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Abstract: This elaboration proposes results obtained during initial stages of numerical modeling of the function of aortic heart valve 

depending on its elastic module and the aortic elastic module.  

The actuality of such an elaboration could be based on the advancing progress in the material sciences, as well as on the increasing 

opportunities given by the development of the medical diagnostic technics for observation of processes in the human organism and the 

development of computational technics.  

The work and the interactions between the aortic valve and the aorta is here structurally modeled according to Finite Element Method by 

help of Ansys commercial product. Elastic material models are assumed for the materials of aorta and aortic valve. The geometry of the 

aortic valve and the aorta are designed as averaged ones according to suggested reference data. The boundary conditions are assumed 

according to reference data about left-ventricle blood pressure and the aortic blood pressure. These material models, geometry and 

boundary conditions could be reformulated according each separately given case. That will give possibilities of development of the subject of 

this work following as called patient-orientated model.  

The displacements, the stress and strain distributions in both aorta and valve are established depending on both blood pressures aortic and 

left-ventricle depending on two aortic elastic modules 0.476 and 1MPa under elastic modules of the sinotubular junction 15.34MPa and 

sinus of Valsalva 20.24MPa. Pumping functions of the heart and the aorta are numerically observed depending on the two aortic elastic 

modules. Some variations in the elastic modules of the sinotubular junction and sinuses of Valsalva are commented. 

The proposed finite element model and the obtained results could open future possibilities to enlarge this work, for example, through 

variations in the four elastic modules, variations in the aortic geometry also including additional branches to the aorta or modeling of 

interactions between pulsating blood flow and arterial-valve structures, also not excluding real experimental formulation or design and 

synthesis of new biological materials. 
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1. Introduction

Thomas Young had firstly treated the propagation of the pressure 

heart pulse in elastic arteries [1]. Before (in XVII century) William 

Hardy had found unidirectional blood flow in the human organism 

because of the presence of valves. The tricuspid aortic valve is one 

in between the four heart valves [2]. It separates the left heart 

ventricle volume and the aortic volume [3]. Its basic function is to 

ensure unidirectional flow of the oxidized blood from the heart to 

the tissues through the aorta. For this aim, two pressures Pventricle 

and Paortic, are acting on the two corresponding opposite sides of 

the tricuspid aortic valve [4]. The valve and the aorta possess 

naturally given geometry [5] and elasticity [6]. 

What we have, here, to tell concerning such a complicated process 

like the blood flow from the left heart ventricle through arterial 

blood system to the biological tissues: The time variation profiles of 

both the pressures left ventricle and aortic, as well their exact 

optimal values are well known [4, 6, 7]. But, a question is here 

arising, how these values are related with the strongly individual 

human structure of blood vessels. We mean here, the precisely 

determinable mechanical characteristics including elastic module, 

density, Poisson’s ratio, and why not (?) yield stress, fracture stress 

or tangential module. These characteristics could be a measurable 

manifestation of changes in these structures at macro-level [8], even 

a structure transition through the micro- and mezo-levels of elastic 

and plastic deformation of the biological tissues of aorta and aortic 

valve. Variation in the mechanical characteristics and geometry of 

the three valve leaflets and sinotubular junction should be also 

mentioned [9, 10]. 

This work is called “Structural” because we are here interested in 

the deformation behavior of the two elements with different 

elasticity only as response of two pressures. In fact, we have 

complicated fluid-structural interactions during the transport of 

arterial blood from the heart to the tissues. Also, there are some 

branches in the real geometries of the two elements as, coronary 

arteries, carotid ones, inlet mitral valve etc. This work is called 

“Preliminary” because here the aims of these works are to find 

deformation effects related to the different elasticity and revealing 

possible subsequent effects on the arterial blood flow, and coronary 

for example. Enlargement and complicating of this work taking into 

account the above circumstances could be a subject of next works. 

2. Problem discussion

The experimentally (clinically!) observed as mechanical behavior of 

aorta–valve is result of given mechanical material properties, they 

determine corresponding physiological effects. The development of 

a numerical model, Fig. 1, could give possibilities to simulate the 

relations in the system ”blood pressure (left ventricle-aortic) – 

displacement of the valve leaflets (valve opening/closing)” ensuring 

unidirectional pulsatile quantity of blood flow with necessary 

pressure and velocity of the blood to keep an optimal metabolism in 

the alive cells of human tissues. And yet, the question “to which 

extend the theoretically assumed optimal aortic blood pressure (for 

example 120/80mmHg = 15960/10640Pa) and left-ventricle 

pressure are related with given elasticity of the aorta (for example 

476, 1000, 1500 or 2500kPa) and the aortic valve”. How and with 

which amplitudes the aorta is pulsating in order to ensure the 

optimal blood flow parameters for the tissues. As well, which range 

of elasticity of the aortic valve leaflets is needed to open/close the 

valve depending on the two pressures acting oppositely on the two 

sides of the valve. 

Fig. 1 Geometry of the FE model and Boundary conditions 
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The real physical experiments [4, 5] give opportunities to obtain 

results in laboratory conditions by help of strong formulation of the 

influence of the experimental setup and the ambient medium upon 

the run of the investigated processes, as well upon possible 

transformations in the material structures. Similarly, the numerical 

simulations [7, 10] reduce the difficulties to formulate a real 

experiment. Then, it could become easier to establish specific 

dependencies between parameters and ruling factors in the process 

as well conjugated dependences in between the factors itself. It 

could also become easier to find/reveal and determine criteria for 

optimal control of the processes in order to obtain results given in 

advance. 

3. Objective and research methodologies. Results

The subject of this elaboration is concentrated on the numerically 

modeled deformation behavior of idealized forms of the two 

volumes determined by their generalized elastic materials’ 

properties excluding the influence of specific composite biological 

structure, and including each symmetry of geometry, isotropy etc. 

The influence of the other aortic branches is neglected. A 3-D finite 

element model Fig. 1 is developed on the basis of the averaged in 

the ranges geometrical sizes 1 - 4 recommended in [2]. 

Material properties are modelled with isotropic linear elastic 

models [1, 5, 9]. The aorta is modelled at two different elastic cases 

with elastic Young’s modules Eaorta=0.476 and 1MPa versus 

Estj=15.34MPa and Esv=20.2MPa for the sinotubular junction and 

the sinus of Valsalva. Poisson ratios is 0.45. The density of the two 

materials is 1060kg/m3. 

Fig. 2. Boundary conditions P1-10. Initial conditions from 0 to P1. 

Boundary conditions are applied according to Fig. 1 and 2 

translated in 10 points from these, experimentally measured and 

given in References [4, 6, 7]. Initially, the both aortic and aortic-

valve structures are loaded (red line) from 0 kPa to point P1. After, 

the pulsating pressures following P1-P10 (red and black curves) are 

applied. The red curve Paortic describes the aortic pressure acting 

per heart pulse on the aortic walls and on the upper/aortic sides of 

the aortic valve leaflets. The black curve Pventr describe the left 

ventricle pressure acting per one heart pulse on bottom/ventricular 

sides of the leaflets. Actually, such pulsating profiles could be 

translated from each ECG obtained in clinical conditions [4, 11] and 

could have different characteristics reflecting a real human state. 

The differences between the two pressures here we will treat as 

initiation-preconditioned reason for appearance of the two pumping 

functions. We will look for numerical relation between elasticity 

modules and these differences under assumed conditions. 
Both the aortic valve and the aorta are separated in 20 070 finite 

tetrahedral elements with 40 304 nodes following the approach in 

[12]. Equilibrium equations are solved under the corresponding 

boundary conditions and as result corresponding node 

displacements with corresponding stress strain distributions are 

obtained relating aortic-valve deformation behavior to pressure 

loads depending on the pointed elastic material models. 

Fig. 3 Displacements at Points 2up and 4down (time 0.5 and 0.7) in 

the STJ of the aortic valve possessing Estj=15.34MPa and 

Esv=20.2MPa. 

In Fig. 3 the displacements in the sinuses of Valsalva are given at 

Points2 and 4 from Fig. 2.In this figure the numerical effects caused 

by the pumping functions of the heart and the aorta are seen. It is 

obvious that, the diameter 2 in Fig. 1 is variable depending on the 

two pressure variations. The variations of this diameter are 

commented in [5] as 0.16R. Here Fig. 3up/down, we read 

displacements in Points 2 and 4 correspondingly 0.0011 and 

0.00279mm in respect to the initial one of 26mm, Fig.2. In the 

center of the aortic valve there is up-vertical displacement of 

0.0023-0.00356mm from the horizontal plane Oxy. This down-

vertical displacement is 0.0083mm. The change of the circular form 

of the sinuses of Valsalva is clearly distinguishable. Here, it should 

be mentioned that the contemporary medical technics permit to read 

such type of displacements of similar real geometries in real time 

[10, 11]. 
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In between the subjects of this work is the search of relations of the 

material properties and numerically obtained images in Fig. 4, 

which could be really observed images. Such relations in this work 

concerning parameters of deformation behavior given in Figs 4 – 6. 

They pass firstly through the material models. Identification of such 

models is important firstly as point of view predicting of material 

mechanical behavior, as well as a future possibility to design and 

syntheze [2] of a material with properties given in advance. That 

makes the numerical and experimental works of such models an 

actual subject.  

Fig 4a. Displacement in the aorta 

with Eaorta 0.476MPa.  

Fig 4b. Displacement in the 

aorta with Eaorta 1MPa. 

The next Figs 5 and 6 give the stress-strain variations in the aorta 

and the valve. The geometrical change of the aorta is visible 

depending on the blood pressure and elasticity. It is obviously that 

under conditions of aortic pressure decrease or drop the high aortic 

elasticity leads to compression and flexion of the aortic volume, and 

respectively causes a larger pumping effect including upon the 

upper parts of the valve leaflets.  

Fig 5a. Stress distributions in 

aortic valve and aorta depending 

on Eaorta 0.476MPa.  

Fig 5b Stress distributions in 

aortic valve and aorta depending 

on Eaorta 1MPa. 

They from them-self react against this according to their mechanical 

properties. In Points 2 and 4 (Fig. 2), with Eaortic=476kPa in Figs 

5a up/down the stress (red arrows) is 116-225 and 155-228kPa 

concentrated in the aortic arc. Their corresponding strain are in 

range of 0.32-0.36 and 0.44-0.5. With Eaortic=100kPa in the same 

Point 2 and 4 (fig. 2) the stresses are in order 117-225 and 155-

228kPa. But the strains are in order of 0.12-0.136 and 0.150-0.168. 

The change in the forms is clearly distinguishable. Here, it should 

be mentioned that for such type materials there exists a remodeling 

of this elastic property in the time. That phenomenon depends 

basically on the function of the endothelium cells and 

corresponding tangential (shear) stresses on the walls of blood 

systems. Also, whether the leaflets will succeed to close the reflux 

blood flow, and the blood flow will remain unidirectional, that 

depends on their elasticity, more definitely on their elastic 

(Young’s) moduli. 

Fig 6a. Strain distributions in 

aortic valve and aorta depending 

on Eaorta 0.476MPa.  

Fig 6b. Strain distributions in 

aortic valve and aorta depending 

on Eaorta 1MPa. 

That could be here numerically seen from the modeled results given 

in Figs 7 and 8 for Eaorta=476kPa. In the first case compared to 

Fig. 3, a stiffer (non-elastic sinus) of Valsalva and sinotubular 

junction (Esv=20.2, Estj=30.34MPa) have smaller opening, does 

not permit large unidirectional blood flow to the aorta, but secondly 

a small quantity is also allowed to flow back to left heart ventricle.  

Fig. 7 Displacements in the STJ of the aortic valve possessing 

Estj=30.34MPa and Esv=20.2MPa in Points 2left 4right. 

Decreasing Young’s modules to Estj=5MPa and Esv=5MPa lead to 

fracture in the aortic valve. But thsuch a fracture does not appear 

with increasing Estj to 10MPa, Fig. 8 
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Under Esv=5 and Estj=10MPa a larger opened aortic valve with 

larger cross-section is seen, Fig. 8. That will permit large 

unidirectional flow (Fig. 8a) from the left ventricle to the aorta and 

tissues. But, also an insufficient closing of the valve is seen at the 

sinutubular junction, Fig. 8b. That could be a precondition for 

higher reflux. So, if the aorta and the valve are highly elastic 

consequently there is no sufficiently out-pumping of blood from the 

heart. That does not lead to successful transition of the blood to the 

tissues because of the reflux. 

Fig. 8 Displacements in the STJ of the aortic valve possessing 

Estj=10MPa and Esv=5MPa in Points 2left 4right. 

Here, we have initially pointed some mathematically modeled 

dependencies with corresponding mechanical really measureable 

values. The real state of the art is quite complicated, definitely 

concerning the real mechanical characteristics of biological tissues 

and more over the real taking of the experimental data. 

4. Conclusion

With Ea=476kPa elastic aortic deformations are seen larger in three

times compared to Ea=1000kPa.

If, an aortic volume change is numerically established because of an

aortic elasticity, then a higher aortic pumping function should be

expectable as response of the interactions between the blood fluid

flow parameters and aortic wall structure deformations. Else, we

could have a blood flow and pulse wave velocity transmition as it is

in a rigid tube. However, such an aortic pumping function should be

in relations with the pumping function of the left heart ventricle.

Such relations described by responses of the elastic modules of the

aortic valve and the aorta to both the pressure left ventricle and

aortic are presented in this elaboration.

Also, attention should be paid to the neglected aortic branches, the

coronary ones for example… They because of their structures could

have their own higher/or lower specific elasticity different than the

aorta and aortic valve. Thereby, they might be sensitive to an aortic

pumping operation and to the aortic-wall shear stress induced by the

blood flow outcoming from the left heart ventricle through the

aortic valve.
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