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Abstract 
This study investigates from a computational 

standpoint the impact of heat source on a 

magnetohydrodynamic driven reactive third-grade 

fluid moving through a slant channel under the 

influence of thermal radiation. The coupled non-

linear model governing this phenomena is formulated 

and transformed to its dimensionless form via 

similarity transformation approach. A Gaussian 

quadrature based Galerkin technique is adopted to 

numerically solve the resulting dimensionless model 

to obtain the velocity and temperature profile. Results 

emamating from the adopted technique is compared 

with the ones gotten from shooting Runge-Kutta 

method and were found to be in agreement. The 

effect of varying key parameters such as magnetic, 

porous medium shape, Frank-Kamenetskii , heat 

source parameter and several others on both velocity 

and temperature profile are graphically examined and 

discussed. Findings from the study reports that the 

reactive fluids motion was accelerated in response to 

a higher Grashof number, heat source and Frank-

Kamenetskii parameter. Also, the thermal energy of 

the fluid was enhanced as a result of the rise in Frank-

Kamenetskii and heat source parameter. The outcome 

of this study enhances better design of systems whose 

operations leverage on the flow and heat transfer of 

reactive fluids. 
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I. Introduction 
Reactive fluids are indispensable in many 

engineering systems because their physical and 

chemical properties change as chemical reactions 

occur during flow, thereby influencing fluid motion, 

heat transfer, and mass transport [1]. These fluids are 

central to the operation of chemical reactors, 

combustion systems, fuel cells, catalytic converters, 

and nuclear reactor cooling systems, where 

controlled chemical reactions govern energy 

conversion, product formation, and emission control. 

They are also extensively used in petroleum refining, 

polymer production, pharmaceutical manufacturing, 

wastewater treatment, hydrogen production, carbon 

capture technologies, and biochemical processing [2-

3]. A thorough understanding of the coupled 

interactions among fluid flow, heat transfer, mass 

transfer, and chemical reactions is therefore essential 

for improving reaction efficiency, enhancing thermal 

performance, optimizing product yield, reducing 

environmental impacts, and ensuring the safe, 

reliable, and efficient operation of modern 

engineering systems [4-5]. 

Combustion is a fundamental process 

involving reactive fluids, in which fuel undergoes 

rapid chemical oxidation to convert chemical energy 

into thermal energy for heating, power generation, 

and mechanical work. The coupled interactions 

among chemical reactions, fluid flow, heat transfer, 

and mass transport determine combustion efficiency, 

flame stability, and pollutant formation. 

Consequently, understanding the behavior of reactive 

fluids during combustion is essential for optimizing 

the performance, energy efficiency, emissions, and 

safety of engineering systems such as internal 

combustion engines, gas turbines, industrial furnaces, 

boilers, rocket engines, and power plants [6]. The 

studies by Mikhaliel et al. [7], Chang et al. [8], 

Alexander et al. [9], and Ohaegbue et al. [10] 

collectively emphasize the importance of combustion 

phenomena in understanding the behavior of reactive 

fluids under varying thermal and flow conditions. All 

four investigations are centered on the interaction 

between heat transfer and combustion processes, with 

the common objective of improving the safety, 

efficiency, and predictive capability of combustion 

systems. Mikhaliel et al. [7] focused on ignition delay 

and heat flux characteristics in shock-heated 

combustible gases, highlighting their significance in 

the design of high-speed aircraft and spacecraft 
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engines. Similarly, Chang et al. [8] examined the 

flammability limits of combustible gases under 

elevated temperatures and pressures, demonstrating 

their importance in assessing explosion risks in 

industrial environments. While both studies 

investigated gaseous combustion, the former 

emphasized ignition characteristics, whereas the 

latter concentrated on combustion safety and 

explosion prevention under different operating 

conditions. Alexander et al. [9] extended the 

understanding of combustion by numerically 

investigating three-dimensional downward flame 

spread over combustible solid materials and 

validating the predictions with experimental 

measurements. Unlike the gaseous combustion 

studies of Mikhaliel et al. [7] and Chang et al. [8], 

this work addressed flame propagation in solid 

combustible materials, providing valuable insights 

into fire dynamics and combustion spread. In 

contrast, Ohaegbue et al. [10] adopted a theoretical 

and mathematical approach by examining the thermal 

dissipation of a two-step combustible tangent 

hyperbolic fluid using a quadratic Boussinesq 

approximation and convective cooling. Their work 

incorporated complex fluid rheology and nonlinear 

thermal effects, identifying critical parameters such 

as the Frank-Kamenetskii parameter, activation 

energy, Brinkman number, Weissenberg number, 

activation ratio, and second-step reaction term as key 

factors governing thermal stability and preventing 

thermal runaway. Although all four studies explored 

combustion-related phenomena, they differed 

considerably in terms of combustion medium (gases, 

solids, and non-Newtonian reactive fluids), analytical 

approaches (experimental, numerical, and 

theoretical), and engineering applications. 

Reactive fluids under the influence of a 

magnetic field have significant applications in 

engineering, industry, and science due to the ability 

of magnetic fields to control fluid flow, heat transfer, 

mass transport, and chemical reactions. In 

magnetohydrodynamic (MHD) systems, the 

interaction between electrically conducting fluids 

and magnetic fields generates Lorentz forces that 

regulate fluid motion and enhance thermal stability. 

These features are essential in applications such as 

combustion systems, nuclear reactor cooling, 

metallurgical processing, plasma technology, 

aerospace propulsion, and biomedical engineering. 

Consequently, the study of reactive MHD fluid flow 

supports the development of more efficient energy 

systems, advanced manufacturing processes, and 

innovative medical technologies [11]. Researches 

carried out by Hajool and Akil [12], Farooq et al. 

[13], and Jamil et al. [14] are closely connected 

through their focus on magnetohydrodynamics 

(MHD) and its role in enhancing the understanding 

and application of electrically conducting fluid flows. 

All three studies recognize the importance of 

magnetic fields in controlling fluid behaviour and 

improving system performance across engineering 

and biomedical applications. While Hajool and Akil 

[12] provided a broad contribution to advancing the 

concept of MHD, Farooq et al. [13] extended its 

application by developing a mathematical model for 

electromagnetohydrodynamic multiphase flows 

containing nanoparticles, whereas Jamil et al. [14] 

examined MHD blood flow with hybrid nanofluids 

using different numerical approaches. Collectively, 

these studies demonstrate the versatility of MHD in 

solving complex fluid flow problems involving heat 

transfer, particle transport, and magnetic field 

interactions. Despite their common foundation in 

MHD, the studies differ significantly in their 

objectives, methodologies, and application areas. 

Hajool and Akil [12] focused on expanding the 

general understanding of MHD without emphasizing 

a specific engineering application. In contrast, 

Farooq et al. [13] concentrated on mathematical 

modelling for automotive injector design to improve 

engine performance through 

electromagnetohydrodynamic multiphase flows with 

nanoparticles. Jamil et al. [14], however, emphasized 

the validation and comparison of numerical 

techniques including the Akbari Ganji Method 

(AGM), the fourth-order Runge–Kutta Method 

(RKM), and the Finite Volume Method (FVM) for 

simulating MHD blood flow with hybrid nanofluids. 

Unlike Farooq et al. [13], whose primary goal was 

model development for engineering design, Jamil et 

al. [14] focused on evaluating the accuracy and 

computational efficiency of numerical methods for 

biomedical fluid dynamics. These differences 

illustrate the broad applicability of MHD, spanning 

theoretical development, engineering system design, 

and computational modelling in biomedical sciences. 

Heat sources significantly affect the flow 

dynamics and heat transfer of reactive fluids by 

increasing fluid temperature, which accelerates 

chemical reaction rates and modifies thermophysical 

properties such as viscosity and density. These 

changes enhance fluid motion, buoyancy-driven 

convection, and heat transfer. In exothermic 

reactions. Heat generation can intensify the 

temperature rise and potentially lead to thermal 

runaway, whereas endothermic reactions require 

continuous heat input to sustain the reaction. In 

porous media and magnetohydrodynamic (MHD) 

systems, heat sources further influence velocity, 

temperature, and concentration distributions through 

their interaction with porous resistance and magnetic 

forces, thereby affecting the overall thermal 
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performance, flow stability, and efficiency of 

engineering systems [15]. All four investigations by 

Ji et al. [16], Alharbi and Elsayed [17], Yao et al. 

[18], and Mahabaleshwar et al. [19] demonstrate that 

reactive transport plays a fundamental role in 

modifying thermal and hydrodynamic behaviour, 

although each considers a different physical 

configuration and application. Ji et al. [16] examined 

reactive transport in enhanced geothermal systems, 

emphasizing the interaction between fracture and 

rock matrix reactions on long-term heat extraction. 

Alharbi and Elsayed [17] investigated chemically 

reacting magnetohydrodynamic flow over a radiative 

melting surface, while Yao et al. [18] explored 

turbulent thermal convection enhanced by reversible 

chemical reactions. Mahabaleshwar et al. [19] 

focused on chemically reactive electromagnetic 

Maxwell nanofluid flow through Darcy–Forchheimer 

porous media, highlighting entropy generation and 

waste discharge mechanisms. Collectively, these 

studies confirm that chemical reactions substantially 

influence heat transfer, fluid motion, and overall 

thermal efficiency across diverse engineering 

applications. Despite their shared emphasis on 

reactive fluid behaviour, the studies differ 

considerably in their objectives, governing 

mechanisms, and modelling approaches. Ji et al. [16] 

developed a fully coupled thermal–hydraulic–

chemical model to quantify the role of matrix reactive 

transport in geothermal reservoirs, demonstrating its 

importance for accurate prediction of reservoir 

lifespan and heat extraction efficiency. In contrast, 

Alharbi and Elsayed [17] concentrated on the 

combined effects of magnetic fields, thermal 

radiation, viscous dissipation, and chemical reactions 

on boundary-layer flow over an upper paraboloid 

surface. Yao et al. [18] introduced a reversible 

chemical reaction into turbulent Rayleigh–Bénard 

convection, revealing a remarkable enhancement in 

heat transfer through thermal–chemical energy 

conversion. Meanwhile, Mahabaleshwar et al. [19] 

incorporated Darcy–Forchheimer resistance, 

electromagnetic forces, entropy generation, and 

activation energy into a Maxwell nanofluid model to 

investigate transport processes relevant to 

environmental and industrial systems. These 

differences illustrate the broad applicability of 

reactive fluid modelling across geothermal 

engineering, aerospace, thermal management, and 

porous media technologies. A notable similarity 

among the four studies is their conclusion that the 

coupling between chemical reactions and heat 

transfer mechanisms significantly alters fluid 

behaviour and improves the understanding of 

engineering processes. However, each study 

identifies different dominant controlling factors. Ji et 

al. [16] emphasized the importance of matrix reactive 

transport in sustaining geothermal reservoir 

performance, whereas Alharbi and Elsayed [17] 

highlighted the influence of thermal radiation, Biot 

number, and viscous dissipation on heat and mass 

transfer. Yao et al. [18] demonstrated that reversible 

chemical reactions can dramatically intensify 

turbulent convection and heat transport beyond 

conventional limits, while Mahabaleshwar et al. [19] 

showed that magnetic fields, porosity, thermal 

radiation, and heat generation strongly affect 

velocity, temperature, and entropy generation in 

chemically reactive Maxwell fluids. Together, these 

studies provide complementary insights into the 

complex interaction between reaction kinetics, 

thermal effects, electromagnetic forces, and porous 

media, thereby advancing the development of 

efficient energy systems, thermal management 

technologies, filtration processes, and chemically 

reacting flow applications. 

Studying the impact of a heat source on a 

reactive third-grade fluid flowing through an inclined 

porous channel under thermal radiation and magnetic 

field effects is important because these coupled 

phenomena strongly influence fluid flow, heat 

transfer, and chemical reaction processes in many 

engineering applications. The combined effects of 

non-Newtonian fluid behaviour, heat generation, 

porous media, magnetic forces, and thermal radiation 

significantly affect velocity and  

temperature,distributions. Understanding these 

interactions is essential for improving thermal 

management, controlling reaction rates, enhancing 

heat transfer efficiency, and optimizing the 

performance and safety of engineering systems such 

as chemical reactors, geothermal energy systems, 

polymer processing, and magnetohydrodynamic 

devices. 

 

II. Model Formulation 
This work considers the steady flow of a 

radiative MHD incompressible variable viscosity 

reactive third-grade fluid through a slant porous 

channel under the influence of a heat source as shown 

in figure 1. The flow is characterized by a single-step 

reacting process with constant thermal and electrical 

conductivities. The walls of the channel are assumed 

to experience fluid slippage, and it is also assumed 

that the flow is induced by an applied axial constant 

pressure gradient and buoyancy force. By neglecting 

the reacting viscous fluid consumption, the 

dimensional model equation describing the flow 

which are the momentum equation and the energy 

equation following the concept of the works in [20-

23] can be written as. 
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Figure 1: Schematic diagram of the flow 
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subject to the appropriate boundary conditions 
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The modified fluid pressure is denoted as 
dP ,  dx  and dy  are the axial and normal coordinates to the 

inclined channel, the fluid velocity is represented as du . The initial temperature of the fluid is given as oT , T  is 

the fluid temperature, the acceleration due to gravity is represented as g ,   is the angle of inclination, the third-

grade material coefficient is denoted as 3 ,  the porous medium permeability is represented as K ,   is the fluid 

dynamic viscosity, the density is denoted as  , the heat generated internally is denoted as  , the initial 

concentration of the reactant species is denoted as oC , the reaction rate constant is denoted as A , the slip 

coefficients at the lower and upper walls of the channel are represented as 1  and 
2  respectively, the activation 

energy is represented as E , the Boltmann’s constant is denoted as h , l  is the Planck’s number, the universal 

gas constant is represented as R , the vibration frequency is denoted as  , the volumetric thermal expansion 
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coefficient is represented as  , m  is the numerical exponent such that the three values representing numerical 

exponents for Arrhenius, sensitized and biomolecular kinetics are given respectively as [0.5,0, 2]m −  [24-

25].The temperature dependent viscosity is written as  
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( ) ob T T

oT e  − −
= ,            (4) 

where o  is the initial fluid viscosity at temperature oT  and b  is the viscosity variation parameter. 

By the introduction of the following non-dimensional variables in equation (5) to equations (1) – (3), 
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The dimensionless governing equations along with the boundary conditions is 
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III. Numerical Solution of the Dimensionless Model 
To solve the dimensionless equations (6) and (7) subject to the boundary condition in equation (8) using 

Galerkin Weighted Residual Method (GWRM) , a polynomial is taken as assumed function for both velocity ( )f  

and temperature ( )  by Oderinu et al. [24], 
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=

= =

 
 
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 
 
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   




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(16) 

Next, integrating the product of the weight function 1( ) jw y y +=  where 1,2,3,...j =  and the residuals within the 

domain of the problem gives  
1

1

1
1

0jy R+

−
 =             (17) 

and 
1

1

2
1

0jy R+

−
 =             (18) 

using a Gaussian quadrature to numerically evaluate the integrals (17) and (18) give rise to another set of algebraic 

equations, that is, 

( ) ( ) ( )1 1 1

3 3
1 1 10

5 5

5 8 5
0

9 9 9

j j j

y y y
y R y R y R

+ + +

=− = =
 +  +  =         (19) 

and 

( ) ( ) ( )1 1 1

3 3
2 2 20

5 5

5 8 5
0

9 9 9

j j j

y y y
y R y R y R

+ + +

=− = =
 +  +  =         (20) 

The set of nonlinear algebraic equations obtained thus far are then solved numerically  using Newton Raphson 

technique to obtain the constants in 'a s  and  'b s . Substituting the constants into the assumed solutions in 

equations (9) and (10) gives the required solutions  ( )f y  and  ( )y . The solution of the dimensionless equations 

(6) and (7) subject to the boundary conditions in equation (8) for the parametric values 
0.1, 1 0.1, 2 0.1, 0.1, 0.1, 0.1, 0.1, 0.5,Re 0.1,Gr m B     = = = = = = = = = =  

0, 0, 0.2,Pr 1.0,
4

Rd G


 = =  =  =  = =  are given respectively as, 

2 3

4 5 6 7

0.12076793885992505 0.016759674514098027 0.03687057241637641 0.0023053458825510378

0.1061749526920197 0.12114983189680902 0.022055698631348503 0.05622295854611792

0.00200301610228321

( ) y y y

y y

y

y y

f − − −

+

=

+ + −

− 8 9 10

11 12 13 14

15 16

8 0.018520993891451676 0.03836798091467159 0.04085434557592685

0.026010703179802228 0.02287039523270565 0.05522313107671321 0.018837960025113

898 0.07153883845861823 0.00498132

y y y

y y y y

y y

+ − −

+ − − −

− + 17 18

19 20

0118508298 0.00446432426619978 0.026321037565

509766 0.03596448719346914

y y

y y

− +

+

 

            (21) 

and 
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2 3

4 5 6 7

0.020671272793780535 0.0073199463572998546 0.010008010929533984 0.04236924925733182

0.0006818568439218265 0.015254735030990323 0.02639936889031015 0.013412945332044545

0.004919380353

( ) y y y

y

y

y y y

 + − −

+

=

− + +

− 8 9 10 11

12 13 14 15

16

145396 0.040729194848381764 0.018857673427882773 0.033054908427314386

0.00173712423241283 0.0006263560235993708 0.0005224969218055199 0.018067074541661735

0.006904241618229834

y y y y

y y y y

y

− − +

− + + +

− 17 18 19

20

0.03499314038279978 0.014139686674844816 0.00912119192801576 0.

008291121786231596

y y y

y

+ − − +

 

            (22) 

IV. Discussion of Results 
A new mathematical model describing the 

flow of a radiative magnetohydrodynamic reactive 

third-grade fluid undergoing a single-stage 

exothermic chemical reaction through a porous slant 

channel with heat source is developed. The governing 

equations are formulated as ordinary differential 

equations and subsequently transformed into their 

dimensionless form using the similarity 

transformation technique. The resulting 

dimensionless equations, presented in equations (6) 

and (7), together with the boundary conditions in 

equation (8), are solved numerically using the 

GWRM approach. This section presents and 

discusses the numerical results obtained from the 

developed model. To validate the accuracy of the 

adopted method, the results generated using GWRM 

are compared with those obtained from Shooting 

Runge Kutta Method (SRKM) as shown in the tables. 

Furthermore, the effects of various flow parameters 

on velocity profile and temperature distribution are 

examined graphically and interpreted from a physical 

perspective.  

 

4.1  Convergence of the method of solution 

Tables 1 and 2 present the absolute errors of 

the adopted numerical technique in this study 

GWRM and Shooting Runge Kutta Method (SCCM). 

The maximum and minimum absolute error for 

velocity profile are 0.04550044037  and 

0.00179522333  respectively while that of 

temperature profile are 0.00891150759  and 
( 18)3.4694469519 4 10×5 −

 respectively. 

 

4.2   Effect of flow parameters on velocity and 

temperature profile

  

        Figure 2 shows that a rise in Grashof number 

results to a rise in the velocity of the fluid. Grashof 

number is a key dimensionless parameter in natural 

convection (a flow orchestrated by buoyancy force) 

which represents the ratio of the buoyancy force to 

the viscous force acting on the fluid. A higher 

Grashof number depicts a stronger buoyancy force 

relative to viscous force. This leads to greater fluid 

acceleration due to buoyancy which increases the 

velocity of the fluid. In other words, when 

temperature differences increases, buoyancy forces 

grow stronger and drive a more vigorous natural 

convection flow. Figure 3 demonstrates that an 

increase in Frank-Kamenetskii parameter implies an 

increased heat generation due to exothermic reactions 

which in turn elevates the local temperature in the 

fluid. Since the viscosity of the fluid is temperature 

dependent, an increase in temperature eventually 

causes a decrease in viscosity and an increase in 

molecular motion which afterward causes a free flow 

or a rise in the velocity of the fluid.  

Figure 4 reveals that enhancing the porous 

medium shape parameter leads to a decrease in the 

fluids velocity. Increasing the porous medium shape 

parameter implies a change in the geometry of the 

solid structure of pores, such as making particles 

more elongated, irregular or angular which has direct 

impact on the velocity of the combustible fluid 

flowing through the medium. A drag is experienced 

on the fluid as the porous medium shape parameter 

rises which results to an increase in flow resistance. 

Also, the effective permeability of the medium 

decreases which makes it harder for the fluid to flow 

freely. Furthermore, an increase in the porous 

medium shape parameter corelates with more 

tortuous (twisted and curved) flow paths which leads 

to longer paths and more momentum losses which 

further declines the velocity of the fluid. In order to 

maintain a desired combustion performance, systems 

with high porous medium shape parameter requires 

higher pressure gradients or modified flow designs to 

compliment for lower velocities.  Raising the 

magnetic parameter results into a decline in the 

velocity of the fluid as shown in figure 5. The 

magnetic parameter is a dimensionless quantity that 

characterizes the influence of magnetic field on the 

flow of a fluid. When magnetic field is applied to the 

combustible fluid,  a force called Lorentz force arises 

which act perpendicular to the direction of flow 

which tends to oppose the motion of the fluid. The 

Lorentz force which is a fundamental concept in 

electromagnetism refers to a force that is experienced 

by a charged particle when it moves through an 

electrically magnetized field. Therefore, increasing 
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the magnetic parameter significantly impacts the 

fluids velocity by the introduction of a drag force that 

opposes the fluids motion.  

Figure 6 showed that enhancing the third-

grade material parameter reduced the reactive fluid 

velocity. An increase in the third-grade material 

parameter, which quantified the strength of nonlinear 

elastic and shear-dependent effects in a third-grade 

fluid, modified the velocity of the field by enhancing 

the fluid’s non-Newtonian resistance to deformation 

in an inclined porous channel. As this parameter rose, 

the contribution of higher-order stress terms became 

more pronounced, increasing the effective viscosity 

at moderate to high shear  rates and thereby opposed 

the buoyancy-driven acceleration produced by the 

dual exothermic reactions. Consequently, the  

 

Table 1:  Absolute error of the solution obtained for the velocity profile 

Y QWRM SRKM Absolute error 

-1.00 0.05071916841907563 0.0157117215065771 0.03500744691 

-0.75 0.07333888881652688 0.0496008881432777 0.02373800068 

-0.50 0.06676526498755436 0.0735610224986646 0.00679575751 

-0.25 0.05966070866576068 0.0880865513428727 0.02842584267 

0.00 0.051871577101039054 0.0933927768040271 0.04152119970 

0.25 0.04391144332699648 0.0894118836968964 0.04550044037 

0.50 0.03728546496236006 0.0757842839505804 0.03849881899 

0.75 0.03221503099759217 0.0518454152595220 0.01963038426 

1.00 0.014813959507744076 0.0166091828385230 0.00179522333 

  

Table 2: Absolute error of the solution obtained for the temperature profile 

Y GWRM SRKM Absolute errror 

-1.00 0.000000000000000000 0.0000000000000000 0.0000000000000000 

-0.75 0.01900049612206772 0.0222133772090642 0.00321288109 

-0.50 0.031043414581152412 0.0385051430605837 0.00746172848 

-0.25 0.0408318682034786007 0.0486181582145216 0.00778629001 

0.00 0.0500089185638603544 0.0523282801877584 0.00231936163 

0.25 0.0433204351393073617 0.0494483671116962 0.00612793197 

0.50 0.0309195196035837266 0.0398310271877784 0.00891150759 

0.75 0.0224591092379659596 0.0233700019329628 0.00091089269 

1.00 3.469446951954 × 10−18 0.0000000000000000 3.469446951954
× 10−18 

 

 

 

                                  
Figure 2: Effect of Grashof number on                                Figure 3:  Effect of Frank-Kamenetskii 

velocity profile          parameter on velocity profile 
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Figure 4: Effect of porous medium shape                       Figure 5: Effect of magnetic parameter on   

parameter on velocity profile                                            velocity profile   

 

axial velocity decreased near the channel 

core and the momentum boundary layer grew 

thickened. In engineering and industrial applications 

such as polymer extrusion, resin transfer molding, 

packed-bed catalytic reactors, geothermal transport 

of reactive slurries, and advanced lubrication 

systems, this sensitivity to the third-grade parameter 

is critical because higher material parameters can 

improve flow stability and control in high-

temperature reactive environments, but may also 

reduce throughput and increase required pumping 

power. Therefore, optimizing material formulation, 

thermal conditions, and porous channel design is 

essential to balance enhanced mechanical stability 

with efficient transport and safe heat management.  

Increasing the Reynolds number enhanced the 

velocity of the reactive fluid as shown in figure 7. A 

rise in Reynolds number signified stronger inertial 

forces relative to viscous forces which intensified 

convective transport and altered the non-Newtonian 

velocity distribution. As Reynolds number increased, 

the velocity profile became fuller and more flattened 

at the core region, with steeper gradients near the 

channel walls due to reduced relative viscous 

dominance. However, because the fluid is third-

grade, elastic and shear-thickening effects further 

distorted the profile. The presence of dual exothermic 

reactions compounded this effect by elevating 

temperature, which reduced effective viscosity and 

accelerated the fluid, especially along the inclination 

where buoyancy assisted the main flow. In the porous 

channel, higher Reynolds  number also enhanced 

penetration through the porous matrix, modifying 

drag resistance and potentially increasing heat and 

mass transfer rates. Engineering and industrial 

implications are significant in systems such as 

polymer processing, catalytic reactors, geothermal 

energy channels, and chemical transport in porous 

media, where elevated Reynolds numbers can 

improve mixing and reaction rates but may also 

trigger thermal runaway, wall shear stress escalation, 

or structural instability. Hence, careful control is 

essential to optimize productivity, heat removal, and 

mechanical integrity of processing equipment. 

  An increase in the Frank-Kamenetskii 

parameter leads to a rise in the fluids temperature as 

demonstrated in figure 8. In a combustible third-

grade (non-Newtonian) fluid, a higher Frank-

Kamenetskii parameter amplifies internal heat 

generation and pushes the temperature field upward, 

which sharply, increases the risk of thermal runaway. 

In engineering  practice, this effect  appears in 

polymer-processing systems that handle reactive 

resins or fuels, such as curing tanks for thermoset 

polymers where the fluid’s non-Newtonian behavior 

and exothermic reactions combine, making precise 

thermal control critical to prevent hotspots or 

equipment damage.  A rise in the activation energy 

parameter leads to a decline in fluids temperature as 

demonstrated in figure 9. Increasing the activation 

energy makes it harder for the initiation of  
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Figure 6: Effect of third-grade material on               Figure 7: Effect of Reynolds number on velocity 

velocity profile                                                       profile 

 

       
Figure 8: Effect of Frank-Kamenetskii parameter     Figure 9: Effect of activation energy parameter 

on temperature profile                                               on temperature profile     

 

reactions especially at moderate temperatures thereby 

leading to a less release of heat from combustion or 

exothermic reactions. Combustion or heat release is 

the main source of internal heat in many reacting 

flows. With reduced reaction rates, less heat is added 

to the fluid resulting to an overall decrease in 

temperature.  

Figure 10 shows that a rise in heat source 

parameter raised the temperature of the fluid. An 

increase in the heat source parameter intensified 

internal thermal energy generation within the fluid 

which led to the pronounced rise in the fluid 

temperature and thickening of the thermal boundary 

layer. Because the third-grade fluid exhibited 

nonlinear stress–strain behavior, viscous dissipation 

already contributed to heating; when the additional 

volumetric heat source was introduced, it 

compounded the heat released by the dual exothermic 

reactions, thereby elevating peak temperatures and 

steepened temperature gradients across the channel. 

The channel’s inclination further amplified 

buoyancy-driven convection, redistributing the 

internally generated heat along the flow direction, 

while the porous matrix aided heat dispersion. As the 

heat source parameter increased, the system became 

more susceptible to thermal runaway, accelerated 

reaction kinetics, and possible instability due to the 

strong temperature dependence of reaction rates. A 

rise in the radiation parameter results in a decline in 

the reactive fluids temperature as revealed in figure 

11. This is as a result of more heat escaped out of the 

combustible system to the surrounding which 

consequently allowed cooling of the system. as a 

result of this, thermal runaway or system blowup is 

avoided and safety of the device operating with this 

principle is guaranteed.   
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Figure 10: Effect of heat source                   Figure 11: Effect of radiation parameter  

parameter on temperature profile                  on temperature profile 

 

V. Conclusion and Recommendation 
The study focuses on the flow dynamics and 

entropy generation analysis of a combustible third-

grade fluid flowing through an inclined porous 

channel being influenced by magnetic field in the 

presence of radiation with variable thermophysical 

properties has been examined numerically by the 

utilization of a semi-analytical technique. The 

equations modelled to suit the problem under 

consideration were non-dimensionalized and the 

resulting dimensionless non-linear ordinary 

differential equations were solved by two point 

Taylor polynomial iterative linearization technique 

with Legendre nodes. The impacts of various flow 

parameters were investigated on velocity profiles, 

temperature profiles, impacts of some physical 

parameters on entropy generation were carried out as 

well. The following can be concluded from the 

analysis:  

1. Raising the magnetic, porous media shape 

and third-grade material parameter caused a 

decline in the velocity profile while the 

reverse was observed for the velocity profile 

when the Frank-Kamenetskii parameter and 

Grashof number were increased; 

2. Increasing in the heat source and Frank-

Kamenetskii parameter increased the 

temperature profile while a decrease in 

temperature profile was observed when the 

radiation parameter, activation energy 

parameter and Grashof number were 

increased; 

In response to the outcomes obtained from 

this study, it is therefore recommended that 

 engineers in the field of design and maintenance 

should take into consideration parameters 

influencing the flow of the fluid, and generating high 

thermal energy during design. Adhering to this 

information is pertinent for safety and optimal 

effectiveness of machines and devices whose 

functioning anchors on the process of combustion. 

Showing less concern to take caution with these 

parameters may lead to a rapid rise in production of 

heat and reaction rates in the system which may have 

severe implications on the systems functionality.  
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