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Cardiovascular diseases were the main cause for loosing lives in the last decades due to the 

restricted blood flow states in the blood vessels areas. Numerical investigations have been 

conducted as the aim of this work to examine the blood flow, and wall shear stresses 

adjacent to the mono stenosis up to different degrees involved in the main, side and distal 

main branches as well as observe the pulsatile flow of blood in the left coronary artery 

through various percentage of stenosis. Both the Carreau non-Newtonian rheological 

model and the Newtonian model were utilized to model the blood fluid and wall shear 

stresses of left coronary artery, in a row, all the calculated data were validated with the 

previously published papers. It was found that the blood flow inside areas of the artery lie 

within the range of non-Newtonian rheological effects can be present, verifying the need 

to treat blood as non-Newtonian fluid; especially, with the case of 90% blockage. 
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1. INTRODUCTION

As mentioned earlier that, many cardiovascular diseases 

(CD) that threaten the human life, is the main reasons to blood

flow problems in blood vessels area. Moreover, one of the

vascular diseases is coronary artery disease, which is a fatal

disease if actions not taken immediately. Earlier research on

coronary artery clarified that one of the causes of coronary

artery disease is atherosclerosis which may impedes the blood

flow within the arteries and eventually leads to lumen stenosis

[1].

Recently, extensive researches have been implemented on 

arterial blockage. The clogged arteries have a smaller diameter 

compared to actual arteries due to accumulation of fat deposits 

and cholesterol in the arteries’ walls. This clogged artery 

causes a change in the blood flow dynamics (The mechanical 

behavior of the blood vessel wall), such as deformity and shear 

stress on the artery wall [2]. Which may lead to rupture, 

vascular disease, like atherosclerosis [3]. 

Young and Tsai [2] introduce experimental study on the 

Newtonian blood flow in the arterial stenosis, the 

hydrodynamic factors, like pressure drop, separated flow 

region downstream from the stenosis, and turbulence was 

observed. Symmetrical axial condition stenosis types were 

used in the presented model. They concluded that increasing 

the clogging and current inertia could cause strong vortices in 

the artery. 

While five different models of non-Newtonian (Carreau, 

Walburn-Schneck, Power law, Casson and Generalised power 

law model) and the Newtonian model have been used by 

Johnston et al. [4] in order to study the wall shear stress effects 

within four different right coronary arteries. local and global 

non-Newtonian important factor through these models were 

checked out, the non-Newtonian model came out to have 

better approximation of wall shear stress at low shear. 

Regarding the differences in models, Carreau Yasuda model 

was used by Amornsamankul et al. [5], to examine the blood 

flow within artery stenosis using several variants of pulsatile 

flow and different inlet velocity profile. The authors 

investigated the wall shear stress, velocity fields, strain rate 

and vortex distribution for Newtonian and non-Newtonian 

models and noticed that there were significant differences 

between these models. Sun et al. [6] conducted an 

experimental investigation utilizing medical imaging 

visualization techniques to have a look at the coronary artery 

wall due to presence of stenosis. They found that imaging 

visualization technique is extremely important to recognize the 

stenosis or occlusion of the coronary artery disease. On the 

other hand, Zaušková and Medvid’ová [7] performed 

Numerical study by simulating the non-Newtonian flow in 

compliant stenosis vessels. Having a comparison between the 

shear-thinning non-Newtonian fluids with the Newtonian 

model. Experimental steps for some non-Newtonian models 

have been performed, compared with the Newtonian model. 

Hemodynamic wall parameters such as the wall shear stress 

and the oscillatory shear index has been found. A 

Computational fluid dynamics (CFD) has been done by 

Chaichana et al. [1], which investigated the hemodynamic 

effect of simulated plaques in left coronary artery models. 

Depending on a real data from a patient as realistic 

physiological conditions to understand the cardiac 

hemodynamics. Mentioning that a comparison between the 

thickness of wall sheer stresses of Newtonian and non-

Newtonian fluid models was performed to show similarity. It 

has been reported that many factors could be a reason for 

atherosclerosis. as all together like; the effect of plaques in the 

left coronary artery on the vortices of the WSS blood velocity 

regions, and wall pressure gradient. Numerical studies was 

also conducted by Kamangar et al. [8] to examine the impact 

of left coronary bifurcation angulation (BA) variations and 
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percentage of flow distribution variations (FDV) in coronary 

artery branches (CAB) on anatomic assessment of bifurcated 

lesions as a standard diagnostic parameter. Three types of 

stenosis configurations 70%, 80%, and 90% were utilized in 

proposed model. Al-Azawy et al. [9] used the comparison 

techniques to examine the two models which are a non-

Newtonian blood flow (Carreau and Cross) within a positive 

displacement pump with the Newtonian model via examining 

the shear rate and wall shear stress. The conclusion was that; 

to deal with the blood as non-Newtonian flow in order to get 

an acceptable estimate of rheology of blood levels through the 

medical devices. 

In 2017 Lee et al. [10], observe the fractional flow reserve 

alterations in a post-stenosis distal part, due to the presence of 

pre-stenotic swirl flow by CFD analysis that implemented for 

virtual stenotic models. Three kinds of stenotic coronary were 

utilized: (a) mild, degree of stenosis of 0 ~ 40%, (b) The 

moderate, with degree of stenosis of 50 ~ 60%, and (c) severe 

(blockage), degree of stenosis of 70 ~ 90%. the influence of 

pre-stenotic swirl flow was not noticeable while increasing the 

degree of stenosis. Hence, the impact of stenosis were 

dominant on fractional flow reserve (FFR) compared to those 

of swirl flow in the moderate or severe stenotic kinds. On side 

branch (SB) in the left coronary artery, Iannaccone et al. [11] 

implemented numerical observations on the impact of 

bifurcation angle, plaque composition, and procedural strategy 

using two bifurcation angle (45°, 70°) and four plaque types 

(fully lipid, fully fibrous, lipid with half and fully calcified ring 

distal to the carina). Showing that; the SB lumen volume 

compromise was evident and, plaque type has more influence 

on Sb ostium shape than bifurcation angle. The numerical 

simulations clarify that: ellipsoidal of the SB ostium, generally 

without significant lumen compromise. Provisional stenting in 

the presence of calcifications resulted in a more severe 

outcome for the SB ostium. Involving the blood density as a 

constant parameter in Quanyu et al. [12] assumptions as a 3-D 

uncomplicated arm arteries had been simulated, the Carreau 

fluid model, and laminar blood flow model. The results 

showed that, the brachial and bifurcations have the high 

pressure and velocity outline. Then the brachial and 

bifurcations have the high pressure and velocity outlines. 

Regarding the modeling of intraventricular a 3-D simulation 

of a viscous flow past a compliant model of arteriovenous-

graft anastomosis was carried out by Bai and Zhu [13]. It 

examine the effect of arteriovenous graft (AVG)-vein diameter 

ratio, and Reynolds number (Re). It showed that; the 

influences of the parameters vein diameter ratio, and Re lie 

largely on the graft. In addition; the WSS gradient, wall 

normal stress gradient and their averaged values on the graft 

are noticeably greater than those on the vein. In 2019 a blood 

flow in a portion of the upper part of a child’s aorta was CFD 

investigated by Selmi et al. [14], an unsteady and complex 

behavior of the blood flow was shown, the velocity field, 

pressure, and displacement distributions were also examined 

through a cardiac cycle and it is very important in the CD 

studies. 

Many researchers investigate blood flow and shear stresses 

adjacent to the mono stenosis at different degree of stenosis in 

the side branch (SB) and the main branch (DMB). It is 

important to record that main confrontation in stenosis 

simulation part. In what follows, the present author continued 

to their preliminary work by Al-Azawy et al. [9], in this paper, 

trapezoidal single stenosis were utilized through a model of 

artery to assess the level of non-Newtonian. 

Therefore, in the current work, a non-Newtonian Carreau 

model has been utilized in order to examine the blood flow 

through the double stenosis in the left coronary artery. The aim 

of this work is evaluating the possible impact of using 

Newtonian and non-Newtonian models through the double 

stenosis in the coronary artery.  

 

 

2. MODEL DEVELOPMENT 
 

2.1 Simulated geometry  
 

Figure 1 shows the complete double stenosis in the left 

coronary artery, including symmetrical stenosis and the 

coronary artery is configured to be the right tracts. The 2D 

model is based on a 3.3 mm, 30 mm main branch (PMB) 

diameter and length of coronary artery, respectively. The 

length and diameter of side branch (SB) is 25 mm, 2.1 mm, 

respectively. Also, the diameter and length of the distal main 

branch (DMB) is 2.8 mm, and 25 mm, respectively. Figure 1b 

illustrates all dimension of the stenosis and coronary artery 

(PMB to DMB angle was set to 150° [15], also, the distal angle 

between SB and DMB is 40°) [16]. 

 

 
(a) snapshot of the left coronary artery Selmi et al. [14] 

 
(b) dimension of the stenosis Onuma Y et al. [17] 

 
(c) dimensions of the artery with stenosis that used in the 

current work 

 

Figure 1. Model of coronary artery and double stenosis 
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2.2 Boundary conditions 

 

It is necessary to have a set of conditions to get the 

dominated equation and to determine the arbitrary functions 

that concluded from the integration of the dominated equation. 

These conditions are considered as the initial or boundary 

conditions, the domain of the problem’s boundary could be 

satisfied by the dependent variable or it’s derivative where is 

the conditions mentioned above need it as a requirement. 

Furthermore, the coronary artery consists of main branch 

(PMB) which represents equivalent inlet blood flow, whereas 

the distal main branch (DMB) this is equivalent first outlet 

blood flow (out1), and side branch (SB) this represents second 

outlet blood flow (out2). Three different area stenosis are 

including in the present investigation: 70% (moderate), 80% 

(Intermediate) and 90% (severe "Blockage"), as calculated by 

Lee et al. [10]. Table 1 illustrates the details of the stenosis 

arteries. 

 

Table 1. Dimension of the area stenosis and artery used in 

this work 

 

Artery 

Moderate 

70% 

Intermediate 

80% 

Severe 

(Blockage) 90% 

r 

(mm) 

ro 

(mm) 

r 

(mm) 

ro 

(mm) 

r 

(mm) 

ro 

(mm) 

PMB 1.5 1.095 1.5 1.025 1.5 0.95 

DMB 1.4 0.974 1.4 0.9 1.4 0.82 

SB 1.05 0.604 1.05 0.512 1.05 0.397 

length l=6 mm l=6 mm l=6 mm 
Notes: ro is the radius of stenosis, r represents the radius of artery, l is the 

length of each stenosis. 

 

Blood was assumed as laminar. The flowing blood is treated 

as non-Newtonian and characterised by Carreau model. The 

inlet velocity was introduced as follows [12]: 

 

𝑣 = {
1.2 ∗𝑠𝑖𝑛 sin(4 ∗ 𝜋 ∗ (𝑡 + 1.6))    𝑡 > 0.218 𝑠

0.1                                                       𝑡 ≤ 0.218 𝑠
 (1) 

 

From this equation, the peak velocity was recorded to be 1.2 

m/s and a minimum velocity of 0.1 m/s (see Figure 2). 

Assuming a heartbeat rate of 75 BPM (beats per minute); the 

duration of each period is 0.8 s [12]. The blood rate during 

normal activities of the human body, also, the blood intensity 

utilized is 1060 kg/m3. 

 

 
 

Figure 2. Velocity inlet profile (Sine wave in the systolic 

phase) in main artery (PMB) [12] 

 

As seen, the sine wave in the systolic phase varies with time 

in Eq. (1). To include this equation as a boundary condition in 

the software, a User Defined Function (UDF) was developed 

which incorporate this equation into the inlet boundary 

conditions. This UDF subroutines namely, 

DEFINE_PROFILE (inlet_velocity, thread, position) enables 

the transient velocity simulation at the inlet boundary of the 

model, as shown in Figure 2. 

A wall boundary condition was used to bound both the fluid 

and solid regions. The no slip condition (fluid velocity equal 

to zero) has been enforced at this boundary. Solution 

convergence was achieved at the third cardiac cycle. 

 

 

3. COMPUTATIONAL FLUID DYNAMICS SOLVER 

 

3.1 Meshes descriptions 

 

For each model, a mixture of prism layer (at the boundary 

layer areas) and tetrahedral mesh (for the other parts) was 

utilized using ANSYS Meshing v.19.1 [18], as illustrated in 

Figure 3. A prism layer of four layers was employed to resolve 

the boundary layer. Advanced sized function was utilized to 

be used as near and bended compared to other methods. Fine 

is the level of the relevance center and span angle; while high 

is the set chosen for the smoothing function on the other hand 

slow was the level chosen for the transition angle. 

 

 
 

Figure 3. Finite volume model discretization for the left 

coronary artery geometry 

 

3.2 Governing equations 

 

In order to evaluate the hemodynamics of blood flow 

through the arteries, the equations that governing the blood 

flow include the flow continuity equation (see Eq. (1)) and the 

Navier-Stokes (see Eqns. (2) to (5)). For Navier-Stokes 

equations, an equilibrium point was set between the left hand 

side and the right hand side of the equation in which it 

represent the inertia forces: pressure force, body force, and 

viscous force [19]. 

Continuity equation is: 

 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0 (2) 

 

Navier stoke equation which represents: 

 

𝜌 (
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
) 

= −
𝜕𝑝

𝜕𝑥
+ 𝜌𝑔𝑥 + 𝜇(𝑠) (

𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑢

𝜕𝑦2
+

𝜕2𝑢

𝜕𝑧2
) 

(3) 
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𝜌 (
𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
+ 𝑤

𝜕𝑣

𝜕𝑧
) = −

𝜕𝑝

𝜕𝑦
+ 𝜌𝑔𝑦 + 

𝜇(𝑠) (
𝜕2𝑣

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑦2
+

𝜕2𝑣

𝜕𝑧2
) 

(4) 

 

𝜌 (
𝜕𝑤

𝜕𝑡
+ 𝑢

𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
+ 𝑤

𝜕𝑤

𝜕𝑧
) = −

𝜕𝑝

𝜕𝑧
+ 𝜌𝑔𝑧 + 

𝜇(𝑠) (
𝜕2𝑤

𝜕𝑥2
+

𝜕2𝑤

𝜕𝑦2
+

𝜕2𝑤

𝜕𝑧2
) 

(5) 

 

where, u, v, w represents the velocity in x, y, z direction, ρ 

represents the density of fluid, and gi is the body force in i-

direction, and μ(s) represents the viscosity of blood which 

depends on assumption of the working fluid as Newtonian or 

non-Newtonian. Furthermore, the blood viscosity that relay on 

the magnitude of the shear: which is computed from the shear 

rate tensor as: 

 

𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗 , 𝑤ℎ𝑒𝑟𝑒 𝑆𝑖𝑗 =
1

2
(
𝜕𝑢𝑖

𝜕𝑥𝑗

+
𝜕𝑢𝑗

𝜕𝑥𝑖

) (6) 

 

In order to capture the effects of various viscosity models 

on the flow behavior through the model, the Carreau model is 

used in the present study, on account of superior performance 

of non-Newtonian flow effects within the medical devices as 

identified previously by the present author [9, 20] and other 

researchers [4, 21]. The Carreau model complies with the 

following form, where μ∞ is the infinite shear viscosity 

(μ∞=0.00345 Pa.s), μo is the viscosity of blood at zero shear 

rate (μo=0.056 Pa.s), λ represents the relaxation time constant 

(λ=3.313 s) and n=0.3568 [22]. 

 

𝜇(𝑆) = 𝜇∞ + (𝜇0 − 𝜇∞)(1 + (𝜆𝑆)2)
(𝑛−1)

2  (7) 

 

CFD software (ANSYS FLUENT v.19.1) based on finite 

volume method was used to perform the solution of the 

unsteady aforementioned equations; using the PISO algorithm 

in the current 3-D laminar CFD model, pressure–velocity 

coupling can be obtained, the convergence of the residual 

monitor was check to be 0.0001. Located discretization is 

second-order upwind, and the second-order implicit scheme is 

applied in time by using Green–Gauss cell-based scheme is 

used for gradient reconstruction. Also, a fixed time stepping 

method is chosen, time step size Δt=0.1 s was encountered to 

be satisfactory, giving a Courant-Friedrichs Lewy (CFL) 

number around 1 inside the artery, the time steps was 8, and 

the maximum iterations were 200 per time step. 

 

3.3 Mesh independence of CFD model 

 

In order to evaluate the optimal mesh resolution, mesh 

independence investigation depending on the difference in the 

velocity that was calculated using four different number of 

cells through the artery (case study: double stenosis degree of 

80% in the PMB). It is shown that all the results are in an 

average difference (when 1,313,580 cells, 1,970,371, 

2,955,557, and 4,433,335 elements, respectively), the velocity 

obtained from these models and all meshes share similar 

results with minor differences around the artery stenosis. 

Meshes with more than 2,955,557 resulted in insignificant 

differences and with an average relative difference of less than 

2%. The maximal local difference was significantly higher (up 

to 95%), however this local difference was a consequence of 

the resolution of the boundary layer at specific time instants. 

Therefore 2,955,557 elements are used as the optimum 

number of mesh for the simulation. Figure 4 illustrates the 

percentage difference between coarse mesh, medium mesh, 

and fine mish of the CFD model against finer mesh. 

 

 
 

Figure 4. Mesh independence in the present work 

 

The current CFD model was validated against previous 

numerical published data of Rupak et al. [23], and Kamangar 

et al. [8]. Figure 5 shows the comparison of the current CFD 

result with the previous published data through the area 

stenosis in PMB artery during the systolic and diastolic phases. 

A transient simulation for the flow rate of 5×10-5 m3/min was 

chosen to validate the current work. The numeric results 

obtained was compared with the closely related articles 

previously published in the open literature [5, 23]. Figure 5 

shown that the axial pressure drop obtained compared to the 

numerical values obtained from Kamangar et al. [8] is 

considered more accurate. Therefore, the results are found to 

be satisfied ones with the previous published article. 

Consequently, the fine mesh (2,955,557 cells) could be used 

with confidence in the present study to simulate the left artery 

coronary and to implement blood flow analysis. 

 

 
 

Figure 5. Comparison of the present study result with 

previous published data of Rupak et al. [23], and Kamangar 

et al. [8]; pressure drop shown is through the area stenosis in 

PMB artery during the systolic phase 
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4. SIMULATION RESULTS 

 

Primary parameters that obtained from the current 

simulation  depending on the blood flow in the stenosis of the 

artery are the velocity distribution of the blood and the stresses 

of the shear. A series of isolated different area stenosis are 

included in the present investigation: 70%, 80%, and 90%, 

respectively, as shown in Figures 6 and 9 to present the wall 

shear stresses and velocity distribution inside the domain. 

Figures 6 to 9 show the velocity magnitude contours, and 

Figures 11 to 14 present the shear stress vector. 

 

4.1 Blood flow velocity investigation 

 

At main branch (PMB, inlet) artery, numerical simulations 

for blood flowrate as shown in Figure 6a, the velocity contour 

for blood flow of the double stenosis in PMB has reached 

0.183 m/s, at the area stenosis 70%. A redistribution area 

existed next to the back of the area stenosis region. This is the 

cause to flow restriction due to sudden expansion. Jet flow 

occurred at the stenosis gap because of the jet flow, where high 

velocity values were recorded of 0.183 m/s. 

From Figure 6b, it can be seen that the velocity reached a 

maximum value of 0.28 m/s at the area stenosis 80%. Given 

that the computational domain includes double stenosis, the 

result showed that a recirculation region occurred in the 

sudden expansion. It was reported that in stenosis, the 

likelihood of blood clotting is higher than that in native artery; 

however, researcher noticed that the recirculation at the 

sudden expansion shown in Figure 6 will reduce the possibility 

of blood clotting within the left coronary artery. 

Figure 6c shows the area stenosis in 90%, where a velocity 

magnitude for blood flow at the stenosis was reached to 0.243 

m/s. Leakage blood flow recorded high velocity values 

because of the small gaps in the stenosis and a noticeable flow 

recirculation is also observed at the sudden expansion of the 

main branch (PMB, inlet) artery. However, researcher 

observed that the increase of the velocity at the area stenosis, 

which may lead to the blood clotting within the left coronary 

artery. Figures 7 to 9 show jet flow that occurred at area 

stenosis. Previous studies found that jet flow occurrence is the 

most destructive flow to the blood cells, which results in blood 

clotting and hemolysis [24]. 

At double stenosis in PMB & SB at different area stenosis, 

the Figure 6a shows the velocity contour of blood flow 

velocity in the leakage between the stenosis at area stenosis 

70%. The velocity magnitude in the leakage at stenosis in SB 

& PMB has come nearby to 0.207 m/s, 0.177 m/s, respectively. 

A redistribution area existed at the sudden expansion of the 

side and main branches (SB, and PMB) arterial region. At the 

area stenosis 80%, Figure 6b show the maximum velocity was 

0.222, and 0.211 m/s in SB and PMB, respectively. Also 

Figure 6c, when the area stenosis 90%, the maximum velocity 

magnitude at stenosis in SB & PMB was 0.294, 0.25 m/s, 

respectively. However, a comparing mechanism will set 

between the behavior of the blood flow in a redistribution area 

to the behavior in the PMB artery, except the difference in the 

values of velocity. 

Moreover, when the coronary artery consists of side branch 

(SB) and the distal main branch (DMB), the general behavior 

of the blood flow is similar to main branch (PMB) artery and 

distal main branch (DMB), the side branch artery. Table 2 

summarizes the maximum velocity values occurred at the area 

stenosis which was occurred between the stenosis gap area. 

Table 2. Maximum velocity in the stenosis gap area 

 
Area stenosis 

location 

Vmax (m/s) Vmax (m/s) Vmax (m/s) 

70% 80% 90% 

Case 1 (PMB) 0.183 0.208 0.244 

Case 2 
SB 0.207 0.222 0.294 

PMB 0.177 0.211 0.250 

Case 3 
PMB 0.183 0.208 0.244 

DMB 0.106 0.125 0.141 

Case 4 
SB 0.207 0.222 0.294 

DMB 0.106 0.125 0.141 

 

4.2 Local importance factor (IF) 

 

In order to present a more quantitative examination of the 

non-Newtonian effects levels within the stenosis area, the local 

‘importance factor’(IF) assessed as proposed by Johnston et al. 

[4]. The importance factor was calculated as follows: 

 

𝐼𝐹 =
𝜇(𝑆)

𝜇∞

 (8) 

 

where, μ(S) is the actual dynamic viscosity that depends on the 

Carreau model as shown in Eq. (7), and μ∞ is the Newtonian 

shear viscosity. In general, the IF will be equal to 1 in the 

Newtonian model, while the values that not equal to one will 

refer to the zones of the non-Newtonian flow.  

Figure 10 showed that the importance factor is investigated 

and compression between non-newtonian and newtonian 

blood flow. Figure 10 shows importance factor contour in 

double stenosis in pmb at different area stenosis (70%, and 

90%). 

 

4.3 Wall shear stress (WSS) 

 

One of the most important characteristics for the 

hydrodynamics of left artery coronary is the shear stress. The 

blood wall shear stress ‖𝜏𝑤𝑎𝑙𝑙‖is expressed from viscous shear 

stress tensor 𝜏𝑖𝑗 and the surface normal vector nj as following 

[18, 25]:  

 

‖𝜏𝑤𝑎𝑙𝑙‖ = √𝜏𝑖
𝑤𝑎𝑙𝑙𝜏𝑖

𝑤𝑎𝑙𝑙  (9) 

 

 𝜏𝑖
𝑤𝑎𝑙𝑙 =

𝜏𝑖𝑗 . 𝑛𝑗

√𝑛𝑗𝑛𝑗

 (10) 

 

𝜏𝑖𝑗 = 2 𝜈 𝑆𝑖𝑗 (11) 

 

where, the wall shear stress in the 𝑖- direction corresponds to 

coordinate system (x, y, z), ν is the laminar kinematic viscosity. 

In this section, Figures 11, 12, 13, and 14 showed that the wall 

shear stress contour as well as compression between non-

Newtonian and Newtonian blood flow are investigated.  

At the main branch (PMB) artery, high wall shear stresses 

values were located at the stenosis area. The blood shear stress 

at the stenosis is 0.067 Pa, and 0.042 pa when the blood flow 

non-Newtonian and Newtonian flow, respectively. A 

maximized regions of the blood flow shear stresses are located 

on the, as shown in Figure 11a. 

When WSS contour in double stenosis in PMB & SB at 80% 

area stenosis, a layer with higher blood shear stress values 

occurred in the SB artery because of the blood flow on the 

stenosis gap area (Figure 11b). Found that the WSS at the gap 
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area of stenosis is 0.12 Pa at non-Newtonian model and 0.052 

Pa in Newtonian model. Also the WSS values occurred in the 

PMB artery was 0.115 Pa at non-Newtonian model and 0.049 

Pa in the Newtonian model. Furthermore, the increase of WSS 

was due to the maximum blood flow rate pass during this 

period in the stenosis area. 

When WSS contour in double stenosis in PMB & SB at 90% 

area stenosis, a layer with higher blood shear stress values 

showed up in the SB artery because of the blood flow on the 

stenosis gap area (Figure 11c). Furthermore, the WSS in the 

gap area continue to be high as 0.159 Pa in SB, also, wall shear 

stress magnitude in the PMB was 0.112 Pa in the non-

Newtonian model. Also the WSS in the Newtonian model at 

SB and PMB was 0.063 Pa, 0.051 Pa, respectively.  

The clinical relevance of the importance factor is described 

for the examined cases, observing that the levels of non-

Newtonian model are predicted to be higher in the 70% 

blockage than that observed within the 90%, as shown in 

Figures 11, 12, 13, and 14. 

Table 3 summarizes the different area stenosis (70%, 80%, 

and 90%) presented above where the maximum wall shear 

stress in the stenosis is presented for different area stenosis, 

which corresponds to one cardiac cycle. 

 

Table 3. Maximum wall shear stress in the stenosis gap area 

 

Area stenosis 

location 

WSSmax (Pa) WSSmax (Pa) WSSmax (Pa) 

70% 80% 90% 

Non-

New. 
New. 

Non-

New. 
New. 

Non-

New. 
New. 

Case 1(PMB) 0.067 0.042 0.083 0.046 0.12 0.052 

Case 

2 

SB 0.114 0.052 0.12 0.063 0.159 0.103 

PMB 0.108 0.101 0.115 0.049 0.121 0.063 

Case 

3 

PMB 0.110 0.041 0.117 0.046 0.127 0.052 

DMB 0.074 0.021 0.08 0.023 0.092 0.023 

Case 

4 

SB 0.126 0.052 0.155 0.074 0.182 0.089 

DMB 0.103 0.028 0.094 0.036 0.109 0.041 

 

 

 
(a) 70% 

 
(a) 70% 

 
(b) 80%  

(b) 80% 

 

 
(c) 90% 

 

 
(c) 90% 

 

Figure 6. Velocity contour in double stenosis in PMB at 

different area stenosis 

 

Figure 7. Velocity contour in double stenosis in PMB & SB 

at different area stenosis 
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(a) 70% 

 
(a) 70% 

 
(b) 80% 

 
(b) 80% 

 

 
(c) 90% 

 

Figure 8. Velocity contour in double stenosis in PMB & 

DMB at different area stenosis 

 

 
(c) 90% 

 

Figure 9. Velocity contour in double stenosis in SB & DMB 

at different area stenosis 

 

 

 
(a) 70% 

 

 
(b) 90% 

 
 

Figure 10. Importance factor for Carreau model 

 

901



 

 
(a) 70% (Non-Newtonian) 

 
(a) 70% (Newtonian) 

 
(b) 80% (Non-Newtonian) 

 
(b) 80% (Newtonian) 

 
(c) 90% (Non-Newtonian) 

 
(c) 90% (Newtonian) 

 
 

Figure 11. Shear stress contour in double stenosis in PMB at different area stenosis 

 

 
(a) 70% (Non-Newtonian) 

 
(a) 70% (Newtonian) 

 
(b) 80% (Non-Newtonian) 

 
(b) 80% (Newtonian) 

 
(c) 90% (Non-Newtonian) 

 
(c) 90% (Newtonian) 

 
 

Figure 12. Shear stress contour in double stenosis in PMB & SB at different area stenosis 

 

 

902



 

 
(a) 70% (Non-Newtonian) 

 
(a) 70% (Newtonian) 

 
(b) 80% (Non-Newtonian) 

 
(b) 80% (Newtonian) 

 
(c) 90% (Non-Newtonian) 

 
(c) 90% (Newtonian) 

 
 

Figure 13. Shear stress contour in double stenosis in PMB & DMB at different area stenosis 

 

 
(a) 70% (Non-Newtonian) 

 
(a) 70% (Newtonian) 

 
(b) 80% (Non-Newtonian) 

 
(b) 80% (Newtonian) 

 
(c) 90% (Non-Newtonian) 

 
(c) 90% (Newtonian) 

 
 

Figure 14. Shear stress contour in double stenosis in SB & DMB at different area stenosis 
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5. CONCLUSIONS 

 

The present numerical investigation was accomplished to 

examine unsteady, laminar and non-Newtonian blood flow 

through a stenosis artery using a Carreau model. The 

numerical simulation evaluation, have been presented and 

discussed for velocity, WSS and importance factor. A 3-D 

realistic CFD model consisting of left coronary, which 

includes double stenosis, was utilized to observe the blood 

hydrodynamics and wall shear stresses at different area 

stenosis are 70%, 80%, and 90%, respectively. A proximate 

and desirable results was obtained between numerical results 

of the current study and the related articles previously 

published in the open literature at axil pressure drop. Also 

found that the high velocity occurred at the area stenosis, 

which may lead to the jet flow, this which may lead to higher 

WSS within stenosis area. This study also uncovers that WSS 

valued at the area stenosis (90% blockage in the SB, DMP, and 

BMP), this which may cause blood clotting. Where it was 

found that the values of WSS in the non-Newtonian flow at the 

area stenosis (90% blockage in the SB, DMP, and BMP) used 

in the paper are higher than the Newtonian flow of 51%. It was 

concluded that the blood flow inside areas of the artery noticed 

to lie within the range of non-Newtonian rheological effects 

can be present, explaining the urge to deal with blood as non-

Newtonian fluid; especially, with the case of 90% blockage. 
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