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Abstract 

Consideration of non-Newtonian fluid flow in combination with deformable porous materials is necessary for many engineering 

applications involving thermal transport. These applications combine fluid dynamics, heat transport, and structural deformation, 

with or without interaction. This work analyses nonlinear convective heat transfer of a Jeffery fluid flowing through a deformable 

porous medium under the effect of fluid-structure interaction, variable fluid properties, nonlinear buoyancy, magnetic forces, 

and viscous dissipation and Ohmic heating. A coupled fluid flow and heat transport solid deformation problem is formulated and 

converted to a set of nonlinear PDEs. These equations are used to construct the model, and the SCCM is used for the numerical 

solution. The fourth-order Runge– Kutta shooting method is used to check the results and control the accuracy of the numerical 

solution. Viscous dissipation and Ohmic heating study showed that the combination of both effects assists internal energy 

generation, leading to an increase in temperature, while fluid velocity and solid deformation are altered. The influence of a 

magnetic field is realized when the Lorentz force acts on the fluid. An increase in porosity leads to an increase in the fluid flow 

and solid deformation. Stronger nonlinear buoyancy strengthens convection, harnessing the fluid’s motion and thermodynamic 

transport capacity. The overall results show that fluid-structure interaction modeling with inhomogeneous properties, nonlinear 

buoyancy, magnetism, viscous friction, and Ohmic dissipation captures a more accurate description of transport phenomena 

occurring in deformable porous media. The results add to existing literature and provoke new directions for the study and 

determination of optimal configurations of engineering systems in which viscoelastic fluids interact with porous medium 

structures. 
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1. Introduction 

Heat transfer and convection within porous media are one 

of the fastest-growing research domains due to the broad 

range of applications that are found in biology, geophysics, 

and engineering. Some examples would be the enhancement 

of oil recovery, geothermal energy recovery, filtration, and bi-

ofluid dynamics. The analysis of the fluid flow within the po-

rous medium is essential for efficient heat transfer and optimi-

sation of the process of transporting the fluid from one place 

to another. Several investigations have been carried out re-

garding fluid flow through porous media considering different 

physical settings such as Darcy effects, convective conditions, 

mixed convection flow, and the effect of radiation. For exam-

ple, Sreepada and Ontela [1] investigated nonlinear free con-

vective Casson fluid flow in a non-Darcy porous medium with 

convective boundary conditions, while Bawazeer and Alsoufi 

[2] examined natural convection in a square cavity under var-

ying Rayleigh and Prandtl numbers. Shoaib, et al. [3] pre-

sented a numerical treatment for nonlinear mixed convection 

and thermal radiative Newtonian fluid flow, whereas Nazir, et 

al. [4] analysed thermal and solutal transport in Casson 

nanofluid flow subjected to mixed convection and radiation 

effects. Jan, et al. [5]; Gangadharaiah, et al. [6] and Khan, et 

al. [7] also explored convective transport phenomena in dif-

ferent porous and cavity configurations. Furthermore, Shafiq, 

et al. [8]; Nalini, et al. [9] and Milon, et al. [10] studied non-

linear squeezing flow, magnetohydrodynamic convective 

transport, and unstable free convective flow in porous systems 

under different thermal conditions. 

Besides, non-Newtonian fluid models have also been con-

sidered extensively due to their capability to depict the non-

Newtonian nature of various industrial fluids. Non-Newtonian 

fluid models like power-law fluid, Casson fluid, and Jeffery 

fluid have been used to describe those materials exhibiting 

both viscosity and elasticity [1, 4, 6, 7, 14]. The Jeffery fluid 

model has lately drawn a great deal of attention because of its 

ability to describe fluids showing memory effects arising due 

to the ratio of relaxation to retardation times. Such properties 

are very important in polymeric solutions, biological fluids, 

and industrial process fluids. Moreover, thermal processes 

such as Ohmic heating and dissipation play a significant role 

in generating internal energy by influencing fluid flow and 

temperature field distribution. Such processes are very perti-

nent in electrically conducting fluids owing to the interaction 

between electromagnetic, momentum, and heat transfer pro-

cesses. Banjo, et al. [11] recently investigated the second-law 

analysis of reactive electroosmotic flow of couple-stress fluids 

with temperature-dependent properties and two-step chemical 

reactions, highlighting the importance of coupled thermal and 

reactive mechanisms in non-Newtonian transport systems. 

Khalid, et al. [12] discussed the recovery of valuable sub-

stances using Ohmic heating-assisted extraction, while Saeed-

abad, et al. [13] investigated Ohmic heating enhancement of 

sesame protein isolate properties. Altay, et al. [14] examined 

the combined effect of ultrasonication and Ohmic heating on 

cheese protein functionality, whereas Das, et al. [15] incorpo-

rated Ohmic heating into a Casson quadra-hybrid nanofluid 

model. In addition, Jafari, et al. [16]; Sousa, et al. [17] and 

Maspeke, et al. [18] highlighted the growing relevance of 

Ohmic heating in food processing, microalgae biomass extrac-

tion, and industrial thermal systems. 

However, in practical applications, deformable porous me-

dia can interact with each other through fluid-structure inter-

action (FSI). In this case, deformation of the porous structure 

increases the role of the coupling between fluid motion, ther-

mal processes, and structural reactions. Earlier work provided 

the theoretical background to modelling deformable porous 

media and poro-elastic systems, where the key role of multi-

physics couplings is demonstrated. Auriault and Lewandow-

ska [19] and Muljadi [20] examined the theory and transport 

dynamics of deformable porous media. The pioneering work 

of Biot [21] established the general theory of three-dimen-

sional consolidation, while Coussy [22]; Bowen [23]; Auriault 

[24] and Lewis and Schrefler [25] contributed significantly to 

poromechanics and deformable porous medium modelling. 

More recently, Bui and Nguyen [26]; Turjanicová, et al. [27] 

and Vernerey [28] further demonstrated the importance of 

coupled fluid-solid interactions in deformable porous struc-

tures. 

Nevertheless, despite considerable progress in the field of 

deformable porous systems, most studies focus only on sev-

eral factors simultaneously. Currently, there is no systemic ap-

proach taking into account Jeffery viscoelastic fluid behaviour, 

deformable porous material, variable thermal properties, non-

linear buoyancy force, and two types of dissipation arising 

from viscous dissipation and Ohmic heating. Babu, et al. [29] 

investigated nonlinear magneto-convection under thermal and 

compositional buoyancy, while Mayeli and Sheard [30] stud-

ied weakly nonlinear bifurcation behaviour in horizontal con-

vection. Khait and Voskov [31] analysed nonlinear flow and 

transport with buoyancy effects, whereas Asiri, et al. [32] and 

Rehman, et al. [33] examined entropy generation and nonlin-

ear coupled heat transfer systems in magnetised enclosures. 

Furthermore, Rehman, et al. [34] explored thermally reactive 

bioconvection influenced by activation energy and buoyancy 

forces, while Kersalé, et al. [35] investigated nonlinear mag-

netic buoyancy instabilities. Mallikarjuna, et al. [36] also car-

ried out a spectral numerical study of magneto-convective vis-

coelastic biofluid flow through poroelastic media with thermal 

radiation and buoyancy effects. However, these studies did not 

simultaneously account for Jeffery viscoelastic fluid behav-

iour, deformable porous structure, nonlinear buoyancy, vis-

cous dissipation, and Ohmic heating within a unified frame-

work. For this reason, standard models are unable to ade-

quately describe real-life thermofluid-structural coupling. 

Thus, motivated by existing gaps, this study intends to for-

mulate a systemic model of non-linear Jeffery viscoelastic 
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fluid incorporating heat transfer and convective flow in de-

formable porous media. The current work proposes a mathe-

matical model accounting for FSI effects, nonlinear buoyancy, 

variable thermal properties, viscous dissipation, and Ohmic 

heating to represent real-life multi-physics couplings. The 

problem is numerically solved with the help of the Spectral 

Chebyshev Collocation Method (SCCM), and its accuracy is 

validated through a method based on a fourth-order Runge-

Kutta shooting procedure. The impact of the main physical 

parameters on velocity profile, temperature distribution, and 

solid displacement has been extensively analysed. The ob-

tained insights can be used to improve understanding of the 

relationships between viscoelastic fluid behaviour, deforma-

ble porous media, and thermal processes in various areas of 

technology and engineering, including bioengineering, energy 

systems, and porous material improvement. The other sections 

of the paper are structured as follows: the mathematical for-

mulation is presented in Section 2, numerical approaches are 

described in Section 3, the results are analysed in Section 4, 

and conclusions are made in Section 5. 

2. Mathematical Formulation 

The steady flow and heat transfer of Jeffery fluid through a 

non-rigid porous medium is examined through a vertical chan-

nel experience magnetic field and thermal radiation. The 

channel walls are assumed to be infinitely long and perpendic-

ular with the horizontal wall and positioned Y = ±H and acts 

primary boundaries as shown in Figure 1. The Jeffery fluid is 

further assumed to be electrical-conducting and experiences 

the retarding Lorentz force effects due to the presence of mag-

netic field. 

Considering the incompressible nature of Jeffery fluid and 

taking the effects of viscous diffusion, solid displacement due 

to deformation of the porous frame and thermal expansion into 

consideration, the solid displacement and momentum equa-

tions are formulated. Furthermore, the energy equation con-

sidered the variation of thermal conductivity, energy loss due 

to viscosity and other heatings due to electrical resistance, 

Ohmic and viscous dissipation. In this regard, the dimensional 

equations governing the flow and thermal structure can be 

written as: 

 
Figure 1. Model configuration. 

𝜇
𝑑2𝑈

𝑑𝑌2
− (1 − 𝜙)

𝑑𝑃

𝑑𝑋
+ 𝐾𝑉 = 0                             (1) 
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2)𝑉2

𝜌𝑐𝜌
= 0              (3) 

Additional terms in (1)-(3) are due to the inclusion of non-

linear buoyancy, variable thermal conductivity, and Ohmic 

heating of the fluid. The variability of the fluid properties is 

dependent on temperature. 

The boundary conditions are: 

𝑈(𝑌) = 0, 𝑉(𝑌) = 0, 𝑇(𝑌) = 1, 𝑌 = ±1  (4) 

Introducing the parameters and dimensionless variables 

𝑦 =
𝑌

ℎ
, 𝑥 =

𝑋

ℎ
, 𝑣 =

2𝜇𝑎𝑉

𝜌𝑔𝛽ℎ2(𝑇1−𝑇0)
, 𝑢 =

𝜇𝑈

𝜌𝑔𝛽ℎ2(𝑇1−𝑇0)
, 𝜃 =

𝑇−𝑇0

𝑇1−𝑇0
,  

𝑝 =
𝑃

𝜌𝑔𝛽ℎ(𝑇1−𝑇0)
, 𝜅 =

𝜌2𝑔2𝛽2ℎ
2(𝑇1−𝑇0)

2𝜇𝑎𝐾0
, 𝛿 =

𝐾ℎ
2

2𝜇𝑎
,  𝑀 = 𝐵0ℎ√

𝜎

2𝜇𝑎
 ,                          (5) 

Substituting the dimensionless variables of equation (6) in (1) to (3) and (5) to have 
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𝑑2𝑢

𝑑𝑦2
− (1 − 𝜙)
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𝑑2𝜃

𝑑𝑦2
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𝑑𝑦
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2
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𝑑𝑦
)
2

+ (𝛿 +
𝑀2

(1+𝜀𝜃)
)𝛼𝑣2 = 0}

 
 

 
 

                   (6) 

The appropriate boundary conditions are: 

𝑢(𝑦) = 0, 𝑣(𝑦) = 0, 𝜃(𝑦) = 1, 𝑦 = ±1                              (7) 

Table 1. Nomenclature. 

𝝁  Dynamic viscosity 𝑼  Displacement of the solid. 

𝜙  Proportion of medium porous volume 
𝑑𝑃

𝑑𝑋
  Gradient pressure 

𝐾  Media coefficient of porous drag 𝑉  Velocity flow 

𝜇𝑎  Lame's constant 𝜆1  Ratio of retardation and relaxation time 

𝜎  Electrical conductivity 𝐵0  Magnetic field 

𝜌   Density 𝛽  Expansion of the heat coefficient 

𝑇   Temperature 𝑇0  Arbitrary temperature 

𝐾0  Thermal conductivity 𝑐𝑝  Constant pressure specific heat 

𝑞𝑟  Flux radiation parameter M Magnetic parameter 

𝜀  Variable electrical conductivity 𝛾  Nonlinear buoyancy parameter 

N Viscous dissipation parameter 𝜃  Dimensionless temperature 

 

3. Method of Solution 

The Spectral Chebyshev Collocation Method (SCCM) to-

gether with the shooting method that uses the fourth-order 

Runge-Kutta (RK4) scheme will establish a solid framework 

to resolve the nonlinear coupled differential equations pre-

sented in equations (6) and (7). The SCCM delivers excellent 

spectral accuracy through its exponential-convergence 

method, which handles strong nonlinearities and tightly cou-

pled systems by converting the governing equations into an 

algebraic equation system. The system employs Chebyshev-

Gauss-Lobatto collocation points that concentrate near the do-

main boundaries to achieve superior boundary-layer and 

steep-gradient detection capabilities. 

By assuming an admissible solution of the Chebyshev pol-

ynomials form 𝛷𝑗(𝑦) as a sum of N+1 in which 
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
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

        (8) 

where (𝑎𝑗 , 𝑏𝑗 , 𝑐𝑗) are coefficients that are established in ac-

cordance with the boundary conditions mentioned in (7) 

𝑅1 = 𝑢𝑦𝑦
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𝑑𝑝
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+ 𝛿𝑣𝑦
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𝑅2 =
1

1+𝜆1
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𝑁 − 𝜙
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𝑣𝑁 + 𝜃𝑁(1 + 𝛾𝜃𝑁),

𝑅3 = (1 + 𝜅𝜃)𝜃𝑦𝑦
𝑁 + 𝜅𝜃𝑦

2𝑁 +
𝑁

(1+𝜆1)
𝑣𝑦
2𝑁 + (𝛿 +

𝑀2

(1+𝜀𝜃𝑁)
)𝑁𝑣2𝑁

}
 
 

 
 

                   (9) 

together with 

𝑢𝑁(±1) = 0, 𝜃𝑁(±1) = 𝜃𝑊 ,  𝜙
𝑁(±1) = 1       (10) 
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The residues are forced to zero at the Gauss-Lobato points 

to get a system of nonlinear algebraic equations at 

𝑅1(𝑦𝑗) = 𝑅2(𝑦𝑗) = 𝑅3(𝑦𝑗) = 0, 𝑗 = 0,1,2, … , 𝑁   (11) 

where 𝑦𝑖  are defined 

𝑦𝑗 =
1

2
(1 − 𝑐𝑜𝑠 (

𝑗𝜋

𝑁
)) , 𝑗 = 0,1,2, . . . , 𝑁       (12) 

Finally, substituting equation (9) into equation (11) and us-

ing Wolfram Mathematica environment, the validation, con-

vergence and parametric analysis are presented in tabular and 

graphical results in the next section. 

4. Results and Discussion 

The Spectral Chebyshev Collocation Method (SCCM) was 

verified using the Shooting Runge Kutta fourth-order (SRK4) 

method to confirm the correctness and dependability of the 

numerical solutions. The governing non-linear equations were 

written as an initial value problem and numerically solved us-

ing Mathematica for the sake of comparison to each other, as 

found in Tables 2-4, each having small relative errors, thereby 

validating the convergence and computational accuracy of 

each respective numerical method. 

Table 2. Result for u(y) with Ny=30, ϕ=0.6, δ=1, G=-1, H=1, R=1, λ1=0.2, m=1. 

Y 

u(y) 

SCCM SRK4 Relative Error 

−1  1.6417068614 × 10−17  0. 1  

−0.75  0.1749999157  0.1749999164  4.134705 × 10−9  

−0.5  0.3097479308  0.3097479303  1.778895 × 10−9  

−0.25  0.3942412865  0.3942412846  4.824829 × 10−9  

0.0  0.4229887146  0.4229887129  4.158816 × 10−9  

0.25  0.3942412865  0.3942412851  3.653926 × 10−9  

0.5  0.3097479308  0.3097479307  2.63787 × 10−10  

0.75  0.1749999157  0.1749999183  1.484882 × 10−8  

1  1.6457589859 × 10−17  4.6963672825 × 10−9  1  

Table 3. Result for v(y) with Ny=30, ϕ=0.6, δ=1, G= -1, H=1, R=1, λ1=0.2, m=1. 

v(y) 

Y SCCM SRK4 Relative Error 

−1  1.3109106540 × 10−17  1.3552527156 × 10−20  0. 

−0.75  0.2517736142  0.2517735949  7.659969 × 10−8  

−0.5  0.4099793099  0.4099792960  3.397799 × 10−8  

−0.25  0.4968334652  0.4968334574  1.558807 × 10−8  

0.0  0.5244965819  0.5244965773  8.905337 × 10−9  

0.25  0.4968334652  0.4968334630  4.295449 × 10−9  

0.5  0.4099793099  0.4099793089  2.604824 × 10−9  

0.75  0.2517736142  0.2517736123  7.53224 × 10−9  

1  1.0356672335 × 10−17  3.5892569560 × 10−10  1  
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Table 4. Result for θ(y) with Ny=30, ϕ=0.6, δ=1, G=-1, H=1, R=1, λ1=0.2, m=1. 

θ(y) 

Y SCCM SRK4 Relative Error 

−1  0. 1. 0  

−0.75  1.01130789  1.01130788  5.208678 × 10−9  

−0.5  1.01866951  1.01866951  3.527268 × 10−9  

−0.25  1.02306047  1.02306047  4.608086 × 10−10  

0.0  1.02454119  1.02454119  1.840019 × 10−9  

0.25  1.02306047  1.02306047  2.026174 × 10−9  

0.5  1.01866951  1.01866950  6.534957 × 10−9  

0.75  1.01130789  1.01130786  2.774393 × 10−8  

1  3. 0.99999994  5.69141590 × 10−8  

 

Figures 2-4 illustrate the influence of the thermal conduc-

tivity parameter 𝑘  upon both physical processes (i.e., dis-

placement and the velocity) and temperature distributions. 

Specifically, it can be seen that there is a continual decrease 

in all three profiles due to the increase in, 𝑘, after controlling 

for other variables. The increase in the thermal conductivity 

will assist in the diffusion of thermal energy within the liquid, 

which in turn will reduce localized thermal accumulations re-

sulting in a decrease in temperature distributions throughout 

the channel. As temperature decreases, the hydrodynamic 

forces (that promote fluid motion due to buoyancy), will de-

crease along with fluid velocities. Since the fluid and solid in-

terface is very dependant upon the momentum transfer in the 

channel between the two phases: decreasing fluid velocities 

equate to a reduction in the solid displacement distribution. 

Thus, an enhancement in the thermal conductivity decreases 

the overall strength of the flow and temperature of the fluid. 

 
Figure 2. Thermal conductivity parameter for solid displacement. 

 
Figure 3. Thermal conductivity parameter on velocity. 

 
Figure 4. Thermal conductivity parameter on temperature. 
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Figures 5, 6, and 7 illustrate the impact of the viscous dis-

sipation parameter 𝛼 . The results reveal that increasing 𝛼 

produces increased solid displacements, as well as higher fluid 

velocities and temperatures. Viscous dissipation is a mecha-

nism of converting kinetic energy into heat energy through in-

ternal resistance in the fluid due to friction, which generates 

additional heat within the fluid that causes an increase in tem-

perature, hence increasing the buoyancy force, which leads to 

enhanced fluid flow and an increase in velocity profiles. This 

also strengthens the buoyancy force acting on the fluid, which 

further leads to increased fluid motion and greater interaction 

between the fluid and the deformable porous medium, thus 

producing a greater displacement of solid. The results indicate 

that viscous heating contributes significantly to both thermal 

and momentum transport phenomena connected with a reac-

tive Jeffery fluid system. 

 
Figure 5. Viscous dissipation parameter on solid displacement. 

 
Figure 6. Viscous dissipation parameter on flow velocity. 

 
Figure 7. Viscous dissipation parameter on fluid temperature. 

Figure 8, 9, and 10 depict the influence of the porous per-

meability 𝛿  on the displacement, temperature and velocity 

distributions. The results show that increasing 𝛿  enhances 

the solid displacement profile while reducing both the velocity 

and temperature distributions. Physically, larger values of 𝛿 

increase the resistance offered by the porous medium to fluid 

motion. The increased resistance suppresses the velocity pro-

file and weakens convective heat transport, thereby reducing 

the temperature distribution within the channel. However, the 

stronger resistance force within the porous structure increases 

the interaction in the solid-fluid structure, which consequently 

enhances the deformation of the porous material and increases 

the solid displacement profile. 

 
Figure 8. Porous permeability on solid displacement. 
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Figure 9. Porous permeability on flow velocity. 

 
Figure 10. Porous permeability on fluid temperature. 

In Figures 11-13 we see the impact of nonlinear buoyancy 

parameter 𝛾 to the flow characteristics. It is observed that in-

creasing 𝛾 significantly increases the solid displacement, ve-

locity, and temperature distributions. Physically, the nonlinear 

buoyancy parameter strengthens the thermal buoyancy force 

generated by density differences within the fluid. Increased 

buoyancy force increases the flow of fluid and the velocity in 

the system as well. Increased convective transport from that 

higher velocity allows for an increase in the temperature dis-

tribution along the channel. Higher velocity also means there 

is increased interaction between the fluid and the deformable 

porous medium, resulting in greater displacements of solids. 

The results demonstrate that nonlinear buoyancy effects dom-

inate the enhancement of both thermal and momentum 

transport processes. 

 
Figure 11. Non-linear buoyancy parameter on solid displacement. 

 
Figure 12. Non-linear buoyancy parameter on velocity. 

 
Figure 13. Non-linear buoyancy parameter on fluid temperature. 
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Figures 14-16 reveals the influence of the magnetic param-

eter 𝑀  on the temperature and fluid flow. The outcome 

shows that when the magnetic parameter is increased, the solid 

displacement, velocity, and temperature profiles are all de-

creased. The reason for this is that when an external magnetic 

field is applied there is a Lorentz force acting against the mo-

tion of the flow, which is created due to the motion of the elec-

trically conducting fluid. Thus, the Lorentz force is a resistive 

force suppressing fluid velocity and hence, weakens the mo-

mentum transport in the flow system. As a result of the reduc-

tion in the motion of the fluid, convective heat transfer is re-

duced and therefore the temperature distribution is also de-

creased. In addition, due to the decrease in fluid motion, the 

interaction between the fluid and the deformable porous me-

dium is also decreased, resulting in a decrease in the amount 

of solid displaced. The magnetic field acts as a stabilizing 

mechanism by suppressing both fluid motion and thermal 

transport. 

 
Figure 14. Magnetic parameter on solid displacement. 

 
Figure 15. Magnetic parameter on flow velocity. 

 
Figure 16. Magnetic parameter on fluid temperature. 

The three Figures 17, 18 and 19 illustrate how a variable 

electrical conductivity parameter 𝜀 can influence: the fluid's 

displacement, its velocity, and its temperature profile. As the 

electrical conductivity increases, it was found that all three of 

the above profiles increase as well. The increase in fluid elec-

trical conductivity allows for better electrical transport within 

the fluid, and creates more Joule heating in the flow system. 

The increased thermal energy that results increases the fluid's 

temperature profile and will create greater buoyancy-driven 

motion in the fluid; thus, the fluid's velocity will also increase 

dramatically. The momentum transport that results from a 

stronger interaction between the fluid and the deformable po-

rous structure will increase the solid displacement profile as 

well. The result demonstrate the importance of varying elec-

trical conductivity for the regulation of the temperature and 

electromagnetic coupling behavior of the reactive non-New-

tonian fluid flow. 

 
Figure 17. Variable electrical conductivity on solid displacement. 
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Figure 18. Variable electrical conductivity on fluid velocity. 

 
Figure 19. Variable electrical conductivity on fluid temperature. 

It is concluded that the flow characteristics are largely dic-

tated by how thermal conductivity, viscous dissipation, porous 

resistance, nonlinear buoyancy, magnetic field effects and 

variable electrical conductivity all interact with each other. 

The combined effect of these factors can significantly impact 

momentum transport, heat transfer properties, and the amount 

of deformation occurring within the deformable porous me-

dium. The results provide a valuable source of physical infor-

mation that could have many practical applications, such as 

biofluid transport systems, geothermal energy systems, ther-

mal energy management systems, enhanced oil recovery op-

erations, and transport of reactive non-Newtonian fluids 

through porous structures. 

5. Conclusion 

This work numerically investigated magneto-convective 

heat transfer in a Jeffery viscoelastic fluid flowing through a 

porous, deformable medium with variable thermophysical pa-

rameters. The nonlinear equations governing the flow and heat 

transfer were modelled, non-dimensionalised and solved nu-

merically due to coupling and nonlinear dependence of the 

fluid’s physical parameters on temperature. A reliable and 

convergent Spectral Chebyshev Collocation Method (SCCM) 

was used to solve the dimensionless boundary value problem 

and the numerical solution was validated by using shooting-

Runge Kutta approach as the only validation for the SCCM 

results. The results are shown to be computationally accurate 

as evident in the table for validation of results. The computa-

tions show the controlling effects of temperature-dependent 

electrical conductivity on the electromagnetic force, re-

sistance due to elastic nature of porous skeleton, on the overall 

flow and thermal structure. 

Summarily, the proposed model is a generalization of the 

model used in [35] as it reveals how temperature dependence 

of electrical conductivity, Ohmic heating and nonlinear buoy-

ancy effects interacts in contract to the earlier model where 

these flow-driving mechanism were neglected. 

Abbreviations 

SCCM Spectral Chebyshev Collocation Method 

SRK4 Shooting Runge Kutta Fourth-order 
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