
 
International Journal of Mathematics and Computational Science 

Vol. 4, No. 3, 2018, pp. 118-123 

http://www.aiscience.org/journal/ijmcs 

ISSN: 2381-7011 (Print); ISSN: 2381-702X (Online) 
 

 

 

* Corresponding author 

E-mail address:  

Fluid-Structure Interaction Modeling of Aortic 
Blood Flow Behavior in the Human Cardiovascular 
System Using Differential Equations 

Mbaya Ilunga Edouard1, Beya Dibue Jean-Pierre2,  
Mansiantima Lutete Doris3, Dzama Likwanda Yohanan3,  

Mutombo Muana Donat1, Beta Mwakatita Mura1,  
Gbabete Kpalakoni Jean-Richard1, Benjamin Zoawe Gbolo4,  

Pius Tshimankinda Mpiana5, Koto-Te-Nyiwa Ngbolua4, * 

1
Mechanical Section, Higher Institute of Applied Techniques, Kinshasa, Democratic Republic of the Congo 

2
Laboratory Section, Higher Institute of Medical Techniques, Kinshasa, Democratic Republic of the Congo 

3
Department of Physics and Applied Sciences, Faculty of Science, National Pedagogical University, Kinshasa, Democratic Republic of the Congo 

4
Department of Biology, Faculty of Science, University of Kinshasa, Kinshasa, Democratic Republic of the Congo 

5
Department of Chemistry, Faculty of Science, University of Kinshasa, Kinshasa, Democratic Republic of the Congo 

Abstract 

Blood flow dynamics in arteries is an underlying factor for much vascular pathology. A better understanding of these dynamics 

could improve the prediction and diagnosis in both healthy and pathological situations. The study of the mechanical properties 

of aorta will help to understand the normal and pathological situation and to predict their adaptation to changing circumstances. 

The aorta is continuously exposed to blood pressure caused by the pulsatile effect of the heart. These stresses are noticed by 

elastic deformation of the organ. In the present study, we have developed a mathematical model that allowed us to evaluate the 

blood-aorta interaction by resolving differential equations that describe biomechanical characteristics of aorta. The present 

study revealed that the stress exerted by the blood flow in aorta causes its elastic deformation. However, we reported for the 

first time that the resulting aortic deformation threshold is higher than the standard commonly values (7-10% vs 12%). The 

experimental data acquired with the help of Doppler echo device and the computer simulation with MATLAB® software 

package permitted to confirm the perfect agreement between the experiments and the theoretical predictions. 
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1. Introduction 

The human body is a set of the anatomical structures forming 

the organism that through the circulatory system (heart and 

vessels) assures the circulation of blood. Blood being 

considered as a Newtonian fluid and the vessels like the 

elastic ducts (solids), the blood circulation in the vessels 

constitutes a permanent exercise of the constraints within 

them. As result, the solids react to the constraints by a 

distortion [1-6]. For the vessels, it has been reported that the 

distortion threshold does not pass 10% according to the 

diameter and the normal length of the vessel. Besides, all 

solids do not distort themselves in the same way. This arise 

the question on the behavior of the elastic conditions in terms 
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of the cardiovascular system biomechanics and therefore on 

the distortion threshold of different vessels [7-10]. The 

present study was carried out with the aim of developing a 

mathematical model that will allow evaluating the blood-

aorta interaction by resolving differential equations that 

describe biomechanical characteristics of aorta in order to 

determine it real distortion threshold in a healthy aorta. A 

better understanding of these dynamics could improve the 

prediction and diagnosis in both healthy and pathological 

situations. The mathematical modeling study of the 

mechanical properties of aorta will also help to understand 

the normal and pathological situation and to predict their 

adaptation to changing circumstances. 

2. Material and Methods 

The documentary method was usein order to carry out this 

work. Data used for the simulations were obtained from the 

departments of Medical imaging, Radiology, Ultrasound, 

Mammography, Scanner of the General Hospital of 

Kinshasa, Kinshasa city, Democratic Republic of the Congo. 

The manipulation of the Doppler echo device and the 

computer simulations with the help ofMATLAB® software 

package permittedto confirm the perfect agreement between 

the experimental data and the theoretical predictions. 

2.1. Biomechanical Description of 

Cardiovascular System 

The cardiovascular system (figure 1) is consisted by the heart 

which acts as a four-chambered pumpthat propels blood 

around the circulatory system. Cardiac impulse transmission 

of the depolarizationwave determines the contraction of the 

heart muscle while the valves between the atriaand 

ventricles, respectively, the ventricles and the main arteries 

take care of unidirectionalblood flow. The systemic 

circulation consists of an arterial system branching in many 

arteriesof decreasing diameter, a capillary micro-circulatory 

system in the tissues and a venous systemwith venules and 

veins merging into larger vessels transporting blood back to 

the heart [12]. 

 

Figure 1. Schematic representation of the cardiovascular system [13]. 

Fluid-structure interaction modeling offers the possibility to 

perform simulations of fluid flow in interaction with 

distensible structure like aorta and can be used for a variety 

of medical applications, especially when combined with 

patient-specific data fromimaging techniques. 

2.2. Mathematical Modeling 

In this part of the work, we basically base ourselves on 

formulating a general model of the fluid circulating in an 

elastic tube. 

Position of Problem 

The tube below represents the blood-filled aorta made with 

the SolidWoks
®
 software package. It has the following 

characteristics: 
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Figure 2. Aorta in the physiological state. 

The figure 2 shows the flow of blood into the aorta. This 

model refers to a situation where there is no pathology. But in 

order to make a decision about the results of our research, we 

consider the case where the blood pressure increases and 

there is deformation of the aorta taking into account the 

different physical quantities and others that are part of the 

blood flow that the Model indicates. 

These different quantities are: 

1. Input pressure (P1): 160mmHg = 0.21280MPa; 

2. Output pressure (P2): 100mmHg = 0.13300 MPa; 

3. Internal diameter (Di): 25.4 mm; 

4. Deformation (∆d): 10%; 

5. Length (L): 120 mm; 

6. Thickness: 2 mm. 

Modeling blood pressure as a function of length 

In the cardiovascular system, the arterial pressure at the inlet 

is higher than that at the outlet, i.e. it decreases according to 

the length. 

This situation can be expressed by the following differential 

equation: 
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Wherep: refers to blood pressure; x: is the length of the aortic 

tube; k: refers the coefficient of variation of the pressure. The 

above differential equation being of the first order, its 

resolution is simple according to the following steps: 
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Where C2 – C1 � C 

The expression (2) takes the form: 
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Determination of the constants of the solution of the 

differential equation 

The constants will be determined on the basis of the 

following boundary conditions: 

x � 0 � p � p1 (With p� the pressure at the input), 

x � L � p � p2 (With p� the pressure at the outlet), 

That is to say: 

p� �
��

�
0�  C 	  c � p�                        (4) 

p� �
�k

2
L�  p� 	

�k

2
L� � p� � p� 

k �
� �������

��                                     (5) 

p � �
� �������

��

��

�
 p�                             (6) 

Mechanical characteristics of the aorta 

In general, the blood vessels are subjected to mechanical 

stresses during the pumping of blood by the heart. This 

makes them have mechanical properties that give them the 

ability to resist these efforts. As the mechanical properties of 

blood vessels are functions of the basic structure of the 

tissue, we can approximate the behavior of the aorta under 

load as biomaterials, dividing its length into equal parts. 

Relation (5) allows us to know the value of the arterial 

pressure at each step along the length of the aorta. We must 

remember that the aorta as all blood vessels live in a range of 

stress. Hence, the expression (5) of the blood pressure, will 

allow us once more to determine the characteristics of the 

aorta that define its behavior, such as: 

1. The normal force (N); 

2. The normal stress (бN); 

3. The deformation ∆r. 

To do this, consider the two figures below which are an 

orientation for the determination of the mathematical 

expressions of the parameters cited above. 

 

Figure 3. The physical model of the diameter of the aorta. 
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Figure 4. The aorta radius. 

Expression of normal stress 

By considering the ring (Figure 3) of inner radius (r) and 

outer radius (R), of length (L), subjected to the action of an 

internal radial pressure p, we can determine the longitudinal 

tensile forces which appear in the wall of the ring. By 

considering a section along a diametral plan (Figure 4) and 

the equilibrium condition for a half ring by projecting all the 

forces on the ring (Y axis), we will have: 

� pr
�
�

 
∆x sin% d% � pr∆x                       (7) 

With P: arterial pressure (MPa); R: internal radius (mm); ∆x: 

variation step (mm). 

Normal stress 

As mentioned above, the aorta is a large artery which starts 

from the heart and brings blood to the organs that make up 

the human body through other vessels. Its wall is continually 

exposed to dynamic mechanical stresses due to the pulsatile 

effect of the heart with minimal energy loss due to its unique 

biomechanical properties. The normal stress in the aortic wall 

is given by the relation: 
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(
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                       (8). 

With БN: Normal stress (Mpa); N: Normal effort; AL: Side 

wall section (mm
2
). 

Deformation ∆r 

To determine the deformation, we must know well before, 

the value of its Modulus of longitudinal elasticity E. 

According to the law of Hooke, we find the absolute increase 

of the internal radius of the ring by the expression: 

2π�r  ∆r� � 2πr �
(�-*

.�+�*�∆�
                     (9) 

After development, we obtain: 

∆r �
�*�

.�+�*�∆�
                              (10) 

2.3. Experimental Data Analysis 

The data analysis was carried out through an algorithm 

established from above equations with the help of 

MATLAB® software package on a personal computer. 

3. Results and Discussion 

The figure 5 gives the variation of the arterial pressure as a 

function of the length of the artery. 

 

Figure 5. Evolution of blood pressure in function of artery length. 

The figure 5 revealed that the blood pressure decreases from 0.21280 MPa to 0.13300 MPa. This means that there is a loss of 

pressure along the artery. 
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The figure 6 gives the evolution of the deformation of the artery as a function of its length (120 mm). 

 

Figure 6. Variation of the deformation of the artery as a function of the length. 

The figure 6 revealed that the deformation of the artery decreases from 12.4% to 7.9% depending on the length of the artery. 

Figure 7 shows the variation in blood pressure as a function of normal stress. 

 

Figure 7. Change in blood pressure as a function of normal stress. 

This figure revealed that the arterial pressure leaves from 

0.21280 MPa (high pressure or entry pressure) at the point 

5.3848508 N of the normal force to 0.13300 MPa (low 

pressure or exit pressure) to the point 3.51107587 N of the 

normal force. 

The present study confirmsthat pressure is a stress, which is 

manifested essentially by a deformation of the structure. The 

pulsatile effect of blood on the heart in the aorta is 
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accompanied by a normal stress varying from 7 to 10% as 

reported by Amblard (2006) and Nguyen (1997) [14, 15]. 

This deformation is modeled by a pulsation of the diameter 

of the vessel synchronized with the blood flow. By subjecting 

the aorta to blood pressure above the normal, the resulting 

aortic deformation is higher than those of the above authors 

(12%). Also, the normal stress varies with blood pressure. 

4. Conclusion 

The aim of the present study was to analyzeby mathematical 

modeling the behavior of aorta submitted to blood stress. 

Several factors were taken into account (blood pressure, 

diameter, length, thickness and deformation of the aorta) 

using differential equations and based on biomechanical 

characteristics that the aorta is a structure and the blood is a 

fluid (fluid-structure interaction). The stress exerted by the 

blood flow in this structure causes its elastic deformation. 

However, we reported for the first time that the resulting 

aortic deformation threshold is higher than the standard 

commonly values (7-10% vs 12%). The Doppler echo device, 

MATMAB
®
 and SOLIDWOKS

®
 software packages were 

used during experimental phase and simulation. 

The present study indicated that mathematical predictive 

modeling, by supporting the aorta behavior, significantly 

contributes to both fundamental and applied cardiovascular 

research. 
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