in 

advancing of the circulation of blood in arteries(e.g. [8,9]). Therefore, simulation in 

disease progression and clinical intervention are associated within artery wall 

mechanics. The approach taken in order to simulate diameter-defined artery trees started 

with one-element based modeling [4].  

Atherosclerosis results from the chronic buildup of fatty material within the intimae 

layer. Highly risked factors can affect all arteries of the body, yet atherosclerosis tends 

to localize at branches and bends within the arterial tree. This usually leads to the 

formation of atherogenesis in local arteries [10–12].  

 

 To obtain actual patient arterial geometry, Mimics [13] software where all sliced 

images from a patient is used as an input. These images are gathered on top of each 

other to form the 3D design. Filtering of the arterial tree sections from this group of 

images leads to structuring a geometric model, which is created as a surface, using 

triangle cells. However, in order to simulate a flow model, geometry has to be filled 

with volumetric cells. This step is achieved by using volumetric mesh generation 

technique. Refinements and smoothing methods are inserted in and several 

modifications are added as the next step. Expanding the mesh into several numbered 

volumes is also analyzed since it may lead to a better understanding of the geometry. 

The artery tree is structured on an open artery model. Arterial system includes aorta, 

iliac artery, renal artery, subclavian, mesosentric, celiac artery etc. Preprocessing 

methods are then followed by applying CFD solver to the grid.  

 

2 MODELING GEOMETRY 

The paper must be written in English within a printing box of 16 cm x 24 cm, 

centered in the page. The paper including figures, tables and references must have a 

minimum length of 4 pages and must not exceed 20 pages. Maximum file size is 6 MB. 

Patient is a 56 year old female and her data was obtained during a periodical check-

up routine. Data is 512 by 512 CT (Computed Tomography) and the slices are 0.82 
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millimeter apart from each other. Certain protocols are applied such as preparation of 

the subject and scanning of the data. Preparation requires for the subject to remove all 

the metal related materials such as proteases. The most crucial section is making the 

subject move as little as possible. Scanning of data is achieved best when gantry tilt 

angle is absolute zero. Quality of the images varies according to gantry tilt angle and 

images with higher angle produce less quality images. 

Linear transformation of these image based pixels is represented in Hounsfield [13] 

unit scale in which radio-density of distilled water at standard pressure and temperature 

is defined as zero Hounsfield units. The scaling is used to separate arteries from bone 

and other soft tissues and application of this method can be seen in Figure 1a and 1b. 

After connecting sliced images as voxels, morphology and region growing techniques 

are employed using graphics software. Depending on the quality of the data, these 

methods take a serious time. When arteries and soft tissues are inseparable by the 

software at first, additional technical operations are needed such as the operations in 

Figure 1c.  

      

 a    b  c             d                e  f  

Figure 1: Reconstructed images of STL (stereo-lithography) converted meshes. a) creating inlet and outlet 

sections with dense meshes  b) interior volume creation. c) marking of troubled cells. Obtaining of 13 

branch artery bifurcations with the help of Hounsfield measures.  d) coronal e) sagittal  f) 3D 

reproduction. The steps are already achieved with results in previous studies. [23] 

Remeshing techniques are applied in order to construct 13 branch geometry. Since 

3D object is quite coarse, quality check of the mesh is needed. In order to achieve 

continuity of mass, dense meshes in the inlet and the outlet sections are implemented.  

The geometry involves multiple enclosures connected via smaller-diameter pipes of 

arteries, leading pressure levels in all. This may result one of the zones becoming quite 

large compared to other sections. Double precision calculations may, therefore, be 

necessary not only to resolve the pressure differences that drive the flow, but also the 

velocity flow at the inlet, since these will typically be much smaller than the pressure 

and velocity levels. As it can be seen from figure 1d through 1e, due to the inefficient 

transfer of boundary information, convergence and/or accuracy may be critical in 

solving the flow simulations. 

 

3 HEMODYNAMICS. 

Since the pioneering work of Perktold et al. [14], much of the research in modeling 

blood flow in human arteries has focused on the solution of the three-dimensional 
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equations using numerical methods, particularly finite elements. Such methods are well 

suited to the investigation of phenomena difficult to describe using in vitro techniques, 

including wall compliance [15,16], mass transport [17], and realistic anatomic models 

[18]. An overview of contemporary experimental and computational methods for 

quantifying hemodynamics can be found in Taylor and Draney [19]. 

Navier-Stokes Equations is stated as, 

 

 

 

The following boundary conditions were applied: It is assumed there is no slip 

on the wall, it is applied zero pressure gradient on the wall, Womersley velocity profile 

is given at velocity inlet, in this case transient velocity profile is used.  

An unsteady simulation is performed on the 13 branch geometry. The system 

includes aorta, iliac artery, renal artery, and celiac artery etc. There are one inlet and 13 

outlets in the model and the laminar flow is induced at the inlet. Flow patterns are taken 

from celiac artery (middle torso) where geometry differences highly change the outlet 

velocity values. The velocity profiles can be seen vividly in figure 6 below in scaling 

colors. 

The simulations show velocity profiles starting from the aorta ranging around 1 

m/s and going up 2-2.5 m/s in the carotid artery section can be seen from figure 3 b. 

Also what can be seen from iliac and renal sections of the arteries which are in figure 3 

a and 3 c is the increase of velocity profiles in the narrow arteries. This is continuing to 

increase when the blood particle travels further and up to 4 times magnitude of the inlet 

velocity is detected.      

A Womersley number is a dimensionless number in biofluid mechanics and a 

dimensionless expression of the of pulsatile flow frequency in relation to viscous 

effects.  

 

 

http://en.wikipedia.org/wiki/Dimensionless_number
http://en.wikipedia.org/w/index.php?title=Biofluid_mechanics&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Pulsatile_flow_frequency&action=edit&redlink=1
http://en.wikipedia.org/wiki/Viscosity
http://en.wikipedia.org/wiki/Viscosity
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Figure 2: Pressure and velocity pulse waveforms in the aorta and arterial branches of a dog. Note that the 

pressure maximum becomes amplified while the velocity maximum decreases as the blood moves 

downstream. (From Caro et al 1978, The Mechanics of the Circulation; reprinted by permission of Oxford 

University Press.)  

 

   a      b 
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      c 

Figure 3: a) Velocity lines of abdominal artery b) Velocity lines of the outlet. c) Velocity lines in the iliac 

arteries. Greener lines show faster flow velocity where red lines show the greatest velocities 

The Womersley number arises in the solution of the linearized Navier Stokes 

equations for oscillatory flow (presumed to be laminar and incompressible) in a tube 

[20]. Our previous work included three dimensional transient simulations of the carotid 

artery with a fixed diameter tube [21]. In this study, the entire blood network model is 

partitioned into three main sections which are renal, aortic and iliac regions and show 

geometrical models in details below in figure 4 a,b and c.  

Simulation results are taken in three and one dimensional data in order to 

achieve clarity. One dimensional graphs are velocity versus distance graphs that are 

taken from aorta inlet and outlet from renal and iliac arteries. This constitutes better 

comparison between one dimensional and three dimensional results.     

    

       a        b  
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         c        d 

  

       e         f          g            h 

Figure 4: a) Velocity lines of abdominal renal artery b) Velocity lines in the aortic region. c) Velocity 

lines in the aortic region. d) Velocity lines in the iliac arteries. e-f) Velocity-distance data where vertical 

axis is velocity and horizontal axis is the diameter of corresponding inlet or the outlets from sections a to 

d in one-dimensional representation. 

One dimensional graphics is a good way to validate the results although the 

simulations are handled in three dimensional. Our inlet velocity is in the form of 

Womersley profile and one dimensional graphic (figure 4g) fairly represents a similarity 

of this behavior. 
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3.1 Pressure Distribution 

   

  a      b 

Fig.8. a) Total pressure values for the patient - specific in the entire model b) total pressure values in the 

abdominal aorta, renal and the iliac region (Fig. 3 a, b and c). 

4 CONCLUSION 

The main headings should be written left aligned, in 12pt, boldface and all capital 

Roman letters. There should be a 12pt space before and 6pt after the main headings. 

Results show that better representation of complex 13 artery bifurcation geometry 

gives more detail on the flow characteristic hinting us the flow projections of a nozzle 

effect(see figure 8) and high pressure increment at the level 2 bifurcation in the iliac. 

These effects of results were also noticed in previous studies [22].  

The narrowing of the arteries in the celiac region happens to show high speed and 

pressure values in the results. This is referred to as stenosis. The velocity vectors 

indicate that multiple layers of the wall Conversion of scanning to a geometrical model 

needs to be generated with as much as data (nodes or volumes) possible but there are 

many parameters that may be effective before construction of the geometry such as 

procurement of data and patient status.  
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The velocity differences seen in periods of 0.2 second intervals show that Womersley 

wave profile changes rapidly when blood streams from aorta through the thinner arteries 

such as iliac and renal.    

In this study, our model is based on an open loop circulation where blood is applied 

into the aorta inlet and the outlet sections do not send any information nor update of 

such property like velocity or pressure. Further studies are likely to be focused on 

closed loop modeling in which blood flow circulation is simulated with passing of 

mechanical properties between inlet and the other 13 outlets. Further research may also 

include investigating medical anomalies like abdominal aortic aneurysms (AAA) 

especially in the meso-centric aorta region. 
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