
Theoretical analysis of Casson flow of blood with hybrid magnetic nanoparticles as a drug carrier with magnetic 
field- Application to treatment of Cancer  
                                                                                                                                Section A-Research paper 

11509 
Eur. Chem. Bull. 2023,12(10), 11509-11525 
 

Theoretical analysis of Casson flow of blood with hybrid magnetic 

nanoparticles as a drug carrier with magnetic field-                       

Application to treatment of Cancer 

S. Suneetha 
1*

,  K. Subbarayudu
2 

and Muhammad Arif 
3
  

1
Department of Applied Mathematics, Yogi Vemana University, Kadapa 516005, India 

 
2
Department of Sciences and Humanities, Sri Venkateswara Institute of Science and Technology, Kadapa-

516003, India.  

3
 Fixed Point Research Laboratory, Fixed Point Theory and Applications Research Group, Center of Excellence 

in Theoretical and Computational Science (TaCS-CoE), Faculty of  Science, King Mongkut’s University of 

Technology Thonburi (KMUTT), 126 Pracha Uthit Rd., Bang Mod, ThungKhru, Bangkok, 10140, Thailand 

(*Corresponding Author E-mail: suneethayvu@gmail.com) 

 

 

Abstract 

Currently the treatment of diseases primarily depends on the delivery of medicines with the 

help of magnetic nanofragments in the human circulatory system. In this treatment, drug 

particles and magnetic nanoparticles are introduced into the bloodstream and shipped to the 

appropriate organs under magnetic intensity, which is normally applied locally and helps to 

promote the release of drugs. This approach is used in numerous medicinal processes, 

including as the healing of cancer, the targeted administration of drugs, the wound-healing 

process of wounds, reducing bleeding in the course of surgical treatment, and the magnetic 

attraction of blood. Therefore, the purpose of this paper is to conduct a theoretical analysis 

of blood flow of a Casson fluid that is carrying hematite (Fe2O3) and magnetite (Fe3O4), two 

different types of magnetic nanoparticles, across a planar surface. The MATLAB 

mathematical tool's built-in Bvp4c function was used to plot the results graphically. The fluid 

kinetic energy is absorbed by the magnetic field via the Lorentz force, which reduces any 

disruptions and prevents the flow from transitioning. Temperature fluctuations are dissipated 

by thermal radiation, increasing the amount of magnetic nanoparticles in the vicinity of the 

tumour tissue. The Casson parameter keeps the instabilities that cause the nanoparticles to 

precipitate in place and permits easy horizontal flow. The findings have a significant impact 

on medicine and potentially save costs and post-operative difficulties in patients by treating 

vascular and malignant diseases without necessity for surgery. 

Keywords: Magneto hydrodynamics, Thermal radiation, Casson fluid, Runge-Kutta                           

                   method (bvp4c), Magnetic nanoparticles 

 

1. Introduction 

A set of disorders known as cancer involve the unchecked growth and division of 

aberrant cells. Such cells go through modifications to achieve infinite replication, which 

allows them to spread to other organs and cause cancer. Due to the alarming rise in cancer 

incidence and anomalies in treatment, cancer is now the second leading cause of death in the 
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world. Magnetic nanoparticles (MNPs), with sizes between 1 and 100 nm, have played a 

significant role in science and technology from the past twenty years. MNPs are widely used 

for drug delivery, enzyme immobilization, and many other interesting biotechnological 

applications. They possess desirable properties like high surface area, size uniformity, 

biocompatibility, super paramagnetism, adsorption kinetics, and a magnetic moment that can 

be employed for several purposes. Among them, iron oxide nanoparticles are extensively 

studied since they do not retain any magnetization if zero magnetic field. This particularity 

has led to the application of iron oxide nanoparticles (Fe2O3 and Fe2O4) for biomedical 

applications which are inserted in the base fluid called Ferrofluids. The NP’s size ranging 

from 5 – 15 nm and are coated with a layer of surfactant.  Ferrofluids have dual 

characteristics because they function simultaneously as magnetic solids and liquids. We can 

regulate the flow of fluid and the rate of heat transfer by applying a magnetic field across the 

ferrofluids. Tumour cells can be heated and killed using the MNPs. Compared to healthy 

cells, tumour cells are more vulnerable to temperature increases. Cancer cells are killed by 

collecting nanoparticles of magnetic material into tumours and emitting energy in the form of  

heat when subjected to external magnetic effects. MNPs  chemical and physical properties are 

greatly influenced by their size, shape, crystal arrangement, and chemical make-up. 

Additionally, MNPs have unique magnetic features like high susceptibility, super 

paramagnetic, and low Curie temperature. The idea behind MNPs was that the anticancer 

medications were tied outside to the small magnetic beds before  injecting them into the 

body. A potent external magnetic field attracts the drug-filled NPs in the tumour tissue after 

injection into the bloodstream. The medication burden should be greatly reduced with this 

technique. This avoids undesirable side effects like hair loss, nausea, and a compromised 

immune system linked to the regular use of chemotherapy medications. A recent and 

extremely interdisciplinary subject, the use of magnet-based NPs in medical applications 

holds considerable promise for in vitro and in vivo medicinal and diagnostic tests. More 

studies related to the MNPs are found in [1-8] 
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                 Figure 1: Applications of Magnetic Nanoparticles 

These particles' ability to directly target cancer cells and mix with a wide variety of 

proteins and medicines is a highly crucial trait. When the nanoparticles come into contact 

with the cancer cell,  temperatures were generated by them ranging from 40 to 45  degrees 

Celsius, which heat up and burn the tumour. Liquids that contain nanoparticles are generally 

referred to as nanofluids. Examples of nanoparticles include carbon nanotubes, metallic 

nanoparticles (Cu, Ag, etc.), oxides (Al2O3, Fe2O4, etc.), and others. Water, ethylene glycol, 

and oil are examples of base fluids. Nanofluids are not just useful in the biomedical sector. 

The transportation industry, nuclear reactors, micro-mechanoelectro systems, thermal 

exchangers,  reactors with catalyst, fibre and granular insulation, and packed beds are just a 

few of the industries that use them. Hybrid nanofluid can be made by mixing different 

combinations of nano sized particles in a base liquid to improve the physical features of 

nanofluids. More research on the hybrid Nano liquid flow is discussed in [9-17]. 

Numerous experimental and theoretical studies have been conducted on the fluid flow 

of an electrically conductive fluid when it is subjected to the magnetic field. Magnetic fields 

cause modifications to the dynamics of bio magnetic fluids. Magnetohydrodynamics (MHD) 

is the branch of fluid mechanics that studies fluid flow in the presence of a magnetic field. 

MHD has become extremely significant in a number of biomedical, commercial, and 

technical applications. For instance, the transport of medication, embryonic stem cells, and 

healing cells to a patient can be managed utilising magnetic fields. Additionally, magnetic 

fields can be used to guide magnetic nanoparticles to specific regions of the body in an effort 

to eradicate bacteria and cancer cells. Magnetic fields are utilised in medical settings to thin 

the blood and regulate blood flow during surgical procedures. The study of the magnetic and 
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velocity fields in the existence of an electrically conducting liquid is known as 

magnetohydrodynamics. Analogous studies on this issue may be referred here [18-21]. 

In the mechanical and technological industries, thermal radiation is crucial. Solar 

power accumulators, nuclear reactors, rocket propulsion, heating and icing of compartments 

and other translucent ecological processes are some examples. Thermal radiation is defined 

as the emission of electromagnetic waves in all directions from a heated surface. Thermal 

radiations travel at the speed of light towards the absorption site. The radiation influence on 

blood flow is a significant area of study due to its extensive applications in the field of 

biomedical engineering and multiple medical treatment options. One of the most popular 

methods for producing thermal radiation is infrared radiation, which allows for the direct 

heating of the blood vessels in the body parts that are affected. Using strong radiation doses is 

another efficient method of killing cancer cells. Radiotherapy is the name of this process. 

Radiation therapy directly affects the DNA of cancer cells to kill them and a few studies were 

given in the references [22-27]. 

The treated fluids in the majority of flow applications are non-Newtonian fluids. 

Physics experts, engineers, and mathematicians are interested in these categories of fluid. 

Applications for non-Newtonian fluids can be found in biology, pharmaceuticals, and other 

fields. Non-Newtonian fluids are modelled mathematically using non-linear behaviour 

theory, which usually link up stress rates to strain rates. Casson's modelling is one of the 

many mathematical models that are extensively used. Applications for Casson's fluids can be 

found in a variety of disciplines, including geophysical fluid dynamics, biomedical and 

engineering, and power generation. A fluid with an elastic limit is called a casson's fluid. The 

fluid stops flowing and begins to act like a solid when subjected to a tension below its elastic 

limit. A flow in fluid is seen when  tension is more than the elastic nature. As a result, 

Casson's fluid has null viscosity at boundless and unlimited viscosity at infinity and beyond. 

Blood that circulates in the arteries at greater shear rate is  viewed as Newtonian fluid. 

Contrarily, blood in general a non-Newtonian fluid. In actuality, blood is a Casson liquid. 

Tomato ketchup, blood, jelly, and honey are all examples of Casson fluid. Some significant 

studies in non-Newtonian fluids with different aspects are cited here by the investigators [28-

34]. 
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The primary purpose of this current work is to focus on the impacts of hybrid 

nanofluid over stretched sheet with magnetic strength and radiation. Blood is recycled as base 

liquid with Fe2O3 and Fe3O4. Also the non-Newtonian Casson model is considered. The 

graphical results were obtained by plotting the Bvp4c built-in function in the mathematical 

software MATLAB.  The medical operations for eliminating micro-organisms and treating 

cancer could greatly benefit from this study. This model can be used in a variety of 

therapeutic applications, such as the treatment of infections, cancer, and vascular illnesses 

like atherosclerosis. It can also be used to dissolve blood clots. 

2. Mathematical formulation  

Two-dimensional heat propagation over a MHD Casson hybrid nanofluid with 

thermal radiation is considered. Two types of nanoparticles (Fe2O3, Fe3O4) are engrossed in 

the base fluid blood. Let u  and v be the velocity components along x  and y directions with 

the sheet velocity .wu ax  Tw, T∞ are the temperatures of the sheet and the free stream. The 

thermophysical characteristic of blood and hybrid nanoparticles are shown in Table.1. 

 

 

Figure 2: Geometry of the problem. 
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The governing flow equations are constructed as: 
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By Rosseland approach, we have 
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With * as Stefan–Boltzmann coefficient and *k is the mean absorption constant. With  

Taylor’s expansion of 4T  about T and neglecting higher order terms, we get 
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Putting Eq. (5) in Eq. (3), we get 
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The corresponding boundary conditions are:                                                             
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The following suitable self-similarity transformations are defined as: 
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Mathematical models of thermophysical properties of hybrid nanofluid  
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In order to create the following dimensionless ODEs, Eqs. (2) and (6) are transformed using 

the ideal technique indicated in Eq (8). 
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The boundaries of the change are described as: 
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The Non-dimensional form of Eqs. (13–14) converts are 
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Where rRe is the local Reynolds number. 

Table 1. The thermophysical characteristic of blood and hybrid nanoparticles. 

Property  Blood 2 3Fe O  3 4Fe O  

 Density  3kgm   1050 5180 5200 

 Specific heat  1 1

pC Jkg K   3617 670 670 

 Heat conductivity  1 1

fk Wm K   0.52 9.7 6 

 Electrical conductivity  
1

m


  0.8 25000 740000 

 Pr 21 - - 

 

3.  Numerical method 

The non-dimensional system of Eqs. (10-11), as well as the boundary conditions (12). First, 

we converted the basic equations into first-order ODEs for this scheme. 

1 2 3 4 5f = , f = , f = ,θ= ,θ = .                                                                        (17)     

  2 5
2 1 3 2 2

21

2

1
,

1
1

K
f K M

KK

K 

 
         

    
 

                                                                         (18) 

 
25

3 1 5 2

3
4

1
.

4

3

K
K Pr MEc

K
K Rd


 

       
    
 

                                                                            (19) 

 

The boundaries of the change are described as: 
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Table 2. Comparison table for various Prandtl numbers of the current study. 

 

Pr Ramzan et al.[35] Present results 

0.7 0.4539 0.4531 

2.0 0.9113 0.9124 

7.0 1.8964 1.8960 

20 3.3539 3.3528 

21   4.1657 

             

4. Results and discussion 

The numerical approximations were found by employing the built-in function of 

bvp4c in MATLAB by fixing the parameters  as 0.5,Pr 21, 0.7, 0.2, 0.1,M R Bi Ec    
 

1Re 0.02, 0.01,  and 2 0.02.   Figures 3 and 4 exhibits the influence of magnetic and 

casson parameters on the velocity profiles for Fe2O3-Fe3O4/ blood hybrid nanofluids. The 

impact of  ,M on the velocity trend is shown in Figure 3. It is shown that the fluid's velocity 

reduces as M grows. These results show that a resistive strength plays a significant role in 

directing and slowing fluid flow. A magnetic strength has a strong relation with the resistive 

field, which is familiar as the Lorentz force. Figure 4 shows the effect of the Casson 

parameter on the velocity profile. As the Casson parameter is increased, the velocity 

upsurges. 

The effect of the magnetic parameter  M on the temperature profile is depicted in 

Figure 5. Thermal energy strengthens the Lorentz force by motivating hybrid nanofluids to 

dissipate sub kinetic energy. In fact, as the magnetic factor increases, the size of the boundary 

layer's velocity profiles falls, leading to a raise in boundary layer temperature. 

Figure 6 depicts the effect of various radiation parameter  R values on the 

temperature of hybrid nanofluid. This figure shows that the radiation parameter  R has a 

significant impact on the temperature profile. Thermal radiation has a positive physical effect 

on the medium's thermal diffusibility, which increases the temperature profile. Physically, 

higher temperature and a thicker thermal boundary layer are correlated with increased 

thermal radiation parameters. 
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The temperature for various amounts of Pr is revealed in Figure 7. It is clear that as 

Pr increases, the temperature parameter decreases. The boundary layer of thermal energy is 

thicker and the rate of heat transmission decreases for smaller Pr.  Typically, Pr  is employed 

in heat transfer-related applications to determine the  width of the thermal  and also the 

momentum  border layers. 

Figure 8 describes the plot of temperature counter to the Eckert number .Ec  The 

production of thermal energy increases with the existence of Ec in nanofluid, becoming more 

intense, improving temperature distributions, and therefore increasing thermal layer 

thickness. This is because frictional heating causes an increase in heat energy in the flow, 

which the viscosity of nanofluids stores and converts into internal energy when heated. 

Figures 9 and 10 depict the temperature profile behaviour for different values of 

nanoparticle volume fractions 1  (Fe2O3) and 2  (Fe3O4). It is clear from these results that 

increasing the nanoparticle volume fractions improves temperature profiles. This is because 

the thermal conductivity of nanofluid increases as more solid particles are suspended in the 

base fluid, increasing heat transfer. The width of the thermal border layer upsurges as the 

temperature profiles thicken. However, as the values of 1 and 2 increase from 0.01 to 0.06, 

the thermal boundary layer thickens. This is owing to the fact that iron has higher heat 

conductivity than conventionally based fluids resulting in increasing the fluid temperature. 

The skin friction coefficient fC is studied in figure. 11 against M  and  . It is seen 

that the skin friction fC  decreases verses expanding values of M  with respect to  . The 

deviation of M  and Rd  on rate of heat transfer is plotted in figure 12. Additionally, the 

Nusselt number increases in relation to the Radiation variables Rd as the Magnetic parameter 

M  is improved. 

The effect of skin friction coefficient with magnetic field on volume fraction of 

nanoparticles ( 1  (Ferric oxide), 2 (Iron oxide)) is disclosed in figs.13 and 15. The skin 

friction coefficient increases for 1  and a decrement is noticed with 2 .  Figs. 14 and 16 

discloses the relation between the Nusselt number and  volume fraction of nanoparticles ( 1  

(Ferric oxide), 2 (Iron oxide)). It is observed that by increasing the amount of Ferric oxide 

(Fe2o3) nanoparticles in the base fluid with the presence of magnetic field,  the rate of heat 
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transfer is significantly boosted and a contrary for the Iron oxide. Fig. 17(a-b) exhibits the 

streamlined pattern for 0.5M  and 1.0.M   

 

5. Conclusions 

In this study, a numerical investigation of Casson hybrid nanofluid Fe2O3 -Fe3O4/Blood 

towards a stretching sheet under the nose of thermal radiation and magnetic field was 

discovered. The graphical results were obtained by plotting the Bvp4c built-in function in the 

mathematical software MATLAB. The impact of M, Rd, Pr, Ec and nanoparticle volume 

fraction on the skin friction,  rate of heat transfer, velocity and temperature profiles has been 

investigated in this study. The findings are as follows: By virtue of an increase, M reduces the 

skin friction coefficient, velocity, and Nusselt number for Fe2O3-Fe3O4/blood, while 

temperature increases; the heat transfer rate of hybrid nanofluid Fe2O3-Fe3O4/blood is more 

than those of Fe2O3/blood; the temperature is also increasing by increasing Rd. As Ec 

increase, so does the thermal. 

 

 

 

 

Figure 3: Variation due to M on  f η . 

 

Figure 4: Variation due to  on  f η . 
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Figure 5: Variation due to M on  η . 

 

Figure 6: Variation due to Rd on  η . 

 

 

 

 

 

 

 

 

Figure 7: Variation due to Pr on  η . 

 

Figure 8: Variation due to Ec on  η . 
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Figure 9: Variation due to 1  on  η . 

 

Figure 10: Variation due to 2 on  η . 

 

Figure 11: Influence 

of M and on  
1 2

f rC Re . 

 

Figure 12: Influence of M and Rd on 

 
-1 2

r rNu Re . 

 

Figure 13: Influence 

of
1M and  on  

1 2

f rC Re  

 

Figure 14:  Influence 

of 1M and  on  
-1 2

r rNu Re  
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Figure 15: Influence 

of
2M and  on  

1 2

f rC Re  

 

Figure 16: Influence 

of
2M and  on  

-1 2

r rNu Re

 

Figure 17: Streamline pattern for various values of   0.5a M  and   1.0.b M    

 

References  

[1] Cecile Naud, Caroline Thebault, Marie Carriere, Yanxia Hou, Robert Morel, Francois Berger, 

Bernard Dieny, and Helene Joisten, Cancer treatment by magneto-mechanical effect of 

particles, a review, Nanoscale Advances, 2(9), (2020), 3632–3655, DOI: 10.1039/d0na00187b. 

[2] Q. A. Pankhurst, J Connolly, S K Jones and J Dobson, Applications of magnetic nanoparticles 

in biomedicine, Journal of physics D: Applied physics, 36(13), (2003), R167, DOI: 

10.1088/0022-3727/36/13/201.  

[3] V. V. Mody, Arthur Cox, Samit Shah, Ajay Singh, Wesley Bevins and Harish Parihar, Applied 

Nanoscience, 4(4), (2014), 385–392, DOI: 10.1007/s13204-013-0216-y. 

[4] O. A. Mayorova, O. A. Sindeeva, M. V. Lomova, O. I. Gusliakova, Y. V. Tarakanchikova, E. 

V. Tyutyaev, S. I. Pinyaev, O. A. Kulikov, S.V. German, N. A. Pyataev, D. A. Gorin, G. B. 

Sukhorukov, Endovascular addressing improves the effectiveness of magnetic targeting of 

drug carrier. Comparison with the conventional administration method, Nanomed. 

Nanotechnol. Biol. Med., 28, (2020), 102184,  DOI: 10.1016/j.nano.2020.102184. 

[5] T. A. M. Shatnawi, N. Abbas, W. Shatanawi, Comparative study of Casson hybrid nanofluid 

models with induced magnetic radiative flow over a vertical permeable exponentially 

https://link.springer.com/article/10.1007/s13204-013-0216-y#auth-Arthur-Cox
https://link.springer.com/article/10.1007/s13204-013-0216-y#auth-Samit-Shah
https://link.springer.com/article/10.1007/s13204-013-0216-y#auth-Ajay-Singh
https://link.springer.com/article/10.1007/s13204-013-0216-y#auth-Wesley-Bevins
https://link.springer.com/article/10.1007/s13204-013-0216-y#auth-Harish-Parihar
https://doi.org/10.1016/j.nano.2020.102184


Theoretical analysis of Casson flow of blood with hybrid magnetic nanoparticles as a drug carrier with magnetic 
field- Application to treatment of Cancer  
                                                                                                                                Section A-Research paper 

11523 
Eur. Chem. Bull. 2023,12(10), 11509-11525 
 

stretching sheet, AIMS Mathematics, 7 (12), (2022), 20545–20564, 

DOI:10.3934/math.20221126. 

[6] S. F. Karkan
 
, M. Mohammadhosseini, Y. Panahi, M. Milani,  N.  Zarghami, 

 
A. 

Akbarzadeh, E. Abasi, A. Hosseini, S. Davaran, Magnetic nanoparticles in cancer diagnosis 

and treatment: a review, Artificial Cells, Nanomedicine, And Biotechnology, 45, (2017), 1–5, 

DOI: 10.3109/21691401.2016.1153483. 

[7] L. Kafrouni and O. Savadogo, Recent progress on magnetic nanoparticles for magnetic 

hyperthermia, Progress in Biomaterials, 5(3), (2016), 147–160, DOI: 10.1007/s40204-016-

0054-6. 

[8] J. L. Corchero and A. Villaverde, Biomedical applications of distally controlled magnetic 

nanoparticles, Trends in biotechnology, 27(8), (2009), 468–476, DOI: 

10.1016/j.tibtech.2009.04.003. 

[9] W. Hasona, N. Almalki, A. ElShekhipy, M. Ibrahim. Combined effects of thermal radiation and 

magnetohydrodynamic on peristaltic flow of nanofluids: applications to radiotherapy and 

thermotherapy of cancer. Current Nanoscience, 16(1), (2020), 121–134, DOI: 

10.2174/1573413715666190318161351.  

[10] Y. Abd Elmaboud, K. S Mekheimer, T.G. Emam, Numerical examination of gold nanoparticles 

as a drug carrier on peristaltic blood flow through physiological vessels: cancer therapy 

treatment, BioNanoScience, 9(4), (2019), 952–965, DOI: 10.1007/s12668-019-00639-7. 

[11] E. M. Elsaid and M. S. Abdel-wahed, MHD mixed convection Ferro Fe3O4/Cu-hybrid-

nanofluid runs in a vertical channel, Chinese Journal of Physics, 76, (2022), 269–282, DOI: 

10.1016/J.CJPH.2021.12.016.  

[12] A. Venkateswarlu, N. Murshid, H. Mulki, M. Abu-samha, S. Suneetha, M. J Babu, C. S. K 

Raju, R. Z. Homod, W. Al-Kouz, A Significant Role of Activation Energy and Fourier Flux on 

the Quadratically Radiated Sphere in Low and High Conductivity of Hybrid  nanoparticles. 

Symmetry, 14, (2022), 2335,  DOI: 10.3390/ sym14112335. 

[13] Muhammad Arif, S. Suneetha, Thameem Basha, P. Bala Anki Reddy, Poom Kumam, Stability 

analysis of diamond-silver-ethylene glycol hybrid based radiative micropolar nanofluid: A solar 

thermal application, Case Studies in Thermal Engineering,  39, (2022), 102407, DOI: 

10.1016/j.csite.2022.102407 

[14] A. Venkateswarlu, S. Suneetha, M. Jayachandra Babu, J. Girish Kumar, C. S. K. Raju and 

Qasem Al-Mdallal,  Significance of Magnetic Field and Chemical Reaction on the Natural 

Convective Flow of Hybrid Nanofluid by a sphere with viscous dissipation: A statistical 

Approach,  Nonlinear Engineering,  10, (2021), 563–573, https://doi.org/10.1515/nleng-2021-

0047. 

[15] S. Suneetha, K. Subbarayudu, P. Bala Anki Reddy, Heat Transfer Enhancement of Hybrid 

Nanofluids: A Comprehensive Review, Journal of Thermal Engineering, 8(3), (2022), 445-455. 

DOI: 10.18186/thermal.1117455 

[16] M. M. Bhatti, Hakan F. Öztop, R. Ellahi, Ioannis E. Sarris, M.H. Doranehgard, Insight into the 

investigation of diamond (C) and Silica (SiO2) nanoparticles suspended in water-based hybrid 

nanofluid with application in solar collector, Journal of Molecular Liquids, 357, (2022), 

119134, DOI: 10.1016/j.molliq.2022.119134. 

[17] S. Suneetha,  K. Subbarayudu, P. Bala Anki Reddy, The Diathermic Oils Over a Thin Liquid 

Film with MOS2 Nano Particles: A Model with Analysis of Shape Factor Effects, Mathematics 

and Computing, 415, (2023), 479–495, DOI : 10.1007/978-981-19-9307-7. 

[18] L. Zhang, M. M. Bhatti, E. E. Michaelides, M. Marin and R. Ellahi, Hybrid nanofluid flow 

towards an elastic surface with tantalum and nickel nanoparticles, under the influence of an 

induced magnetic field. The European Physical Journal Special Topics, 231, (2022), 521–533, 

https://doi.org/10.1140/epjs/s11734-021-00409-1.   

[19] T. S. Neethu, A. S. Sabu, Alphonsa Mathew, A. Wakif, Sujesh Areekara, Multiple linear 

regression on bioconvective MHD hybrid nanofluid flow past an exponential stretching sheet 

with radiation and dissipation effects, International Communications in Heat and Mass 

Transfer, 135, (2022), 106115, DOI: 10.1016/j.icheatmasstransfer.2022.106115. 

https://www.aimspress.com/journal/math
https://doi.org/10.3934/math.20221126
https://pubmed.ncbi.nlm.nih.gov/?term=Fathi+Karkan+S&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Mohammadhosseini+M&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Panahi+Y&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Milani+M&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Zarghami+N&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Akbarzadeh+A&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Akbarzadeh+A&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Akbarzadeh+A&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Abasi+E&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Hosseini+A&cauthor_id=27015806
https://pubmed.ncbi.nlm.nih.gov/?term=Davaran+S&cauthor_id=27015806
http://dx.doi.org/10.2174/1573413715666190318161351
http://dx.doi.org/10.1007%2Fs12668-019-00639-7
https://www.sciencedirect.com/journal/chinese-journal-of-physics
https://doi.org/10.3390/
https://doi.org/10.1016/j.csite.2022.102407
https://doi.org/10.1016/j.csite.2022.102407
https://doi.org/10.1016/j.csite.2022.102407
https://doi.org/10.1515/nleng-2021-0047
https://doi.org/10.1515/nleng-2021-0047
https://doi.org/10.18186/thermal.1117455
https://doi.org/10.1016/j.molliq.2022.119134
https://link.springer.com/article/10.1140/epjs/s11734-021-00409-1#auth-M_-Marin
https://link.springer.com/article/10.1140/epjs/s11734-021-00409-1#auth-R_-Ellahi
https://link.springer.com/journal/11734
https://doi.org/10.1140/epjs/s11734-021-00409-1
https://doi.org/10.1016/j.icheatmasstransfer.2022.106115


Theoretical analysis of Casson flow of blood with hybrid magnetic nanoparticles as a drug carrier with magnetic 
field- Application to treatment of Cancer  
                                                                                                                                Section A-Research paper 

11524 
Eur. Chem. Bull. 2023,12(10), 11509-11525 
 

[20] G. Ramasekhar and P. B. A. Reddy, Entropy generation on EMHD Darcy-Forchheimer flow of 

Carreau hybrid nano fluid over a permeable rotating disk with radiation and heat generation : 

Homotopy perturbation solution, Proceedings of the Institution of Mechanical Engineers, Part 

E: Journal of Process Mechanical Engineering, (2022), DOI: 10.1177/09544089221116575. 

[21] S. Suneetha, L. Wahidunnisa, A. Divya and P. Bala Anki Reddy, Electrical 

magnetohydrodynamic flow of kerosene oil based carbon nanotube’s Maxwell nanofluid in the 

presence of non-linear radiation and Cattaneo-Christov heat diffusion: Applications in 

aerospace industry, Proceedings of the Institution of Mechanical Engineers, Part E: Journal of 

Process Mechanical Engineering, (2022), 1–9, DOI: 10.1177/09544089221125100. 

[22] K. Subbarayudu, S. Suneetha and P. Bala Anki Reddy, The assessment of time dependent flow 

of Williamson fluid with radiative blood flow against a wedge, Propulsion and power research, 

9(1), (2020), 87-99, DOI: 10.1016/j.jppr.2019.07.001. 

[23] L. Wahidunnisa, S. Suneetha, S. R. R. Reddy, P. Bala Anki Reddy, Comparative study on 

electromagnetohydrodynamic SWCNT-water dusty nanofluid in the presence of radiation and 

Ohmic heating, Proceedings of the Institution of Mechanical Engineers, Part E: Journal of 

Process Mechanical Engineering, (2021), 1-9,  DOI:10.1177/0954408920985735. 

[24] S. Suneetha, K. Subbarayudu, P. Bala Anki Reddy, Ali J. Chamkha, Numerical investigation of 

non-Fourier flux theory with chemical action on Maxwell radiating nano liquid: A biomedical 

application, Advances in Fluid Dynamics, Lecture Notes in Mechanical Engineering, (2021), 

793-810, DOI: 10.1007/978-981-15-4308-1_61. 

[25] K. Subbarayudu, S. Suneetha, P. Bala Anki Reddy, Non-linear Radiative Williamson fluid 

against a wedge with aligned magnetic field, Advances in Fluid Dynamics, Lecture Notes in 

Mechanical Engineering, (2021), 263-275, doi.org/10.1007/978-981-15-4308-1_21. 

[26] B. Ahmad, M.O. Ahmad, M. Farman, A. Akgül, M.B. Riaz, A significance of multi slip 

condition for inclined MHD nano-fluid flow with non-linear thermal radiations, Dufuor and 

Sorret, and chemically reactive bio-convection effect, South African Journal of Chemical 

Engineering 43, (2023), 135–145, https://doi.org/10.1016/j.sajce.2022.10.009. 

[27] S. R. R. Reddy, P. Bala Anki Reddy and S. Suneetha, Magnetohydro Dynamic Flow Of Blood 

In A Permeable Inclined Stretching Viscous Dissipation, Non-Uniform Heat Source/Sink And 

Chemical Reaction, Frontiers in Heat and Mass Transfer 10, 22, (2018), DOI: 

10.5098/hmt.10.22 

[28] Faghiri, Shahin, Shahin Akbari, Mohammad Behshad Shafii, and Kh. Hosseinzadeh, 

Hydrothermal Analysis of Non-Newtonian Fluid Flow (Blood) through the Circular Tube under 

Prescribed Non-Uniform Wall Heat Flux, Theoretical and Applied Mechanics Letters, 

12(4), (2022), 100360, DOI:10.1016/j.taml.2022.100360.  

[29] P. Bala Anki Reddy, S. Suneetha and N. Bhaskar Reddy, Numerical Study of MHD Boundary 

Layer Slip Flow of a Maxwell Nanofluid over an exponentially stretching surface with 

convective boundary condition, Propulsion and Power Research, 6(4), (2017), 259-268,  DOI: 

10.1016/j.jppr.2017.11.002. 

[30] P. Bala Anki Reddy and S. Suneetha, Impact of Cattaneo-Christov Heat Flux In the Casson 

Fluid Flow Over a Stretching Surface With Aligned Magnentic Field and Homogeneous 

Heterogeneous Chemical Reaction, Frontiers in Heat and Mass Transfer,  (2018). DOI: 

10.5098/hmt.10.7. 

[31]  M. Veera Krishna,  Chemical reaction, heat absorption and Newtonian heating on MHD free 

convective Casson hybrid nanofluids past an infinite oscillating vertical porous plate, 

International Communications in Heat and Mass Transfer, 138, (2022), 106327, 

https://doi.org/10.1016/j.icheatmasstransfer.2022.106327. 

[32] K. Subbarayudu, S. Suneetha, P. Bala Anki Reddy, A.M. Rashad, Framing the activation 

energy and binary chemical reaction on CNT’s with Cattaneo-Christov heat diffusion on 

Maxwell Nano fluid in the presence of non-linear thermal radiation, Arabian journal of Science 

and Engineering. 44, (2019), 10313–10325 doi.org/10.1007/s13369-019-04173-2. 

[33] S. Suneetha and B.Pradeep Kumar,  Thermal Radiation and Chemical Reaction Effects of 

Unsteady MHD dissipative Squeezing Flow of Casson Nanofluid over Horizontal Channel" 

Journal of Nanofluids, 12, (2023), 1039–1048, DOI: 10.1166/jon.2023.1988. 

https://journals.sagepub.com/home/PIE
https://journals.sagepub.com/home/PIE
https://journals.sagepub.com/home/PIE
https://journals.sagepub.com/home/PIE
https://journals.sagepub.com/home/PIE
https://journals.sagepub.com/home/PIE
https://www.sciencedirect.com/journal/theoretical-and-applied-mechanics-letters
https://doi.org/10.1016/j.taml.2022.100360
https://doi.org/10.1016/j.icheatmasstransfer.2022.106327


Theoretical analysis of Casson flow of blood with hybrid magnetic nanoparticles as a drug carrier with magnetic 
field- Application to treatment of Cancer  
                                                                                                                                Section A-Research paper 

11525 
Eur. Chem. Bull. 2023,12(10), 11509-11525 
 

[34]  C. G. Njingang Ketchate, P. Tiam Kapen, D. Fokwa, and G. Tchuen, Stability analysis of non-

Newtonian blood flow conveying hybrid magnetic nanoparticles as target drug delivery in 

presence of inclined magnetic field and thermal radiation: Application to therapy of cancer, 

Informatics in Medicine Unlocked, 27, (2021), 100800, DOI:  10.1016/j.imu.2021.100800  

[35] M. Ramzan, F. Ali, N. Akkurt, A. Saeed, P. Kumam, and A. M. Galal, Computational 

assesment of Carreau ternary hybrid nanofluid influenced by MHD flow for entropy generation, 

Journal of Magnetism and Magnetic Materials, 567, (2023), 170353, DOI: 

10.1016/J.JMMM.2023.170353.  

 

ACKNOWLEDGEMENTS 

The author would like to acknowledge the UGC-Seed Money Research Grant, Yogi 

Vemana University, Kadapa, A.P., India for financial support. The author  declare that 

she has no conflict of interest to report regarding the present study 

 

https://www.sciencedirect.com/journal/informatics-in-medicine-unlocked
https://www.sciencedirect.com/journal/journal-of-magnetism-and-magnetic-materials

