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2.  

Abstract 

 

Many physiological systems involving soft tissues depend on 

flow through a deformable porous media; coronary blood, 

for example, flows through arteries containing 

arteriosclerosis. Systems that permit highly viscous pressure 

force flows through elastic porous materials are said to be 

deformable. A novel mathematical model for the nonlinear 

convective flow for large temperature differences is 

developed based on this supposition. The constant 

magneto-convective flow of Jeffery fluid through a 

deformable porous material with nonlinear convection and 

heat radiation is the subject of this inquiry. The solid 

displacement, flow velocity, and energy equations' 

governing equations are built using well-established flow 

assumptions and one-way flow inside the impermeable 

vertical walls. The governing equations' dimensionless form is 

solved using the Spectral Chebyshev Collocation methods, 

and the fourth-order Shooting-Runge-Kutta Scheme is used 

to validate the solution. The Spectral Quasilinearization 

method is utilized in the limiting situation and validated 

against the body of existing research. The impacts of each 

flow parameter are explained through the display of graphic 

data. Tabular representation is also provided for results 

convergence and comparison. Understanding heat 

transport to soft tissues, particularly during hyperthermia for 

cancer treatment, is important, and this study contributes to 

that understanding.  
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1.0 Introduction 

Magneto-convection in porous media has garnered significant 

attention due to its applications in geothermal reservoirs, heat 

exchangers, and electromagnetic devices. Studies on magneto-

convection date back to the 1960s Chandrasekhar, S. (1961). Recent 

research focuses on magnetic fluid effects on convective flows 

[Finlayson (1972), Kaloni and Lou (2000), Siddiqa and Hossain (2013), 

Sheilkholeslami and Ganji (2015)]. For example, Bhattacharyya et al. 

(2019) analyzed magnetohydrodynamic flow in a porous medium. 

Numerous studies have revealed explored minimizing entropy 

formation in biological magneto-thermal fluid dynamics from 

computing entropy production rates and Bejan numbers in 

magnetized biofluid transfer (Beg et al., 2013) to analyzing entropy 

formation in magnetohydrodynamic viscoelastic nanofluid bio 

convection in a Darcian porous regime in thin film reactive mixed 

convection (Khan et al., 2019). Studies have looked at the effects of 

thermal radiation on entropy formation in dual immiscible non-

Newtonian Stokes' pair stress fluids, such as heat transfer and channel 

flow (Ramana Murthy et al., 2017), as well as how it contributes to the 

formation of entropy in non-Newtonian power-law convection from 

an axisymmetric stretched sheet through coupled radiative and 

viscous dissipation effects (Jamalabadi et al., 2016). 

 

The investigation into the flow of fluids within non-deformable 

permeable media stands as a dynamic field of research, embracing 

diverse branches of engineering and science. Numerous natural and 

industrial processes involve flexible mediums, such as insulation, Bio-

materials, and geo-materials, where the forces in fluid flow can cause 

significant deformations. The resulting impact on fluid flow becomes 

pronounced when with deformation, the characteristics of the 

material controlling fluid flow alter. Deformable porous media 

necessitate a concurrent solution for the equations for viscous flow 

and elastic deformation, a challenge addressed by the theory of 

mixtures elucidated by Biot (1941) within the geo-mechanics context. 

Zhao et al (2023) studied the transportation behavior of a porous 

media using a sandback model. Bui and Nguyen (2017) utilized the 

coupled approach of solid and fluid in a deformable porous medium, 

Rohan et al (2019) considered the flow in a deformable double-

porous structure described at two characteristic scales. Poro-elasticity 

theory, introduced by Biot (1956), describes fluid-solid interactions in 

porous materials. Studies have explored poro-elastic media’s 
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 influence on fluid flow [Bear (1972), Bowen (1980), Coussy (1995)]. 

Ouyang et al. (2020) investigated flow through porous media with 

elastic deformation. 

 

Research on non-Newtonian fluids, particularly Jeffery fluid, has grown 

due to its applications in biological and engineering systems [Tanner 

(1968), Sochi (2010), Fang (2013)]. Jeffery fluid’s viscoelastic properties 

are crucial in modeling blood flow and polymer solutions. Studies, such 

as those by Adesanya et al. (2017) on third-grade Reiner-Rivlin fluids 

with chemical reactions and Kumar et al. (2019) have explored 

entropy production and heat line visualization analysis on time-

dependent free convection flow of a second-grade elastic-viscous 

fluid. The Jeffrey fluid model, a versatile nonlinear viscoelastic 

hydrodynamic model, has been widely used to represent biophysical 

fluids, with studies by Varjraveluet al. (2011) highlighting its 

applicability. Mathematical studies, such as those by Manzoor et al. 

(2018) employing the method of Adomian decomposition, have 

investigated propulsion of Jeffrey's viscoelastic fluids in porous media 

by hydromagnetic ciliated media channels, observing significant 

modifications in momentum as well as thermal properties. Ramesh et 

al. (2018) theoretically examined the peristaltic pumping of 

viscoelastic two-phase blood using magnetohydrodynamics (MHD), 

noting the impact of Jeffery's viscoelastic parameter on fluid and 

particle phase flow, axial pressure gradient, and pressure differential in 

the area of pumping. 

 

Thermal radiation plays a vital role in energy transfer, especially in 

high-temperature applications. Researchers have incorporated 

radiation effects into convective flow models [Siegel and Howell 

(1972), Viskanta (1996), Takhar (1998)]. For instance, Makinde et al. 

(2007) examined radiation effects on MHD flow. Applications for 

research on viscous fluid flow with thermal radiation can be found in 

heating and cooling processes, as well as in space technology and 

high-temperature processes for effective system performance. 

Medical equipment is sterilized using thermal radiation, cancer and 

tumor treatment in hospitals, and in bakeries, toasting bread, cakes, 

and meat pies. Technological engineering incorporates this idea in 

the production of boilers, heaters, air conditioners, and processing 

crude oil. Rosseland (1931) initially provided the expression for 

radiation, subsequently made simpler by Cess and Sparrow (1962), 

and subsequently utilized in studies by Makinde et al. (2007), Makinde 

and Ibrahim (2011), Ganji et al. (2012), Sheikhollesmi (2015), and Abel 

and Mashesha (2007). Some scholars discuss the impact of heat 

radiation using linearized radiative heat flux, while others, such as 

Magyari and Pantokratoras (2011), argue for a more realistic 
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 approach using non-linear radiative heat flux. Novelty-related studies 

on this approach could be found in Mansour (1990), and Jha et al. 

(1990). 

 

Despite existing research, a comprehensive spectral numerical study 

integrating magneto-convection, Jeffrey fluid, poro-elastic media, 

thermal radiation, and buoyancy effects remains unaddressed. 

Numerous scholars have investigated fluid dynamics, considering flow 

through permeable conduits because of its importance in drainage, 

electronic materials' cooling/heating, and thermal insulation. Porosity 

enhances fluid suction/injection through pore spaces, illustrated in 

computer engineering cabinets intended to be channel-shaped for 

both human survival and cooling use of pores for breathing in air and 

perspiring. Ajibade et al. (2011), Miyatake et al. (1976), and Al-Nimr 

and Haddad (1999) examined convection flows in nature under 

varying pathway wall situations.  

 

2. Influence of Nonlinear Thermal Radiation and Buoyancy on 

Magneto-Convective Flow of Jeffery Fluid through a Deformable 

Porous Medium 
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Presenting the dimensionless variables and parameters 

  

Putting the dimensionless variables of equation (5) in (1) to (4) to have 
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The suitable boundary conditions are: 
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    (7) 

Weighted Residual Method of Solution 

 

By assuming an admissible solution of the Chebyshev polynomials form 

 j y  as a sum of N+1 in which   

     

     

     

0

0

0

,

,

N
N

j j

j

N
N

j j

j

N
N

j j

j

u y u y a y

y y b y

y y c y

 

 







  

  

  







  

    (8) 



 
 
 
 
 

 
 
 

6 

 

 
 

 

 
 

 

 
 

 

 

 

Corpus Intellectual 

ISSN PRINT 2811-3187 ONLINE  2811-3209    Volume 4 NO 4 2025 

 

 

 Where the  , ,j j ja b c  are coefficients to be determined based on the 

specified boundary conditions in (3.3.8)  
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  (10) 

The residues are forced to zero at the Gauss-Lobato points to get a 

system of nonlinear algebraic equations at  
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where iy  are defined  

 
1

1 cos , 0,1,2,...,
2

j

j
y j N

N

  
    

  
   (12) 

The result of numerical computation of (8) - (.12) is presented in 

section four in both graphical and tabular form. Next, the Shooting 

Runge-Kutta of order four is used to validate the spectral Chebyshev 

Collocation method. Both Graphical and tabular are presented 

below. 

 

Validation by Shooting RK-4 code. 

3. Graphical and Tabular Results for the Influence of Nonlinear Thermal 

Radiation and Buoyancy on Magneto-Convective Flow of Jeffery Fluid 

Through a Deformable Porous Medium 
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 Table3.1:Validation of Numerical Result when  

Ny=30;δ=1;M=0.1;ϕ=0.6;G=-1;λ1=0.2;R=0.1;m=0.1; ξ=0.1; γ=0.1; 

 

 
 

Table 3.2: Validation of Numerical Result when  

Ny=30;δ=1;M=0.1;ϕ=0.6;G=-1;λ1=0.2;R=0.1;m=0.1; ξ=0.1; γ=0.1; 

 

 
 

 

Table 3.3: Validation of Numerical Result when    

Ny=30;δ=1;M=0.1;ϕ=0.6;G=-1;λ1=0.2;R=0.1;m=0.1; ξ=0.1; γ=0.1; 
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Table 3.4: Convergence of SCCM when Np=60;δ=1;M=0.1;κ=0.6;G=-

1;λ1=0.2;R=0.1;m=0.1; ξ=0.1;γ=0.1; 

 

 
 

 
 

Figure 3.1: Effect of Jeffrey parameter on solid displacement 
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 Figure 3.2: Effect of Jeffrey parameter on flow velocity  

 
 

Figure  3.3: Effect of Jeffrey parameter on fluid temperature 

The effect of Jeffrey parameter on the solid displacement, flow 

velocity and fluid temperature as shown in figures (3.1) –(3.3). The 

result shows that as Jeffery parameter increases solid displacement 

and flow velocity rises while temperature decreases.  
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 Figure 3.4: Effect of porous permeability on solid displacement 

 
Figure 3.5: Porous permeability's impact on flow velocity 

 

 
Figure 3.6: Effect of porous permeability on fluid temperature 

The effect of porous permeability on the solid displacement, flow 

velocity and fluid temperature as shown in figures (3.4) – (3.6). The 

graph shows that as the porous permeability increases solid 

displacement and flow velocity increases but fluid temperature 

decreases. 
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Figure 3.7: Effect of magnetic body force parameter on solid 

displacement 
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 Figure 3.8: Effect of magnetic body force parameter on flow velocity 

 
 

Figure 3.9: Effect of magnetic body force parameter on fluid 

temperature 

 

The effect of magnetic body force parameter on solid displacement, 

flow velocity and fluid temperature as seen in figures (3.7) – (3.9). The 

graph shows that as the magnetic body force parameter increases 

the solid displacement and flow velocity while the fluid temperature 

decreases with increase in M. 
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 Figure 3.10: Effect of thermal radiation on solid displacement 

 
Figure 3.11: Effect of thermal radiation on flow velocity 
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 Figure 3.12: Effect of thermal radiation on fluid temperature 

The effect of thermal radiation is presented on solid displacement, 

flow velocity and fluid temperature as seen in figures (3.10) to (3.12). 

The result shows that as thermal radiation increases solid displacement 

as well as flow velocity increases while fluid temperature deceases. 

 

 
Figure 3.13: Effect of kinetic parameter on solid displacement  
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Figure 3.14: Effect of kinetic parameter on flow velocity 

 

 
Figure 3 15: Effect of kinetic parameter on fluid temperature 

The effect of kinetic parameter on solid displacement, flow velocity 

and fluid temperature is presented in figures (3.13) to (3.15). The result 

reveals that as thermal radiation parameter increases solid 

displacement and flow velocity increases as well while fluid 

temperature decreases. 
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 Figure 3.16: Effect of heat transfer coefficient on solid displacement 

 
Figure 3.17: Effect of heat transfer coefficient on flow velocity 

 
Figure 3.18: Effect of heat transfer coefficient on fluid temperature  

The effect of heat transfer coefficient on solid displacement, flow 

velocity and fluid temperature as shown in figures (3.16) – (3.18). The  

result shows that an increase in heat transfer coefficient leads to an 

increase in solid displacement and flow velocity while an increase in in 

heat transfer leads to a decrease in fluid temperature.   
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Figure 3.19: Effect of non-linear convective term on solid displacement 

 
Figure 3.20: Effect of non-linear convective term on flow velocity 
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 Figure 3.21: Effect of non-linear convective term on fluid temperature 

The effect of non-linear convective term parameter on solid 

displacement, flow velocity and fluid temperature as shown in (3.19) – 

(3.21). The graph shows that as the non-linear convective term 

parameter increases the solid displacement and flow velocity 

increases as well, while the fluid temperature decreases with increase 

in non-linear convective term parameter. 

 

Conclusion 

 

This work presents a comprehensive mathematical and numerical 

investigation inspired by the development of a multiphysical model for 

transport in deformable, magneto-biothermal systems. The study 

focuses on magnetohydrodynamic flow and heat transfer within an 

electro-conductive viscoelastic flow in a vertical channel with a 

porous-elastic medium. The analysis incorporates thermal buoyancy 

and radiative flux effects, aiming to provide robust solutions for fluid 

velocity, solid displacement, and temperature distribution through the 

numerical solution of the non-dimensionalized boundary value 

problem. 

 

The accuracy of computations using the Spectral Collocation Method 

(SCCM) and the Shooting RK-4 method is verified by comparing results 

with an alternative numerical approach, the Sequential Quadratic 

Linearization Method (SQLM). The validity of the obtained answers is 

confirmed through contrast with Runge-Kutta shooting quadrature 

and the Spectral Collocation Method (SCM). Graphical 

representations are utilized to illustrate the influence of parameters 

such as Jeffrey's viscoelasticity, viscous drag, magnetic field, radiation, 

and buoyancy on temperature, solid displacement, and flow velocity. 

These simulations have direct relevance to innovative techniques in 

bio-magnetic high-temperature therapy, where thermal effects are 

induced in the solid/fluid composite biomaterials of the human body 

through magnetic fields. Considering the non-Newtonian properties of 

interstitial fluids and their electrical conductivity resulting from the ionic 

nature of biofluids, an accurate representation requires a rheological 

model incorporating magnetic body force terms. The graphical 

representations highlight the impact of various physical parameters on 

fluid velocity, solid displacement, temperature, shear stress, and 

Nusselt numbers. 
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 5.2 Recommendations 

 

Based on the findings from this work the researcher’s hereby 

recommend the following: 

 

1. Utilize more method to ensure robustness and reliability in 

establishing the existence and uniqueness of solution 

2. Compare the outcomes obtained from both methods to ensure 

consistency and reliability 

3. Conduct sensitivity analyses to assess the robustness of the solutions 

with respect to variations in parameters and boundary conditions. 

4. Implement Spectral numerical methods such as spectral collocation 

or shooting RK4 methods known for their accuracy and efficiency 

5. Conduct convergences studies to ensure the numerical framework 

accurately captures the effects or internal heat generation across 

spatial and temporal resolutions 

6. Conduct parametric studies to explore the interplay between 

nonlinear radiation, buoyancy and other relevant parameters. 

7. Interpret the findings in the context of practical applications, 

highlighting any emergent behaviors or unexpected phenomena 

resulting from the combined effects 

8. Explore the implications of the findings for specific applications, 

such as thermal management systems or electrothermal devices 

9. Investigate potential coupling effects between thermal and 

electrical  properties, considering their mutual influence on the overall 

system dynamics.      
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