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Abstract 
 

An abdominal aortic aneurysm (AAA) is a potentially fatal cardiovascular condition defined by a focal dilation of the blood 
vessel. AAA rupture is not only caused by biological factors but also by mechanical parameters of the aortic wall. This work 
designs generic aneurysms and performs analytical and computational investigations. The objective of the investigation is to 
examine Wall shear stress (WSS), velocity, and aortic pressure, factors that affect the aorta wall's integrity. The fluid flow in 
AAA models was studied using computational fluid dynamics (CFD) to examine the effects of geometrical features and 
boundary conditions. The study focuses on the steady-state behavior of aortic aneurysm models with Reynolds numbers 
ranging from 500 to 7500. The generic aorta designs showed a deviation of 2% in the pressure difference and 4% in the WSS. 
Subsequently, the maximum velocity deviated by 0.7% from the theoretical value in the design. The aneurysmal aorta model 
with gradual expansion and contraction showed pressure uncertainty of 2% and a velocity variation of about 3% based on 
analytical and CFD results. These results relate to how close the theoretical and computational outcomes match and help 
comprehend the aortic aneurysm's disease under laminar and turbulent flow conditions. 
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1. Introduction  

There is an ongoing interest in predicting and preventing 

cardiovascular system diseases in medicine. This motivation 

drives the study of cardiovascular system blood flow 

dynamics, referred to as cardiovascular hemodynamics. An 

aortic aneurysm (AA) is a multifactorial aneurysm with high 

mortality associated with old age.[1-3] It is more prevalent in 

men than women, with abdominal aortic aneurysms (AAA) 

claiming 200,000 lives worldwide each year.[4,5] There is no 

definite approach to assessing the risk of AAA rupture rather 

than the limited AAA-size clinical guidelines.[6] An AAA is 

ruptured when the integrity of the aortic wall is lost, resulting 

in a balloon-like bulge. Thus, an aneurysm is a constricted, 

disorderly section of an artery prone to rupture. The term AAA 

refers to a dilatation of the abdominal aortic aneurysm that is 

more than 1.5 times that of the neighboring healthy vessel.[7] 

Before rupture, most patients with AAAs are asymptomatic; 

effective screening and evaluation methods are critical for 

accurate AAA detection and behavior.[4] The diameter 

measurement is considered the medical criterion for 

determining aneurysm rupture.[8] More than the diameter of the 

aneurysm, biomechanics play a crucial role in AAA rupture. 

Apart from biological factors, AAA rupture is also a result of 

mechanical parameters that constantly affect the wall tissue 

due to its abnormal value. Evaluating these parameters could 

significantly improve patient care.[9] The disease progresses 

more quickly by reducing blood flow in AAA.[10] A precise 

prediction of AAA growth and rupture risk is a challenging 

problem attracting much attention. Aortic wall shear stress, 

pressure, and velocity are some of the mechanical factors that 

affect the biomechanics of AAA rupture.[11] The hemodynamic 

stresses are crucial as they drive the growth and breakdown of 

AAA. The aneurysm to aorta ratio is used in the prediction of 

high-risk aneurysms. This is because patients with ratios 

greater than 2.7 are more likely to develop symptoms, whereas 

those with ratios greater than 3.4 are more likely to rupture.[12] 

Thus, in laminar cases, the effect of wall shear stress (WSS) 

and pressure is proportional to the strength in the wall of the 

aneurysm aorta model.[13] Their study found a strong 
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correlation between an aneurysm rupture and WSS. The 

highest peak is attained at a maximum magnitude roughly 

twice the tube entrance. Slow turbulence in the entrance tube 

is greatly magnified in intensity and length as it finds its way 

into the aneurysm. Stress on the artery wall is used to estimate 

rupture risk more precisely than just looking at the diameter of 

the vessel.[14] 

WSS peak values and wall stress are typically considered 

the footprints of failure in an aneurysm.[6] Their study aimed 

to ultimately get a clinically helpful tool to decide whether the 

repair is necessary or not. The studies explored generic AAA 

models using CFD and investigated the effect of different 

parameters on blood flow.[15] From the literature, the study 

across the last two decades showed that computational 

software for fluid engineering used for biomechanics has 

wholly revolutionized CFD development. CFD studies 

employ mathematical models. They are applied to simulate 

conditions for blood flow, vessel forms, aneurysms, velocity, 

and stress forces such as stress or tension. 

Design of Experiments (DOE) of the Computer-Aided 

Design (CAD)generated geometries yielded correlations 

between geometry and maximum stress in the arterial wall.[16] 

They aimed at providing clinicians guide to the initial 

diagnosis of AAA in geometry, allowing indices other than the 

maximum diameter to predict the risk of rupture. Related 

studies used Color Doppler flow imaging (CDFI) and Laser-

Doppler Anemometry (LDV) for pressure and wall shear 

stress measurements.[17,18] They found that variations in the 

Reynolds number significantly affected steady flow in an 

AAA model. The nature of the flow, whether turbulent or 

laminar, is determined by the Reynolds number. If the 

Reynolds number is less than 2300, the flow is laminar, and if 

it is more significant than 4000, it is turbulent. The Reynolds 

number is a standard method for determining the blood flow 

model.[19] Reynolds number is used to determine the fully 

developed profile length. An approximate value of 0.0625Re 

was found in Applied Hydro and Aerodynamics for the length 

(L) to diameter (D) ratio for laminar flow.[20] Furthermore, in 

the literature, various equations for developing length are 

presented. The developed entry length for laminar flow is 

L(laminar) = 0.05 ReD, and Turbulent flow is specified by 

L(turbulent) = 1.359 DRe
1/4, where D is the diameter of the pipe, 

𝑅𝑒  Reynolds number and 𝐿(𝑙𝑎𝑚𝑖𝑛𝑎𝑟)  the length of the entry 

pipe.[21] Another equation for turbulent flow is given by 

L(turbulent) = 4.4 DRe
1/6.[22] Closed conduits are the only cases in 

which these equations can be used. The literature shows a 

significant association between the Reynolds number and the 

growing length of laminar flow. It is not the case in a turbulent 

flow. As shear stress has less opportunity to interact with a 

fluid in turbulent flow, the developing length is smaller than 

the laminar flow. As a result, it can be concluded that shear 

stress at the wall is more critical in laminar flow than in 

turbulent flow.[23] Another mechanical factor of importance in 

predicting the rupture in an aneurysm is blood pressure. It is 

the force exerted by flowing blood against the artery walls. 

The human heart's pumping action generates pressure waves. 

Blood pressure tends to rise in many cases due to numerous 

abnormalities. Thus, simulation studies of pressure waves in 

the human system play a critical role in diagnosing the affected 

area of the human body.[19]  

The wall pressure is the kinetic energy of the blood 

transported perpendicular to the vessel surface as an inertial 

force. In disparity, the wall tension is the force exerted by the 

wall in an equal magnitude and opposite direction to the wall 

pressure. The aneurysm ruptures if the wall tension is larger 

than the wall's tensile strength.[24] Depending on the velocity 

and viscosity of the blood, WSS can increase. Hydrostatic 

pressure and WSS distribution may play a vital role in the 

growth of AAA aneurysms. 

Researchers have related WSS variations in different 

viscous scenarios. They believed that the differences between 

Newtonian and non-Newtonian models are insufficient to 

justify the presumably more significant numerical effort 

required to calculate non-Newtonian viscosity variations. 

Research continues in this direction, as the distinction between 

Newtonian and non-Newtonian mechanics is not entirely 

clear.[25] They studied how non-Newtonian features have 

impacted velocity fields. Their study found that the concept of 

Newtonian and non-Newtonian blood flow parameters 

significantly affects flow patterns within an aneurysm and 

shear stress on the AAA wall. For a specific study, researchers 

were interested in finding out how well each of the three 

turbulent models predicted flow outlines, velocity profiles, 

and turbulence concentration profiles in a pipe with rapid 

expansion and turbulent diesel flow. The merits and 

disadvantages of each model were analyzed.[26] 

The literature review found a necessity to understand the 

biomechanical parameters leading to Aortic rupture. 

Aneurysm dilations and the need to examine aneurysm 

ruptures are studied in depth. The probability of occurrence of 

an aneurysm needs to be understood. As a result, research is 

conducted to investigate the biomechanical relationships 

between stress, strength, and rupture risk. This study explores 

the effects of fluid fluctuations in aneurysms in general. 

Generic models are more flexible and are applied to a broader 

range of situations. A thorough explanation of the issue that 

allows for a more accurate comparison is done. This study 

evaluated the effect of geometric parameters on flow patterns 

with pressure distribution in AAA models combined with 

boundary conditions using CFD.  

Furthermore, the effect of boundary conditions on the flow 

patterns of these geometric variations was critical to 

comprehend. Literature gave an insight into how the WSS 

estimator can be used to predict AAA. The rupture of AAA 

was addressed by studying the wall pressure also. 

Hemodynamic pressure variations, velocity, and wall shear 

stress distributions are evaluated from flow patterns. The 

complete characteristics of the laminar flow fields are studied 

to determine the onset of turbulence. The current work 

considered non-Newtonian, rigid, steady-state, and generic 
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models. The purpose of doing linear stability assessments on 

flows is to understand better the mechanisms underlying the 

start of instability, which would aid in knowing the flow 

behavior in more complicated flows. This work considers 

smooth expansion and contraction for the design of the 

aneurysmal aorta model.  

 

2. Numerical Analysis 

This section reveals the flow parameters and structure of the 

generic and aneurysmal aorta model. It considers the study of 

developed profiles and their importance in this study. 

 

2.1 Problem Definition and Mathematical Requirement 

A fully developed profile was created using the specifications 

given in Table 1. The Reynolds number describes the dilation 

length, the maximum diameter, and the physical flow 

parameters, which characterize the problem accordingly. 

According to the literature studied, fully developed 

equations[27] marked the starting point for this work. The fully 

developed profile Equations (1) and (2). 

𝐿𝑒  = 0.06𝑅𝑒𝑑                                     (1) 

𝑅𝑒  = 
𝜌𝑉𝑎𝑣𝑔𝑑

𝜇
                                      (2) 

Table 1. Design considerations for a fully developed profile.[28,29]   

Variable Description Value 

𝐿𝑒 entrance length 1.83 m 

𝑅𝑒 Reynolds number 1170 

𝜌 density 1050 kg/𝑚3  

𝜇 viscosity 3.5*10−3 Pa 

𝑉𝑎𝑣𝑔 Average velocity 0.15 m/s 

d diameter 0.026 m 

 

The fully developed profile generated is illustrated in Fig. 

1. It refers to the analytical and CFD results of the fully 

developed profile. It is seen that the analytical and CFD results 

got from the simulation nearly overlap with each other, 

indicating the matching of these results graphically. 

 
Fig. 1 Graphical representation of fully developed velocity 

profile. 

 

This developed profile is fed into both the aneurysmal and 

generic aorta models. The fully developed profile was 

designed using the ANSYS Design modeler,[30] and the settings 

of boundary conditions like non-Newtonian, rigid, and 

Incompressible were considered and designed using ANSYS 

CFX (v15.0, ANSYS, Canonsburg, PA, USA) software.[31] 

Figs. 2(a) and 2(b) show the developed profile, respectively. 

This developed profile seen acts as an input to the actual 

measurements of the generic and aneurysm model designs.    

 
Fig. 2 Developed profile as input to (a) generic aorta model and 

(b) Aneurysmal aorta model. 

 

This generic design was extracted from the 

literature.[17,18,32,33] is designed and shown in Fig. 3. The 

parameters considered in the design are from.[27,28] The human 

aorta has a complicated shape that varies according to the 

patient. Its structure and shape are highly varied among people. 

This study aims to create computational methods for 

determining the ground truth for a simple, generalized 

abdominal aortic aneurysm. As a result, the shape of a generic 

aneurysm model based on Bauer's[28] work is employed. The 

model aneurysms explored here are axisymmetric, with 

Gaussian-shaped wall inflation. This shape has a benefit over 

the sinusoidal forms employed in previous research.[34] Its 

spatial derivatives are continuous to all orders - a desired 

property, particularly for hydrodynamic stability studies; also, 

it is what one would anticipate in true aneurysms.[35] Equation 

(3) provides the length L for the generic aorta model 

considered in the design. 

𝐿 =  16 𝑑                                    (3) 

Figure 4 depicts a fusiform aneurysmal geometry in two 

dimensions. To be expressed as Equation (4) that varies with 

diameter D, the aneurysmal wall's smooth expansion and 

contraction sections are from Equation 1.[28] 
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Fig. 3 Un-dilated generic aorta model design. 

 

𝑟𝐴 (
𝑥

𝑑
)  =  

1

2
+

𝛼−1

2
 𝑒𝑥𝑝 (4𝛾 − (0.25 − (

(𝑥
𝑑⁄ )+2

4
− 0.5)

2

)

−𝛾

)                                                        (4) 

where γ = 0.7186. Consider a steady flow in a straight tube 

with the bulge as indicated in Fig. 4 in vitro AAA model. The 

aneurysm radius rA is a function dependent on dimensionless 

length x/d € [-2,2], where x is dependent on the axial distance 

measured from the point of maximum diameter. The 

maximum diameter expansion is α = D∕d = 2.5, D is the dilated 

diameter, and d is the un-dilated diameter for the entire design. 

The aneurysm length L = 104 mm. The ratio of aneurysm 

length to un-dilated diameter is L∕d, equating to 4. Table 2. 

depicts the models designed with the aspect ratio α given by 

D/d. 

 

Table 2. Specifications used for the design of Aneurysmal aorta 

models. 

Model number L/d α = D/d 

1 4.0 1.25 

2 4.0 1.5 

3 4.0 1.75 

4 4.0 2 

5 4.0 2.5 

 

Fig. 4 Model 5 design with dimensions used for numerical and 

analytical analysis. 

 

The mean axial velocity considered for the design is 

0.15m/s, and thus the Reynolds number is deduced to 1170 

accordingly. For the bulge diameter to vary according to the 

aspect ratio α, Equation (4) is considered. The values deduced 

from the equation generate different curves for different aspect 

ratios, as shown in Fig. 5. An ANSYS Inc., Canonsburg, 

PA[30,31] Design modeler feeds these generated curves. Model 

5, shown in Fig. 5, was designed similarly to the generic aorta 

model with aneurysm dimensions varying concerning x/d. 

According to the design, the aneurysm length varies from 0 to 

4d; the aneurysm length L tends to be 104mm. According to 

the literature, the author considered a predecessor of 2d at the 

pipe intake.[28] 

The mesh designs were achieved using commercial 

software from ANSYS mesh to discretize the domain and are 

seen in Figs. 6(a) and 6(b), respectively. According to,[28] 

quadrilateral cells are used in a way so that these cells can be 

easily stretched to account for different flow gradients in 

various flow directions. The different bulge size variations are 

realized in Figs. 7(a-e). 

 
Fig. 5 Input waveforms generated for different aneurysm values. 

 
Fig. 6 Grid generated by computational dynamics (a) non-dilated generic aorta model (b) Dilated aneurysmal aorta model. 

(a)

(b)
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Fig. 7 Mesh generated for different aneurysmal aorta models. 

 

2.2 Flow physics, Parameters, and Boundary Conditions 

The incompressible fluid was employed for the design 

simulation with CFD, and the flow-related equations were 

considered. In the research, there were several critical 

considerations to be made. Blood considered in this study was 

non-Newtonian fluid. Blood was modeled as having a density 

ρ of 1050 kg/m3. The design employed a dynamic viscosity µ 

of 0.0035 Pa·s.[29,36-39] papers referred to the values considered 

in the design. These values were used across all designs and 

are believed to meet the design's specific requirements. For the 

entire design, the inlet velocity was set to v = 0.15 m/s. 

The equations governing the fluid flow for incompressible 

non-Newtonian fluids are equations of continuity and Navier-

Stokes. The continuity equation is represented in vector 

notation by Equation (5) given by 2.4.[40] 

𝜕𝜌

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝜇)  =  0                                (5) 

where 
𝜕𝜌

𝜕𝑡
 is the change in density, and div(ρu) is the net flow 

of mass across boundaries that is a convective term where 

𝑑𝑖𝑣 =  𝑖̂
𝜕

𝜕𝑥
+ 𝑗̂

𝜕

𝜕𝑦
+ 𝑘̂

𝜕

𝜕𝑧
  and 𝑢 =  𝑖̂𝑢 + 𝑗̂𝑣 + 𝑘̂𝑤.  Equations 

(6), (7), and (8) refer to the Navier stokes equations in the x, y, 

and z directions.[40-43] 

𝜌
𝐷𝑢

𝐷𝑡
 =  −

 𝜕𝑝

𝜕𝑥
+

 𝜕𝜏𝑥𝑥

𝜕𝑥
+

 𝜕𝜏𝑦𝑥

𝜕𝑦
+

 𝜕𝜏𝑧𝑥

𝜕𝑧
+ 𝑆𝑀𝑥

               (6) 

𝜌
𝐷𝑣

𝐷𝑡
 =  −

 𝜕𝑝

𝜕𝑦
+

 𝜕𝜏𝑥𝑦

𝜕𝑥
+

 𝜕𝜏𝑦𝑦

𝜕𝑦
+

 𝜕𝜏𝑧𝑦

𝜕𝑧
+ 𝑆𝑀𝑦

               (7) 

𝜌
𝐷𝑤

𝐷𝑡
 =  −

 𝜕𝑝

𝜕𝑧
+

 𝜕𝜏𝑥𝑧

𝜕𝑥
+

 𝜕𝜏𝑦𝑧

𝜕𝑦
+

 𝜕𝜏𝑧𝑧

𝜕𝑧
 + 𝑆𝑀𝑦

               (8) 

𝑆𝑀𝑥
 , 𝑆𝑀𝑦

 , 𝑆𝑀𝑧
  The body and surface forces contribute to 

pressure and viscous or shear stresses. Navier-Stokes 

equations are used for determining flux fields within a 

specimen geometry. Most CFD solvers are engineered to use 

these equations in their solvers. The Navier-Stokes equations, 

also termed conservation of momentum and energy equations, 

are the fundamental equations that govern motion and 

conserve mass and energy. These equations are solved at each 

nodal point for a mesh produced in CFD geometry. 

 

2.3 Analytical Pressure Calculations for the Generic aorta 

model 

Equation (9) gives analytical differential pressure calculations, 

taken from 8.21.[27,44] 

∆𝑃 =  
𝐿𝜌ʎ𝑉𝑎𝑣𝑔

2

2𝑑
                                      (9) 

∆P represents the pressure difference between the inlet and the 

outlet. Equation (10) represents Wall shear stress τ given.[27] 

𝜏 =  
𝑑∆𝑃

4𝐿
                                        (10) 

 

2.4 Analytical Pressure Calculations for the Aneurysmal 

aorta model 

Equation (11) gives the inlet velocity profile generated for the 

aneurysmal aorta model.[44] 

𝑢 (𝑟)  =  2 ∗ 𝑉𝑎𝑣𝑔[1 − (
𝑟

𝑅
)

2
]                          (11) 

The pressure value considered from[45,46] is given in Equation 

(12)  

∆𝑝 =  ∆𝑝1 + ∆𝑝2 + ∆𝑝3 + ∆𝑝𝐶 + ∆𝑝𝐸                  (12) 

where ∆𝑝1 , ∆𝑝2  and ∆𝑝3   are the pressure in the proximal 

region of the aneurysmal aorta model, the drop in pressure in 

the aneurysm region, and the drop in pressure at the model's 

distal region, respectively. ∆𝑝𝐶 , contraction pressure, at the 

aneurysm inlet and ∆𝑝𝐸 expansion pressure at aneurysm outlet. 

∆𝑝1,  ∆𝑝2 and ∆𝑝3 are calculated according to Equation (13)[44] 

∆𝑝𝐶  and ∆𝑝𝐸  . They are calculated according to Equations 

(14), (15), and (16)[27] 

∆𝑃 =  
𝐿𝛾𝜌𝑉𝑎𝑣𝑔

2

2𝑑
                                    (13) 

∆𝑝𝐶  =   ℎ𝐶  ∗ 𝜌 ∗ 𝑔                               (14) 

∆𝑝𝐸  =   ℎ𝐸 ∗ 𝜌 ∗ 𝑔                               (15) 

where ℎ𝐶  =  ℎ𝐸  =  𝐾 
𝑉𝑎𝑣𝑔

2

2∗𝑔
                          (16) 

where in this design, the K value considered is for a smooth 

contraction and smooth expansion pipe.[47] 

 

3. Results and Discussions 

This section summarizes the main findings of the work. At the 

outset of this work, generic aorta without aneurysm and 

aneurysmal aorta models were designed. Analytical checks 

were made on WSS, pressure, and velocity parameters, and the 

results were recorded. Similarly, CFD simulations were 

performed on the design. Theoretical and computational fluid 

dynamics (CFD) results were compared. There were variances 

in pressure ∆P, WSS, and velocity that were found in the 

literature studied. Laminar models with Re numbers 1170 and 

1800 were studied in this research. WSS and pressure 

variations were explored as a result. For 5000 and 7500 Re 

numbers, turbulence models were created. These turbulent 

simulations had a distinct effect on the WSS, pressure, and 

velocity. Furthermore, three turbulent models, namely SST, K-

ϵ, and RNG K-ϵ, were simulated. The results of these 

simulations were used to investigate biomechanical 

parameters affecting the vessel wall of the arteries 

Figure 8 shows the conditions for the upstream flow before 

the bulge of the AAA (Model 5). The general flow  

(a) (b) (c) (d) (e)
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Fig. 8 Velocity vector plots (a) Model 5 and (b) generic aorta model, under steady flow condition, Re number 1170. 

 

characteristic in the bulge was mainly a fluid jet, flanked on 

both sides by weak vortices of the recirculation type. The flow 

recirculation was caused by the negative pressure gradient 

forced on the bulge as the cross-section area increased. The 

flow properties did not change considerably when the bulge 

size was reduced (Model 1). This finding is identical.[13] 

As can be seen, the velocity vector in the bulge's center has the 

most significant velocity compared to the velocity vectors at 

the walls. This is because the wall is rigid, and the flow is held 

in contact with the wall.  

Figure 9 shows that the CFD results coincide with the 

values obtained through analytical calculations, indicating that 

the simulation results are comparable to that obtained through 

the plotting of the waveform according to Equation (11). 

Furthermore, an analysis of the aneurysmal aorta model with 

different aneurysm ratios of α was carried out for different 

laminar and turbulent conditions. 

The analytical values for the generic aorta without 

aneurysm and Aneurysmal aortic design are represented in 

Tables 3 and 4, respectively. 

The CFD results of the generic aorta model through the 

simulation are tabulated in Table 5. These CFD results were 

compared with the analytical results calculated through the 

equations and tabulated in Table 3. The CFD results observed 

in Table 5 showed that the maximum velocity matches the 

theoretical value with a 0.7% deviation. The difference in 

pressure ∆P and the WSS matched with mesh elements of 

104800 elements when the analytical and theoretical 

calculations were performed. A 2% variation in the pressure 

difference and 4% in the WSS was seen for a generic aorta 

model design. 

Table 3. Analytical calculations of Generic aorta model design. 

∆P [Pa] 

Max_Val 

Velocity Outlet 

[m s^-1] 

maxwallshear [Pa] 

10.33846 0.3 0.161538 

 

The analytical and CFD results for the aneurysmal aorta 

model were observed. The difference between the calculated 

drop in pressure and the actual drop in pressure can be defined 

as uncertainty. In the design of the aneurysmal aorta model, 

smooth transitions at the expansion side and the contraction 

side were considered according to the design.[47] The 

Analytical results were calculated through the equations and 

tabulated in Table 4. The CFD results observed in Table 6 

show that the maximum velocity matches the theoretical value

 
Fig. 9 Velocity profile in a generic aorta model flow (a) Theoretical graph (b) Simulated graph. 

(a) (b)

(a) (b)
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Table 4. Analytical calculations for generic aneurysmal aorta model design. 

ANEU

RYSM 

SIZE 

RATIO 

𝜶 =  
𝑫

𝒅
 

 

DILATE

D 

DIAMET

ER 

(MM) 

D 

∆𝒑𝟏  

(PROXI

MAL 

REGIO

N) (7D) 

(PA)   

∆𝒑𝟐 

(ANEURY

SM 

REGION) 

(4D) 

 (PA)   

∆𝒑𝟑 

(DISTAL 

REGION) 

(5D) 

 (PA)   

PRESSURE 

DUE TO 

EXPANSION 

∆𝒑𝑬  = 

𝒉𝑬*G*Ρ 

(PA)   

PRESSUR

E DUE TO 

CONTRAC

TION 

∆𝒑𝑪 = 

 𝒉𝑪*G*Ρ 

(PA)   

TOTAL 

PRESSURE  

∆P = ∆𝒑 𝟏 +

∆𝒑𝟐 +

∆𝒑𝟑+∆𝒑𝑪+∆𝒑𝑬  

 (PA)   

WALL SHEAR 

STRESS 

 Τ = (𝐷 * 

∆𝑃)/(4*𝑙) 

(PA)  

1.25 0.0325 4.5230 2.067692 3.230769 0.23625 0.23625 10.2940385 0.160671823 

1.5 0.039 4.5230 1.723076 3.230769 0.23625 0.23625 9.94942308 0.192805988 

1.75 0.0455 4.5230 1.476923 3.230769 0.23625 0.23625 9.70326923 0.224940153 

2 0.052 4.5230 1.292307 3.230769 0.23625 0.23625 9.51865385 0.257074317 

2.5 0.065 4.5230 1.033846 3.230769 0.23625 0.23625 9.26019231 0.321342647 

Table 5. CFD results in the generic aorta model. 

Mesh 

 Sizing(mm) 
Mesh Elements 

Pressure Difference 

∆P [Pa] 

max ValVelocity  

Outlet [ms^-1] 
maxwallshear [Pa] 

5 99800 9.79526 0.29710 0.16110 

4 104800 10.0948 0.29789 0.16808 

3 113600 9.75895 0.29804 0.16753 

2.5 1230 9.84242 0.29639 0.16273 

2 138000 10.0217 0.29870 0.17779 

1.5 156800 10.1307 0.29814 0.17736 

Table 6. CFD Results of the aneurysmal aorta model. 

Aneurysm 

size ratio 
Mesh Elements ∆P [Pa] 

maximal 

Velocity 

Outlet [m s^-1] 

Max wall shear [Pa] 
Average wall 

pressure (Pa) 

1.25 131286 9.9923 0.297 0.206 9.813 

1.5 132496 10.021 0.297 0.303 9.8841 

1.75 133133 10.062 0.297 0.324 9.88 

2 133770 10.1 0.297 0.342 9.918 

2.5 135680 10.216 0.297 0.375 10.003 

 

 

with a 3% deviation. It is also seen that the pressure 

uncertainty got from Analytical and CFD results is 2%, and 

uncertainty of 10% can be accepted due to smooth transitions 

and expansion of the generic pipe.[47] In the case of a smaller 

aneurysm, WSS is also reduced. WSS increases as the bulge 

size increases. Hence WSS is one of the criteria that needs to 

be taken care of in an abdominal aortic aneurysm. 

This section analyses the principal flow and conclusions 

for steady-state through the bulge model, particularly AAA. 

Specifically, the changes in flow parameters as the increasing 

bulge are explored. Fig. 10 shows that for various ratios of 

aneurysm bulge, the wall shear distribution at the distal side of 

the aneurysm is higher than the proximal. The WSS is also 

seen to be minimal at the bulge. Observations indicate that as 

the dilated diameter grows, the WSS reduces at the proximal 

end and increases at the distal end. Wall shear pressures during 

inflation are minimal compared to straight vessels. Several 
 

Fig. 10 WSS distribution curves for various aneurysm ratios α. 
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pressure curves are plotted against various bulges of the 

aneurysm, as depicted in Fig. 11. The bulge's midpoint 

provides the bulge's maximum apparent pressure at all flow 

rates. 

 
Fig. 11 Pressure distribution curves for various aneurysm ratios 

α. 

Figure 12 shows the velocity profiles at different bulge 

points related to the maximum velocity at the output at various 

bulge points. It is observed in Fig. 13. There is no recirculation 

region when the bulge is 1.25 times lesser than the inlet. The 

recirculation region increases as the corresponding bulge 

region expand. The dynamics of both pressure and the shear 

stress distribution in this region, as well as the effect of ̄flow-

induced stress on the potential of the aneurysm, are studied in 

detail. 

First, the steady-state dynamics of a cardiovascular system 

segment were simulated. The steady analyses help understand 

the time-averaged dynamics of streams in the region of interest 

and identify specific regions prone to extreme WSS and spatial 

variations. Besides, the study included Reynolds numbers 

1170 and 1800, which were both laminar cases, and turbulent 

flow conditions were investigated with Reynolds numbers 

5000 and 7500, which depended on the diameter and average 

velocity. Compared to the SST turbulent value, which tends to 

the highest point of the normalized value of 1Pa at the distal 

end, the normalized values for wall shear stress fell below 

0.1Pa for laminar cases. As seen from the graphs shown in Figs. 

14a-e, an observation is made where the WSS is as low as 0.1  

 
Fig. 12 Velocity profiles of center recirculation area with contour slices. 

 

 
Fig. 13 Streamlines past the aneurysms in the aneurysmal region with various grades of radial expansion (a) α = 2.5 (b) α = 2.0 (c) α 

= 1.75 (d) α = 1.5 (e) α = 1.25. 

(a) (b)
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Fig. 14 Wall shear stress for aneurysm (a) α = 1, (b) α = 1.5, (c) α = 1.75, (d) α = 2, (e) α = 2.5. 

 

Pa for all ranges of bulges α = 2.5 to α = 1.25. In the case of 

laminar conditions at the proximal and distal regions of the 

aneurysms, WSS is approximately 0 Pa in the bulged regions. 

In the case of turbulent flows SST with a Reynolds number of 

7500, the normalized WSS value tends to be 1Pa in all cases 

of aneurysm bulges. The steady-state study also examined 

variations in Reynolds number between 1150 and 7500 for 

each bulge ratio. Observations were made of the effects of 

laminar and turbulent conditions. Observations indicate that a 

ratio of 1.25 reduces pressure, and WSS changes to a 

comparable degree. Variations in WSS and pressure caused by 

aneurysms are normal for a smaller bulge ratio. 

The inflation's wall shear stress (WSS) seen from the 

waveforms is minimal compared to the straight vessels' 

WSS.[35] The shear force on the intake wall is equivalent to that 

of Poiseuille flow, which occurs when the artery is not dilated. 

A convective slowdown of the flow in the proximal half of the 

tiny aneurysm results in highly minor velocity gradients at the 

wall, resulting in a near-zero magnitude wall shear stress.[48] 

Endothelial cells and normal physiology are negatively 

affected by low WSS. Low WSS also has a significant impact 

on the remodeling of artery walls, the formation of aneurysms, 

and the rupture of these vessels. Comparatively, the shear 

stress transport (SST) model performed well for bulge ratios 

ranging from = 1.25 to 2.5. Compared to the distal and 

proximal ends, the variance in the bulge region is observed to 

be the least. With bulge expansion, pressure rises slightly in 

the models depicted in Figs. 15a-e.  

(a) (b)

(c) (d

(e)
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Fig. 15 Wall shear stress for aneurysm (a) α = 1, (b) α = 1.5, (c) α = 1.75, (d) α = 2, (e) α = 2.5. 

 

Throughout the distal portion of the bulge, the pressure 

decreased. When the laminar flow was taken into account, the 

most significant pressure was found at the mid-point of the 

aneurysm bulge. In addition, the pressure at the output 

remained to some extent higher when the flow was laminar, 

although almost equal to the input pressure. The exit fell 

slightly below the input pressure when turbulent flow in 

disparity to the previous. Figs. 15a-e shows the pressure 

measurements for several increasing Reynolds values for 

various models. It has also been studied how the pressure drop 

(a) (b)

(c) (d)

(e)
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fluctuates with model size. The findings for diverse flow 

conditions are revealed for several flow rates: two with the 

smooth, laminar flow with Re = 1170 and 1800, one with the 

fully turbulent flow with Re = 5000, and one with Re = 7500. 

A proximal increase in pressure occurred for all flow rates at 

the bulge zone. With the model size, the pressure surge is 

proportional to the surge in bulge ratio up to D/d = 2.5. The 

overlap of the curves also shows that pressure increased 

regardless of whether the flow was laminar or turbulent. The 

most significant models were under the highest pressure at the 

bulge midpoint. The most considerable significant pressure 

was recorded near the aneurysm bulge's midway considering 

laminar flow. In addition, when the flow was laminar, the 

output pressure remained somewhat more significant, 

although being almost equal to the input pressure. The 

pressure analysis is a salient feature because it suggests that, 

for two different reasons, the largest in vivo aneurysms are 

exposed to maximum pressure forces. The law of Laplace[49] 

shows that, even if the fluid pressure remains constant, the 

magnitude of the WSS increases as the bulging diameter 

grows.  

The fluid pressure, on the other hand, is not constant. 

Finally, the reduced diameter restricts the maximum pressure 

generated at the center of the bulge, as referred to in Figs. 15a-

e. The reduced diameter also reduces the risk of rupture. It is 

also reported that WSS outcomes are significant 

physiologically since in vivo AAAs can be laminar or 

turbulent.[50] Full development of turbulence leads to an 

increase in the amount of shear stress on the distal end of the 

bulge model and causes even more immediate stress. The 

bulging wall's recirculating fluid movement is associated with 

a higher pressure at the center of the bulge than at the entrance. 

This pressure distribution is presumably due to a Bernoulli 

effect. As a result, its average speed decreases as the flow 

enters the bulge region. The same effect can be seen in real 

AAAs in case of turbulence, namely to augment the 

endothelial wall shear at the distal end of the aneurysm. As a 

result, there is an increase in the risk of damage to the bulge 

region. It can be concluded that larger models (larger 

aneurysm models) are turbulent at lower flow rates than 

smaller models. The most significant models are also subject 

to incredible stress on the peak wall shear. The flow's 

convective acceleration and deceleration and the viscous 

contact between the wall and the fluid determine the wall 

pressure patterns that are especially relevant.[48,51] 

 

4. Conclusions 

This paper presents numerical and computational results of 

steady-state flow through an abdominal aortic aneurysm. This 

work developed generic pipes with and without aneurysmal 

flow models, and their numerical and computational results 

are presented in this paper. A dimensionless Reynolds number 

characterizes the issue regarding the aneurysm by describing 

the dilation length, maximum diameter, and physical flow 

parameters. This value varies between 500 and 7500 to 

investigate the influence of laminar and turbulent flow in 

generic without aneurysm and aneurysmal aorta models. 

Generic without aneurysm aorta and five different aneurysmal 

aorta designs were studied to find their ability to initiate and 

propagate rupture. 

Furthermore, differences in WSS, pressure, and velocity 

were examined in these models to determine how the rupture 

developed. The study investigated the numerical and 

computational results obtained for the generic aorta without an 

aneurysm model. According to the data seen from the 

tabulation, the velocity deviates by 0.7 percent from the 

projected value. The difference in pressure ∆P was 2%, 

whereas the difference in WSS was 4%. These findings related 

to 104800 analytical and theoretical mesh components. 

Additionally, an aneurysmal aorta model reported a 

pressure differential variation of 2%. Compared to the 

analytical findings obtained using the equations and the CFD, 

the maximum velocity is comparable to the theoretical value 

for an aneurysmal aorta model with a 3% variation. 

Additionally, the pressure uncertainty derived from analytical 

and CFD data is 2% and can be allowed to be 10% due to 

smooth transitions and pipe expansion. 

The graphical representation demonstrates that the WSS is 

negligible when the bulge size is small. The WSS increases in 

direct proportion to the bulge's size. This finding established 

that WSS has a considerable effect on the size of bulges. Thus, 

the search for WSS may be critical throughout the aneurysm's 

examination. Pressure fluctuations are also explored, 

providing insight into linking these parameters for clinical 

reference purposes. The geometry model for aneurysms is 

divided into patient-specific and general evaluation models. 

The former can acquire unique information before an 

operational situation, allowing for individual prediction of the 

current in a Vivo flow field. Generic models provide a broader 

representation of the problem, allowing for comparisons 

between diverse research groups, WSS estimators, and CFD 

codes. As a result, the current investigation used the abdominal 

aortic aneurysm generic geometry. 
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