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Abstract. In this research work, a mathematical model for an unsteady, magnetohydrodynamic (MHD) 

non-Newtonian blood flow, through porous blood vessels, using an oscillatory harmonic pressure gradient 

to describe the dynamic of blood flow during surgery was studied. Blood was modeled as a fourth 

grade non-Newtonian fluid. The governing model equation was solved semi analytically, using modified 

homotopy perturbation method (MHPM) with the help of MATHEMATICA SOFTWARE to simulate 

the velocity profile. The MHPM, was based on the application of Laplace transform combined with 

the homotopy perturbation method (HPM). The effect of magnetic field, porosity, body acceleration, 

pressure gradient, third and fourth-grade non-Newtonian fluid parameters and Womerseley parameter on 

the flow behavior velocity was examined. The main important results obtained are; the velocity of the 

blood decreases as the value of both the parameters representing the magnetic field, porosity, and third 

grade non-Newtonian fluid increases. Also, the velocity of the blood increases as the value of body 

acceleration, pressure gradient and fourth grade non-Newtonian fluid parameter increases. 

Keywords: Local magnetic field, Pressure gradient, Porous medium, Fourth grade non-Newtonian fluid. 

----------------------------------------------------------------------------------------------------------------------------------- ---- 

Date of Submission:  11-10-2024                                                                            Date of acceptance: 25-10-2024 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

I. Introduction 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 104 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 105 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 106 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 107 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 108 

 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 109 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 110 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 111 

 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 112 

 

 
 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 113 

 

 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 114 

Acknowledgements 

The authors acknowledge the facilities provided by the Federal Polytechnic, Bauchi and Tertiary  

Education trust fund (TETFUND). 

 

Conflict of interest 

The author declared that, there is no conflict in this research. 

 

Funding 

This research is funded by Tertiary Education Trust Fund (TETFUND), Nigeria, through institutional 

based research (IBR) with award grant number FPTB/REC/TETFUND/RP/2020-2021/BATCH 8 

of 21st November, 2022 

 

References 
[1] Abdulhameed, M., Roslan, R., and Bin Mohamad, M. (2014). A Modified Homotopy Perturbation Transform Method for 

Transient Flow of a Third Grade Fluid in a Channel with Oscillating Motion on the Upper Wall. Journal of 

Computational Engineering. 

[2] Abdulhameed, M., Vieru, D., Roslan, R., and Shafie, S. (2015). Exact Solution of Unsteady Flow Generated by 
Sinusoidal Pressure Gradient in a Capillary Tube. Alexandria Engineering Journal, 54(4): 935–939. 

[3] Agarwal, R., and Varshney, N.K. (2014). Slip Velocity Effect on MHD Oscillatory Blood Flow Through Stenosed 

Artery. Comput. Optim. Appl., 5(1): 84-90. 
[4] Akbarzadeh, P. (2016). Pulsatile Magneto-hydrodynamic Blood Flows through Porous Blood Vessels Using a Third grade 

Non-Newtonian Fluids Model . Computer methods and programs in biomedicine., 126(6): 3–19. 

[5] Chaturani, P., and Palanisamy, V. (1990). Casson Fluid Model for Pulsatile Flow of Blood Under Periodic Body 
Acceleration. Biorheology 27(5): 619-630. 

[6] Chaturani, P., and Palanisamy, V. (1991). Pulsatile Flow of Blood with Periodic Body Acceleration. 

I nternational Journal of Engineering Science, 29(1): 113–121. 
[7] Cherry, E.M., and Eaton, J.K. (2014). A comprehensive Model of Magnetic Particle Motion During Magnetic Drug 

Targeting.International Journal of Multiphase Flow, 59: 173-185. 

[8] Das, K., and Saha, G.C. (2009). Arterial MHD Pulsatile Flow of Blood Under Periodic Body Accel- eration. Bulletin of 
Society of Mathematicians Banja Luka, 16: 21-42. 

[9] Eldabe, N., Agoor, B.M., and Alame, H. (2014). Peristaltic Motion of Non-Newtonian Fluid with Heat and Mass Transfer 

Through a Porous Medium in Channel Under Uniform Magnetic Field. Journal of Fluids, 2014: 177-182. 
[10] Eldesoky, I.M. (2012). Slip Effects on he Unsteady MHD Pulsatile Blood Flow Through Porous Medium in an Artery Under 

the Effect of Body Acceleration. Pelagia Research Library, Advances in Applied Science Research, 2012. 

[11] Ellahi, R., Riaz, A. (2010). Analytical Solutions for MHD Flow in a Third-grade Fluid with Variable Viscosity. 
Mathematical and Computer Modelling 52(9): 1783-1793. 

[12] Fung, Y.C. (1997). Biomechanics: Circulation 2nd. New York: Springer Science. 

[13] Ghasemi, S.E., Hatami, M., Sarokolaie, A.K., and Ganji, D.D. (2015). Study on Blood Flow Contain- ing Nanoparticles 
Through Porous Arteries in Presence of Magnetic Field Using Analytical Methods. Physica E: Low-dimensional Systems and 

Nanostructures, 70: 146-156. 

[14] Ghorbani, A. (2009). Beyond Adomian polynomials: He Polynomials. Chaos, Solitons & Fractals, 39(3): 1486-1492. 
[15] Hatami, M., Hatami, J., and 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 and programs in biomedicine, 

113(2): 632-641. 
[16] Ibarz, A., Castell-Perez, E., and Barbosa-Cánovas, G.V. (2009). Newtonian and Non-Newtonian Flow. Food 

Engineering., II: 11. 

[17] Jain, M., Sharma, G.C., and Singh, A. (2009). Mathematical Analysis of MHD Flow of Blood in Very Narrow 
Capillaries (RESEARCH NOTE). international journal of engineering, 52(72): 361-375. 

[18] Jamil, D.F., Roslan, R., Abdulhameed, M., Che-Him, N., Sufahani, S., Mohamad, M., and Ka- mardan, M.G. (2018). 

Unsteady Blood Flow with Nanoparticles Through Stenosed Arteries in the Presence of Periodic Body Acceleration. 
Journal of Physics: Conference Series 995(1): 012032. 

[19] Jamil, D.F., Roslan, R., Abdulhameed, M., and Hashim, I. (2018). Controlling the Blood Flow in the Stenosed Porous 

Artery with Magnetic Field. Sains Malaysiana, 47(10): 2581-2587. 
[20] Khan, Y., and W.Q. (2011). Homotopy Perturbation Transform Method for Nonlinear Equations Using He’s 

Polynomials. Computers & Mathematics with Applications, 61(8): 1963-1967. 

[21] Larson, R.G. (1999). The Structure and Rheology of Complex Fluids., 150: 33-47. 
[22] Majhi, S.N., and Nair, V.R. (1994). Pulsatile Flow of Third Grade Fluids Under Body Acceleration Modelling Blood Flow. 

International Journal of Engineering Science, 32(5): 839–846. 

[23] Mandal, M S., Mukhopadhyay, S., and Layek, G.C. (2012). Pulsatile Flow of Shear-dependent Fluid in a Stenosed 
Artery. Theoretical and Applied Mechanics., 39(3): 209-231. 

[24] Massoudi, M., and Phuoc, T.X. (2008). Pulsatile Flow of Blood Using a Modified Second-Grade Fluid Model. 
Computers & Mathematics with Applications, 56(1): 199–211. 

[25] Misra, J.C., Adhikary, S.D., and Shit, G.C. (2008). Mathematical Analysis of Blood Flow Through an Arterial 

Segment with Time-Dependent Stenosis. Mathematical Modelling and Analysis, 13(3): 401–412. 
[26] Mosayebidorcheh, S., Hatami, M., Mosayebidorcheh, T., and Ganji, D.D. (2016). Effect of Peri- odic Body 

Acceleration and Pulsatile Pressure Gradient Pressure on Non-Newtonian Blood Flow in Arteries. Journal of the Brazilian 

Society of Mechanical Sciences and Engineering, 38(3): 703–708. 
[27] Morales, H.G., Larrabide, I., Geers, A.J., Aguilar, M.L., and Frangi, A.F, (2013). Newtonian and Non-Newtonian 

Blood Flow in Coiled Cerebral Aneurysms. Journal of biomechanics, 46(13): 2158– 2164. 

[28] Ponalagusamy, R and Priyadharshini, S. (2017). Nonlinear Model on Pulsatile Flow of Blood Through a Porous 
Bifurcated Arterial Stenosis in the Presence of Magnetic Field and Periodic Body Acceleration. Computer methods and 

http://www.ijeijournal.com/


Development of Mathematical Modeling Using the Application of Local Magnetic Field to .. 

www.ijeijournal.com                                                                                                                                  Page | 115 

programs in biomedicine, 142: 31-41. 

[29] Rajagopal, K.R. (1995). Navier—Stokes Equations and Related Nonlinear Problems.  1995:  273-278. 
[30] Rivlin, R.S. (1955). Further Remarks on the Stress-Deformation Relations For Isotropic Materials. 

Journal of Rational Mechanics and Analysis, (4): 681-702. 

[31] Rossow, V.J. (1958). On Flow of Electrically Conducting Fluids Over a Flat Plate in the Presence of a Transverse 
Magnetic Field. 

[32] Sharma, M.K., Sharma, P.R., and Nasha, V. (2013). Pulsatile MHD Arterial Blood Flow in the Presence of Double 

Stenoses. Journal of Applied Fluid Mechanics, 6(3): 1-8. 
[33] Shit, G.C., and Roy, M. (2011). Pulsatile Flow and Heat Transfer of a Magneto-Micropolar Fluid Through a Stenosed Artery 

Under the Influence of Body Acceleration. Journal of Mechanics in Medicine and Biology, 11(3): 643-661. 

[34] Siddiqui, S.U., and Awasthi, C. (2017). Mathematical Analysis on Pulsatile Flow through a Catheterized Stenosed Artery. 
Journal of Applied Mathematics and Physics, 5(9): 1874. 

[35] Siddiqui, S.U., and Shah, S.R. (2015). A Biomechanical Approach to Study the Effect of Body Acceleration and Slip 

Velocity Through Stenotic Artery. Applied Mathematics and Computation, 261: 148-155. 
[36] Siddiqui, S.U., Verma, N.K., Mishra, S., and Gupta, R. (2009). Mathematical Modelling of Pulsatile Flow of Casson’s 

Fluid in Arterial Stenosis. Applied Mathematics and Computation, 210(1): 1-10. 

[37] Sinha, A., Shit, G.C., and Kundu, P.K. (2013). Slip Effects on Pulsatile Flow of Blood Through a Stenosed Arterial 
Segment Under Periodic Body Acceleration. ISRN Biomedical Engineering, 2013: 76-90. 

[38] Srivastava, N. (2014). Analysis of Flow Characteristics of the Blood Flowing through an Inclined Tapered Porous Artery 

with Mild Stenosis Under the Influence of an Inclined Magnetic Field. Journal of Biophysics., 2014: 143-156. 

[39] Tan, W., and Masuoka, T. (2005). Stokes’ First Problem for an Oldroyd-B Fluid in a Porous Half Space.Physics of 

Fluids, 17(2): 023101. 

[40] Tanwar, V.K., Varshney, N.K., and Agarwal, R. (2016). Effect of Body Acceleration on Pulsatile Blood Flow Through 
a Catheterized Artery. Advances in Applied Science Research, 7(2): 155–166. 

[41] Uddin, S., Mohamad, M., Kamardan, M., Mohamad, M.A., Sufahani, S., and Rozaini, R. (2019). Electromagnetic Control of 

Fluid with Magnetic Particles in the Stenosed Region. IOP Conference Series: Materials Science and Engineering, 551(1): 
012067. 

[42] Verma, N., and Parihar, R.S. (2009). Effects of Magneto-Hydrodynamic and Hematocrit on Blood Flow in an Artery with 

Multiple Mild Stenosis. International Journal of Applied Mathematics and Computation, 1:(1) 30-46. 
[43] Cedric, G., Njingang, K., Pascalin, T.K., Didier, F., and Ghislain, T. (2021). 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. 

[44] Hartmann, Jul. : Hg-Dynamics I-Theory of the Laminar Flow of an Electrically Conductive Liq- uid in a 

Homogeneous Magnetic Field. Kgl. Danske Videnskabemes Selskab, hlathematiak- Fysiske Meddelelser, vol. 15, no. 6, 
Copenhagen, 1937 

[45] Dzuliana, F. J., Saleem, S., Rozaini, R., Fahad, S. A., Mohammad, R., Alibek, and Salah Ud Din. (2021). Analysis of 
non-Newtonian magnetic Casson blood flow in an inclined stenosed artery using Caputo-Fabrizio fractional derivatives. 

Computer Methods and Programs in Biomedicine 203: 106044. 

[46] Nidal, H. A., Rashad, A.R., Bantan, F. A., and Ashkan, A., (2020). Controlled drug delivery using the magnetic 
nanoparticles in non-Newtonian blood vessels. Alexandria Engineering Journal 59, 4049- 4062. 

http://www.ijeijournal.com/

