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ABSTRACT This study scrutinizes the impacts of Alumina and Ferric oxide nanoparticles infused in blood flow 

through an inclined permeable tapered and overlaying stenosed artery. The study utilized Newtonian model of 

the blood flow, which were the formulated governing equations and first non-dimensionlised to aid analytically 

solutions and graphically representations of temperature, velocity, flow resistance and the wall shear stress of 

the blood. These solutions revealed the influence of important parameters vitals in the biomedical field.  The 

outcomes of this study underline the importance of understanding blood flow dynamics in stenosed arteries and 

the possible benefits of usage of alumina and ferric oxide nanoparticles in treatment schemes. These nanoparticles 

were designed to target directly specific tissues or cells of the stenosed artery, consequently improving treatment 

effectiveness and reducing side effects.  The interpretations of velocity and temperature profiles provide 

understanding of the dynamics of the blood flow under different conditions, therefore informing the development 

of targeted tissues or cells of the artery. Hence, the velocity profiles improved as Darcy number, Grashof number 

and heat absorption raised, whereas dropped with development of slip parameter and volume fraction of 

nanoparticles. The temperature profiles increased in the favor of heat absorption. More so, the resistance to flow 

increased with rising in heat absorption, Grashof number, and slip parameter. The wall shear stress decelerated 

as Darcy number, slip parameter, heat absorption, and volume fraction of nanoparticles increased. Ferric oxide 

reacted to the flow than Alumina in velocity and temperature profiles but converse was the case at wall shear 

stress. All these parameters had significant effects on the blood flow dynamics. 

Keywords: Alumina and Ferric oxide nanoparticles, Tapered and overlying stenosed artery, Resistance to flow, 

Wall shear stress 
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I. INTRODUCTION  

The word nanoparticles mean very small particles that cannot be seen except with the aid of electronics 

microscope, ranges from 1-100 nanometres. The nanoparticles are used in molecular engineering, nanomaterials, 

nanosensors, molecular machines, diagnostics and analysis of blood behavior through Magnetic Resonance 

Imaging (MRI) techniques and targeted drug delivery. Therefore, nanoparticles are infused in blood stream to 

study the dynamics of the blood flow, because of their interactions with blood components and vascular walls 

which can impact the flow pattern and provide more insight into cardiovascular diseases such as atherosclerosis, 

inflammation or congenital defects. 

 

Consequently, Ahmed and Nadeem, (2016) utilized copper, titanium dioxide and alumina nanoparticles 

as antimicrobials in blood flow through diseased arteries. The study provided an understanding that addition of 

nanoparticles improves the dynamics of blood flow in disease vessels and it established antimicrobial 

characteristics that can aid to avert infections in diseased vessels. Sarwar et al. (2022) established that gold 

nanoparticles enhanced the thermal conductivity of the blood using sisko non-Newtonian fluid model. The study 
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developed new medical treatments, such as targeted drug delivery to specific area of the body, including regions 

with blood flow restriction, potentially improving treatment and thermal therapy.  

 

Ellahi et al. (2014) conducted an examination into non-Newtonian fluid flow to elucidate a composite 

stenosis through a porous artery. They depicted the flow resistance rises via the influence of stenosis height, 

however reduces by addition of values of slip parameter and length. They also noticed that partially permeability 

can be formed known as endothelium, in the inner cellular layers of blood significantly influence the porosity of 

the artery. The wall shear stress is of prominent important on the blood flow through the arteries and crucial tools 

in the restoring of the arterial wall Mofrad et al. (2005). Srivastav (2014) elucidated the concept of Newtonian 

modeled of blood flow through permeable wall stenotic artery and exposed that the resistances flow speedup as 

the result of raising of the stenosis height, however, the wall shear stress dropped. 

 

Babatunde and Dada (2021a) revealed that the resistance to blood flow reduced with an augmented value 

in hematocrit level. Babatunde et al. (2021b) juxtaposed the effects of hematocrit on a tapered-overlapping artery. 

They discovered that the velocity and temperature of the blood flow increased as the value of hematocrit increases.  

Babatunde and Dada (2024) delved deeply into Casson modeled blood fluid through a tapered-overlapping 

stenosed artery. They observed that stenosis knows as the narrowing of the internal, external of an artery, mostly 

lead to atherosclerotic plaque formation, and poses a major risk to cardiovascular health, usually resulted to blood 

flow constrained and augmented menace of complications such as ischemic strokes, transient or heart attack.  

 

In biomedical investigations, a good number of scholars have explored nanoparticles on stenotic arteries 

(Jamil et al. 2018 and Vasu et al. 2020). Different authors exploited nanoparticles for their researches, because of 

tiny size, high surface area and ability to interact at the cellular and molecular level. Some of researchers like 

Shahzad et al. 2022, Karmakar et al. 2023 and Muthtamilselvan et al. 2023 utilized gold nanoparticles leveraged 

on their sole visual belongings for exact picture and stalking inside the complicated vascular system. Sharma et 

al. 2023 opted for Alumina nanoparticles as results of the high surface area, chemical stability, biocompatibility 

and mechanical strength. They examined the characteristics of the alumina nanoparticles exhibitions within the 

curved artery and suggested that the nanoparticles could facilitate drug delivery to the targeted cells or tissues. 

Copper-Alumina nanocomposites are in the study of stenosed artery for synergistic antimicrobial, enhanced 

biocompatibility, therapeutic coatings and catalysis in drug delivery (Haris et al. 2024). Imperatively, Copper and 

Alumina nanoparticles are explored for cancer therapy, antimicrobial coating, wound healing, bone generation, 

biosensing and drug delivery in nanomedicine.  

 

Alumina and Ferric oxide nanoparticles, to be precise, appear as focal mechanisms in this study have 

their relations with components of the blood and arterial walls.  For instance, Ferric oxide nanoparticles can be 

functionalized with ligands that target atherosclerotic plagues. Also, Alumina nanoparticles may be functionalized 

with targeting ligands (antibodies, peptides) that bind specifically to receptors expressed in stenosed or inflamed 

arterial tissues. Inspired by the interactions and functions of Alumina and Ferric oxide in the blood stream, cells 

and tissues, the present work infused water based fluid, Alumina and Ferric oxide nanoparticles in the study of a 

tapered-overlying permeable stenosed artery.  Exploring the interactions of the nanoparticles, slip parameter, 

Darcy number, inclination angle, Grashof number, heat absorption constant and tapered stenosed artery. 

 

II. Formulation of the problem  

The study considers a steady Newtonian blood flow modeled in fused with Alumina and Ferric oxide 

through axisymmetric artery. At any point in the blood flow is represented by the cylindrical polar 

coordinate (𝑟, 𝜃, 𝑧), where 𝑧 is coordinate along the axis of the artery, while 𝑟 and 𝜃 are coordinates along the 

radial and circumferential directions, respectively. 

 

The mathematical expression for the blood flow corresponding to the geometry of this study is given by 

Mekheimer et al. 2012. 

𝑅(𝑧)

𝑅0
= {

(
𝑚𝑧

𝑅0
+ 1) −

𝛿𝑐𝑜𝑠∅

𝑅0𝐿0
(𝑧 − 𝑑) {11 −

94

3𝐿0
(𝑧 − 𝑑) +

32

𝐿0
2 (𝑧 − 𝑑)

2 −
32

3𝐿0
3 (𝑧 − 𝑑)

3} , 𝑑 ≤ 𝑧 ≤ 𝑑 +
3𝐿0

2

(
𝑚𝑧

𝑅0
+ 1) ,                                                                                                                               𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,

    (1) 
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where 𝑅(𝑧) signifies the radius of the tapered arterial segment in the constricted region, 𝑅0  denoted the constant 

radius of the normal artery in the non-stenotic region, 𝜑 represents the angle of tapering, 
3𝐿0

2
 is the length of 

overlapping stenosis, 𝑑 denotes the location of the stenosis, 𝛿𝑐𝑜𝑠𝜑 is considered as the critical height of the 

overlapping stenosis and 𝑚 = 𝑡𝑎𝑛𝜑 symbolizes the slope of the tapered vessel. In order to elucidate the likelihood 

of the different outlines of the artery, branded as converging tapering (𝜑 < 0), non-tapered artery (𝜑 = 0) and 

the diverging tapering (𝜑 > 0). 

 
Figure1. The diagram of overlapping stenosed artery. 

 

For a fully developed blood flow in a stoned artery, the equations of the flow and energy equation are given as:  
𝜕𝑉

𝜕�̅�
+

𝑉

�̅�
+

𝜕�̅�

𝜕𝑍
= 0                                                                                                                          (2) 

𝜌𝑛𝑓 (�̅�
𝜕𝑉

𝜕�̅�
+ �̅�

𝜕𝑉

𝜕𝑍
) = −

𝜕�̅�

𝜕�̅�
+ 𝜇𝑛𝑓

𝜕

𝜕�̅�
(2

𝜕𝑉

𝜕�̅�
) + 𝜇𝑛𝑓

𝜕

𝜕𝑍
(2

𝜕𝑉

𝜕𝑍
+

𝜕�̅�

𝜕�̅�
) − 𝜌𝑛𝑓𝑔 cos 𝜃,               (3) 

𝜌𝑛𝑓 (�̅�
𝜕�̅�

𝜕�̅�
+ �̅�

𝜕�̅�

𝜕𝑍
) = −

𝜕�̅�

𝜕�̅�
+ 𝜇𝑛𝑓

𝜕

𝜕𝑍
(2

𝜕�̅�

𝜕𝑍
) + 𝜇𝑛𝑓

1

�̅�

𝜕

𝜕�̅�
[�̅� (

𝜕𝑉

𝜕𝑍
+

𝜕�̅�

𝜕�̅�
)] − 𝜌𝑛𝑓𝑔𝜚(�̅� − �̅�0) + sin 𝜃   (4) 

𝜌𝐶𝑝 (�̅�
𝜕�̅�

𝜕�̅�
+ �̅�

𝜕�̅�

𝜕𝑍
) = 𝑘𝑛𝑓 (

𝜕2�̅�

𝜕𝑍2
+

𝜕2�̅�

𝜕�̅�2
+

1

�̅�

𝜕�̅�

𝜕�̅�
) +

𝑄𝑜

(𝜌𝑐𝑝)𝑛𝑓
                                           (5) 

 

The boundary conditions are as follows: 
𝜕�̅�

𝜕�̅�
= 0,

𝜕�̅�

𝜕�̅�
= 0     𝑎𝑡    �̅� = 0,                     (6) 

�̅� = 𝑣𝑐 , �̅� = 0  𝑎𝑡    �̅� = 𝑅(𝑧),                    (7) 
𝜕�̅�

𝜕�̅�
=

𝛼

√𝐷𝑎
(𝑣𝑠 − 𝑣𝑝)     𝑎𝑡    �̅� = 𝑅(𝑧),           (8) 

where �̅� represents heat of the fluid, 𝑄𝑜 signifies the heat-absorbing or heat generating element, 𝑣𝑝 = −
𝐷𝑎

𝜇

𝑑𝑝

𝑑𝑧
  

symbolizes the velocity in the porous boundary and 𝑣𝑠 denotes the slip velocity α and 𝐷𝑎 are the Darcy number 

and the slip parameter respectively. 

 

The thermal attributes of nanofluids by Haris et al. 2024 presented as 

𝜌𝑛𝑓

𝜌𝑓
= ((1 − ∅) + ∅

𝜌𝑠

𝜌𝑓
) ,

𝜇𝑛𝑓

𝜇𝑓
=

1

(1−∅)5 2⁄ , 𝛼𝑛𝑓 =
𝑘𝑛𝑓

(𝜌𝐶𝑝)𝑛𝑓

(𝜌𝐶𝑝)𝑛𝑓

(𝜌𝐶𝑝)𝑓

= ((1 − ∅) + ∅
(𝜌𝐶𝑝)𝑛𝑓

(𝜌𝐶𝑝)𝑓

) ,

𝑘𝑛𝑓

𝑘𝑓
=

𝑘𝑠+2𝑘𝑏𝑓−2∅(𝑘𝑏𝑓−𝑘𝑠)

𝑘𝑠+2𝑘𝑏𝑓+2∅(𝑘𝑏𝑓−𝑘𝑠)
.

}
 
 
 
 

 
 
 
 

                                                                  (9) 

where 𝜇𝑛𝑓 denotes the dynamic viscosity, 𝜌𝑛𝑓 is the density, 𝑘𝑛𝑓 represents the conductivity, 𝛼𝑛𝑓 the thermal 

diffusivity, and (𝜌𝐶𝑝)𝑛𝑓 the heat capacitance.  

The non-dimensional parameters are used as follows: 

𝑟 =
�̅�

𝑑𝑜
,𝑧 =

𝑍

𝐿𝑜
,𝛽 =

𝑄𝑜𝑑𝑜
2

𝑘𝑓�̅�𝑜
,𝑤 =

�̅�

𝑤𝑜
,𝑣 =

𝐿𝑜�̅�

𝛿𝑤𝑜
�̅�,𝑑 =

�̅�

𝐿𝑜
, �̅� =

𝑤𝑜𝐿𝑜𝜇

𝑑𝑜
2 𝑝, 𝐺𝑟 =

𝑔∝𝑑𝑜
2�̅�𝑜𝜌𝑛𝑓

𝑤𝑜𝜇𝑓
, 𝜅 =

𝜇𝑛𝑓𝑐

𝜌𝑛𝑓𝑔𝑑𝑜
2 , 𝛿̅ =

𝛿

𝑑𝑜
, Θ =

�̅�−�̅�𝑜

�̅�𝑜
.                                                                                                        

           (10) 
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Obtaining Equations (11) - (14) with boundary conditions (14) - (16) with the aid of Equations (10) and (9) in 

Equations (2) to (8) and restrained stenosis (
𝛿

𝑑𝑜
≪ 1) (≪ 1 ) condition 𝜖 =

𝑑𝑜

𝐿𝑜
= 𝑜(1). 

𝜕p

𝜕𝑟
= −

cos 𝜃

𝜅
                                                                                                                               (11) 

𝑑𝑝

𝑑𝑧
=

1

(1−∅)2.5

1

𝑟

𝜕

𝜕𝑟
(𝑟

𝜕𝑣

𝜕𝑟
) + 𝐺𝑟Θ +

sin𝜃

𝜅
                                                                                        (12) 

1

𝑟

𝜕

𝜕𝑟
(𝑟

𝜕Θ

𝜕𝑟
) + 𝛽 (

𝑘𝑛𝑓

𝑘𝑓
) = 0                                                                                                         (13) 

With corresponding boundary conditions 
𝜕𝑢

𝜕𝑟
= 0,

𝜕Θ

𝜕𝑟
= 0         𝑎𝑡    𝑟 = 0,                                                                                                (14) 

𝑢 = 𝑣𝑐 , Θ = 0  𝑎𝑡    𝑟 = 𝑅(𝑧),                                                                                                  (15) 
𝜕𝑢

𝜕𝑟
=

𝛼

√𝐷𝑎
(𝑣𝑠 − 𝑣𝑝)      𝑎𝑡    𝑟 = 𝑅(𝑧),                                                                                        (16) 

where 𝑣𝑓= −
𝐷𝑎

𝜇

𝑑𝑝

𝑑𝑧
 represents the permeable boundary velocity, 𝑣𝑐 signifies the slip velocity α denotes the slip 

parameter and 𝐷𝑎 is the Darcy number, 𝑝 symbolizes the pressure, 𝛽 is the heat absorbing constraint , 𝐺𝑟 the 

Grashof number, ∅ is volume fraction of nanoparticles, 𝑟 is the radius, Θ the temperature, and v represents the 

velocity of the blood by Shailesh et al. (2011) and Dada and Babatunde (2021a). 

 

III. Analysis 

Resolving Equation (13) and it can be expressed as 

 

𝜕

𝜕𝑟
(𝑟

𝜕Θ

𝜕𝑟
) = −𝛽 (

𝑘𝑛𝑓

𝑘𝑓
) 𝑟                                                                                                     (17) 

 

Integrating Equation (17) with respect to r, in view of boundary condition (14) and (15) we have 

Θ = −𝛽 (
𝑘𝑛𝑓

𝑘𝑓
) (𝑟2 − 𝑅2)                                                                                                  (18) 

Substituting Equation (18) into Equation (12), we have 

   
𝜕

𝜕𝑟
(𝑟

𝜕𝑣

𝜕𝑟
) =

𝑑𝑝

𝑑𝑧
(1 − ∅)2.5𝑟 + 𝐺𝑟 (𝛽 (

𝑘𝑛𝑓

𝑘𝑓
) (𝑟2 − 𝑅2)) 𝑟 −

sin𝜃

𝜅
𝑟                                    (19) 

Similarly, integrating Equation (19) with respect to r, in view of boundary conditions we have  

𝑣 = (−
𝑑𝑝

𝑑𝑧

𝐿1

4
+

𝐺𝑟Θ

4
𝐿1 +

sin𝜃

4𝜅
𝐿1) (𝑅

2 − 𝑟2) + 𝑣𝑠                                                              (20) 

where 𝐿1 = (1 − ∅)2.5 

Applying the boundary condition (16) on Equation (19), the slip velocity 𝑣𝑠 can be determined as 

𝑣𝑠 = (
𝑑𝑝

𝑑𝑧
𝐿1 − 𝐺𝑟Θ𝐿1 −

sin 𝜃

𝜅
𝐿1)

√𝐷𝑎

2𝛼
𝑅 −

𝐷𝑎

𝜇

𝑑𝑝

𝑑𝑧
                                                                (21) 

The expression of the volumetric flux is   

𝑄 = 2𝜋 ∫ 𝑣𝑟𝑑𝑟
𝑅(𝑧)

0
,                                                                                                              (22) 

Substituting Equations (20) and (21) into Equation (22). Therefore, the solution of the volumetric flow flux is 

obtained as 

𝑄 =
𝜋

8

𝑑𝑝

𝑑𝑧
(𝐿1𝑅

4 + 4𝐿1
√𝐷𝑎𝑅3

𝛼
−

8𝐷𝑎𝑅2

𝜇
) +

𝜋𝐺𝑟Θ𝐿1

8
(𝑅4 −

4√𝐷𝑎𝑅3

𝛼
) +

𝜋 sin𝜃

8𝜅
(𝑅4 −

2√𝐷𝑎𝑅3

𝛼
)          (23) 

Therefore, from Equation (23), in term of 
𝑅(𝑧)

𝑅0
, the pressure gradient of the blood of the arterial stenosis is obtained 

as 

𝑑𝑝

𝑑𝑧
= 8 (

 
 
𝑄−

𝜋𝐺𝑟Θ𝐿1
8

(R0
4(
𝑅(𝑧)

𝑅0
)
4
−
4√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)−

𝜋sin𝜃

8𝜅
(R0

4(
𝑅(𝑧)

𝑅0
)
4
−
2√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)

)

 
 

𝜋(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

                                (24) 

 

The resolution of Equation (24) across the length of the artery is obtained as 
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∫ 𝑑𝑝
𝑝2
𝑝1

=
8

𝜋
∫ (

 
 
𝑄−

𝜋𝐺𝑟Θ𝐿1
8

(R0
4(
𝑅(𝑧)

𝑅0
)
4
−
4√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)−

𝜋sin𝜃

8𝜅
(R0

4(
𝑅(𝑧)

𝑅0
)
4
−
2√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)

)

 
 

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧 
𝐿

0
                (25) 

Then, 

𝑝2 − 𝑝1 = ∫
(

 
 
𝑄−

𝜋𝐺𝑟Θ𝐿1
8

(R0
4(
𝑅(𝑧)

𝑅0
)
4
−
4√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)−

𝜋sin𝜃

8𝜅
(R0

4(
𝑅(𝑧)

𝑅0
)
4
−
2√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)

)

 
 

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧
𝐿

0
                 (26) 

where 𝑝1 and 𝑝2 denote thee pressures at 𝑧 =  0 and 𝑧 =  𝐿 . 

 

The resistance to flow λ is defined by Babatunde and Dada (2021a) and Dhange et al. (2025) as 

λ =
𝑝2 − 𝑝1
𝑄

 

λ = ∫
𝑇

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧
𝐿

0
                                                                   (27) 

and 

λ = ∫
𝑇

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧 +
𝑑

0
∫

𝑇

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧 +
𝑑+

3𝐿0
2

𝑑

                           ∫
𝑇

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧
𝐿

𝑑+
3𝐿0
2

                                                                         

(28) 

𝜆 is the resistance to flow 

where 

𝑇 = 1 −
𝜋𝐺𝑟Θ𝐿1

8
(R0

4 (
𝑅(𝑧)

𝑅0
)
4

−
4√𝐷𝑎R0

3(
𝑅(𝑧)

𝑅0
)
3

𝛼
) −

𝜋 sin 𝜃

8𝜅
(R0

4 (
𝑅(𝑧)

𝑅0
)
4

−
2√𝐷𝑎R0

3(
𝑅(𝑧)

𝑅0
)
3

𝛼
). 

The stenosis exists in the region 𝑑 ≤ 𝑧 ≤ 𝑑 +
3𝐿0

2
, where is no stenosis  

R(z)

R0
= (

𝑚𝑧

𝑅0
+ 1)  from Equation (1). 

Therefore, 

𝜆 = ∫
Ψ

(𝐿1R0
4(
𝑚𝑧

𝑅0
+1)

4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑚𝑧

𝑅0
+1)

3
−
8𝐷𝑎

𝜇
R0
2(
𝑚𝑧

𝑅0
+1)

2
)
𝑑𝑧 +

𝑑

0

                         ∫
𝑇

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
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2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧 +
𝑑+

3𝐿0
2

𝑑

                           ∫
Ψ

(𝐿1R0
4(
𝑅(𝑧)

𝑅0
)
4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑅(𝑧)

𝑅0
)
3
−
8𝐷𝑎

𝜇
R0
2(
𝑅(𝑧)

𝑅0
)
2
)

𝑑𝑧
𝐿

𝑑+
3𝐿0
2

                                                          (29) 

where 

Ψ = 1 −
𝜋𝐺𝑟Θ𝐿1

8
(R0

4 (
𝑚𝑧

𝑅0
+ 1)

4

−
4√𝐷𝑎R0

3(
𝑚𝑧

𝑅0
+1)

3

𝛼
) −

𝜋 sin 𝜃

8𝜅
(R0

4 (
𝑚𝑧

𝑅0
+ 1)

4

−
2√𝐷𝑎R0

3(
𝑚𝑧

𝑅0
+1)

3

𝛼
). 

 

Resolving Equation (16) in the region of no stenosis, then the resistance to flow λ𝑁 is obtained as 

 

𝜆𝑁 = ∫
Ψ

(𝐿1R0
4(
𝑚𝑧

𝑅0
+1)

4
+4𝐿1

√𝐷𝑎

𝛼
R0
3(
𝑚𝑧

𝑅0
+1)

3
−
8𝐷𝑎

𝜇
R0
2(
𝑚𝑧

𝑅0
+1)

2
)
𝑑𝑧

𝐿

0
                                                   (30) 

 

In dimensionless form, the resistance to flow can be expressed as 

 𝜆̅ =
𝜆

𝜆𝑁
                (31) 

Expression of the wall shear stress can be obtained as 
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𝜏𝑅 = −(
𝑅

2
) 
𝜕𝑝

𝜕𝑧
= −

{
  
 

  
 

4 (

 
 
𝑄−

𝜋𝐺𝑟Θ𝐿1
8

(R0
4(
𝑅(𝑧)

𝑅0
)
4
−
4√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)−

𝜋sin𝜃

8𝜅
(R0

4(
𝑅(𝑧)

𝑅0
)
4
−
2√𝐷𝑎R0

3(
𝑅(𝑧)
𝑅0

)
3

𝛼
)

)

 
 

𝜋(𝐿1R0
3(
𝑅(𝑧)

𝑅0
)
3
+4𝐿1

√𝐷𝑎

𝛼
R0
2(
𝑅(𝑧)

𝑅0
)
2
−
8𝐷𝑎

𝜇
𝑅0(

𝑅(𝑧)

𝑅0
))

}
  
 

  
 

     (32) 

If  
𝑅(𝑧)

𝑅0
 = (

𝑚𝑧

𝑅0
+ 1), Equation (31) can be obtained as 

𝜏𝑁 = −

{
  
 

  
 

4 (

 
 
𝑄−

𝜋𝐺𝑟Θ𝐿1
8

(R0
4(
𝑚𝑧

𝑅0
+1)

4
−
4√𝐷𝑎R0

3(
𝑚𝑧
𝑅0

+1)
3

𝛼
)−

𝜋sin𝜃

8𝜅
(R0

4(
𝑚𝑧

𝑅0
+1)

4
−
2√𝐷𝑎R0

3(
𝑚𝑧
𝑅0

+1)
3

𝛼
)

)

 
 

𝜋(𝐿1R0
3(
𝑚𝑧

𝑅0
+1)

3
+4𝐿1

√𝐷𝑎

𝛼
R0
2(
𝑚𝑧

𝑅0
+1)

2
−
8𝐷𝑎

𝜇
𝑅0(

𝑚𝑧

𝑅0
+1))

}
  
 

  
 

              (33) 

In dimensionless form, the wall shear stress can be expressed 

 

𝜏̅ =
𝜏𝑅

𝜏𝑁
                                       (34) 

 

IV. The streamline function 

 

The streamline flow in fluid dynamic is the movement of particles of the fluid that follows a specified order 

moving in a straight line parallel to the tube wall in a way that the adjacent layers slide past each other likes 

playing cards. The stream function (𝜔) of the blood flow can be obtain mathematically as integral of 𝑣 =
1

𝑟

𝜕𝜔

𝜕𝑟
 

with 𝜔 = 0 at 𝑟 = 𝑅(𝑧), then the stream function is given by: 

𝜔 = ∫ 𝑟𝑣𝑑𝑟
𝑅(𝑧)

0
                                            (35) 

Substituting Equations (20) and (21) into Equation (35) and integrate, we have: 

𝜔 = (−
𝑑𝑝

𝑑𝑧

𝐿1

4
+

𝐺𝑟Θ

4
𝐿1 +

sin 𝜃

4𝜅
𝐿1) (

𝑅4

2
−

𝑅4

4
) + (

𝑑𝑝

𝑑𝑧
𝐿1 − 𝐺𝑟Θ𝐿1 −

sin 𝜃

𝜅
𝐿1)

√𝐷𝑎

2𝛼

𝑅3

2
−

𝐷𝑎

𝜇

𝑑𝑝

𝑑𝑧

𝑅2

2
    (36)  

 

V. Discussion of numerical results 

 

A series of computations has been carried out on the effects of the pertaining blood flow parameters. We took the 

value of the parameter from Babatunde and Dada (2021a), Haris et al., (2024) and Dhange et al., (2025). And are 

considered as  𝐿 = 5, 𝑙 =  1, 𝐿 = 2.0, 𝑄 =  0.1, 𝑑 = 0.5, 𝑅0  =  0.5,
𝛿

𝑅0
  =  0.1 − 0.5, 𝛽 =  5, 10 𝑎𝑛𝑑 15, 𝐺𝑟 =

2, 𝜅 =  0.8, 𝜃 =
𝜋

6
, 𝜙 =  0.01, 𝜑 =  0.03, 𝛼 =  0.1, √(𝐷𝑎  ) = 0.1 , 𝜇 = 0.3. 

 

Figures 2-7 Display the relationship between the velocity and radial direction for different values of heat 

absorption constant (𝛽), Darcy number (Da), Grashof number (Gr), slip parameter (𝛼), tapered angle (𝜑) and 

volume fraction of nanoparticles (𝜙). However, the velocity increases as heat absorption, Darcy number, Grashof 

number, tapering angle moves up, but reverse is the case for both slip parameter and volume fraction of the 

nanoparticles. More so, ferric oxide (𝐹𝑒2𝑂3) reacted to the flow than Alumina (𝐴𝑙2𝑂3). 

 

Figures 8-9 Display the relationship between temperature and radial direction for different values of heat 

absorption constant (𝛽) and the tapering (𝜙). However, the temperature accelerates at both cases and ferric oxide 

(𝐹𝑒2𝑂3) reacted to the flow than Alumina (𝐴𝑙2𝑂3).  
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Figure 2: Illustrate velocity against radial direction  

 
Figure 3: Illustrate velocity against radial direction 

 
Figure 4: Illustrate velocity against radial direction 

 
Figure 5: Illustrate velocity against radial direction 



Hemorheology of Blood flow infused with Alumina and Ferric oxide nanoparticles through .. 

18 

 
Figure 6: Illustrate velocity against radial direction 

 
Figure 7: Illustrate velocity against radial direction 

 
Figure 8: Illustrate temperature against radial direction 

  
Figure 9: Illustrate temperature against radial direction 
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Figure 10: Illustrate resistance to flow against stenosis height 

 
Figure 11: Illustrate resistance to flow against stenosis height 

 
Figure 12: Illustrate resistance to flow against stenosis height 

 
Figure 13: Illustrate resistance to flow against stenosis height 
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Figure 14: Illustrate resistance to flow against stenosis height 

 
Figure 15: Illustrate resistance to flow against stenosis height 

 
Figure 16: Illustrate resistance to flow against stenosis height 

 

Figures 10-16 Display the dynamics of the resistance to flow with stenosis height for different values of 

heat absorption constant (𝛽), Darcy number (Da), Grashof number (Gr), inclination angle (𝜃), slip parameter (𝛼), 

tapered angle (𝜑) and volume fraction of nanoparticles (𝜙). However, the resistance to flow increases as heat 

absorption, Grashof number, inclined angle, slip parameter and tapering angle moves up, but reverse is the case 

for both Darcy number and volume fraction of the nanoparticles. 

Figures 17-24 Display the relationship between the wall shear stress and z-direction for various values 

of heat absorption constant (𝛽), Darcy number (Da), tapered angle (𝜑), Grashof number (Gr), inclination angle 

(𝜃), slip parameter (𝛼), stenosis height (𝛿) and volume fraction of nanoparticles (𝜙). However, the wall shear 

stress decreases at all the cases except in figure (23) that it rises with ferric oxide (𝐹𝑒2𝑂3). More so, in this case 

Alumina (𝐴𝑙2𝑂3) reacted to the flow than Ferric oxide (𝐹𝑒2𝑂3). Figures 25 and 26 show the streamline of the 

flows. 
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Figure 17: Illustrate wall shear stress against z-direction 

 
Figure 18: Illustrate wall shear stress against z-direction 

 
Figure 19: Illustrate wall shear stress against z-direction 

 
Figure 20: Illustrate wall shear stress against z-direction 
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Figure 21: Illustrate wall shear stress against z-direction 

 
Figure 22: Illustrate wall shear stress against z-direction 

 
Figure 23: Illustrate wall shear stress against z-direction 

 
Figure 24: Illustrate wall shear stress against z-direction 
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Figure 25: Illustrate streamline of the flow for stenosis height 𝜹 = 𝟎, 𝟎. 𝟎𝟓 𝒂𝒏𝒅 𝟎. 𝟏 at 𝝋 = 𝟎. 𝟎𝟐. 

 
Figure 26: Illustrate streamline of the flow for tapered angle 𝝋 = 𝟎, 𝟎. 𝟎𝟑 𝒂𝒏𝒅 − 𝟎. 𝟎𝟑 at 𝜹 =  𝟎. 𝟎𝟓. 

 

VI.  CONCLUSION 

The hemodynamic behavior of blood flow in a tapered and overlapping stenotic vessel through a permeable wall 

with nanoparticles in an inclined plain has been discussed in this study. The results are itemized below: 

1. It was found that velocity profile enhances with an hike in Darcy number, Grashof number and heat 

absorption, but it drops with increasing in the values of slip parameter and volume fraction of nanoparticles 

2. The temperature profile moves in favor of both heat absorption and tapered angle 

3. It was observed that resistance to flow speedup with increasing in heat absorption, Grashof number, and slip 

parameter 

4. The wall shear stress decelerates as Darcy number, slip parameter, heat absorption, and volume fraction of 

nanoparticles rise. 

5. Alumina (𝐴𝑙2𝑂3) reacted to the flow than ferric oxide (𝐹𝑒2𝑂3) in wall shear stress but converse is the case 

for both velocity and temperature profiles. 
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