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ABSTRACT

The use of mathematical models to investigate blood flow activity has become an

invaluable method for studying and understanding the circulatory system. In light of

many clinical conditions, the blood flow issue of an inclined artery is significant from

a physiological perspective. The current study analyzes blood flow with magnetic

particles through inclined stenosed and multi-stenosed arteries, where impact of blood

flow by Newtonian and Casson fluids was considered. The flow was driven by

an oscillating pressure gradient and subjected to an external inclined magnetic field

for all models. The Caputo–Fabrizio time fractional-order model without singular

kernel was used to solve the nonlinear governing equations. The Laplace and finite

Hankel transforms, as well as the Robotnov and Hartley’s functions, were applied to

obtain analytical solutions. Moreover, Mathcad software was utilized to construct

blood velocity, temperature profiles, and magnetic particle velocity from different

physiological parameters on blood flow through an inclined artery. The effects of

various important factors, including body acceleration, thermal radiation, porosity

and electric field on the transportation of magnetic particles flow of blood have been

analyzed. The current findings were compared to those mentioned in previous studies,

demonstrating that they are in good agreement. Numerical findings reveal that the

fractional parameter order and inclination angle affect blood and magnetic particle

distributions. Some significant findings show that the fractional- order derivative,

electric field, porosity, Reynolds number, and Casson fluid parameter can enhance

blood and magnetic velocities. Both fluid flow velocities have similar trends in

fractional parameters; however, Casson fluid is slower than Newtonian fluid. Radiation

and metabolic heat both play an essential role in controlling blood temperature. The

temperature of the blood flow increases as the radiation and metabolic heat source

values increase. Meanwhile, the Hartmann number and porosity decelerate the blood

flow and magnetic particle velocity. These findings facilitate the clinical research of a

variety of arterial diseases.
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ABSTRAK

Penggunaan model matematik untuk mengkaji aktiviti aliran darah menjadi kaedah

bernilai untuk memahami dan mempelajari sistem peredaran darah. Secara klinikal

masalah aliran darah dalam arteri condong adalah penting dari sudut perspektif

fisiologi. Kajian semasa mengambilkira penyelidikan aliran darah dengan zarah

magnetik melalui arteri stenosis condong dan berbilang stenosis. Penyelidikan ini

mengkaji kesan aliran darah oleh bendalir Newtonian dan Casson. Aliran bendalir

bagi semua model didorong oleh kecerunan tekanan berayun dan juga tertakluk kepada

medan luaran elektrik condong. Model peringkat pecahan masa Caputo-Fabrizio

tanpa inti singular telah digunakan untuk menyelesaikan persamaan menakluk tak

linear. Penyelesaian analitik diperoleh menggunakan jelmaan Laplace, jelmaan Hankel

terhingga, dan fungsi Robotnov dan Hartley. Perisian Mathcad telah digunakan

untuk melakar profail halaju, taburan suhu dan halaju zarah magnetik dari pelbagai

parameter fizikal pada aliran darah melalui arteri condong. Analisis terhadap kesan

dari pelbagai faktor penting, termasuk pecutan badan, sinaran terma, keliangan

dan elektrik pada aliran darah zarah magnetik telah dijalankan. Keputusan yang

didapati telah dibandingkan dengan kajian terdahulu dengan hasil yang memuaskan.

Penemuan berangka mendedahkan bahawa terbitan peringkat pecahan dan sudut

kecondongan mempengaruhi taburan zarah darah dan magnetik. Beberapa penemuan

yang signifikan menunjukkan bahawa turutan terbitan pecahan, medan elektrik,

keliangan, nombor Reynolds, dan parameter bendalir Casson meningkatkan halaju

darah dan magnetik. Kedua-dua halaju aliran bendalir mempunyai arah aliran yang

sama dalam parameter pecahan; bagaimanapun, cecair Casson adalah lebih perlahan

daripada cecair Newtonian. Sinaran, dan haba metabolik memainkan peranan penting

dalam mengawal suhu darah. Suhu aliran darah meningkat apabila nilai sumber

haba radiasi dan metabolik meningkat. Sementara itu, nombor Hartmann dan

keliangan memperlahankan aliran darah dan halaju zarah magnetik. Hasil kajian ini

memudahkan penyelidikan secara klinikal terhadap pelbagai penyakit arteri.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Hemorheology is an application of study of blood circulation and its interaction

with the vessel into which the flow takes place. Human blood cardiovascular

system includes additional substances such as nutrients and oxygen to the cells

and removes metabolic waste from the same cells. Blood flow modeling has

been widely used in the past few decades to better understand the symptomatic

signal of various diseases to improve existing or new treatments. A computational

blood flow model is essential not only for clinical disease diagnosis, but as

an integral component of more complex structure modeling. Throughout this

opening section, some behavioral background is provided to lay the foundation for

the development of mathematical modeling and theoretical analysis in subsequent

chapters.

From the biomechanical point of view, blood is considered as an intelligent

fluid, probably the most intelligent one in nature, as it is capable of adapting

itself in a great extent in order to provide nutrients to the organs. Numerous

experimental and theoretical studies to visualize arterial blood flow behavior

have been implemented in the past. The importance of obtaining a better

understanding throughout the mathematical modeling and computational simulations

can determine the feasibility of a medical technique before the real clinical trials

due to assumptions that may not be directly accessible through the experimental

investigation. The study of blood flow via arteries is essential because it
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provides insight into the physiological processes. Blood may be considered

either a Newtonian or a non- Newtonian fluid, depending on the circumstances.

All essential fluids, including liquids and gases, flow along a solid barrier

and are subjected to shear stress at the boundary. The no-slip condition indicates

that the fluid is moving at zero speed. Shear stress and strain rate are related to

constant viscosity in Newtonian fluid laminar flow. In the case of non-Newtonian

fluids, however, it is not continuous, and there is a loss of velocity, which causes shear

stress to be transmitted onto the boundary. Shear stress varies with non-Newtonian

fluid grade. Behaviour of blood as Newtonian or non-Newtonian fluid depends on the

nature of the blood transportation process as well as on the size and shape of vessel.

Blood having shear rate greater than 100 s
�1 shows a Newtonian nature. For example,

in large arteries, veins and in large cavities, blood exhibits Newtonian characteristics.

However, for shear rate less than 100 s
�1, blood present non- Newtonian nature. In

general, in capillaries, arterioles and in myocardium, non-Newtonian effects can be

seen. With increasing flow velocity and shear strain rate, blood flows more smoothly

and its viscosity decreases toward a constant, which has been commonly used as the

viscosity of blood in a Newtonian model. However, in the low-velocity areas, the

true viscosity is much higher than this constant, when non-Newtonian rheological

models could simulate the blood viscosity variations in different shear strain rates.

According to the available research, blood’s rheological characteristics and

flow behavior in tubes of varied cross-sections are essential in diagnosing and

treating many cardiovascular disorders. A non-Newtonian fluid at low shear

rates and in narrow blood vessels, especially in sick conditions, when blood

clots are prevalent, is well established in the medical community. Researchers

have shown that the Casson model best captures the behavior of blood at

low shear rates when the hematocrit, anticoagulants, and temperature are

varied (Nagarani & Sarojama, 2007). In addition, Casson fluid has recently

been investigated for blood flow in the human body under various physical

characteristics (Siddiqui, Verna & Mishra, 2009; Qasim, 2014; Ali et al., 2017;

Gudekote, Manjunatha & Choudhari, 2018; Ahmed, 2018; Sarifuddin, 2020).

Biomagnetic Fluid Dynamics (BFD) revolves around the study of fluid

flow under the interference of magnetic field. This field of fluid dynamics has
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fascinated many researchers (Tzirtzilakis, 2008; Turk, Tezer-Sezgin & Bozkaya, 2014;

Bose, Sayan & Banerjee, 2015 ; and Tzirakis et al., 2016) due to the abundance

of applications suggested by medical science and bioengineering, including the

development of magnetic tracers, the selective transport of drugs using magnetic

particles as drug carriers and cancer treatment by magnetic hyperthermia. Tzirtzilakis

(2005) proposed the concept of investigating the magnetic and electrical properties

of blood under a single mathematical model. In formulating the governing equation

of blood motion, it is necessary to take into account the electrical conductivity

of human blood circulation and the effects of magnetism and the Lorentz force

(Kenjeres & Opdam, 2009). Despite this, biomagnetic fluid behavior should be

considered to establish its physiological standpoint in the model’s development.

At present, there is a great deal of interest in examining blood flow

via tubes and blood flow inside human circulatory systems. Generally, blood

arteries have been classified as having zero inclination, which is considered

horizontal in most research. These arteries appear to be uneven in terms

of their physical position. The consideration of an artery’s tendency brings

gravity into the picture. Sanyal, Das & Debnath (2007) investigated blood

flow characteristics using a mathematical model of an inclined circular tube

with periodic body acceleration in the presence of a uniform magnetic field.

Sreenadh, Pallavi & Satyanarayana (2011) studied the steady mathematical model

of steady flow of Casson fluid through an inclined tube of non-uniform cross

section with multiple stenoses. Siddiqui, Ullah & Awasthi (2017) developed a

mathematical model to analyze the effects of body acceleration and slip velocity

on Herschel Bulkley fluid pulsatile movement through an inclined stenotic artery.

The gradual thickening of the artery has long been recognized as an early

phase of atherosclerosis formation, one of the most pervasive human diseases that

eventually led to cardiovascular malfunction. Most research indicates that the disease’s

growth may be attributed to the deposition of cholesterol, fatty substances, cellular

waste products, calcium, and fibrin. This deposition of substances is identified as

stenosis in the arteries. There has been growing interest in studying blood rheology

and blood flow through constricted arteries due to its great importance in the human

cardiovascular system (Majee & Shit, 2017). Any study of an electrically conducting
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fluid flow via a stenosed artery with permeable walls is essential theoretically

and for various medical and engineering concerns such as magnetohydrodynamics

(MHD) generators, blood flow problems, and plasma research. The study of MHD

is very useful in bio-engineering especially in the study of Magnetic Resonance

Imaging (MRI), heart attack and cancer treatment (Das, Wang & Payne, 2013).

Fractional-order derivatives are as old as integer-order derivatives. This subject

has limited to mathematics for the past three decades. However, the principles of

fractional calculus have also implemented in other fields over the last few years

due to their abundant practical uses. The use of fractional order derivative in

mathematical modeling has found numerous applications such as those in physics,

fluid mechanics, mathematical biology and electrochemistry (Hatami, Hatami & Ganji,

2014). Markis, Dargush & Constantinou (1963) obtained satisfactory agreement

between experimental and theoretical results by employing a non-integer order

Maxwell model rather than an integer order Maxwell model. The authors noted that

the fractional model had a stronger memory impact than the integer-order model in

that experiment. However, certain disadvantages were found in these operators, such

as their singular kernel and the incredibly complex solutions produced. Caputo &

Fabrizio (2015) introduced another derivative technique followed by theoretical and

applied studies in several real-world problems. It replaces the singular kernel of the

Caputo derivative with an exponential function where it has two representations for

the temporal and spatial variables. The fractional calculus is an attractive issue of

current study trends in many areas of fluid dynamics to explain the development of

specific physical properties. Moreover, this approach has been applied in numerous

research fields, including rheological characteristics and complex dynamics of various

fluids. It is a comprehensive study of its behavior when the ordinary time derivative in

constitutive equations is replaced with a fractional-order product. Furthermore, more

general models of physical systems can be developed using fractional calculus rather

than ordinary calculus. Recently, fractional calculus has been broadened in diverse

directions, specifically, in fluid dynamics, tracer influent currents, visco-elasticity,

electrochemistry, bio-engineering, neurons model in biological science, finance, and

signal processing (Asjad et al. 2017).
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Caputo-Fabrizio fractional derivative with a parameter memory has the

advantage that the definition is not singular. Significant transforms (such as

Laplace, finite Hankel, and Bessel transforms) are combined with Robotnov/Hartley

functions to create a single closed-form solution for both the local and non-local

cases. The most crucial benefit of modeling with fractional-order derivatives is

that it is non-local, which makes it different from the local model. Non-integer

order derivatives, like half-order derivatives, are used to show this (where we

take integer-order derivatives like first-order derivatives, second-order derivatives,

etc.).The local model represents the system’s current stage, while the non-local model

describes the system’s history stage. According to Devendra, Singh and Kumar

(2015) the non-local property of the fractional differential equations differentiates

it from the other models, which predict the next stage of a system based on the

historical background and don’t rely on the system’s current state. According to

Caputo (2008) and Riesz (2016), in applied mathematics, fractional calculus is

concerned with derivatives and integrals of arbitrary (real or complex) orders. It

has recently acquired prominence and appeal, owing to well-established applications

in science and engineering. It encompasses fluid flow issue modeling, electric

networks, seismic wave propagation, rheology, oscillation, anomaly and reaction-

diffusion, turbulence, polymer and chemical physics, electrochemistry, relaxation

and dynamical processes, and many other physical phenomena in complex systems.

However, some authors argue that the non-singular kernel fractional derivative

is suitable for all real-world processes. Certain operators have properties that render

them unsuitable for numerous applications. The results of Ortigueira & Constantinou

(2018) show that the Caputo-Fabrizio model performs poorly compared to the classical

fractional derivatives. According to Giusti (2018), his result indicates that the

Caputo-Fabrizio operator is nothing more than an infinite linear combination of

ordinary repeated integrals of the function f(t). Non-singular kernel derivatives

have several drawbacks that should dissuade their use, as demonstrated by rigorous

mathematical reasoning. Due to the absence of a corresponding convolution integral,

they do not meet the fundamental rule of fractional calculus (Diethelm et al.,

2020). Meanwhile in the study of Baleanu (2020), he found that the findings

of Ortigueira & Constantinou (2019) were not consistent. A fractional calculus

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



114

REFERENCES

Abdulhameed, M., Vieru, D. & Roslan, R. (2017). Modeling electro-magneto-

hydrodynamic thermo-fluidic transport of biofluids with new trend of fractional

derivative without singular kernel. Physica A. 484: 233-252.

Abro, K. A., & Gomez-Aguilar, J. F. (2019). A Comparison of Heat and Mass Transfer

on a Walter’sB Fluid via Caputo-Fabrizio versus Atangana-Baleanu Fractional

Derivatives Using the Fox-H Function. The European Physical Journal Plus.

134(3) : 101.

Abubakar, J.U., & Adeoye, A.D. (2020 ). Effects of Radiative Heat and Magnetic Field

on Blood Flow in an Inclined Tapered Stenosed Porous Artery. Journal of Taibah

University of Science. 14 : 77-86.

Abdullah, M., Butt, A., R., Raza, N., Alshomrani, A. S. & Alzahrani, A. K.

(2018). Analysis of blood flow with nanoparticles induced by uniform magnetic

field through a circular cylinder with fractional Caputo derivatives. Journal of

Magnetism & Magnetic Materials. 446: 28-36.

Ahmed, B., Javed, T, & Sajid, M. (2018). Peristaltic transport of blood in terms of

Casson fluid model through a tube under impact of magnetic field for moderate

Reynold number. Journal of Quality Measurement and Analysis. 14(1): 101-113.

Ahmed, A. & Nadeem, S. (2011). Shape effect of Cu-nanoparticles in unsteady flow

through curved artery with catheterized stenosis Ashfaq. Results in Physics. 7:

677-689.

Akbarzadeh, P. (2016). Pulsatile magneto-hydrodynamic blood flows through porous

blood vessels using a third grade non-Newtonian fluids model. Computers Method

and Program in Biomedicine. 126: 3-19.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



115

Ali, N., Khan, S. U., Sajid, M. & Abbas, Z. (2016). MHD flow and heat transfer of

couple stress fluid over an oscillatory stretching sheet with heat source / sink in

porous medium. Alexandria Engineering Journal. 55(2): 915-924.

Ali, F., Sheikh, N. A., Khan, I., & Saqib, M. (2017). Magnetic Field Effect on Blood

Flow of Casson Fluid in Axisymmetric Cylindrical Tube: A Fractional Model.

Journal of Magnetism and Magnetic Materials. 423 : 327-336.

Ali, F., Imtiaz, A., Khan, I. & Sheikh, A. N. (2018). Flow of magnetic particles in

blood with isothermal heating : A fractional model for two-phase flow. Journal of

Magnetism and Magnetic Materials. 456: 413-422.

Alimohamadi, H., Imani, M. & Shojaeizadeh, M. (2014). Non-Newtonian blood flow

in a stenosed artery with porous walls in the present of magnetic field effect.

International Journal of technology Enhancements and Emerging Engineering

Research. 2(8): 69-75.

Agarwal, R., & Varshney, N. K. (2016). Pulsatile Flow of Herschel-Bulkley Fluid

through an Inclined Multiple Stenoses Atery with Periodic Body Acceleration.

Advances in Applied Science Research. 7(3): 102-113.

Al-Salti, N., Karimov, E. T., & Kishin, S. (2016). On A Differential Equation with

Caputo-Fabrizio Fractional Derivative of Order 1¡� ¡2 and Application to Mass-

Spring-Damper System. Progress in Fractional Differentiation and Applications .

2(4): 257-263.

Asha, S.K. & Sunitha, G. (2019 ). Influence of thermal radiation on peristaltic blood

flow of a Jeffrey fluid with double diffusion in the presence of gold nanoparticles.

Informatics in Medicine Unlocked. 17 : 100272.

Asjad, M. I., Shah, A. S., Aleem, M. & Khan, A. (2017). Heat Transfer Analysis

of Fractional Second-grade Fluid Subject to Newtonian Heating with Caputo and

Caputo-Fabrizio Fractional Derivatives: A Comparison. The European Physical

Journal Plus. 132(8): 243-259.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



116

Bai, Y., Jiang, Y., Liu, F. & Zhang, Y. (2017). Numerical analysis of fractional MHD

Maxwell fluid with the effects of convection heat transfer condition and viscous

dissipation. AIP Advances. 7:1-15.

Baleanu, D. (2020). Comments on : ”The Failure of Certain Fractional Calculus

Operators in Two Physical Models”. Fractional Calculus and Applied Analysis.

23(1): 255-270.

Bali, R. & Awasthi, U. (2011). Mathematical Model of Blood Flow in Small Blood

Vessel in The Presence of Magnetic Field. Applied Mathematics 2. 2: 264-269.

Bansi, C.D.K., Tabi, C. B., Motsumi, T. G. & Mohamadou, A. (2018). Fractional Blood

Flow in Oscillatory Arteries with Thermal Radiation and Magnetic Field Effects.

Journal of Magnetism and Magnetic Materials 456: 38–45.

Bhattacharyya, K., Hayat, T., & Alsaedi, A. (2013).Journal of Applied Mathematics

and Mechanics. 94(6) : 522-528.

Bera, A., Dutta, S., Misra, J.C., & Shit, G. C. (2021). Computational modeling of

the effect of blood flow and dual phase lag on tissue temperature during tumor

treatment by magnetic hyperthermia. Mathematics and Computers in Simulation.

188 : 389-403.

Bhatnagar, A. (2014). Analysis of MHD Flow of Blood Through a Multiple Stenosed

Artery in the Presence of Slip Velocity.International Journal of Innovative

Reseacrh in Advance Engineering. 10: 250-257.

Bhatti, M. M., Zeeshan, A., Ijaz, N., B�eg, O. A. & Kadir, A. (2017). Mathematical

modelling of nonlinear thermal radiation effects on MHD peristaltic pumping of

viscoelastic dusty fluid through a porous medium duct. Engineering Science and

Technology, an International Journal. 20(3): 1129-1139.

Biswas, D. & Paul, M. (2013). Study of Blood Flow Inside an Inclined Non-uniform

Stenosed Artery. International Journal of Mathematical Archive. 4(5): 1-10.

Bose, Sayan, and Moloy Banerjee. (2015). Magnetic Particle Capture for Biomagnetic

Fluid Flow in Stenosed Aortic Bifurcation Considering Particle-Fluid Coupling.

Journal of Magnetism and Magnetic Materials 385: 32–46.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



117

Caputo, M. (2008). Fractional calculas and applied analysis. An International Journal

for Theory and Applications. 11(1): 73-85.

Caputo, M. & Fabrizio, M. (2015). A New Definition of Fractional Derivative without

Singular Kernel. Progress in Fractional Differentiation and Applications 1(2):

73–85.

Casson, N. (1959) In: Mill, C.C., Ed., Rheology of Disperse Systems, Pergamon

Press, Oxford, 84-104.

Casson, N. (1959). A Flow Equation for Pigment-Oil Suspensions of the Printing Ink

Type. Rheology of Disperse Systems, Pergamon Press, Oxford. 3(6): 84-105.

Chakraborty, R., Dey, R., & Chakraborty , S. (2013). Thermal characteristics of

electromagnetohydrodynamic flows in narrow channels with viscous dissipation

and Joule heating under constant wall heat flux. International Journal of Heat

Mass Transfer. 67: 1151-1162.

Chandrasekhar, A., Yavarimanesh, M., Hahn, J. O., Sung, S. H., Chen, C. H., Cheng,

H. M., & Mukkamala, R. (2019). Formulas to Explain Popular Oscillometric

Blood Pressure Estimation Algorithms. Frontiers in Physiology. 10: 1151-1162.

Choi, W., Park, S., Huh., H. K., & Lee, S., J. (2017). Hemodynamic Characteristics of

Flow Around A Deformable Stenosis. Journal of Biomechanics 61: 216-223.

Choudhari,R., Manjunatha Gudekote1, M., Vaidya, M., Prasad, K. V. (2018).

Peristaltic Flow of Herschel-Bulkley Fluid in an Elastic Tube with Slip at Porous

Walls. Journal of Advanced Research in Fluid Mechanics and Thermal Sciences.

1: 63-75.

Das, U. J. (2013). Viscoelastic effects on unsteady two-dimensional and mass transfer

of a viscoelastic fluid in a porous channel with radiative heat transfer. Engineering.

5(1): 67-72.

Das, C., Wang, G., & Payne, F. (2013). Some Practical Applications of

Magnetohydrodynamic Pumping. Sensors and Actuators A: Physical. 201: 43-48.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



118

Das, S., Pal, T.K., & Jana R.N. (2020 ). Outlining Impact of Hybrid Composition of

Nanoparticles Suspended in Blood Flowing in an Inclined Stenosed Artery Under

Magnetic Field Orientation. BioNanoScience. 11 : 99-115.

Das, S., Pal, T. K., Jana, R.N., & Giri, B. (2021). Significance of Hall currents

on hybrid nano-blood flow through an inclined artery having mild stenosis:

Homotopy perturbation approach. Microvascular Research. 137 : 104192.

Devendra, K., Singh, J., & Kumar, S. (2015). A fractional model of navier-stokes

equation arising in unsteady flow of a viscous fluid. Journal of the Association of

Arab Universities for Basic and Applied Sciences. 17: 14-19.

Diethelm, K., Garrappa, R, Giusti, A. & Stynes, M. (2020). Why Fractional Derivatives

with Nonsingular Kernels Should Not Be Used. An International Journal for

Theory and Applications. 23(3): 610-634.

El-dabe, N. T. M., Ali, A. R. El-shekhipy A. A. & Shalaby, G. A. (2017). Non-

linear heat and mass transfer of second grade fluid flow with hall currents and

thermophoresis effects. Applied Mathematics and Information Sciences. 11(1):

267-280.

Failla G, & Zingales M. (2020). Advanced materials modelling via fractional calculus:

challenges and perspectives. Philosophical Transactions of the Royal Society A

378(2172) : 20200050.

Giusti, A. (2018 ). A comment on some new definitions of fractional derivative

Nonlinear Dyn. 93 : 1757–1763.

Gudekote, Manjunatha, & Choudhari, R. (2018). Slip Effects on Peristaltic Transport

of Casson Fluid in an Inclined Elastic Tube with Porous Walls. Journal of

Advanced Research in Fluid Mechanics and Thermal Sciences. 43(1) : 67-80.

Gupta, A. K. & Agrawal, S. P. (2015). Computational modeling and analysis of the

hydrodynamic parameters of blood through stenotic artery. Procedia Computer

Science. 57: 403-410.

Gross, J. F., & Aroesty, J. (1972). The Mathematics of Pulsatile Flow in Small Vessels

I. Casson Theory. Microvascular Research 4(1) : 1-12.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



119

Haik, Y., Pai, V., & Chen, C. (1999). Development of Magnetic Device foe Cell

Separation. Journal of Magnetism and Magnetic Materials. 194: 254-261.

Hatami, M., Hatami, J., & Ganji, D. D. (2014). Computer Simulation of MHD Blood

Conveying Gold Nanoparticles As A Third Grade Non-Newtonian Nanofluid In A

Hollow Porous Vessel.Computer Methods Programs Biomed. 113: 632-641.

Ikbal, M., Chakravarty, S., Mazumdar, J., & Mandal, P. (2009). Unsteady Response

of Non-Newtonian Blood Flow Through a Stenosed Artery in Magnetic Field.

Journal of Computational and Applied Mathematics. 230(1): 243-259.

Jamalabadi, M. Y. A., Daqiqshirazi, M., Nasiri, H., Safaei, M. R. & Nguyen, T. K.

(2018). Modeling and analysis of biomagnetic blood Carreau fluid flow through a

stenosis artery with magnetic heat transfer:A transient study. Plos One. 13(2):1-32.

Jamali, M. S. A. & Ismail, Z. (2019). Simulation of Heat Transfer on Blood Flow

through a Stenosed Bifurcated Artery. Journal of Advanced Research in Fluid

Mechanics and Thermal Sciences.60(2): 310-323.

Johnston, B. M., Johnston, P. R., Corney, S., & David K. (2004). Non-Newtonian

Blood Flow in Human Right Coronary Arteries: Steady State Simulations. Journal

of Biomechanics. 37(5): 709-720.

Kanyiri, C.W., Kinyanjui, M., & Giterere, K. (2014). Analysis of flow parameters of a

Newtonian fluid through a cylindrical collapsible tube. Springer Plus 3(1) : 566-

579.

Kreyszig, E., Herbert K. & Norminton, E. J. (2014). Solution of PDEs by Laplace

transform. Advanced Engineering Mathematics. 10: 600-602.

Kenjeres, D., & Opdam, R. (2009). Computer simulations of a blood flow behaviour in

simplified stenotic artery subjected to strong non-uniform magnetic fields. IFMBE

Proceedings. 22(22): 2604-2608.

Kumar, D., Satyanarayana, B., Kumar, R., Kumar, S. & Deo, N. (2021). Application

of heat source and chemical reaction in MHD blood flow through permeable

bifurcated arteries with inclined magnetic field in tumor treatments. Results in

Applied Mathematics. 100151.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



120

Lorenzo, C. F., & Hartley, T. T. (1999). Generalized functions for the fractional

calculus. NASA/TP—1999-209424/REV1. 1: 1-17.

Majee, S., & Shit, G. C. (2017). Numerical Investigation of MHD Flow of Blood and

Heat Transfer in a Stenosed Arterial Segment. Journal of Magnetism and Magnetic

Materials 424: 137–47.

Majee, S., Maiti, S., Shit, G.C., & Maiti, D. K. (2021). Spatio-temporal evolution of

magnetohydrodynamic blood flow and heat dynamics through a porous medium

in a wavy-walled artery. Computers in Biology and Medicine. 135 : 104595.

Maiti, S., Shaw, S. & Shit, G. C. (2020 ). Caputo–Fabrizio Fractional Order Model

on MHD Blood Flow with Heat and Mass Transfer through a Porous Vessel

in the Presence of Thermal Radiation. Physica A: Statistical Mechanics and its

Applications 540.

Mekheimer, K. S., Haroun, M. H., & Elkot, M. A. (2013). Effects of magnetic field,

porosity, and wall properties for anisotropically elastic multi-stenosis arteries on

blood flow characteristics. Applied Mathematics and Mechanics. 32(8): 1047-

1064.

Mekheimer, K. S. & Kot, M. A. E. (2015). Suspension model for blood flow through

catheterized curved artery with time-variant overlapping stenosis. Engineering

Science and Technology, an International Journal. 18(3): 452-462.

Mishra, S., Siddiqui, S. U., Mandal, A., & Medhavi, A. (2011). Blood flow through a

composite stenosis in an artery with permeable wall. An International Journal of

Applications and Applied Mathematics. 6(11): 1798-1813.

Nagarani, P., & Sarojamma, G. (2007). Flow of a Casson Fluid through a Stenosed

Artery Subject to Periodic Body Acceleration. Proc. of the 9th WSEAS Int. Conf.

on Mathematical and Computational Methods in Science and Engineering. 237:

237-244.

Nagarani, P., & Sarojamma, G. (2007). Exact Analysis of Unsteady Convective

Diffusion in Casson Fluid Flow in an Annulus-Application to catheterized artery.

Acta Mechanica.187(1): 189-202.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



121

Nagarani, P., & G. Sarojamma. (2008). Effect of Body Acceleration on Pulsatile

Flow of Casson Fluid through a Mild Stenosed Artery. Korea Australia Rheology

Journal 20(4): 189–96.

Nield, D. A. & Bejan, A. (2013). Mechanics of fluid flow through a porous medium.

Convection in Porous Media. Springer, New York, NY.

Ortigueira, M.D. & Tenreiro Machado, J.A. (2018). A critical analysis of the Caputo-

Fabrizio operator. Commun. Nonlinear Sci. Numer. Simul. 59: 608–611.

Ortigueira, M.,Martynyuk, V., Fedula, M. & Tenreiro Machado J.A. (2018). The

failure of certain fractional calculus operators in two physical models. Fract. Calc.

Appl. Anal. 22(2): 255–270.

Piessens, R. (2000). The Hankel transform. The Transforms and Applications

Handbook: Second Edition. 2: 1-30.

Prasad, K. M., & Radhakrishnamacharya, G. (2008). Flow of Herschel–Bulkley Fluid

Through an Inclined Tube of Non-uniform Cross-section with Multiple Stenoses

Archives of Mechanics. 60: 161-172.

Prasad R. V, Rao S. A. & Beg A. O. (2013). Flow and heat transfer of casson fluid

from a horizontal circular cylinder with partial slip in non-darcy porous medium.

Applied & Computational Mathematics. 2(2): 1-12.

Pramanik, S. (2014). Casson Fluid Flow and Heat Transfer Past an Exponentially

Porous Stretching Surface in the Presence of Thermal Radiation. Ain Shams

Engineering Journal. 5 : 205-212.

Ramachandrprasad, V., Bhuvanavijaya, R. & Mallikarjuna, B. (2016). Natural

convection on heat transfer flow of non-Newtonian second grade fluid over

horizontal circular cylinder with thermal radiation. Journal of Naval Architecture

and Marine Engineering. 13: 63-78.

Riahi, D. N., Roy, R. & Cavazos, S. (2011). On arterial blood flow in the presence of an

overlapping stenosis. Mathematical and Computer Modelling. 54(12): 2999-3006.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



122

Riaz, M. B., Imran, M. A. & Shabbir, K. (2016). Analytic solutions of Oldroyd-B

fluid with fractional derivatives in a circular duct that applies a constant couple.

Alexandria Engineering Journal. 55(4): 3267-3275.

Riesz, M. (2016). L’integral de Riemann-Liouville et le probleme de cauchy pour

l’equation des ondes. Bulletin de la S. M. F., tome. 67: 153-170.

Russel, W. B., Saville, D. A. & Schowalter, W. R. (1989). Colloidal dispersions.

Journal of Dispersion Science and Technology. 12(4): 381-382.

Markis, N., Dargush, & Constantinou, M.C. (1963). Dynamic analysis of generalized

viscoelastic fluids. Journal of Engineering Mechanical 119: 1663-1679.

Qasim, N. & Noreen, S. (2014). Heat transfer in the boundary layer flow of a Casson

fluid over a permeable shrinking sheet with viscous dissipation. European Physical

Journal Plus. 129(1): 1–8.

Sadiq, N., Imran, M., Fetecau, C. & Ahmed, N. (2019). Rotational motion of fractional

Maxwell fluids in a circular duct due to a time-dependent couple. Boundary Value

Problems. 20(1): 1–11.

Saqib, M., Khan, I., & Shafie, S. (2019). Generalized magnetic blood flow in

a cylindrical tube with magnetite dusty particles. Journal of Magnetism and

Magnetic Materials. 484 : 490-496.

Sarifuddin (2020). CFD Modelling of Casson Fluid Flow and Mass Transport Through

Atherosclerotic Vessels. Differential Equations and Dynamical Systems. 29(1) :

227-237.

Scott Blair, G (1960). Flow of Blood through Narrow Tubes. Nature. 186 : 708-709.

Siddiqui, S. U., Verma, N. K., Mishra, S. (2009). Mathematical Modelling of

Pulsatile Flow of Casson’s Fluid in Arterial Stenosis. Applied Mathematics and

Computation. 210(1): 1-10.

Sreenadh, S., Pallavi, A. R., Satyanarayana, B. (2011). Flow of a Casson Fluid Through

an Inclined Tube of Non-uniform Cross Section with Multiple Stenoses.Advances

in Applied Science Research. 2(5): 340-349.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



123

Sanyal, D. C., Das, K., and Debnath, S. (2007). Effect of Magnetic Field on

Pulsatile Blood Flow Through an Inclined Circular Tube with Periodic Body

Acceleration.Journal of Physical Sciences. 11: 343-56.

Siddiqui, S. U. Shah, S. R. & Geeta. (2015). A biomechanical approach to study

the effect of body acceleration and slip velocity through stenotic artery. Applied

Mathematics and Computation. 261: 148-155.

Siddiqui, Shafi Ullah, & Chhama Awasthi. (2017). Mathematical Analysis on Pulsatile

Flow through a Catheterized Stenosed Artery. Journal of Applied Mathematics

and Physics 5(9): 1874–1886.

Singh, J. & Rathee, R. (2011). Analysis of non-Newtonian blood flow through stenosed

vessel in porous medium under the effect of magnetic field. International Journal

of the Physical Sciences. 6(10): 2497-2506.

Sinha, A., Shit, G. C. & Kundu, P. K. (2013). Slip effects on pulsatile flow of

blood through a stenosed arterial segment under periodic body acceleration. ISRN

Biomedical Engineering. 20(13) : 1-11.

Shaaban, A. A., & Abou-zeid, M. Y. (2013). Effects of Heat and Mass Transfer

on MHD Peristaltic Flow of a Non-Newtonian Fluid through a Porous Medium

between Two Coaxial Cylinders. Mathematical Problems in Engineering 20(13) :

1-11.

Shah, N. A., Vieru, D. & Fetecau, D. (2016). Effects of the Fractional Order and

Magnetic Field on the Blood Flow in Cylindrical Domains. Journal of Magnetism

and Magnetic Materials 409: 10–19.

Shah, N. A. & Khan, I. (2016). Heat transfer analysis in a second grade fluid over

and oscillating vertical plate using fractional Caputo Fabrizio derivatives. The

European Physical Journal. 362(2016) : 1-11.

Sharma, G., Jain, M., & Kumar, A. (2004). Performance Modeling and Analysis of

Blood Flow in Elastic Arteries. Mathematical and Computer Modeling. 26(3):

345-354.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



124

Sharma, M.K. & Singh, K. (2014). Pulsatile MHD Flow in an Inclined Catheterized

Stenosed Artery with Slip on the Wall. Journal of Biomedical Science and

Engineering.7(4): 194-207.

Sharma, S. & Sharma, K. (2014). Influence of heat sources and relaxation time on

temperature distribution in tissues. International Journal of Applied Mechanics

and Engineering. 19(2): 427-433.

Sharma, S., Singh, U. & Katiyar, V. K. (2015). Magnetic field effect on flow parameters

of blood along with magnetic particles in a cylindrical tube. Journal of Magnetism

and Magnetic Materials. 377: 395-401.

Shit, G. C. & M. Roy. (2011). Pulsatile Flow and Heat Transfer of a Magneto-

Micropolar Fluid through a Stenosed Artery under the Influence of Body

Acceleration. Journal Mechanical Medicine Biology. 11(3): 643–661.

Shit, G. C. & M. Roy. 2012. Hydromagnetic pulsating flow of blood in a constricted

porous channel: A theoretical study. Proceeding of the World Congress in

Engineering 4-9.

Srivastava, N. (2014). The Casson Fluid Model for Blood Flow through an Inclined

Tapered Artery of an Accelerated Body in the Presence of Magnetic Field.

International Journal of Biomedical Engineering and Technology 15(3): 198–210.

Tashtoush, B., & Magableh, A. (2008). Magnetic Field Effect on Heat Transfer and

Fluid Flow Characteristics of Blood Flow in Multi-Stenosis Arteries. Heat and

Mass Transfer 44(3).
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