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Abstract: The influence of Arrhenius kinetics on magneto-convective flows in regulating temperature variation within
the poro-elastic medium in several thermal, industrial, and engineering applications, such as the control of the hot molten,
formation of crystals, cooling of nuclear reactors, filtration, and many more, is investigated in the present study. The
exothermic nature of the chemical reaction based on Arrhenius, Sensitized, and Bimolecular kinetics suggests nonlinear
heat and mass transfer. In this regard, governing equations are formulated for solid displacement in porous materials,
fluid flow velocity, energy, and concentration with appropriate boundary conditions. Numerical solutions for nonlinear
coupled dimensionless boundary value problems are obtained using the Spectral Chebyshev Collocation Method (SCCM)
and Spectral Quasi-Linearization Method (SQLM). The two solutions are shown to be convergent. The results are further
validated through the fourth-order Shooting-Runge-Kutta Scheme and presented in graphical and tabular forms. The
significant contribution to knowledge in the present study reveals that the reaction parameter is an increasing function
of solid displacement, flow velocity, temperature, and concentration. Similarly, increasing fluid activation energy and
buoyancy values encourage solid displacement, maximum flow velocity, and temperature distribution within the flow
channel while decreasing nanoparticle concentration.
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Abbreviation
(v, V ) Dimensional (m) and dimensionless axial velocity
(u, U) Dimensional (m) and dimensionless solid displacement of porous materials
K Flow drag force coefficient
µa Lame constant
P Fluid Pressure (Kg/ms2)
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λ1 Retardation/relaxation time
(x, y) Cartesian Coordinate
σ Electrical conductivity (s/m) of Jeffery fluid
k0 Thermal conductivity (W/mK)
B0 Magnetic field intensity
ρ Density of the fluid (Kg/m3)
T, C Dimensional Fluid temperature and concentration
θ , ϕ Non-Dimensional Fluid temperature and concentration
βT0 , βT1 Volumetric expansion due to temperature difference
T0, T1 Temperature at the walls (K)
βC0 , βC1 Volumetric expansion due to concentration difference (1/K)
C0, C1 Concentration at the walls
g Gravitational acceleration
σ∗ Stephan-Boltzmann constant
k∗ Mean absorption coefficient
D Diffusion coefficient
α Thermal radiation variation coefficient
ε Activation energy parameter
Br Brinkman number
R Radiation parameter
σ1, 2 Coefficients of nonlinear buoyancies
Gr Grashof number due to temperature difference
Gc Grashof number due to concentration difference
M Hartmann number
A Rate constant
m Reaction index
E Activation energy (J/mol)
R Universal gas constant
h Channel half width (m)

1. Introduction
Appreciable progress has been reported in recent decades in studying the flow and heat transfer of viscoelastic

nanofluid in deformable porous media due to its numerous applications in pharmaceuticals, biomedical fields, and
engineering. Deformation of porous materials is commonly observed in medicine, geosciences, energy storage, and
filtration processes. In this regard, Mallikarjuna et al. [1] utilized the Jeffrey constitutive model to study the non-
Newtonian flow properties of fluid undergoing convective heat transfer and thermal radiation. In [2], Srinivas et al.
reported a point collocation solution based on the Chebyshev trial function for convective flow in a poro-elastic medium.
Pirhadi et al. [3] presented a finite element approach to modeling and simulating hydrocarbon recovery in a thermo-poro-
elastic medium. Chen et al. [4] reported the compressible flow characteristics in fractured coals due to deformation. The
study by Sreenadh et al. [5] reported the exact solution to the Couette flow model for a two-phase hydromagnetic fluid
through a horizontal channel. Murthy et al. [6] highlighted the combined influence of fluid slippage, nanofluid, and
Casson effect on the flow through a deformable porous medium using a numerical approach. Neeraja et al. [7] studied
the importance of the additional heat source from the dense interaction of fluid particles and Newtonian cooling on the
temperature and concentration of nanoparticles distribution on the Casson fluid flowing steadily down the inclined channel
using shooting techniques. Castro et al. [8] investigated the characteristics of steady and oscillatory flows of Newtonian
fluid through deformable porous aquifers, highlighting that the Darcy viscosity declines with injection pressure in the
deformable porous medium. Recently, Sreenadh et al. [9] discussed the Newtonian fluid flow in an inclined channel

Volume 6 Issue 5|2025| 7167 Contemporary Mathematics



between two deformable porous layers, noting that the solid displacement increases with the angle of inclination. In
contrast, it decreases with the volume fraction of the fluid. Other related studies on flows through deformable porous
medium are not limited to [10–17] and the references cited in the work.

In the real sense, the linear dependence of density on temperature breaks down in several real-life cases experiencing
high temperature and concentration differences. A few instances in mind can be seen in highly exothermic reactive
fluids, chemotherapy and hyperthermia [18, 19], oil-recovery by combustion in geosciences, and more. Based on this
fact, a nonlinear Bousinesq approximation for heat and mass transfer is expected to describe the flow behavior adequately.
According to the literature, quite a good number of studies have considered nonlinear buoyancy in diverse geometries.
For instance, Ganesh et al. [19] investigated Casson fluid’s flow, heat, and mass transfer over a stretching surface in
a porous medium with a non-uniform heat source. Qayyum et al. [20] present a homotopy analysis approximation to
nonlinear heat and mass transfer of a thixotropic experiencing Newton’s cooling laws. In the work of Patil et al. [21],
the SQLM and finite difference approximation to Williamson fluid flowing over a rough cone in the boundary layer limit
was reported. Farooq et al. [22] studied the peristaltic flow through a complaint tube exposed to nonlinear convective
forces. Adeyemo et al. [23] documented the entropy generation pattern in the flow of a couple of stress fluids undergoing
nonlinear convection and convective heating using SQLM approximations. The study by Xia et al. [24] addressed the
multiple slippages connected to reactive hybrid nanofluid.

From a flow chemistry viewpoint, the flow of reactive fluids has many applications in oil refineries, polymerization,
filtration, and other industrial procedures involving the pumping of reactive fluid in a flow channel under controlled flow
rates. Given these essential applications, Jha et al. [25] studied the convective heat transfer to a reactive liquid through
a uniform vertical tube subjected to Arrhenius kinetics. The steady and unsteady flow regime solutions were constructed
using a small parameter analytical method and finite difference approximations since the system is nonlinear. Moreover,
Kareem and Gbadeyan [26] reported that heat irreversibility is inherent in the explosive flow of hydromagnetic liquids that
experience a two-step chemical reaction. Salawu et al. [27] examined the reactive flow of hybridized Williamson fluid.
Their analysis includes thermal stability, ensuring the safety of the working environment. Raju et al. [28] examined the
Darcian boundary layer flow, heat, and mass transfer of combustible Maxwell liquid. Ojumeri and Hamzat [29] described
the magneto-hydrodynamics of reactive fluid flowing steadily through a micro-channel. Other exciting research works
include studies in [30, 31] and cited references.

Motivated by the work done on the effect of exothermic chemical reactions on the magnetoconvective flow in a
square cavity [32]. The main objective of this study is to investigate the combined influence of exothermic chemical
reactions, nonlinear buoyancy, and radiation on the flow, heat, and mass transfer of Jeffery fluid through a deformable
porous medium. The present investigation has a lot of applications in poro-elastic medium. For example, polymerization,
biotechnology, chemical reactors, filtration, chemical fractionalization, and other continuous flow processes in wet
sciences, where flow rate plays a vital role in the porous medium. In the next section, the problem will be formulated
and non-dimensionalized, while in section three, spectral methods will be used to get the approximate solutions to the
nonlinear problem. Section four is for the graphical and tabular presentation of the numerical results with appropriate
explanations, while section five is for concluding remarks.

1.1 Model formulation

This study considers the steady convective flow of an electrically conducting, reactive Jeffrey fluid between vertical
parallel plates saturated with an elastic porous material. The fluid velocity, temperature, and concentration are assumed
to be constant at the walls, with no fluid slippage or temperature jump allowed. The Jeffery fluid is further assumed to
undergo an exothermic chemical reaction with enormous heat radiation and nonlinear heat and mass transfer; therefore,
the linearized Rosseland approximation does not apply in this case. Using the Cartesian coordinates (x, y) as shown in
Figure 1. The channel walls are assumed to be impervious, preventing fluid penetration.
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Figure 1. Flow geometry

As a result, by incorporating the nonlinear convective terms and chemical reaction, the solid displacement equation
and its boundary conditions can be written as [1]

µ
d2U
dY 2 − (1−κ)

dP
dX

+KV = 0,U(±h) = 0 (1)

Also, including the quadratic approximation into concentration, momentum equation with be boundary conditions,
we get

2µa

1+λ1

d2V
dY 2 −κ

dP
dX

−KV −σB2
0V +ρgβT0 (T −T0)

+ρgβT1 (T −T0)
2 +ρgβC0 (C−C0)+ρgβC1 (C−C0)

2 = 0, V (±h) = 0

(2)

The energy equation is given by

k0
d2T
dY 2 +

2µa

1+λ1

(
dV
dY

)2

+
(
K +σB2

0
)

V 2 +
d

dY

(
4σ∗

3K∗
dT 4

dY

)
= 0, T (±h) = T1 (3)

While the concentration equation with the activation energy is given by

D
d2C
dY 2 −A(C−C0)

(
T
T0

)m

e−
E

RT = 0, C(±h) =C1 (4)

Additional terms in equations (2) and (3) are contributions due to the reactive nature of the fluid and nonlinear double
diffusivity [33, 34].
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The following dimensionless parameters and variables have been adopted to convert dimensional equations into
non-dimensional form

y =
Y
h
, x =

X
h
, v =

V
V0

, u =
U
U0

, θ =
E (T −T0)

RT 2
0

, p =
hP

µaV0
, ε =

RT0

E

M2 =
σB2

0h2

µa
, δ =

Kh2

µa
, ϕ =

C−C0

C1 −C0
, Gc =

ρgβC0h2 (Cw −C0)

µaV0
, Br =

E
RT 2

0

µaV 2
0

k0

Gr =
ρgβT0h2

µaV0

RT 2
0

E
, σ1 =

βT1

βT0

RT 2
0

E
, σ2 =

βC1

βC0

(Cw −C0) , R =
4σ∗T 3

0
k∗k0


(5)

We get

d2u
dy2 − (1−κ)

d p
dx

+δ 2v = 0, u(±1) = 0

2
1+λ1

d2v
dy2 −κ

d p
dx

−
(
δ 2 +M2)v+Grθ (1+σ1θ)+Gcϕ (1+σ2ϕ) = 0, v(±1) = 0

d2θ
dy2 +Br

(
2

1+λ1

(
dv
dy

)2

+
(
δ 2 +M2)v2

)
+R

(
4
3
(1+αθ)3 d2θ

dy2 +4α(1+αθ)2
(

dθ
dy

)2
)

= 0, θ(±1) = 1

d2ϕ
dy2 −Krϕ(1+ εθ)me

θ
1+εθ = 0, ϕ(±1) = 1



(6)

Kindly refer to the comprehensive list of nomenclature arising from equations (1)-(6) in this study. It is easy to
see that in the limiting case, when equation (6) reduces to the problem solved in [1]. In the next section, the approximate
solutions of the nonlinear coupled boundary value problem (6) will be obtained using spectral methods, that is, the spectral
collocation method with Chebyshev polynomial as the basis function and the spectral Quasi-linearization method. The
solutions obtained will be validated by the shooting-Runge-Kutta method.

2. Materials and methods
Spectral Chebyshev Collocation Method of Solution
Let us assume an admissible solution in the form of the Chebyshev polynomial Φ j(y) as a sum of N +1 in which

u(y)≈ uN(y) =
NP

∑
j=0

a jΦ j(y), v(y)≈ vN(y) =
NP

∑
j=0

b jΦ j(y)

θ(y)≈ θ N(y) =
NP

∑
j=0

c jΦ j(y), ϕ(y)≈ ϕ N(y) =
NP

∑
j=0

d jΦ j(y).


(7)
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with (a j, b j, c j, d j) as coefficients to be calculated using the associated boundary conditions given in (6), then the residues
can be written as:

R1 = uN
yy − (1−κ)

d p
dx

+δ 2vN

R2 =
vN

yy

1+λ1
−κ

d p
dx

−
(
δ 2 +M2)vN +Grθ N (1+σ1θ N)+Gcϕ N (1+σ2ϕ N)

R3 = θ N
yy +Br

(
2

1+λ1
v2N

yy +
(
δ 2 +M2)v2

)
v2N +R

(
4
3
(
1+ εθ N)3 θ N

yy +4ε
(
1+ εθ N)2 θ 2N

y

)

R4 = ϕ N
yy −Krϕ N (1+ εθ N)m

e
θN

1+εθN

(8)

together with

uN(±1) = 0, θ N(±1) = θW , ϕ N(±1) = 1 (9)

The coupled system (8) is equated to zero to achieve vanishing residuals with the use of the Gauss-Lobato points,
given by

y j = cos
(

jπ
N p

)
, j = 0, 1, 2, . . . , N (10)

The equations (7)-(10) are then coded in Mathematica 13.3 for a straightforward computation. The numerical results
are shown in Table 1 in the Results and Discussion section.

Spectral quasilinearization method of solution
For the problem to be solved with the spectral Quasilinearization method. We assume an approximate solution in

the form ur, vr, θr, ϕr for the coupled problem and the prescribed boundary conditions given in Eq. (6). Then, the
quasi-linearized form of the dimensionless problem can be written as:

R1 = a0ru′′r +a1ru′r +a2rur −
(
δ 2vr − (1−κ)P+u′′r

)

R2 = b0rv′′r +b1rv′r +b2rvr −
(

r +Grθr (1+σ1θr)+Gcϕr (1+σ2ϕr)−κP−
(
M2 +δ 2)v+

2u′′r
1+λ1

)

R3 = c0rθ ′′
r + c1rθ ′

r + c2rθr −
(

Br
((

M2 +δ 2)v2
r +

2v′2r
1+λ1

)
+R

(
4ε (1+ εθr)

2 θ ′2
r +

4
3
(1+ εθr)

3 θ ′′
r

))

R4 = d0rϕ ′′
r +d1rϕ ′

r +d2rϕr −
(

ϕ ′′
r −Krϕr (1+ εθr)

m e
θr

1+εθr

)
.

(11)
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Here,

a0r = 1, a1r = 0, a2r = 0, b0r =
2

1+λ1
, b1r = 0, b2r =−

(
M2 +δ 2) ,

c0r = 1+
4
3

R(1+ εθr)
3 , c1r = 8Rε (1+ εθr)

2 θ ′
r, c2r = 8Rε2 (1+ εθr)θ ′2

r +4Rε (1+ εθr)
2 θ ′′

r ,

d0r = 1, d1r = 0, d2r =−Kr (1+ εθr)
m e

θr
1+εθr .

(12)

The Gauss-Lobato point for

yi = cos
(

iπ
N p

)
, i = 0, 1, 2, . . . , N (13)

The generated system of linear equations is solved by the spline interpolation method using Mathematica 13.3
symbolic package, and the numerical results are presented in the following section.

3. Results and discussion
To further validate the result, the ND Solve inWolframMathematica 13.3 is also used to provide an extensive solution

for flow velocity, fluid temperature distribution, solid displacement, and concentration of nanoparticles. For solution
convergence, specific parameter values were used to confirm the consistency of the numerical solutions, as presented in
Tables 1–4. The following parameters, adopted from the literature, are used to generate the tables and graphs: Np = 50,
λ1 = 0.2, R = ε = α = Kr = M = 0.1, m = 0.5, P =−1, Gr = 1 = Gc = δ , σ1 = σ2 = Br = 0.1, κ = 0.6. The results in
Tables 1-4 revealed that three solutions converged to a unique point. Therefore, the solutions are well-behaved.

Table 1. Comparison of results for solid displacement

y u(y)-SQLM u(y)-SCCM u(y)-SRK 4

-1.00 0 0 0
-0.75 0.193689635 0.193689635 0.193689635
-0.50 0.344523072 0.344523072 0.344523072
-0.25 0.439907415 0.439907415 0.439907415
0.00 0.472505402 0.472505402 0.472505402
0.25 0.439907415 0.439907416 0.439907415
0.50 0.344523072 0.344523072 0.344523072
0.75 0.193689635 0.193689637 0.193689635
1.00 0 0 0
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Table 2. Comparison of results for flow velocity

y v(y)-SQLM v(y)-SCCM v(y)-SRK 4

-1.00 0 0 0
-0.75 0.293404691 0.293404691 0.293404691
-0.50 0.494152712 0.494152712 0.494152712
-0.25 0.611113006 0.611113007 0.611113006
0.00 0.649522840 0.649522841 0.64952284
0.25 0.611113006 0.611113007 0.611113006
0.50 0.494152712 0.494152714 0.494152712
0.75 0.293404691 0.293404695 0.293404691
1.00 0 0 0

Table 3. Comparison of results for fluid temperature

y θ(y)-SQLM θ(y)-SCCM θ(y)-SRK 4

-1.00 0 0 0
-0.75 1.01840916 1.01840917 1.01840916
-0.50 1.02754363 1.02754364 1.02754363
-0.25 1.03167547 1.03167548 1.03167547
0.00 1.0328523 1.0328523 1.0328523
0.25 1.03167547 1.03167548 1.03167547
0.50 1.02754363 1.02754362 1.02754363
0.75 1.01840916 1.01840914 1.01840916
1.00 0 0 0

Table 4. Comparison of results for concentration

y ϕ(y)-SQLM ϕ(y)-SCCM ϕ(y)-SRK 4

-1.00 1 1 1
-0.75 0.94693081 0.94693081 0.94693081
-0.50 0.909527077 0.909527077 0.909527077
-0.25 0.887295464 0.887295465 0.887295464
0.00 0.879920829 0.879920829 0.879920829
0.25 0.887295464 0.887295464 0.887295464
0.50 0.909527077 0.909527076 0.909527077
0.75 0.94693081 0.94693087 0.94693081
1.00 1 0.99999996 1

With the convergence of the numerical solutions, we can then discuss the graphical solutions. Figure 2 shows the
magneto-convective effect on the solid displacement due to poro-elasticity of the channel. The reduction observed in the
plot of solid displacement with increasing values of the Hartmann number is due to the velocity-reducing effect of the
Lorentz forces. Therefore, as the magnitude of the Hartmann number increases, flow velocity decreases, which drops the
magnitude of the solid displacement. Figure 2b relates the restrictive effect of magnetic field intensity to flow velocity
within the flow channel. From the dimensionless equation (3), the term −M2v is a negative definite function irrespective
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of the value of the Hartmann number. The negativity alters the flow direction while the magnitude of the Hartmann number
is intact, as shown in the plot. Since the velocity is a decreasing function of the Hartmann number, fluid temperature is
expected to drop according to the kinetic theory of matter. On the other hand, the Joule heating is a source of heat going by
+M2v2, observe from Figure 2b that the velocity maximum is small umax(M = 1) < 0.8, therefore, for sufficiently large
number of Hartmann number, v2 → 0. This simply means that heat loss dominates over the heat source. That explains the
reason for the drop in fluid temperature as the Hartmann number increases. It is also noted that changes in the Hartmann
number have minimal effect on the concentration of the reactive fluid.

Figure 2. (a) Effect of Hartmann number on Concentration; (b) Effect of Hartmann number on velocity; (c) Effect of Hartmann number on temperature;
(d) Effect of Hartmann number on Concentration

Figure 3a illustrates the effect of the Grashof number on solid displacement. The increase in solid displacement is
attributed to volumetric expansion, which results from temperature differences within the flow channel. Figure 3b reveals
the effect of decreasing values of activation energy requirement to induce a chemical reaction. The results indicate that as
the thermal Grashof number rises, fluid velocity also increases. This effect is further emphasized in Figure 3b, which shows
the influence of the Grashof number on Jeffery fluid flow. The plot reveals that a higher thermal Grashof number enhances
the maximum flow velocity, likely due to heat transfer from exothermic chemical reactions. This behaviour aligns with
theoretical expectations, as a lower activation energy promotes a rise in thermal Grashof number within the fluid flow.
Similarly, in Figure 3b, a rise in the Grashof number heightens the fluid temperature distribution within the flow channel.
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This rise is because of the synchronization between the nonlinear viscous interaction, Ohmic, and Brinkman heating
of Jeffery fluid as heat sources in the flow channel. As reported in Figure 3a, 3b, 3c, increasing values of the Grashof
number have increasing effects on solid displacement, Jeffery fluid velocity, and temperature. However, the concentration
is meant to balance out the temperature of the fluid since temperature has a direct link with fluid concentration, but for
the exponential rise in temperature, Krϕ(1+ εθ)me

θ
1+εθ coming from the negative definite nonlinear reaction kinetics.

Expectedly, this exponential growth with increasing values of Grashof number (as reported in Figure 3c) reduces the
concentration profile as observed in the plot. As explained in Figure 3d, the reaction kinetics decreases the concentration
profile; this implication is reiterated in Figure 4a, in which the maximum displacement is seen at the smallest value of the
control parameter, and increasing values lead to a decrease in solid displacement. A similar explanation applies to plots
in 4b, 4c, and 4d. Therefore, the graphical results are well-behaved.

Figure 3. (a) Effect of Grashof number on displacement; (b) Effect of Grashof number on velocity; (c) Effect of Grashof number on temperature; (d)
Effect of Grashof number on Concentration
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Figure 4. (a) Effect of reaction parameter on displacement; (b) Effect of reaction parameter on velocity; (c) Effect of reaction parameter on temperature;
(d) Effect of reaction parameter on concentration

Figure 5a illustrates the effect of activation energy on solid displacement within a porous matrix. The plot shows
that increasing the activation energy parameter reduces solid displacement, which can be attributed to the thickening of
the flow. Figure 5b depicts the influence of activation energy on fluid velocity, indicating that a higher activation energy
lowers the maximum flow velocity due to an increase in the viscosity of the Jeffery fluid, effectively damping the flow. In
Figure 5c, the temperature profile of a bimolecular exothermic reaction reveals an inverse relationship between activation
energy and fluid temperature. In other words, at high temperatures, the activation energy requirement is very low, while
it requires higher activation energy at low temperatures. Finally, Figure 5a demonstrates that increasing the activation
energy of the Jeffery fluid promotes an increase in fluid concentration, likely due to the reduced rate of reaction diffusion
within the flow.
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Figure 5. (a) Effect of activation energy on displacement; (b) Effect of activation energy on velocity; (c) Effect of activation energy on temperature; (d)
Effect of activation energy on concentration

4. Conclusions
In the present study, the influence of exothermic chemical reaction based on Bimolecular, Arrhenius, and Sensitized

kinetics on flow, heat, and mass transfer of Jeffery fluid through a deformable porous medium experiencing nonlinear
thermal radiation and convection in a deformable porous medium is investigated. The channel walls are maintained at a
constant wall temperature and concentration. Spectral quasi-linearization, shooting Runge-Kutta, and collocationmethods
are applied to obtain the approximate solutions of the dimensionless solid displacement, flow velocity, temperature and
concentration. The convergence of solutions is achieved numerically and presented in tabular form. From the comparison,
a good level of agreement between the methods was noticed.

The following are the major contributions to knowledge from the present study:
• A rise in the linear and quadratic Grashof numbers (thermal and solute) enhances the flow velocity, solid

displacement, and temperature and lowers the concentration of the Jeffery fluid.
• The control reaction kinetics parameter decreases the magnitude of solid displacement, fluid flow, temperature, and

concentration.
• Finally, an increase in the activation energy parameter results in decreased solid displacement, velocity, and

temperature, while also lowering the concentration profile of the Jeffery fluid in the poro-elastic medium.
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