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ABSTRACT: This work presents a three-dimensional computational study of nanoparticles (metallic and non-

metallic) suspended in blood flowing through a diseased artery with both stenosis and aneurysm. From the perspective 

of pharmacodynamics and heat transfer, the influence of nanoparticles on hemodynamic indicators was investigated 

in a diseased artery. The blood was flowing fluid, steady-state, incompressible, homogeneous, and Newtonian, while 

the artery was a rigid wall. The three-dimensional continuity, Navier-Stokes, and energy equations were solved 

numerically by using a RAN-based standard k-ω model, which was performed on the ANSYS commercial software 

package. The influence of different selected nanoparticles (Al2O3, CuO, SiO2, and ZnO), nanoparticle concentration 

(1.0%-4.0%), and nanoparticle diameters (25 nm - 100 nm) on hemodynamic parameters such as velocity, temperature, 

turbulence intensity, more particularly skin friction coefficient and Nusselt number of the blood flow on the diseased 

artery, was also investigated. The streamlines, contours, and plots were adopted to better visualize the blood flow 

behavior in an artery with stenosis and aneurysm. The numerical results revealed that at a 4.0% nanoparticle 

concentration, CuO nanoparticles greatly reduced the blood velocity by 1.96% compared to other nanoparticles. About 

0.66%-2.05% reduction in the blood velocity could be achieved by increasing the nanoparticle concentration from 

1.0% to 4.0%. The SiO2 blood nanofluid showed the best result in augmentation of the Nusselt number by 53.0%. 

However, the nanoparticle diameter and concentration showed an insignificant effect on the skin friction factor. 
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I. INTRODUCTION 

An abnormal change in the number of cells of the blood 

vessel causes arterial diseases in different organs of the 

cardiovascular system of the human body. Stenosis is a result 

of an arterial disease called atherosclerosis that reduces the 

area of the lumen, and this obstructs the blood flow in the 

lumen of an artery. An aneurysm is a weakening and 

abnormally large bulge in the arterial wall. The bulge can 

further rupture and cause internal bleeding, which mostly 

occurs in the aorta, brain, and spleen. Aortic aneurysms cause 

approximately 13,000 deaths annually in the United States 

(Kent, 2014).  

Over the years, scientists and medical engineers have 

developed a keen interest in this area by extensively carrying 

out studies and research on arterial diseases.  Nanofluids were 

first proposed by (Choi et al., 2001) at Argonne National 

Laboratory. Choi employed the nanoparticles as a suspended 

solution. The study found that the nanofluid thermal 

conductivity significantly increased. (Choi, Li and Eastman, 

1999) measured the thermal conductivity of nanofluid. The 

results found that a suspension containing 4.0% of 35 nm CuO 

particles in ethylene glycol had an increment of 20% in the 

thermal conductivity. (Nadeem and Ijaz, 2015) theoretically 

analyzed the metallic nanoparticles in blood flow through 

tapered, curved arteries. The study revealed that the curvature 

of the curved arteries was dominated by stenosis. (Mekheimer, 

Haroun and El Kot, 2011) examined the blood flow under the 

influence of an induced magnetic field through an 

anisotropically tapered elastic artery with overlapping stenosis 

(Keith L. Moore, Agur Moore and Anne M.R. Agur, 2009) 

suggested that it was better to investigate the blood flow of an 

artery with post-stenotic dilation because multiple stenoses 

with post-stenotic dilatations, and aneurysms, commonly occur 

in coronary arteries. (Ellahi et al., 2014) studied non-

Newtonian micropolar fluid by using Eringen’s model in the 

blood flow through composite stenosis. The study was further 

extended by investigating the influence of nanoparticles 

suspended in blood fluid flowing through the composite 

arterial stenosis with permeable walls. (Bluestein et al., 1996) 

experimentally and numerically studied both laminar and 

turbulence flow in an aneurysmatic artery. From their results, 

it was found that a recirculation zone was formed downstream 

of the aneurysm cavity and that it could induce the formation 

of the thrombus as a result of the arterial wall rupture. (Karimi 

et al., 2013) reported the effects of rheology on hemodynamic 

parameters by considering blood as non-Newtonian Carreau 
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and modified power-law fluid through a stenotic carotid artery. 

(Karimi et al., 2016) further discussed the application of 

nanotechnologies, such as nano-coatings and nano-carriers, as 

a tool for the treatment and diagnosis of arterial diseases. In the 

quest to cultivate atherosclerotic plaque. (Rhee and Wu, 2013) 

reported that nano-carriers are effective tools for diagnosis and 

image delivery of arterial disease. (Mandal et al., 2022) 

computationally studied the influence of symmetrical and 

asymmetrical bell-shaped stenosis on blood flow 

characteristics under the steady state and pulsatile conditions. 

The study showed that the asymmetrical bell-shaped stenosis 

greatly influenced hemodynamics indicators than the 

symmetrical form of stenosis. (Ul Haq et al., 2022) employed 

a fluid-structure interaction method to conduct a simulation on 

stenotic cerebral aqueduct resulting from brain tumour. The 

study reported a steeply rise in velocity from 21.2mm/s at the 

pre-stenotic area to 54.1mm/s at the throat of the stenosis. (Yi 

et al., 2022) investigated the impact of surface roughness in a 

stenotic artery. The study revealed that the roughness in the 

stenotic site induced the oscillatory flow at the area distal to 

the stenosis and the effect of roughness on pressure distribution 

is very insignificant as compared to smooth wall artery. 

(Gosman et al., 2022) studied the airflow dynamics of drug 

delivery in one and two-level laryngotracheal stenosis. The 

study reported an increased airflow resistance at the stenotic 

area of the two-level stenosis. (Frank-Ito and Cohen, 2021) 

performed a simulation on an orally drug-delivery particles in 

a laryngotracheal stenosis at inlet pressure of 10Pa-40Pa and 

particle sizes of 1-50 um and 100-950um. The study reported 

2.6% deposition of the inhaled drug particles at the stenotic 

site. (Waqas et al., 2022) numerically investigated 

magnetohydrodynamic behavior of the gold and silver 

nanofluid in a stenotic artery. The study found that the 

temperature and velocity decreased as the size of the gold and 

silver nanoparticles increased. 

 

 

 

 

 

 

 

 

 

The advent of pharmaceutical agents that can cross the 

blood-brain barrier holds considerable promise for the 

nanotechnology in the field of pharmacotherapy. Despite the 

numerous research on aneurysm and stenosis in recent years, it 

is very unfortunate that the published work on application of 

nanotechnologies to diseased artery with both aneurysm and 

stenosis is very scarce. It is evident that no researcher has made 

an attempt to investigate the thermal and hemodynamic 

characteristics of Al2O3, CuO, SiO2, and ZnO drug delivery 

nanoparticles in an artery with combined aneurysm and 

stenosis stenotic artery. Thus, it is very important to clinically 

manage this coronary artery disease (CAD) disease. Therefore, 

there is need to examine the hydrothermal influence of nano-

pharmacological particles on the coronary artery consisting of 

both aneurysm and stenosis. The main objective of the present 

work is to investigate the hydrothermal influence of both 

metallic and non-metallic nanoparticles suspended in blood 

flowing through the artery with both stenosis and aneurysm. 

ANSYS Fluent commercial software package was used to 

perform three-dimension numerical simulations on steno-

aneurysmatic coronary artery with blood flow consisting of 

Al2O3, CuO, SiO2, and ZnO nanoparticles at Reynolds number 

ranging from 200 to 500.  This research will catch the attention 

of many readers engaged in the fields of bioscience, 

pharmacology, nanotechnology, and medical engineering. 

II. METHODOLOGY 

 

A. Geometry Description  

The geometry was created using the Design Modeler 

component of the ANSYS fluent software. It is considered a 

3D incompressible (viscous) and steady nano-hemodynamic 

fluid flowing through an artery of finite length 𝐿 with a rigid 

wall that contains a cosine-shaped aneurysm and stenosis. 

Blood is taken as Newtonian, a non-homogeneous fluid 

containing uniform nanoparticles. The continuity, Navier 

Stoke, and energy equations for incompressible viscous fluid 

and the steady nano-hemodynamic fluid flow have been 

considered for the solution of axial and radial velocities and 

pressure (p). Using the geometry configuration in Figure 1 

through 3, the cylindrical polar coordinates system (𝑟, 𝜃, 𝑧) is 

used to indicate the point in the domain where r, 𝜃, 𝑧 represents 

radial, circumferential, and axial direction respectively. More 

so, heat transfer behavior is taken into consideration by 

temperature given as 𝑇𝑤 assigned to the wall of the artery. In 

the artery, the physical configuration of the stenosis and 

aneurysm in the gaussian profile is defined mathematically as: 

 

 

 

 

 

 

 

 

 

 

 

 

where 𝑧𝑠, and 𝑧𝑎 defines the center of the stenosis and 

aneurysm, ℎ𝑠 and ℎ𝑎 which represent the maximum height of 

the stenosis and aneurysm are the same in value, 𝐷𝑖  is the 

diameter of the artery of the 𝑖𝑡ℎ abnormal segment, 𝑅 is the 

radius of the artery 𝐿𝑠 and 𝐿𝑎 are the length of stenosis and 

aneurysm, respectively. 𝐿𝑖 is the finite length of the artery; 

stenosis is located at a distance 𝐿𝑑 from the inlet of the artery 

while the aneurysm is positioned at a distance 𝐿𝑚 from the 

downstream of the stenosis. Meanwhile, blood flows in the z-

axis direction and is normal to the r- axis (See Table 1 for the 

details of the geometry). 

B. Problem Formulation 

The governing equations and boundary conditions (see 

Table 4) used in the problem are described in this section.  
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Figure 1. 2D Geometry of the artery with both stenosis and aneurysm 

Figure 2. 3D view of the geometry 

Figure 3. End view of the geometry 

 

Parameter Dimension 

𝐋 11D 

𝐑 D/2 

𝐑𝐢 0.75D 

𝐡𝐬 0.25D 

𝐡𝐚 0.25D 

𝐋𝐬 1D 

𝐋𝐚 1D 

𝐋𝐦 1.4D 

𝐋𝐝 2D 

 

Table 1 Dimension details of the geometry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Navier-Stokes, continuity equations, and energy equation 

coupling with the two-equation low Reynold number k-ω 

turbulent model are adopted to solve the problem in this study. 

To properly formulate the computational domain for the 

coronary artery with stenosis and aneurysm, the problem is 

simplified by the following imposed assumptions: 

1. The flow is 3D incompressible and steady state. 

2. The fraction of red blood cell diameter to the diameter of the 

large artery is very small. Therefore, it is considered negligible. 

3. The blood flow is considered to be Newtonian because non-

Newtonian is revealed to exist in the smaller vessels such as 

capillaries. 

4. The artery is assumed to be a rigid wall. 

5. A no-slip condition is assigned to the solid-fluid interface. 

The governing equations for the continuity, momentum, 

and energy equation in terms of nanofluid are as follows: 
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where 𝜌𝑛𝑓, 𝜇𝑛𝑓, 𝑘𝑛𝑓 are the density, viscosity, and thermal 

conductivity of the nanofluid, respectively, 𝛾𝑛𝑓 is the thermal 

expansion coefficient of the nanofluid, and  𝑄𝑜 is the constant 

of absorption or heat generation parameter. 𝐶𝑝𝑛𝑓 is the heat 

capacitance of the nanofluid. 

Standard k − ω Turbulence Model 

The two-equation low Re 𝑘 − 𝜔 turbulent model was 

incorporated into the Navier-Stokes equation stated above to 

solve the eddy viscosity that arose due to the transition from 

laminar to turbulent flow. 

The two-equation turbulence model is expressed below: 

𝑘 − 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛; 
𝜕
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𝐏𝐚𝐫𝐚𝐦𝐞𝐭𝐞𝐫 𝛒ሺ𝐤𝐠
/𝐦𝟑ሻ 

𝐂𝐩(J/

𝐤𝐠𝐊) 

𝐤ሺ𝐖
/𝐦𝐤ሻ 

𝛍ሺ𝐏𝐚. 𝐬ሻ 

Pure blood 1050 
 

0.549 
 

4390 
 

0.00365 
 

𝐒𝐢𝐎𝟐 2200 

 

703 

 

1.2 

 

- 

𝐀𝐥𝟐𝐎𝟑 3970 

 

765 

 

40 

 

- 

𝐙𝐧𝐎 5600 
 

495.2 
 

1.3 
 

- 

𝐂𝐮𝐎 6500 

 

535.6 

 

20 

 

- 

 

Table 2. The Thermophysical properties for base fluid and 

nanoparticles at T=300K 

𝐏𝐚𝐫𝐚𝐦𝐞𝐭𝐞𝐫 𝛒ሺ𝐤𝐠
/𝐦𝟑ሻ 

𝐂𝐩(J/

𝐤𝐠𝐊) 

𝐤ሺ𝐖
/𝐦𝐤ሻ 

𝛍ሺ𝐏𝐚. 𝐬ሻ 

Arterial wall 1075 3490 0.476 - 

 

Table 3. The Thermophysical properties of the arterial wall 

Boundary Location Condition 

Hydrodynamic Fluid/solid interface             𝑢 = 𝑤 = 0  

Inlet                     at 𝑧 = 0 

at r=0, 

           𝑤 = 𝑈 ,𝑢=0 

         
𝜕𝑤

𝜕𝑟
= 0,

𝜕𝑢

𝜕𝑟
= 0 

Arterial wall 

                            at 𝑟 = 𝑅𝑖ሺ𝑧ሻ 

       (No-slip condition) 

𝑢 = 𝑤 = 0 

Outlet                                𝑃𝑏𝑙𝑜𝑜𝑑=0 

Thermal  

Fluid/Interface 
    −𝑘𝑠 ቀ

𝜕𝑇𝑠

𝜕𝑛
ቁ = −𝑘𝑓 ቀ

𝜕𝑇𝑠

𝜕𝑛
ቁ 

 

Inlet                     𝑎𝑡 𝑧 = 0 

                            𝑎𝑡 𝑟 = 0 

       𝑇𝑓𝑏𝑙𝑜𝑜𝑑 = 𝑇𝑓 = 310𝑘  

                   
𝜕𝑇

𝜕𝑟
= 0  

Arterial wall       𝑎𝑡 𝑟 = 𝑅𝑖ሺ𝑧ሻ           𝑇 = 𝑇𝑤 = 320𝑘 

 

Outlet                   

 

−𝑘𝑓 ቀ
𝜕𝑇𝑠

𝜕𝑦
ቁ 0, −𝑘𝑠 ቀ

𝜕𝑇𝑠

𝜕𝑦
ቁ =

0  

 Turbulence Boundary Condition 

Hydrodynamic 

 

Turbulence intensity 
𝐼 = 0.16൫𝑅𝑒𝑛𝑓൯

−
1
8 

Length scale 𝑙 = 0.07𝐷ℎ 

Turbulence viscosity ratio 𝜇𝑡

𝜇
 

 

Table 4. Boundary Condition 

where 𝑘 𝑎𝑛𝑑 𝜔 are turbulence kinetic energy and specific 

dissipation rate, Γ𝑘 , Γ𝜔 are effective diffusivity terms, 𝐺𝑘, 𝐺𝜔 

are generation terms, 𝑌𝑘 , 𝑌𝜔 are destruction terms. 

Γ𝑘 = 𝜇 + 𝛼∗ ቀ𝜌
𝑘

𝜔
ቁ

1

𝜎𝑘
                                                        (8) 

Γ𝜔 = 𝜇 + 𝛼∗ ቀ𝜌
𝑘

𝜔
ቁ

1

𝜎𝜔
                                                      (9) 

Reynolds number correction factors used to determine the 

standard variant k-𝜔 turbulence model are as follows; 

𝛼∗ = 𝛼∞
∗ (

𝛼0
∗+

𝑅𝑒𝑡
𝑅𝑒𝑘
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𝜔

𝑘
ቁ 𝐺𝑘,  

𝛼 =
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𝑅𝑒𝜔
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ቇ, 𝑌𝑘 = 𝜌𝛽∗𝑓𝛽∗𝑘𝜔, 𝛽𝑖
∗ =

𝛽∞
∗ [

0.2666+ቆ
𝑅𝑒𝑡
𝑅𝛽

ቇ

4

1+ቆ
𝑅𝑒𝑡
𝑅𝛽

ቇ

4 ] 

Closure coefficient for the translational 𝑘 − 𝜔 turbulent 

model 

𝛼∞
∗ = 1,   𝛼∞ = 0.52, 𝛼0 = 0.1111, 𝛽∞

∗ = 0.09. 

𝛽𝑖 = 0.072, 𝑅𝛽 = 8,   𝑅𝑒𝑘 = 6,   𝑅𝑒𝑤 = 2.95, 𝜉∗ = 1.5 

𝑀𝑡0 = 0.25   𝜎𝐾 = 2.0  𝜎𝑤 = 2. 

  

C. Nanofluid thermophysical properties 

The nanofluids used for the studies are Al2O3, CuO, SiO2, 

and ZnO, the volume fraction of nanoparticles varied from 

1.0% to 4.0% (see Table 2). The thermophysical properties of 

the arterial wall are presented in Table 3. The effective 

thermophysical properties of the nanofluid are as follows: 

Density correlation (Manca et al., 2012) 

 𝜌𝑛𝑓=ሺ1 − ∅ሻ𝜌𝑓 + ∅𝜌𝑛𝑝                                                   (10) 

Specific heat correlation (Manca et al., 2012) 

𝜌𝑛𝑓𝐶𝑝𝑛𝑓 = ሺ1 − ∅ሻ𝐶𝑝𝑓 + ∅𝐶𝑝𝑛𝑝                                   (11) 

Dynamic viscosity  

The equation for dynamic viscosity (Masoumi et al., 2009) 

is employed for the effective viscosity, which is a function of 

the working fluid and nanofluid physical properties. 

𝜇𝑛𝑓 = 𝜇𝑓 +
𝜌𝑛𝑝𝑉𝐵𝑑𝑛𝑝

2

72𝐶𝛿
                                                        (12) 

where 𝛿 is the boundary layer thickness and 𝑉𝐵 is 

Brownian velocity could be defined below as: 

𝑉𝐵 =
1

𝑑𝑛𝑝
√

18𝐾𝑐𝑇

𝜋𝜌𝑛𝑝𝑑𝑛𝑝
,    𝛿 = √

𝜋

6∅

3
𝑑𝑛𝑝                                    (13) 

𝐶 = 𝜇𝑓
−1[൫𝑐1𝑑𝑛𝑝 + 𝑐2൯∅ + ൫𝑐3𝑑𝑛𝑝 + 𝑐4൯]       (14) 

where 𝐶 in Eqn. 14 represents correction factor, 𝑐1, 𝑐2, 𝑐3, 
and 𝑐4 are experimental coefficients and 𝑑𝑛𝑝 denotes mean 

diameter of nanoparticles, which is expressed in nanometer: 

𝑐1 = −0.000001133, 𝑐2 = −0.000002771 

𝑐3 = 0.00000009,  𝑐4 = −0.000000393                       (15) 

  Thermal conductivity  

The equation for thermal conductivity (Hamilton, 1962) is 

adopted here, where Brownian motion and mean diameter of 

the nanoparticles are used for estimating the effective thermal 

conductivity of the nanofluid. 

 𝑘𝑛𝑓 =
𝑘𝑛𝑝+𝑘𝑓ሺΦ−1ሻ−∅ሺΦ−1ሻሺ𝑘𝑓−𝑘𝑛𝑝ሻ

𝑘𝑛𝑝+𝑘𝑓ሺΦ−1ሻ+∅ሺ𝑘𝑓−𝑘𝑛𝑝ሻ
                                (16) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where Φ denote shape factor and the value of 3 was used 

in this study (Peyghambarzadeh et al., 2011) 

where 𝑙𝑚𝑓 is a mean-free path of the base fluid and 𝐾𝑐 is 

Boltzmann constant. 

𝑅𝑒 =
𝜌𝑛𝑓𝑈𝐷

𝜇𝑛𝑓
                                                                              (17) 

𝑓 =
∇𝑃𝐷

2𝜌𝑈2𝑙
                                                                         (18) 

𝑁𝑢 =
𝑧𝑞𝑐

𝑘ሺ𝑇𝑤−𝑇𝑓ሻ
                                                                     (19) 

Nusselt number correlations used for the validation study 

are listed below; 

Dittus-Boelter correlation (Dittus  and Boelter, 1985) 

𝑁𝑢 = 0.023𝑅𝑒0.8𝑃𝑟0.4                                                             (20) 

Pak and Cho  correlation (Pak and Cho, 2007) 

𝑁𝑢 = 0.021𝑅𝑒0.8𝑃𝑟0.5                                                  (21) 

Maiga et al. correlation ( Maïga et al., 2005) 

𝑁𝑢 = 0.085𝑅𝑒0.71𝑃𝑟0.35                                                 (22) 
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Figure 4. front view of hexahedral structured grids 

Figure 5. Orthogonal view of the structure grids 

Figure 6. zoom-out view of the mesh 

III. NUMERICAL COMPUTATIONS 

The Navier-Stokes, energy, and low Reynold k-ω 

turbulence equations in Eqns. (2)-(9) with the assumptions and 

boundary conditions in Table 4 are still very complex due to 

non-linearity. A robust computational commercial code 

ANSYS (Fluent) software is adopted to solve the complex 

equations. Here, the finite volume method with a pressure-

based solver was used. The software was set for a double-

precision and parallel version. The Semi-Implicit Method for 

Pressure Linked Equation (SIMPLE) algorithm was used for 

pressure-velocity coupling, and the gauss cell-based was used 

for the discretization scheme.  The second-order scheme was 

used for pressure, momentum, and energy. The SST k-ω, 

which was set at low Reynolds, was adopted for the turbulence 

model, and under-relaxation factors were set for default values, 

and all equations were set at convergence criteria of 1×10-6.  

 

A. Mesh Generation  

The ANSYS meshing was adopted to mesh the geometry 

of the problem. The vital aspect of this study was to take 

cognizance as closely as possible of the flow and temperature 

profile around the stenosis and aneurysm. A structured 

hexahedral mesh generation technique was created for the 

geometry (see Figures 4 through 6). It was further subjected to 

mesh refinement through a high number of divisions at the 

model edges and elements at the faces to capture the boundary 

layer flow and thermal field. Finally, the geometry is face 

meshed to obtain a uniform grid. However, orthogonality, 

equiangular skewness, and aspect ratio (see Figure 7) were 

within the acceptable range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Mesh Independence Analysis 

Eight different grid sizes (see Table 5) denoted by G1, G2, 

G3, G4, G5, G6, G7, and G8 are implemented to establish the 

grid independence of the calculated computational results. 

Table 5 and Figure 8 show grid sensitivity analysis and compare 

the Nusselt number at different mesh sizes for the case of SiO2 

at the exit of the artery for nanoparticle concentration of 0%-

4%, nanoparticle size of 25nm, and Reynolds number of 500. 

However, Table 5 and Figure 8 indicate that, the numerical 

values for the Nusselt number do not significantly alter as the 

mesh element density is increased above Grid 6. For this 

numerical investigation, Grid 6 (292994 elements) was chosen. 

 

IV. RESULTS AND DISCUSSION 

A. Validation and Verification of Model 

To verify and validate the reliability of the numerical 

model, a comparison is performed between the simulated results 

of this present study and other experimental results. Similar 

geometry (circular pipe without constrictions) with that of 

experimental work of (Pak and Cho, 2007), with Al2O3 

nanoparticle of size 25nm suspended in water as a based fluid is 

adopted here for validation.  As shown in Figure 9, the Nusselt 

number results of the present study are well conformed with all 

the results used for the comparison, mostly in good agreement 

with the experimental results of (Dittus and Boelter, 1985) and 

(Pak and Cho, 2007); though less in values compare to 

numerical results of (Maiga et al., 2005). Therefore, this 

conformity has shown consistency and accuracy in this 

numerical model. 

 

B. Effect of nanoparticles on blood velocity 

Figure 10 illustrates the effect of the different 

nanoparticles with a nanoparticle concentration of 4.0% and 

nanoparticle size of 25nm on the blood flow velocity at a 

specified location in the diseased coronary artery. As depicted 

in Figure 10, the addition of nanoparticles to the pure blood 

causes the fluid velocity to decrease. This is because 

nanoparticles increased the density of the pure blood, thereby 

reducing the flow velocity. The SiO2 nanoparticle has the 

lowest effect on pure blood velocity compared to other 

nanoparticles; it reduces flow velocity by 0.65%. Meanwhile, 

CuO nanoparticles greatly diminish the blood flow velocity by 

1.96%. Al2O3 and ZnO nanoparticles decreased the blood  
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Nusselt number for SiO2 at 𝒅𝒑=25nm  

Mesh Elements Nodes ∅=0% ∅=1% ∅=2% ∅=3% ∅=4% 

Grid 8 519515 306001 0.19668 0.20010 0.20186 0.20329 0.20649 

Grid 7 405432 292542 0.19668 0.20010 0.20186 0.20329 0.20649 

Grid 6 292994 193529 0.19668 0.20010 0.20186 0.20329 0.20649 

Grid 5 291229 185123 0.19541 0.19821 0.19913 0.20161 0.20531 

Grid 4 287111 174092 0.19384 0.19682 0.19824 0.20004 0.20372 

Grid 3 253322 170138 0.19172 0.19522 0.19701 0.19815 0.20258 

Grid 2 210418 161709 0.19001 0.19301 0.19520 0.19725 0.20153 

Grid 1 201398 112749 0.17405 0.19142 0.19337 0.19585 0.20092 

 

Table 5. Grid Independence Test 
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Figure 11. Variation of non-dimensional radial distance against non-

dimensional axial velocity for the different volume fraction of SiO2 

in based fluid (blood) at = 𝟏𝟏𝑫, 𝒅𝒑=25nm 
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dimensionless axial velocity different size of SiO2 nanoparticles for  

∅ = 𝟒. 𝟎% at 𝒛 = 𝟏𝟏𝑫 

velocity by 1.31% and 1.63%, respectively. This analysis is not 

limited to arterial diseases; it may be helpful, especially to the 

pharmacist, medical doctors, and physicians in treating and 

managing other diseases. 

 

C. Effect of nanoparticles concentration on blood velocity 

Figure 11 shows the influence of nanoparticle 

concentration on fluid velocity by comparing the different 

nanoparticle volume fractions (1%-4%) of SiO2 with a 

nanoparticle size of 25nm at the exit of the coronary artery on 

the plot of non-dimensional radial distance against non-

dimensional axial velocity. This figure reveals that increasing 

the nanoparticle concentration decreases the blood velocity at 

the exit of the coronary artery. The nanofluid viscosity 

increases as the volume fraction of the nanoparticle is 

increased. Therefore, obstructs or mitigates the flow velocity. 

1.0% increase in the nanoparticle concentration decreases the 

magnitude of the velocity at the exit of the coronary artery by 

0.66%, whereas 2.0%, 3.0%, and 4.0% nanoparticle 

concentration reduce the velocity of pure blood by 1.3%, 

1.34%, and 2.05%, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D. Effect of nano-size on blood velocity 

Figure 12 demonstrates the impact of different sizes of SiO2 

nanoparticles in the range of 25 nm-100 nm on blood velocity 

at a specified volume fraction of 4.0%. As shown in Figure 12, 

by increasing the diameter of the nanoparticle, the nanofluid 

velocity is reduced because of the reduction in the Brownian 

forces.  Addition of 25 nm of SiO2 to the base fluid (pure blood) 

reflect the highest velocity, whereas 100 nanometers of SiO2 

provide the lowest velocity value. 

 

E. Effect of nanoparticle type, concentration, and 

nanoparticle size on Nusselt number 

Figure 13 visualizes the influence of different nanoparticle 

types (SiO2, CuO, Al2O3, and ZnO) on Nusselt number at a 

constant volume fraction and nano-size at the specified axial 

location of the coronary artery within the Reynold number 

range of 200-500. The results indicate that all nanoparticle 

types, when added to pure blood, enhance the value of Nusselt 

number. It is evident that nanofluid containing SiO2 

nanoparticles provides the highest value of the Nusselt number 

by at most 53% compared to pure blood at Re = 500. This is  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

due to the lowest thermal conductivity of the SiO2. Among the 

other nanofluids, a more significant change in Nusselt number 

is displayed by the SiO2-pure blood nanofluid. Furthermore, 

the Nusselt number is a bit lower at the low Reynolds number 

because of the lower values of the viscosity and high bulk 

temperature. Meanwhile, at Reynolds number 500, Al2O3, 

ZnO, and CuO nanofluids enhance the Nusselt number of the 

pure blood by 25.0%, 17.5%, and 8.6%, respectively. Figure 

14 reveals the comparison of the Nusselt number against the 

Reynolds number for SiO2 nanofluid with a nanoparticle 

concentration range of 1.0%-4.0% for a constant diameter of 

the nanoparticles. As shown in Figure 14, for all volume 

fractions, the Nusselt number sharply increases with the 

Reynolds number as a result of a significant increase in SiO2 

thermal conductivity and Prandtl number. In addition, the 

Nusselt number for SiO2-pure blood nanofluid steeply 

increases with an increase in nanoparticle volume fraction. At 

Re=500, it is revealed that a 4.0% volume fraction of SiO2 

nanoparticles in the pure blood could elevate the Nusselt 

number of the based fluid by 3.7%. Figure 15 shows the effect 

of different SiO2 nanoparticles (25nm-100nm) on Nusselt 

number with a volume fraction of 4.0% at the exit of the 

coronary artery consisting of both stenosis and aneurysm. For 

any given size of the nanoparticle, the Nusselt number 

increases with the Reynolds number. However, reducing the 

size of the nanoparticle increases the Nusselt number because 

Brownian motion becomes more aggravated at the smaller size 

of the nanoparticles, which in turn increases the thermal 

conductivity. At Re=500, the 25nm size of SiO2 with 4.0% 

volume fracture in pure blood increases the Nusselt number by 

32% compared to the 100nm diameter of the nanoparticles. 

 

F. Effect of nanoparticle type, concentration, and 

nanoparticle size on the temperature profile 

Figure 16 presents the radial temperature profile of 

different nanoparticle types in pure blood at z=11D for 

Re=500, ∅ = 4.0% and 𝑑𝑝 = 25 nm. This Figure reveals that 

the temperature profile for all the nanofluids is in parabolic 

form; at 0≤ 𝑥/𝑅 ≤ 0.2, it remains flat or constant, i.e., no 

significant change in the temperature profile of the nanofluid  
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Figure. 13 Comparison of Nusselt number against the Reynolds 

number at different nanoparticles at ∅ = 𝟒%,  𝒅𝒑 = 𝟐𝟓𝒏𝒎 and 𝒛 =
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at the core of the coronary artery. At 0. 2 ≤ 𝑥/𝑅 ≤ 0.6, the 

temperature gradually increases with radial distance, whereas 

at 0.6 ≤ 𝑥/𝑅 ≤ 1, a steep increase in temperature profile is 

evident. The highest temperature is seen at the arterial wall for 

all cases of the nanofluids. Here, nanoparticles increase the 

thermal conductivity of pure blood; Al2O3-pure blood 

nanofluid provides the highest value of temperature, followed 

by CuO, ZnO, and SiO2. This is due to its more significant 

thermal conductivity than other nanoparticle types. Figure 17 

illustrates the effect of volume fraction (0%-4%) on the 

temperature profile; for all cases of volume fraction, the 

temperature increases with radial distance. The temperature at 

the exit is enhanced by increasing the volume fraction of the 

nanoparticle. At the core of the artery, a 4% volume fraction of 

SiO2 in pure blood increases the temperature by approximately 

2%. Figure 18 indicates the effect of nanoparticle diameter on 

temperature. The results show that temperature increases by 

increasing the nanoparticle's diameter or size. 100 nm of SiO2 

in pure blood depicts the highest temperature value, and 25 nm 

gives the lowest temperature value. 
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Figure 19. Variation of skin friction coefficient against Reynolds 

number for different nanoparticle types at z=11D, ∅ = 𝟒% and 

𝒅𝒑 = 𝟐𝟓𝒏𝒎. 
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Figure. 20 Variation of skin friction coefficient against Reynolds 

number for different volume fractions for SiO2-Pure blood 

nanofluid at z=11D, and 𝒅𝒑 = 𝟐𝟓𝒏𝒎 
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Figure 21. Variation of skin friction coefficient against Reynolds 

number for different nanoparticle diameters for SiO2-Pure blood 

nanofluid at z=11D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

G. Effect of Nanoparticle type, concentration, and 

nanoparticle size on skin friction coefficient 

Figure 19 illustrates the influence of nanoparticles of 

different types on skin friction coefficient at the exit of the 

coronary artery for ∅ = 4.0% and 𝑑𝑝 = 25𝑛𝑚. As seen from 

Figure 19, the skin friction coefficient decreases with a rise in 

Reynolds number for all cases of nanoparticle type. The impact 

of nanoparticle type on the skin friction coefficient of pure 

blood is evident. SiO2-pure blood nanofluid has the highest 

value of skin friction coefficient of about 0.007676, and the 

lowest value of exactly 0.006763 is reported in CuO-pure 

blood nanofluid. This is because SiO2 nanoparticles have the 

least density compared to other nanoparticles. Figure 20 

indicates the effect of nanoparticle volume fraction on the skin 

friction coefficient. As clearly depicted in Figure 20, 

increasing the concentration of nanoparticles (1%-4%) in the 

pure blood does not reflect any significant change in the skin 

friction coefficient. Figure 21 reveals that no significant 

change in skin friction coefficient is observed for all cases of 

nanoparticle sizes (25 nm-100 nm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H. Temperature contour 

Figure 22 reveals the temperature distribution in a 

diseased artery for different nanoparticle types.  As can be seen 

in the contour plot, the presence of an aneurysm and stenosis 

in the coronary artery causes a huge distortion in the 

temperature distribution. It is also observed that the 

temperature at or near the artery's wall is higher than at the 

center. The probe tool in the CFD post-processing section of 

ANSYS was used to take the temperature in the vicinity of the 

aneurysm and stenosis. It was noticed that an increased 

temperature magnitude is seen in the vicinity of the aneurysm. 

In contrast, a decreased temperature is reported in the region of 

the stenosis for all cases of the nanoparticle type. 

 

I. Turbulence Intensity contour 

Figure 23 displays the flow disturbance of the SiO2-blood 

nanofluid in the artery with a combination of aneurysm and 

stenosis with varied volume fractions at a Re=500 and 𝑑𝑝 =

25𝑛𝑚. It is indicated in the figures that for all cases of volume 

fractions, turbulence intensity is greatest at the proximity of the 
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(a) 

(b) 

(c) 

(d) 

(e) 

Figure 22. Temperature Contour for (a) Pure Blood (b) SiO2+Pure 

blood (c) ZnO+Pure blood (d) CuO + Pure blood (e) Al2O3+Pure 

blood for ∅ = 𝟒. 𝟎%, 𝒅𝒑 = 𝟐𝟓𝒏𝒎 and 𝑹𝒆 = 𝟓𝟎𝟎. 

(d) 

Figure 23. Turbulence intensity contour for SiO2+Pure blood 

nanofluid, at 𝒅𝒑 = 𝟐𝟓𝒏𝒎, 𝑹𝒆 = 𝟓𝟎𝟎 for different volume fractions 

(a) ∅ = 𝟎 (Pure Blood) (b) ∅ = 𝟏% (c) ∅ = 𝟐% (d) ∅ = 𝟑% (e) ∅ =

𝟒% 

(e) 

(c) 

(b) 

(a) 

stenosis and decreases outwardly downstream of the stenosis. 

The turbulence intensity increases as the volume fraction is 

increased. 
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V. CONCLUSION 

A computational study has been performed to investigate 

the effects of nano-pharmacological particles on the blood 

flowing through the diseased coronary artery. This study is 

aimed at simulating nanoparticle drug delivery in the treatment 

of hemodynamic ailments. The key findings from the 

computational simulations can be summarized as follows: 

1) The suspension of 4% volume fraction of CuO, Al2O3, 

ZnO and SiO2 nanoparticles to the blood reduced the flow 

velocity by 1.96%, 1.31%, 1.63 and 0.65%, respectively. 

2) Increasing the nanoparticles concentration from 1% to 4% 

reduced the flow velocity by 0.66% to 2.05%. 

3) At a fixed volume fraction of 4% and 𝑅𝑒 of 500, addition 

of SiO2, CuO, Al2O3, and ZnO nanoparticles to the blood 

reduced the 𝑁𝑢 by 53%, 25%, 17.5%, and 8.6%, 

respectively. 

The highest and lowest value of skin friction factor was 

observed in SiO2 and CuO nanofluid, respectively. 
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