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ABSTRACT 
The work examines the effects of MHD incompressible viscoelastic fluid 
under nonlinear thermal radiation while flowing in a non-Darcy porous 
medium. The utilization of the Darcy-Brinkmann-Forchheimer model has 
thus been implemented in the formulation of the momentum equation. 
The study posits the existence of a chemical phenomenon which involves 
elements A and B as two chemical species. The diffusion coefficient of 
chemical species exhibits inequality when considered for viscoelastic fluid. 
Numerical solutions are generated using SRM, spectral relaxation technique 
for governing flow problems. The current algorithm is formulated and 
implemented using the computational software MATLAB. The results 
exhibit a considerable degree of agreement with formerly established 
numerical outcomes within the framework of a specific scenario. The 
observations from this study provide evidence that chemical species B 
operates as a catalyst in a subsurface environment that is oriented horizon
tally. As a result, the connection between the homogeneous-heteroge
neous scheme can be observed in the context of isothermal cubic 
autocatalytic occurrences and processes of the first order, subsequently. 
The utilization of the heterogeneous reaction parameter offers notable 
advantages in reducing the concentration of the bulk-fluid while simultan
eously enhancing the concentration of the catalyst situated over the sur
face. The current findings contribute to the exploration of the 
computational study of diffusivities in MHD viscoelastic fluid flow. 
Specifically, this research inquires the effects of nonlinear thermal radiation 
and homogeneous-heterogeneous reactions.
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1. Introduction

The investigation of fluid flowing past a horizontal stretchable plate has expanded realistic utiliza
tions in diverse sectors, including the pharmaceutical industry (specifically medicinal pharmaceut
ical technologies), creating polythene and paper, as well as the science of polymer extrusion, fiber 
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technology, plastic material products, and the cooling of elasticate sheeting, along with in the 
realms of science and engineering. It is noteworthy to mention that most of the of the aforemen
tioned fluids are materials that display viscous and elastic properties. Cortell [1] described the 
heat transfer characteristics of a viscoelastic fluid traveling from a stretched plate while encoun
tering both viscous dissipation and thermal radiation. Singh and Agarwal [2] considered the effect 
of varying thermal conductivity on viscoelastic fluid flowing past an exponentially stretched sub
surface. Abolbashari et al., [3] elaborated on the non-Newtonian fluid flowing over a stretched 
surface. Adegbie et al., [4] study the behavior of a micropolar fluid at a stagnation point on a 
melting stretching surface with constant vortex viscosity. Sundeep et al., [5] explored the dual 
solution Jeffrey nanofluid under the input of a chemical reaction and an induced magnetic field 
over a stretching surface with stagnation point flow. Studies done by Emad and Pop [6] investi
gated heat transfer and MHD flow on stretching or shrinking surfaces in the vicinity of stagna
tion points. Various other studies have been conducted for partial slip and viscous dissipation 
evaluations. The assessments pertaining to the stretchable surfaces have been expounded upon by 
references. [7–11].

The amount of energy at the minimum level, i.e. necessary for a particle to traverse a series of 
chemical reactions involving activation energy, is denoted by E. This concept finds applications in 
numerous fields like oil storage, food processing, geothermal engineering, and chemical engineer
ing mechanochemistry. An analysis of time-dependent phenomena with activation energy, free 
convection, and a nth-order reaction was studied by Makinde et al., [12]. Further, Williamson 
nanofluids with activation energy under a time-dependent magnetic field were scrutinized by 
Hamid et al., [13]. Irfan et al., [14] investigated the effects of nonlinear combined convective and 
chemical reactions on the flow of three-dimensional radiative Carreau nanofluid, as well as activa
tion energy. Activation energy is included in a number of recent studies in literature; they may 
be found in the references [15–17].

Objects emit thermal energy, with the magnitude of radiation increasing proportionally with 
the object’s temperature. When two objects of differing temperatures are in proximity to each 
other, the warmer object will transfer heat to the cooler object until they both attain an equiva
lent temperature. This proposition has been scientifically set up as the foundational tenet of com
munications, which is usually regarded as the foundational premise upon that contemporary 
physical theory of thermal radiation was constructed in nineteenth century. The study focused on 
by Sandeep et al., [18] aimed to analyze heat transfer in magnetohydrodynamic nanofluid flowing 
across a shrinking or stretching surface. Similarly, Raju et al., [19] deal with the thermal radiation 
impact on ferrofluid flowing on a flat plate under an aligned magnetic field. Many of the investi
gations utilized Taylor series expansion to reduce the nonlinear temperature, thereby cutting 
down higher-order parts. This simplification renders the nondimensionalization and parametriz
ing of the thermal radiation modeling a straightforward assignment. Nevertheless, it is pertinent 
to note that, if understood linearly, the electromagnetic radiation occurring in liquids amid a few 
industrial processes is not necessarily practical. Furthermore, the Taylor series expansion can’t 
provide detailed information on the impact, which is why the introduction of the nonlinear ther
mal radiation model has been crucial in providing accurate explanations. In another related study, 
Animasaun [20] studied micropolar fluid flowing past an unsteady magnetohydrodynamic verti
cally permeable subsurface that moved from binary mixtures in an optically lean environment. 
The study incorporated radiative heat flux terms into the energy equation to model thermal radi
ation among the flowing fluids, expressed as a 4th power of the temperature. The dimensionless 
equations were attained partly through the application of Taylor series expansion. Wakif and col
leagues [21] presented findings on the thermo-physical characteristics of copper water coupled 
with thermal radiation for minuscule particles. The numerical solution of p.d.es generated by 
nonlinear flow problems was achieved through the utilization of the G-Chebyshev-G-Lob colloca
tion method. The researchers recorded that the ratio of heat transfer increased for enlarging 
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initial volumetric fractions of radiation parameters and tiny particles. Several researchers have 
examined the several phases of thermal radiation, with relevant sources included in references 
[22–25].

A porous medium is defined as the composition of solid material fibers unified by pores. The 
advantages of such media lie in their enhanced internal surface area, which proves to be beneficial 
in thermal power technologies, coating fabrication, and insulation system procedures. Notably, the 
dissipation range for permeable mediums is significantly larger than that of conventional substrate 
coatings, resulting in improved heat convection. Furthermore, the complex and convoluted nature of 
porous substances makes them perfect for filtering and stopping fluidic movements, making them 
the best way to control culminating movements. To delve deeper into the mechanisms of porous 
media, researchers such as Izadi et al., [26], Eid and Nafe [27], Ying et al., [28], and Loganathan 
et al., [29] have investigated various aspects of these materials. In their studies, they used mathemat
ical modeling techniques, such as the Darcy law and Dupuit-Forchheimer modeling, to examine the 
impact of factors such as slip, magnetic fields, and heat generation on hybrid nanofluids. 
Furthermore, they presented thermo-hydraulic analyses of salt-based nanofluids moving across pervi
ous absorbable tubes and expressed the priority of the Darcy-Forchheimer models of entropy gener
ation utilizing a third-grade nanofluid. To gain further insight into porosity and Darcy-Forchheimer 
scheme flow studies, one may refer to the relevant literature [27, 30–34].

A chemical reaction takes place whenever two or more reactants produce a product. 
Autocatalysis refers to the process where the catalytic properties of the products from a chemical 
process expedite the chemical reactions. Merkin [35] utilized an order of magnitude and made 
similar presumptions as Ludwig Prandtl did with the larger Reynolds numbers in Navier-Stoke’s 
equation. Then, he provided straightforward modeling for the interactions between two chemical 
species and implicating homogeneous and heterogeneous reactants. Mabood et al., [36] studied 
chemically reacting fluids flowing through a stretchable subsurface. Animasaun [37] undertook an 
examination of the nth-order reactants in Casson fluid flowing, which encompasses temperature- 
dependent plastic dynamic viscosity. Pop and Khan [38], on the other hand, scrutinized the 
dynamics of homogeneous-heterogeneous reactions. The investigation of the electromagnetic 
radiative Prandtl fluid flowing using the Darcy-Forchheimer substance scheme is scrutinized by 
Eid et al., [39]. Hina et al., [40] elaborated on the peristaltic propulsion of Johnson-Segelman flu
ids of nonlinear thermal radiation having reactions of homogeneous and heterogeneous nature.

This study depicts and covers the gap, i.e. examines the movement of MHD viscoelastic fluid 
passing through a stretchable surface under nonlinear thermal radiation. Furthermore, in non- 
Newtonian fluids, no effort has been made to discuss the non-equal diffusivities of homogeneous- 
heterogeneous reactions that arise as they advance toward a stagnation point through a non-Darcian 
porous medium. Investigations of nonlinear flow problems have been considered for this study. 
Nondimensional analysis is done by utilizing suitable similarity variables. Transformed governing 
equations have been resolved numerically by employing SRM. The defining advantage of the SRM 
algorithm lies in its ability to decompose a complex series of equations into smaller subsystems, 
which could be processed incrementally with high computational efficiency and effectiveness. 
Considering other numerical and analytical methods for solving nonlinear problems, the proposed 
methodology of SRM has demonstrated exceptional accuracy, ease of development, convergence, and 
efficiency [38]. The graphical behaviors and tabular representation of the impact of specific dimen
sionless parametric quantities on the profiles of velocity, temperature, and concentration are show
cased, along with the demonstration of the friction factor and local Nusselt number.

2. Mathematical modeling

Consider the situation where an incompressible viscoelastic fluid, which conducts electricity con
sistently, moves toward a stagnation point over a horizontally extended subsurface. Additionally, 
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it is subjected to reactions that are both homogeneous and heterogeneous in nature. This fluid is 
flowing through a non-Darcian medium. The depiction of the physical modeling, in conjunction 
with the x -axis and the y -axis, can be observed in Figure 1. The stretched subsurface is oriented 
parallel to the x -axis, while the y -axis is situated at a perpendicular angle to each other. 
Magnitude of magnetic Reynolds number is nonsignificant of viscoelastic flow, making an 
induced magnetic field apparently negligible, however, an applied magnetic field is present B0:

Moreover, the regular section passes by in proximity to the boundary. Sequentially, the tempera
tures and concentrations neighboring and distant from the elongated surface are denoted by 
Tw, Cw and C1, T1: The velocities of stretchable and free-stream flow are represented as ~uw ¼ cx 
and ~ue ¼ ax, where c and a are positive constants that specify the stretched segment. The suc
cessful progression of a chemical reaction can sometimes necessitate an increased amount of 
energy owing to the sluggish nature of fluid-molecule collisions. Therefore, energy and concentra
tion equations use an activation energy expression.

It is also considered that there is a presence of homogeneous-heterogeneous reactants between 
A andB with respect to the flow of viscoelastic fluid toward the stagnation point. Furthermore, 
the autocatalytic reaction as species is considered to be a catalyst. According to Merkin’s [35] 
hypothesis, there is an isothermal cubic autocatalytic reaction within the boundary layer, which is 
represented by

Aþ 2B) 3B, rate ¼ Kcab2, (1) 

This pattern of chemical reaction, specifically a single isothermal first-order reaction, occurs 
over the catalyst’s surface.

A) B, rate ¼ Ksa, (2) 

The concentrations of species A and B are represented by a and b, correspondingly. The coef
ficients for the rate of the reaction, Kc and Ks, cannot be classified as a consistent value as they 
incorporate shared parameters that may impact the reaction rate in addition to the concentration, 
which is explicitly linked in Eqs. (1) and (2). The equations that govern the boundary layer of the 
aforementioned assumptions are formulated as [35, 41]:

Figure 1. Flow structure and the coordinate system.
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Where ~u, ~v are the velocity components according to the rectangular coordinate system x, y, k0 
indicates the fluid parameter, k is the permeability of the porosity, CF indicates the Forchheimer 
coefficient, r indicates the electrical conductivity, q indicates the density, l indicates the dynam
ics viscosity, � indicates the kinematic viscosity, j indicates the thermal conductivity, cp indicates 
the specific heat, ~Qr indicates the radiative heat flux, bð¼ 61Þ indicates the endothermic/exother
mic factor, Kr represents the chemical reaction constant, Ea the activation energy, K indicates the 
Boltzmann constant, m, n indicates the constant factor having the value n 2 −1, 1ð Þ, 
KrðT=T1Þne− Ea

KTð Þ represents the Arrhenius expression, and Dm indicates the coefficient of mass 
diffusion.

The present study proposes a homogeneous-heterogeneous reactants modeling to analyze the 
concentrations of A and B, as depicted in the reaction pattern denoted as Eqs. (1) and (2).

~u
@a
@x
þ ~v

@a
@y
þ Kcab2 ¼ DA

@2a
@y2 , (7) 

~u
@b
@x
þ ~v

@b
@y

− Kcab2 ¼ DB
@2b
@y2 : (8) 

Equations (3)–(8) are subjected to boundary conditions:

~u ¼ ~uw xð Þ, ~v ¼ ~vw xð Þ, T ¼ Tw, C ¼ Cw,

DA
@a
@y
¼ Ksa, DB

@b
@y
¼ −Ksa, at y ¼ 0

~u ! ~ue xð Þ,
@~u
@y
! 0, T ! T1, C! C1,

a! a0, b! 0 as y !1

(9) 

By employing the Rosseland approximation method for thermal radiation, the heat flux attrib
uted to radiation can be determined:

~Qr ¼ −
16rT13

3k�
@T
@y

, (10) 

while k� and r represent the Rosseland mean spectral absorption coefficient and the Stefan- 
Boltzmann constant. We must acknowledge that we cannot ignore temperature variations within 
the flow. To simplify the radiative heat flux, the Taylor series expansion is applied to extend T4 

to T1, without considering higher-order components [42]. We get an amended version of the 
energy equation by plugging the model (10) into Eq. (5):
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It is noteworthy that the thermal radiation’s nonlinear component in Eq. (5) is parameterized 
using the new form.

To rewrite the governing equations inside a group of nonlinear ODEs (DEs), similarity trans
formations are:
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ffiffiffiffiffi
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,

9
>>=

>>;

, (12) 

Additionally, the variables included in Eq. (12) satisfy Eq. (3). By inserting Eq. (12) into Eqs. 
(3)–(11), we get the following:

F000 þ C1 FFiv þ F002 − F0F000
� �

− F02 þ FF00 − Fr F02 þ k2 − 2kF0
� �
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¼ 0, (16) 

d1H00 þ ScB FH0 þ K0GH2
� �

¼ 0: (17) 

In this investigation, we analyze the scenario involving chemical reactants that possess both 
homogeneous and heterogeneous characteristics, in which the diffusion coefficients of substances 
A and B display dissimilar diffusivities. Consequently, it is suitable to uphold the dimensionless 
governing Eqs. (16)–(17).

The boundary conditions reduced to:

F gð Þ ¼ S, F0 gð Þ ¼1, h gð Þ ¼ / gð Þ ¼ 1, G0 gð Þ ¼ KsG, d1H0 gð Þ ¼ −KsG; at g ¼ 0, (18) 
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(20) 

where the viscoelastic parameter is symbolized as C1, S indicates the suction injection parameter, 
radiation parameter is given by R, Pr the Prandtl number, bD is porosity parameter, Forchheimer 
number Fr demonstrates non-Darcian consequences in the porous medium, the magnetic param
eter as M, k indicates the velocity ratio parameter, r1, k1 indicates the chemical reaction rate, cT 
the temperature ration, E indicates activation energy parameter, Sc is Schmidt number, the 
Schmidt numbers for chemical species A and B are ScA, ScB, the strength of homogeneous and 
heterogeneous reactions is K0, Ks, and the symbol d1 denotes the ratio of diffusion coefficient.
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In the realm of engineering, there are several physical parameters that are of significant inter
est. Two such parameters incorporate the coefficient of shear stress, commonly referred to as the 
friction factor, and the local Nusselt number. The values of these parameters can be defined by 
utilizing the wall shear stress and heat flux, denoted as sw, qw, successively. The calculations for 
these values can be performed using the following equations.

CFx ¼
sw

q~uw
2 , Nux ¼

xqw

j Tw − T1ð Þ
, (21) 

sw ¼ l
@u
@y

� �

y¼0
, qw ¼ −j

@T
@y

� �

− ~Qr

�
�
�
�

y¼0
(22) 

By efficiently obtaining the requisite formulae by employing the transformations mentioned in 
Eq. (11), we get:

ffiffiffiffi
R
p

CFx ¼ F00 0ð Þ,
Nux
ffiffiffiffi
R
p ¼ − 1þ

1
R

� �

h0 0ð Þ (23) 

Where Rð¼ cx2=�Þ indicates the reynolds number.
We have employed the SR method to solve the governing flow problem. Firstly, the order is 

reduced, so that the Gauss-Seidel relaxation approach is implemented and to decouple the con
tracted system. Next, the formerly estimated data is symbolized by ‘s’ sub-components, and the 
newly estimated data is represented by ‘sþ 1’, sub-components for the purpose of indexing. 
Then, the Chebyshev pseudo-spectral method, as described in reference [43] is applied. 
Numerical solutions are generated using SRM along with the Chebyshev pseudo-spectral method, 
spectral relaxation technique for governing flow problem. The current algorithm is formulated 
and implemented using the computational software MATLAB.

3. Results and discussion

Results examine the efficiency of parametric quantities for velocity F0ðgÞ, temperature h gð Þ, and 
concentration profiles / gð Þ, GðgÞ and HðgÞ: The findings are displayed using tables and graphs. 
The affirmation of these outcomes is demonstrated in Table 1, which highlights the agreement of 
Cfx values with previously published results [44–46], showing positive outcomes across different 
a=c values. This provides additional evidence for the numerical algorithm’s accuracy. The pro
posed approach exhibits exceptional agreement, indicating an improved convergence. It is impor
tant to note that these findings not only showcase accuracy but also suggest that the SR 
methodology is an extra reliable and efficient scheme compared to other methods. Table 2 dis
plays the numerical results of F00 0ð Þ for different collocation points “N” in the SRM code. These 
results are obtained while keeping all other parameters constant and varying k: Importantly, the 
routcomes exhibit a noteworthy stability for different collocation point quantities N: It is noted 
that, as k increases, there is a significant decrease in F00 0ð Þ and −h0 0ð Þ, expressing a substantial 
slowdown of boundary layer flow toward the stretching subsurface with a strong magnetic field 
employed.

Table 1. The current calculations of F
00

0ð Þ were compared to the previous study using the parameter a=c, while fix
ing C1 ¼ 0, bD ¼ Fr ¼ 0:

a/c Current outcomes Mahapatra and Gupta [44] Nazar et al., [45] Ishak et al., [46]

1/10 −0:9694 −0:9694 −0:9694 −0:9694
1/5 −0:9181 −0:9181 −0:9181 −0:9181
1/2 −0:6673 −0:6673 −0:6673 −0:6673
2.0 2:0175 2:0175 2:0175 2:0175
3.0 4:7293 4:7293 4:7293 4:7293
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Figure 2 depict the influence of the viscoelastic parameter (C1Þ and k on the velocity profile 
F0 gð Þ, for the flow. The results indicate that an increase in both (C1Þ and k leads to a decrease in 
the velocity profile. This can be explained by the heightened viscoelastic parameter, strengthening 
the attachment of the hydrodynamic boundary layer to the surface. The impact of the parameter 
(M) on the longitudinal velocity profile F0 gð Þ is presented in Figure 3, showing that an increase 
in M results in a reduction of F0 gð Þ due to the dominance of the Lorentz force amplifying viscous 
forces. Additionally, the enlargement of the parameter (S) enhances the velocity of the working 
fluid. Figure 4 displays the effect of bD and Fr on velocity magnitude, indicating that as the 
Momentum boundary layer thickness increases, the velocity F0 gð Þ decreases. The permeable par
ameter bD ¼

�
ck , in eqn. (14) representing the Darcian term “−bDF0”, inversely influences the per

meability of the medium and affects the velocity profile F0 gð Þ: With an increase in bD, there is a 
decrease in permeability, leading to greater resistance from solid fibers within the viscoelastic 
fluid. This results in a deceleration in F0 gð Þ: An increase in Forchheimer parameter Fr leads to an 
escalation in F0 gð Þ by amplifying resistance to fluid flow across the permeable medium. This 
opposition encourages the fluid to navigate through narrower channels, leading to an increased 
fluid velocity within these pathways. As a result, the overall profile is enhanced.

The temperature function h gð Þ is explored in Figures 5–8, illustrating the effectiveness of 
R, Pr , r1, b, 1, cT , E and n: Both R and Pr exhibit a reduction in h gð Þ as their values increase. 
The increase in R is associated with a slowdown in temperature in the flow range due to 
enhanced thermal radiation, causing a decrease in temperature distribution. Furthermore, the 
thickness of the thermal boundary layer decreases with an increase in Pr, reflecting the presence 
of Pr indicates the regulation of the comprehensive enhancement of energy and thermal boundary 
layers in the context of heat transfer problems. The reduction in temperature with increasing Pr 
is observed for both linear and nonlinear surfaces in Figure 5. Pr, being the ratio of momentum- 
to-thermal diffusivity, influences the heat transfer problem by controlling the thickness of energy 
and thermal boundary layers. In situations involving fluid metals, the thermal boundary layer is 
likely to be thicker than the momentum boundary layer. This is because heat diffuses more 

Table 2. The SRM solution’s values for F
00

0ð Þ for distinct k with fixation of the other parameters.

N k F
00

0ð Þ −h
0

0ð Þ

45 0.1 −0.9672 0.7745
60 0.1 −0.9683 0.7757
70 0.1 −0.9694 0.7768
90 0.1 −0.9694 0.7768
45 0.2 −0.9160 0.7231
60 0.2 −0.9170 0.7243
70 0.2 −0.9181 0.7255
90 0.2 −0.9181 0.7255
45 0.5 −0.6651 0.4722
60 0.5 −0.6662 0.4734
70 0.5 −0.6673 0.4744
90 0.5 −0.6673 0.4744

Figure 2. Fluctuation of C1 and k on F
0

gð Þ:
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rapidly at lower speeds in comparison to the Prandtl number. Furthermore, lower Prandtl liquids 
exhibit higher thermal conductivities than their greater Prandtl counterparts, facilitating faster 
heat diffusion through a medium. Consequently, Pr can be effectively employed to expedite the 
cooling process. The devaluation in temperature magnitudes is noticed as the parametric quanti
ties r1, b, k1, and cT escalate as depicted in Figures 6 and 7. The fluid mass moves less because 
of the chemical reaction. In terms of physical reality, this definition is accurate since an endother
mic reaction is one that takes in energy from its surroundings, while an exothermic reaction is 
one that releases energy into the surrounding space. When two chemical entities interact, 

Figure 3. Fluctuation of M and S on F
0

:

Figure 4. Fluctuation of bD and Fr on velocity distribution.

Figure 5. Fluctuation for R and Pr on temperature profiles.

Figure 6. Alteration for r1 and b on temperature magnitudes.
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exothermic reactions result in the release of energy whereas endothermic reactions entail the 
absorption of energy. When this chemical process is described as isothermal, it means that the 
total energy is in equilibrium and the ratio of energy received to energy emitted stays constant. 
When the parametric values E and n increase, the temperature magnitudes decrease, as Figure 8
illustrates.

The impact of Sc, r1, E and m over the concentration function / gð Þ are illustrated in Figures 
9 and 10. The influence of r1 results in impressive escalation in / gð Þ for larger r1, the reason 
for this phenomenon can be attributed to the direct correlation between the increment of r1 and 

Figure 7. Impact for k1 and cT on temperature magnitudes.

Figure 8. Impact for E and n on temperature profiles.

Figure 9. Impact for r1 and Sc on /:

Figure 10. Impact for E and m on /:
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the escalation of the detrimental force exhibited by chemical reactions, while / gð Þ decelerates 
across larger Sc: The observation of this phenomenon has been made due to the manifestation of 
increased Sc, which indicate a more pronounced manifestation of the strength of viscous diffu
sion rate. Furthermore, it has been observed that the rate of molecular diffusion is suppressed. 
Figure 10 illustrates the enhancement of the / gð Þ as the activation energy parameter E increases, 
and / gð Þ also escalates as m increases.

Figures 11 depicts the concentration of species A, concerning the ratio of momentum diffusiv
ity to mass diffusivity ScB ¼ 0:55, and the magnitudes of homogeneous-heterogeneous reactions 
“Ks ¼ 1:4”. The data indicates that G gð Þ increases with an increase in ScA, while it is deduced 
that an elevation in the numerical value of K0 leads to a substantial reduction in G gð Þ: The figure 
depicted in Figure 12 illustrates the behavior of G gð Þ, as K0 and Ks heighten. The concentration 
G gð Þ demonstrates slight decrement for K0, which is only apparent adjacent the walls. 
Conversely, near the wall, G gð Þ experiences an obvious decrement across Ks: The species B to 
ScA ¼ 0:55, H gð Þ decreases for the escalated numeric in ScB, and has an obvious escalation across 
K0 on H gð Þ as depicted in Figure 13. The impact of ScB, and d1 over H gð Þ as depicted in 
Figure 14 demonstrates a significant deceleration for both, respectively. This significant reduction 
can be attributed to the value assigned to the parameter d1: The notable reduction in impact is 
attributable to the quantification attributed to parameter d1: This explains why d1 does not exert 

Figure 11. Influence of ScA and K0 over G gð Þ:

Figure 12. Alteration of K0 and Ks on G gð Þ:

Figure 13. Alteration of ScB and K0 on H gð Þ:

NUMERICAL HEAT TRANSFER, PART A: APPLICATIONS 6359



a significant influence on the concentration of chemical species H gð Þ due to the fixed magnitudes 
of K0 and Ks:

4. Concluding remarks

The goal of this study was to show how a magnetic field and nonlinear thermal radiation can 
change the flow properties of a viscous, incompressible fluid near a stopping point in a non- 
Darcian permeable medium by using computer simulations. To get numerical solutions, the sys
tem of coupled nonlinear differential equations is solved using the Spectral Relaxation Method 
(SRM) technique. The governing equations of fluid flow and the related boundary conditions are 
successfully addressed by the current method. Visual representations of the obtained results are 
shown, and a comparison is made between these results and the outcomes of an earlier investiga
tion. Many important findings have been drawn from the present inquiry, some of which are 
summarized below:

i. The existence of parameter M causes to a reduction in the magnitude of velocity field.
ii. An upsurge in the parameters C1, k results in lowering the velocity profile.

iii. Increasing the parameter S accelerates the flow in in F0 gð Þ:

iv. The velocity F0 gð Þ experiences both a decrease and increase with variations in the paramet
ric quantities of bD and Fr, subsequently.

v. The temperature function h gð Þ undergoes a reduction with raising in the magnitude of 
both R and Pr:

vi. A decrement in temperature is observed as the parameters he reduction in temperature is 
observed as the r1, b, k1, cT , E and n escalate.

vii. An impressive escalation in / gð Þ for larger r1, while / gð Þ decelerates across larger Sc:

viii. The / gð Þ enhances across the enlarging numeric of both E and m:
ix. G gð Þ increases for larger ScA, and decreases across enlarging numeric of Ks and K0:

x. The concentration H gð Þ exhibits decrement with enlarger numeric in ScB: A higher numer
ical value of K0 leads to an increase in H gð Þ:

xi. Elevated values of the strength in d1 result in a respective deceleration in H gð Þ:

xii. The SRM approach shows exceptional accuracy and numerical resilience in addressing non
linear boundary value problems in the domain of multi-physical reactive magnetic rheo
logical nanofluid-coated materials processing over complicated surfaces.
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