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Abstract 

In the instant effort fluid flow and magnetic particles over inclined cylindrical vessel displayed to 

transversal magnetic field has been probably studied. The fluid and magnetic particles motion 

have been considered under the effect of exterior appealing field. In a sloped cylindrical pipeline 

the Adomian Decomposition Method has been tested to examine attracted streams. The flowing 

and magnetic grains have been managed by a vibrating pressure gradient and extraneous 

magnetic field. A computer software MATHEMATICA was operated to picture the outcomes of 

distinct motion properties like Hartmann number, definite perpendicular locations, and angle of 

increment on velocities. Due to the Lorentz effect and the center spiral region velocities 

decreases by a magnetic field. Concurrently, progressive angle of gradient revised the flow.    
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Introduction 

Magnetic nanomaterial’s mechanical and biological features are basically resolved by their 

manufacturing manner and chemical distribution. Magnetic particles normally range in size from 

1 to 100 nanometers in can showsuperpara-magnetism [1]. Magnetic chemistry’s vow and 

flexibility stem from the simple and active division of magnetic contents, which highlight the 

time-exhausting and costly partition techniques generally used in chemistry. Further, magnetic 

particles may be marked to the convenient area by a magnetic field that could, in particle, bring 

distinguish awareness in cancer treatment [2]. Magnetic particulates have rare magnetic 

properties that are not found in other materials. Due to these strange propertiesthese particulates 

can be used in special medical treatments like Neuroimaging (MRI), medication administration 

and hyperthermia. 

Therefore, its amiably electric surface associate with the adverse charges deoxyribonucleic acid 

(DNA), the family of cationic magnetic granules that can be used as DNA messenger insidecells. 

Magnetic granules painted with tumor-explicit immunoglobulin have further tumor-explicit 

histogram stabilization in MRI, and these can farther be selected as heat thermostat for cancer 

medicine and magnetism immunoassay. 

The flow of fluid through an inclined cylinder tube has several applications in sciences and 

engineering. For example, to cool a low-velocity position, to cool atomic reactor at the time an 

emergency shutdown, to cool a solar energy combination, to cool the atmosphere and seas, to 

cool the flaming chamber wall in a gas turbine and to cool electronic machinery[3]. The 

magnetism shock on electrostatic induction, magnetic materials and electric currents is stated by 

a magnetization, which is a vector field. In a magnetosphere, a moving charge makes a force that 

is crosswise to twain its magnetic field and velocity [4].  

Keeping in survey the above history, to the best of our ability researchers did not recognize the 

magnetic particles completeoutflow an inclined circular tube for the steady-state flow in their 

subjects by provingAdomian Decomposition Method (ADM). In the ongoing work, under the 

magnetic effect we have modeled the magnetic particles stream through an inclined cylindrical 

pipe motivated by the above studies. In the fluid model at different inclination angles magnetic 

particles and blood both are uncovered to the transversal magnetic field. 
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 For various uses certain experts recently developed ferromagnetic materials.  Magnetic 

particulates have finally become more generally employed in pharmacy and biotechnology. The 

mood of magnetic nanoparticles to a distant magnetic field is their fastidious impression. 

Metallic nanoparticles are attracted by higher magnetic flux intensity, which is employed for 

drugs placement and bio distinction, especially cell disruption. In extraction techniques like as 

filtering and diagnostics, several magnetic granules have been produced as magnetic mediators 

[5]. In the context of fermentation operations, secondary processing is expected to account for 

40% or over of the additional value of a fermented product [6]. Magnetic particulates have been 

reported for the removal of particular cytokines such as tumors necrosis agent, the principal 

inflammatory transmitters in septicemia and multi-organ collapse, in blood purifying [7]. 

Immune sensors are commonly employed in medical examinations (eg., detection of viruses). 

Zelepukinet al. [8] presented a magnetic spectrum method for detecting magnetic particle (MP) 

deterioration in real time. The noninvasive nature of the approach allows for a complete analysis 

of the 1-year destiny of 17 different kinds of iron-oxide elements. Somvanshiet al. [9] traced the 

creation of side brought online magnetic nanoparticles (MNPs) and a viral Ribonucleic Acid 

(RNA) extraction methodology for COVID-19 identification. Tong et al [10] developed a 

microscopically inscribed electro chemiluminescencewith high stability using magnetic granules. 

Castelo-Grande et al .[11]employed magnetite nanoparticles to remediate real wastewater 

samples. 

Because cylindrical flow has a wide range of implications in science and industry, such as 

retrieval procedure and manufacture of glass fiber fabrication polymer spheronization plastic 

sheet, and so on, the researchers are very interested in interpreting fluid flow all throughout the 

cylinder. Initially, the fluid flow was studied using a stretched cylinder [12]. In the [13] problem, 

the model was expanded to include suction injection effects. The fluid flow was studied using the 

velocity slip affects all across the cylinder [14]. It was determined that a reversible flow could be 

found by expanding the cylinder. The thermal upshots of an incompressible fluid flow via 

upright skirting cylinder were investigated [15], and the properties of fluid flowing through the 

cylinder with heat transfer mechanism were described. The nanoliquid flow through spinning 

cylinder with an inclined magnetic field was scrutinized by Abbas et al.[16].Mburuet al [17] 

tested the influence of thermal conduction, condensation, and magnetization on entropy 

formation in an irregular peristaltic transport across an inclined cylinder using the 
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Buongiornomodel. Khoundet al. [18] investigated a visco-elastic fluid flow through an inclined 

permeable circular tube in a sustained boundary layer. The homotopy survey method was tap by 

Dawaret al. [19] to demonstrate magnetised and semi fluid flow comprising microbes through a 

multilayer stretchable cylinder. The flow of a ferro-magnetic viscous liquid with particle 

accumulation alongside of a stretched cylinder under uniform heat sourse/sink circumstances 

was described by Naveen et al. [20]. Physical challenges like this have a lot of applications in the 

freezing practice of nuclear reactors. The temperature of the stretched standing cylinder as well 

as the velocity slip effects were investigated [21]. This research uncovered unique numerical and 

analytical answers [22] investigated the heat transfer parameters in the cylinder with combined 

influence. 

In perspective of hyper geometric equation, the MHD fluid flow analytic solution was achieved 

utilising the RungeKutta order four techniques and the shooting approach. The effects of Joule’s 

heating and fraction on the MHD flow were investigated using the Riga plate [23]. The MHD 

flow of Oldroyd-B fluid heterogeneous-homogeneous and the Cattaneo-Christov heat flow are 

examined [24]. The Laplace transform technique was used to determine the precise solution to 

the suggested model. [25] examined the MHD flow of an unstable Casson fluid flowing through 

a porous material. Partial differential equations were used to model the hypothesized phenomena. 

The viscosity of a third-grade fluid moving across an oscillating plate was examined as a 

function of temperature. When heat radiations are present and a transverse magnetic field, the 

research was carried out [26]. 

The Adomian Decomposition approach is a semi-analytical method that is particularly efficient 

in solving nonlinear partial and ordinary differential equations. It has a wide range of 

applications in applied mathematics, engineering, physics, and biology. George Adomian, chair 

of the University of Georgia’s Centre for Applied Mathematics, developed the approach from the 

1970s through the 1990s [27]. The symbolic capabilities of the Adomian decomposition 

approach were investigated by Lu and Zheng [28]. The normal ADM and ADM with integration 

factors are used by Richard and Zhao [29] in their demonstration to calculate explicit scheme.        

Methodology 

Fig 1 depicts the flow rate of liquid through a cylindrical tube. A homogenous magnetic field is 

applied in an axial direction that is orthogonal to the flow direction. The induced magnetic field 
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contribution is omitted since the magnetic Reynolds number is expected to be very low. The 

blood has zero velocity at the tube's wall at t=0, when the fluid motion is stopped and the non-

skid situation is applied to the tube’s panel. The Maxwell’s connections, whichever explain the 

electromagnetic field, and Never-Stokes calculations, which describe fluid flow, are the 

governing equations. 

 

Figure.1,Blood and magnetic particles flow via an inclined cylindrical channel. 

The issue includes to solve the Navier-Stokes’ equations of viscous flow and the Maxwell’s 

equation for magnetic connections at the same time. 

 

 The current density j , according to Ohm′s lawis  
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HereEiselectrical conductivity alsoσ is the electric field intensity,V is the magnetised strength, 

with momentum trajectory. Hence, thecomparisons ofMaxwell’s are:
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In it the 0  is the electromagnetism, similarly,𝐹𝑚 stands for electro-magnetic force, which is 
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Impulse motion inside a spherical duct related to fluid upon radius ‘r’ is concern to be effected 

by uniform diagonal magnetic field. In cylindrical polar coordinates, the modelled momentum 

equation for fluid flow is: 
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Here  is the kinematic viscosity,N isthe number of magnetic particles and v is the velocity of 

particles, and thus u is the velocity of viscous, respectively, where p, here,stands for the fluid’s 

density, p stands for pressure, andK is, here, shows the Stokes’ constant.The expression
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  recomended to be the comparative locomotion connecting the fluid and attractive 

atoms.The relative velocity's Reynolds number is thought to be the smallest. Consequently, the 

force exerted by magnetic blood particles is proportional to relative velocity. 
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Where 0A and 1A , are respectively signifying and amplitude and constant part of the pressure 

gradient.  

The dimensionless parameters and variables listed below are introduced as follows:
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Eq. (3.4) may be written, using the aforementioned parameters and are dimensionless, as:
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In dimensionless form, the starting condition for the velocity field may be stated as:

( ,0) 1 ru r e  . (8)   
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Equation (7) & (8) can be rewritten as,  
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Firstly,from eq. (20)finding 1u , we have: 
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Secondly, finding v1 from eq. (21), we have: 
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Now, by putting n = 1 in eq. (20) and (21), we have 2 2& .u v  

For finding 2 ,u we have: 
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Further, u2 become, 
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From eq. (30) we get: 
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Now from eq.(29) we have, 
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And after solving v2 in eq.(32) we have, 
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Finally, our adomian solution for blood velocity u(r, t), become , 
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Finally, we get: 

 

)37(.sin1 2

432

121 tata
tCosAa

t
A

eu r 







 

Where , 

GSJ: Volume 11, Issue 10, October 2023 
ISSN 2320-9186 732

GSJ© 2023 
www.globalscientificjournal.com



 

1 2

11 3 1
1 2 2 1 2

2

2

2 2 2

( 1) ( 1 ) (1 )

2 2 2 2 2 2 2 2

( 1) ( 1 ) (1 )

2 2 2

r
r r

r rr r r r r
r

r r r

e
a r R e a e

r

a e a e r a ae e r e r Re Re r R
a e r

G

a e r Ra e a e

r

  


      

         

   
  

  .           (38) 

 

Now since, 
2

0 1 2

0

n

n

v v v v v


    ,                                                                                             (39) 

2 22 2 2

1 1 2

2 2

Cos (1 )2 ( 1) ( 1 )
1

2 2 2 2

rr r
r a t A t a e tt e r t R e t t

v e
G G G rG G G G





  
          , 

21 1 2

2 2

Cos (1 )2 ( 1) ( 1 ) 1
1

2 2 2 2

rr r
r A t a a ee r R e

v e t t
G G G rG G G G





    
           

   
,   (40) 

21
5 62

Cos
1 .r A t

v e a t a t
G




        (41) 

Where, 

1 2
5 6 2

(1 )2 ( 1) ( 1 ) 1
,

2 2 2 2

rr ra a ee r R e
a a

G G rG G G G

  
       .     (42) 

 

Results &Discussion 

In the present section, the impacts of various flow parameters on Adomian-based 

solutions of steady and incompressible magneto-hydrodynamics blood and magnetic particle 

velocities inside a sloped cylindrical pipe are investigated as well as diagrammatically described 

here.Considering that, inside Figs.2 toward 4, charts of substantial motion boundaries of 

significance accommodates separate spiral axis ( 5.02.0  r ), exterior electromagnetic field 

(Ha = 0.5, 1, 1.5, 2) and inclination angle (
3

,
4

,
5

,
6

PiPiPiPi ). Other constants of liquid 

movementare A0=0.5, A1=0 (representing the steady state flow),R=0.5and = 
4

Pi .ADM’s 

solution againstvarious flow constraints are plotted in the Fig.2to4, Furthermore, the profiles of 

u(r, t) and v(r, t)are displayed against the time variable t, with the impact of the radial axis r, 

external magnetic field Ha, and inclination angle. In order to study the steady state flows, the 

unsteady parameter A1 = 0, for all these plots. 
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Fig.1 is showing blood and magnetic particles velocities at contrasting radial locations versus t. 

Tube-shapedpassage flow at contrasting radial spotsareexamined. At first, velocity blood motion 

is about identical near to totally radiating sites, however beingt > 0.1, as compared to the central 

point it is higher towards the border. Moreover, blood flow is maximal in the central location 

than as compared to the edge with time t. Then again, magnetic particles flow is progressive with 

both radial and temporal variable r and t respectively. 

 

 

Figure.2: Velocity plot versus various values of r. 

Fig. 3, indicates that the consequence of magnetic particle flow and an outwardattractive field 

againstplasma is examined. Because of the steady formation of the resistive force called Lorentz 

force inhibited flow behavior are recorded in both the cases. Furthermore, it is notice that 

magnetic particles flow is significantly reduced than as compared to blood flow. It isrealizing 

that by applying the appropriateoutward magnetic field we can regulate the blood and especially 

the magnetic particles flows. This judgment might be useful in some therapeutic treatments. 
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Figure.3: Various values of Ha besideVelocity plot. 

 

In Fig.4, profiles of the velocityu(r, t)and v(r, t)at contrary inclinations  have been intrigued, in 

order given.It is noted that the fluid and magnetic particles flows are enhanced with the arterial 

inclinations, as it is convenient to carrying the minerals rich fluidover, when compared to a non-

inclined arterial, an inclined artery is more advantageous. 

 

 

Figure.4: Various values of  compared to velocity plot. 

 

Conclusions 

A mathematical model has been established to examine the steady state blood and 

magnetic flows in an inclined cylinder-shapedpassageexposed to the transverse magnetic field. 
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The governing non-dimensional partial differential equation has been solved by a semi-analytical 

method ADM from the collected works. Velocity profiles for the blood and magnetic particles 

flows wereaccumulated through ADM scheme.Earlier the mathematical model was solved by 

using Caputo-fabrizio (CF) fractional order derivative with a non-singular kernel which has the 

limitations like it fails to fulfill the fundamental theorem of fractional calculus. However, in the 

current study Adomian Decomposition Method (ADM) which is appropriate for all sorts of 

linear and non-linear differential equations.The magnetic particles and the velocities of blood 

drop-off as the Hartmann number increases, according to Adomianbased research. Nevertheless, 

the velocitiesare enhanced withinclination angles. The graphical resultindicates that the blood 

and magnetic particleshave opposite flows behaviors inside the tubular artery. The findings 

might be valuable in the judgment and therapeutic handling of some medical problems. Also, the 

current outcomes could lead to the better designs of pads and machines. 

References: 

[1].  C. H. Lu, E. Salabas, &F. Schüth, “Highly Photoluminescent Carbon Dots for Multicolor 

Patterning, Sensors, and Bioimaging”AngewandteChemie Int. Ed, vol. 52, no. 14, pp. 3953-

3957, 2013. 

[2].  I. Rabias, D. Tsitrouli, E. Karakosta, T. Kehagias, G. Diamantopoulos, M. Fardis, &G. 

Papavassiliou, “Rapid magnetic heating treatment by highly charged maghemitenanoparticles 

on Wistar rats exocranialglioma tumors at microliter volume” Biomicrofluidics, vol. 4, no. 2, 

pp.1-11, 2010. 

[3].  T. Hayat, S. Qayyum, A. Alsaedi, &S. Asghar, “Radiation effects on the mixed convection 

flow induced by an inclined stretching cylinder with non-uniform heat source/sink” PLoS 

One, vol. 12, no. 4, pp. 1-12, 2017. 

[4].  B. McCarthy, R. Singh, &N. Levi-Polyachenko, “Oxaliplatin-resistant colorectal cancer 

models for nanoparticle hyperthermia”Int. J. of Hyperthermia,vol.38, no. 1: pp.152-164, 

2021. 

GSJ: Volume 11, Issue 10, October 2023 
ISSN 2320-9186 736

GSJ© 2023 
www.globalscientificjournal.com



 

[5].  A. Kondo, H. Kamura, &K. Higashitani, “Development and application of thermo-sensitive 

magnetic immunomicrospheres for antibody purification,” Applied microbiology and 

biotechnology, vol. 41, no. 1, pp. 99-105, 1994. 

[6].  C. H.Setchell, “Magnetic separations in biotechnology—a review,” Journal of Chemical 

Technology and Biotechnolog, Biotechnology, vol. 35, no. 3, pp.175-182, 1985. 

[7].  M. Lv, D. Li, Z. Zhang, B. E. Logan, J. P. van der Hoek, M. Sun,&Y. Feng, “Magnetic 

seeding coagulation: Effect of Al species and magnetic particles on coagulation efficiency, 

residual Al, and floc properties,” Chemosphere, vol. 268, no. 24, pp. 1-10, 2021. 

[8].  I. V. Zelepukin, A. V. Yaremenko, I. N. Ivanov, M. V. Yuryev, V. R. Cherkasov, S. M. 

Deyev, &M. P. Nikitin, “Long-term fate of magnetic particles in mice: A comprehensive 

study,” Acs Nano, vol. 15, no. 7, pp. 11341-11357, 2021. 

[9].  S. B. Somvanshi, P. B. Kharat, T. S. Saraf, S. B. Somwanshi, S. B. Shejul, &K. M. Jadhav, 

“Multifunctional nano-magnetic particles assisted viral RNA-extraction protocol for potential 

detection of COVID-19,” Materials Research Innovations, vol. 25, no. 3, pp.169-174, 2021. 

[10]. P. Tong, Y. Meng, J. Liang, &J. Li, “Molecularly imprinted electrochemical luminescence 

sensor based on core–shell magnetic particles with ZIF-8 imprinted material,” Sensors and 

Actuators B: Chemical, vol. 330, no.5, pp. 129-405, 2021. 

[11]. T. C. Grande, P. A. Augusto, J. Rico, J. Marcos, R. Iglesias, L. Hernández, &D.Barbosa, 

“Magnetic water treatment in a wastewater treatment plant: Part I-sorption and magnetic 

particles,” Journal of Environmental Management, vol. 281, no. 7, pp. 111-872, 2021. 

[12]. C. Y. Wang, “Fluid flow due to a stretching cylinder,” The Physics of fluids, vol. 31, no.3, 

pp.466-468, 1988. 

[13]. A. Ishak, R. Nazar, &I. Pop, “Uniform suction/blowing effect on flow and heat transfer due 

to a stretching cylinder,” Applied Mathematical Modelling, vol. 32, no.10, pp.2059-2066, 

2008. 

GSJ: Volume 11, Issue 10, October 2023 
ISSN 2320-9186 737

GSJ© 2023 
www.globalscientificjournal.com



 

[14]. C. Y. Wang, &C. O. Ng, “Slip flow due to a stretching cylinder,” International Journal of 

Non-Linear Mechanics, vol. 46, no. 9, pp. 1191-1194, 2011. 

[15]. M. A. Abdelhafez, A. A. Awad, M. A. Nafe, &D. A. Eisa, “Time-dependent viscous flow of 

higher-order reactive MHD Maxwell nanofluid with Joule heating in a porous 

regime,” Waves in Random and Complex Media, vol. 281, no.1,pp. 1-21, 2021. 

[16]. N. Abbas, S. Nadeem, A. Saleem, M. Y. Malik, A. Issakhov, & F. M. Alharbi, “Models base 

study of inclined MHD of hybrid nanofluid flow over nonlinear stretching cylinder,” Chinese 

Journal of Physics, vol. 69, no. 23, pp. 109-117, 2021. 

[17]. Z. M. Mburu, S. Mondal, &P. Sibanda, “Numerical study on combined thermal radiation and 

magnetic field effects on entropy generation in unsteady fluid flow past an inclined 

cylinder,” Journal of Computational Design and Engineering, vol. 8, no. 1, pp. 149-169, 

2021. 

[18]. A.S. Khound, D. Dey, &R. Borah, “Analysis of Visco-elastic Fluid Flow Over an Inclined 

Cylinder: A Numerical Approach,” In Emerging Technologies in Data Mining and 

Information Security,vol. 3, pp. 125-135, 2021. 

[19]. A. Dawar, Z. Shah, H. M. AlshehriIslam, &P. Kumam, “Magnetized and non-magnetized 

Casson fluid flow with gyrotactic microorganisms over a stratified stretching 

cylinder,” Scientific Reports, vol. 11, no. 1, pp. 1-14, 2021. 

[20]. R. Naveen Kumar, R. J. PunithGowda, G. D. Prasanna, B. C. Prasannakumara, K.  K .S 

Nisar, & W. Jamshed, “Comprehensive study of thermophoretic diffusion deposition velocity 

effect on heat and mass transfer of ferromagnetic fluid flow along a stretching 

cylinder,” Proceedings of the Institution of Mechanical Engineers, Part E: Journal of 

Process Mechanical Engineering, vol.45, no. 8, pp. 234-345, 2021. 

[21]. S. Mukhopadhyay, “MHD boundary layer slip flow along a stretching cylinder,” Ain Shams 

Engineering Journal, vol. 4, no. 2, pp.317-324, 2013. 

[22]. H. T. Lin, &Y. P. Shih, “Laminar boundary layer heat transfer along static and moving 

cylinders,” Journal of the Chinese Institute of Engineers, vol. 3, no. 1, pp. 73-79, 1980. 

GSJ: Volume 11, Issue 10, October 2023 
ISSN 2320-9186 738

GSJ© 2023 
www.globalscientificjournal.com



 

[23]. M. Waqas, M. Farooq, M. I. Khan, A. Alsaedi, T. Hayat, &T. Yasmeen, 

“Magnetohydrodynamic (MHD) mixed convection flow of micropolar liquid due to 

nonlinear stretched sheet with convective condition,” International Journal of Heat and Mass 

Transfer, vol. 102, no.7, pp. 766-772, 2016. 

[24]. T. Hayat, M. Imtiaz, A. Alsaedi, & S. Almezal, “On Cattaneo–Christov heat flux in MHD 

flow of Oldroyd-B fluid with homogeneous–heterogeneous reactions,” Journal of Magnetism 

and Magnetic Materials, vol. 401, no.5, pp. 296-303, 2016. 

[25]. T. Anwar, P. Kumam, &W. Watthayu, “Unsteady MHD natural convection flow of Casson 

fluid incorporating thermal radiative flux and heat injection/suction mechanism under 

variable wall conditions,” Scientific Reports, vol. 11, no. 1, pp. 1-15, 2021. 

[26]. M. Nazeer, F. Hussain, Q. Shahzad, M. I. Khan, S. Kadry, &Y. M. Chu, “Perturbation 

solution of the multiphase flows of third grade dispersions suspended with Hafnium and 

crystal particles,” Surfaces and Interfaces, vol. 22, no.3, pp. 1-16, 2021. 

[27]. G. Adomian, “Solving frontier problems of physics: the decomposition method, with a 

preface by Yves Cherruault,” Fundamental Theories of Physics, Kluwer Academic 

Publishers Group, Dordrecht, vol. 1, no.4, pp. 13-45, 1994. 

[28]. Lu, T. T., &Zheng,“Adomian decomposition method for first order PDEs with unprescribed 

data,” Alexandria Engineering Journal, vol.60, no. 2, pp. 2563-2572, 2021. 

[29]. M. Richard, &W. Zhao, “Padé-Sumudu-Adomian Decomposition Method for Nonlinear 

Schrödinger Equation,” Journal of Applied Mathematics, vol. 2, no.1, pp. 78-90, 2021. 

GSJ: Volume 11, Issue 10, October 2023 
ISSN 2320-9186 739

GSJ© 2023 
www.globalscientificjournal.com




